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ABSTRACT
Introduction
Globally stroke remains the leading cause of adult disability. An aging population
and a reduction in stroke case fatality has led to an increasing number of people
living with stroke i.e. stroke survivors. The ability to perform important day-to-day
activities, such as walking and housework, is frequently impaired in stroke survivors.
Therefore, it has become essential to address the long-term needs of stroke survivors,
prompting focussed research on life after stroke.
A reduction in physical fitness after stroke may contribute to stroke related disability.
It is possible to improve physical fitness by regular, structured physical activity.
Improving physical fitness after stroke and increasing physical activity are aspects of
life after stroke that are increasingly being researched. Although the evidence base
for the benefits of physical fitness training is growing, research has indicated that
benefits gained are not always maintained at follow-up. To facilitate the uptake and
maintenance of physical activity after stroke, it is essential to understand why many
stroke survivors do not undertake regular physical activity. Understanding this
difficult concept will enable the tailoring of behaviour change interventions to
promote and maintain physical activity after stroke. However, there has been limited
work in developing theory driven behaviour change interventions to increase
physical activity in stroke survivors.
Therefore, the aim of this thesis was to develop and test a behaviour change
intervention to increase physical activity after stroke.
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Methods
In order to address the above aim, six interlinking studies were conducted within the
development and feasibility stages of the MRC framework for the development of
complex interventions. A systematic review (study one) examined barriers and
facilitators to physical activity perceived by stroke survivors. This study showed a
lack of literature in this area, and that the already published studies had limited
generalisability to the UK stroke population. Therefore, it was deemed appropriate to
conduct a qualitative study (study two) to examine the perceived barriers and
facilitators to physical activity in the local stroke population. Both studies one and
two highlighted the influence of self-efficacy towards increasing physical activity.
As part of earlier work conducted prior to this PhD, there was previously unanalysed
data on perceived barriers and facilitators to physical activity after stroke. These
quantitative data encompassed specific questions exploring self-efficacy and
intention to physical activity post stroke. In light of the evidence it was deemed
necessary to analyse these data (study three). It was envisaged that the behaviour
change intervention would incorporate a feedback device, so participants could
clearly see how much daily physical activity they were undertaking. An opportunity
arose to collaborate with a team at Newcastle University who had developed an
accelerometer that incorporated an immediate feedback screen. Therefore, a device
validation study was conducted as study four. Results from studies one to four were
combined, with the use of the Theoretical Domains Framework, and the behaviour
change intervention was developed. Two uncontrolled pilot studies (studies five and
six) were conducted to determine the feasibility and acceptability of the behaviour
change intervention to the stroke population.

3

Results
The systematic review included six articles, providing data on 174 stroke survivors.
Commonly reported barriers were environmental factors, health concerns and stroke
impairments. Commonly reported facilitators were social support and the need to be
able to perform daily tasks. Qualitative interviews were conducted with 13 stroke
survivors, at which point data saturation was reached. The most commonly reported
TDF domains were ‘beliefs about capabilities’, ‘environmental context and
resources’ and ‘social influence’. The quantitative study provided data from 50
stroke survivors. Intention and self-efficacy were high, with self-efficacy graded as
either 4 or 5 (highly confident) on a five-point scale by [34 (68%)] participants,
whilst 42 (84%) participants “strongly agreed” or “agreed” that they intended to
increase their walking after their stroke.
Ten participants were recruited to validate the new accelerometer. Mean time since
stroke was 29 days (SD =27.9 days). The 10 participants walked a mean distance of
245 meters (SD=129m) and their mean walking speed was 0.79ms-1 (SD=0.34ms-1).
The Culture Lab were unable to develop the accelerometer in the necessary time
frame and therefore no accelerometer was available for trialling the behaviour
change intervention. Therefore, pedometers were used to record step count during the
behaviour change intervention.
A total of four participants took part in the 12 week behaviour change intervention,
over two study periods. All participants managed to increase their step counts during
this time. The studies had problems both with recruitment and retention of
participants. These issues have been discussed.
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Conclusions
This work has enhanced the understanding of the barriers and facilitators perceived
by stroke survivors to increase physical activity. This work has allowed the
development of a theoretically driven, complex behaviour change intervention that
was successfully trialled with a small group of stroke survivors. Areas of further
research have been discussed.
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LAY SUMMARY
Stroke is a leading cause of death and disability within the United Kingdom.
Physical activity after stroke is low. Evidence suggests increasing physical activity
may reduce disability and secondary strokes. The best way to increase physical
activity after stroke remains unclear. A programme to support people to become
more active after stroke may lead to long-term increases in physical activity. The
content of such programmes needs to be established. Therefore, the aim of this work
was to develop and test materials to support people who have had a stroke to become
more active, predominantly through walking.
To develop the exercise programme, preliminary studies were conducted to
determine the barriers and facilitators to physical activity perceived by stroke
survivors and the key “ingredients” to the intervention. Once the components of the
intervention had been determined, the ease of carrying out the intervention and how
well it was tolerated and accepted by stroke survivors was tested. In total four
participants took part in the 12 week intervention, over two study periods. All
participants successfully increased their walking during this time. There were
challenges recruiting people into the programme and supporting those who started
the programme to continue.
This work has helped to understand what helps and hinders stroke survivors to
increase their physical activity. This work has developed an exercise programme,
guided by research, and was successfully tested with a small group of stroke
survivors. Areas of further research have been discussed.
KEY WORDS
Stroke, physical activity, behaviour change
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CHAPTER 1 Introduction
The first part of this PhD thesis introduces the background to the three core topics of
this body of work: stroke, physical activity and behaviour change.
Each of these three core topics will be discussed individually before amalgamating
them and forming the formal aims and objectives of this PhD thesis.

1.1. Stroke
The World Health Organisation defines stroke as “rapidly developing
clinical signs of focal (or global) disturbance of cerebral function, with symptoms
lasting 24 hours or longer or leading to death, with no apparent cause other than of
vascular origin” (Investigators, 1988). Stroke is a clinical syndrome with three main
pathologic types (ischaemic stroke, intracerebral haemorrhage [ICH], and
subarachnoid haemorrhage [SAH]). Each pathologic type has several subtypes with
distinct underlying vascular pathologies (Adams et al., 1993). Ischaemic stroke can
be extra-cranial or intracranial and is caused by embolisms from a cardiac source or
small vessel disease. Approximately 87% of strokes are ischaemic (Mozaffarian et
al., 2015). Haemorrhagic stroke accounts for approximately 13% of strokes and is
the accumulation of blood anywhere within the skull due to a burst blood vessel,
which compresses the surrounding brain tissue (Mozaffarian et al., 2015).
The manifestation of stroke depends on the location of the infarct or haemorrhage
within the brain. Clinical features of stroke include: hemiplegia/hemiparesis, ataxia,
sensory loss, expressive and/or receptive dysphasia, inattention, neglect, dysphagia
and dysarthria. However, emotions and cognition can also be affected by stroke.

25

1.2. Prevalence and incidence of stroke
1.2.1. Prevalence
Within the United Kingdom (UK) there are 1.2 million stroke survivors (The Stroke
Association, 2017). As a disease of ageing, the global prevalence of stroke is
expected to increase significantly in the years ahead as the elderly population (over
65 years of age) continues to increase by approximately 9 million people per year
(Mukherjee and Patil, 2011). Growth in this age group is projected to continue for
the foreseeable future, with the number of people aged 65 years or over expected to
reach 16.9 million by 2035 (Rutherford, 2012). In Scotland the average age for men
to have a stroke is 71 and the average age for women to have a stroke is 76. In the
rest of the UK the average age for men to have a stroke is 74 and the average age for
women to have a stroke is 80 (The Stroke Association, 2017). The age and sex
standardised mortality rate for stroke has decreased over the last 10 years, from 89.9
per 100,000 population in 2004 to 52.8 per 100,000 in 2013, a reduction of 41.2%
over 10 years (ISD, 2015). During this time period the reduction in age and sex
standardised mortality rates for stroke has been greater for males (43.1%) than
females (39.3%) (ISD, 2015).
Due to the increase in the elderly population and the reduction in stroke mortality,
more and more people are surviving a stroke but are often left to deal with serious,
life-changing disabilities. Stroke is ranked the second most common cause of death,
and the third most common cause of disability-adjusted life-years (DALYs)
worldwide (Feigin et al., 2014).
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1.2.2. Incidence
Globally, first time stroke affects about 17 million people each year (Feigin et al.,
2014) . The incidence (i.e., the number of new cases) rises sharply with age,
predominantly occurring in middle age and older adults. Approximately 80% of first
time strokes will occur over the age of 65 years with the average age of first time
stroke approximately 75 years (Syme et al., 2005, Rudd, 2009). However, a recent
study has reported a decline in the average age of stroke from 71.2 years in 1993 to
69.2 years in 2005 (p<0.0001) (Kissela et al., 2012).
A systematic review of 56 population-based studies has shown that stroke incidence
among high-income countries has decreased by 42% over the past four decades
(Feigin et al., 2009). In the United Kingdom alone, stroke incidence has fallen by
30% between 1999 and 2008 (Lee et al., 2011a). The Information Services Division
(2015) has reported that the incidence rate of cerebrovascular disease in Scotland
was 328.9 per 100,000 population in 2004/05 compared with 257.4 per 100,000 in
2013/14, a decrease of 21.8%.

Stroke incidence is strongly related to age. The age and sex standardised rate for the
under 75s in 2013/14 was 123.0 per 100,000 population and for those aged 75 years
and over for the same period it was 1,616.6 per 100,000 population (ISD, 2015). The
reduction in stroke incidence in the Western World has been attributed to more
effective treatment of stroke risk factors (Rothwell et al., 2004) (Islam et al., 2008).
Treatment of risk factors is essential to reduce the number of first and subsequent
strokes of all types (Furie et al., 2011) (Goldstein et al., 2011).
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1.3. Risk factors
Although non-modifiable risk factors such as age, sex, genetics and ethnicity play a
role in the incidence of stroke, there are several modifiable risk factors that can be
managed through lifestyle adjustments and pharmacological therapies (Furie et al.,
2011). These modifiable risk factors will now be looked at individually.

1.3.1. Hypertension
Hypertension (blood pressure of 140/90 mmHg or higher) is the leading independent
risk factor for all types of stroke (Furie et al., 2011) (Castilla-Guerra and FernandezMoreno Mdel, 2012). A meta-analysis of 40 randomised controlled trials [RCTs]
involving 188,000 participants has shown a 30- 40% stroke risk reduction by
pharmacologically lowering systolic blood pressure by 10mmHg (Lawes et al.,
2004). Furthermore, a meta-analysis including 16 trials and involving 70,664
participants has shown a 22% reduction in first ever stroke, in participants with prehypertensive blood pressures, with the use of antihypertensive drugs (Sipahi et al.,
2012).

1.3.2. Diabetes
Diabetes is an independent risk factor for ischaemic stroke, but less evidence
supports diabetes as a risk factor for recurrent and haemorrhagic stroke (Furie et al.,
2011) (Megherbi et al., 2003). Analysis from a systematic review of 64 studies
representing 775,385 individuals and 12,539 fatal and non-fatal strokes found that
the pooled maximum-adjusted relative risk [RR] of stroke associated with diabetes
was 2·28 (95% confidence interval [CI] 1·93–2·69) in women and 1·83 (1·60–2·08)
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in men. This sex differential was seen consistently across major predefined stroke,
participant and study subtype. The pooled ratio of RRs was 1·27 (1·10–1·46; I2=0)
(Peters et al., 2014)

1.3.3. Smoking
Data from a review of 81 prospective cohort studies including 3,980,359 participants
and 42,401 stroke survivors found smoking to be an independent risk factor for all
stroke types in both males and females (Peters et al., 2013). Compared to nonsmoking, current smoking was associated with an increased risk of ischemic stroke
by 54% (95% CI, 1.21–1.96) in females and 53% (95% CI, 1.28–1.82) in males. For
haemorrhagic stroke, the increased risk associated with current smoking was 63%
(95% CI, 1.21–2.19) in females and 22% (95% CI, 0.98–1.51) in males (Peters et al.,
2013).

1.3.4. Obesity
Obesity is an independent risk factor for ischaemic stroke in both genders and in
different ethnic populations (Yatsuya et al., 2010) (Lee et al., 2011b) (Bazzano et al.,
2010). Thus, the American Heart Association and the American Stroke Association
recommend the treatment of obesity for both primary and secondary stroke
prevention of stroke (Goldstein et al., 2011). A meta-analysis reported that the RR
for ischaemic stroke was 1.22 (95% CI: 1.05–1.41) for overweight and 1.64 (95% CI:
1.36–1.99) for obese patients (Strazzullo et al., 2010). A significant relationship
between obesity and haemorrhagic stroke has also been reported (Bazzano et al.,
2010). After adjustment for age, gender, physical inactivity, urbanisation, geographic
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variation, cigarette smoking, diabetes, and education, compared with participants of
normal weight (body mass index [BMI] 18.5–24.9), relative hazard (95% CI) of
incidence of haemorrhagic stroke was 1.00 (0.89–1.13) for participants who were
underweight (BMI < 18.5), 1.18 (1.06–1.31) for those who were overweight (BMI
25–29.9), and 1.54 (1.27–1.87) for those who were obese (BMI ≥ 30) (Bazzano et al.,
2010). However, a recent pooled analysis of 97 prospective cohort studies including
31,093 stroke participants found interventions that reduce high blood pressure,
cholesterol, and glucose might address approximately three-quarters of excess risk of
stroke associated with obesity (Lu et al., 2014). Hazard ratios [HR] for each 5
kg/m2 higher body mass index was 1·18 (1·14–1·22) for stroke after adjustment for
confounders. Additional adjustment for the three metabolic risk factors reduced the
HR to 1·04 (1·01–1·08) for stroke, suggesting that 76% of the excess risk of obesity
for stroke is mediated by these metabolic risk factors (Lu et al., 2014).

1.3.5. Dyslipidemia
High blood cholesterol is an independent risk factor for both haemorrhagic and
ischaemic stroke (Furie et al., 2011). A systematic review and meta-analysis of 23
prospective studies including 1,430,141 participants and 7,960 haemorrhagic strokes
has shown that total cholesterol is inversely associated with risk of haemorrhagic
stroke (Wang et al., 2013). High-density lipoprotein [HDL] cholesterol was
positively associated with risk of intracerebral haemorrhage while, higher lowdensity lipoprotein [LDL] cholesterol was associated with lower risk of
haemorrhagic stroke (Wang et al., 2013).
Results from a meta-analysis of statin use, including 165,792 individuals, has shown
that each mmol/L decrease in LDL equates to a reduction in RR for all strokes by
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21.1% (CI 6·3–33·5, p=0·009) (Amarenco and Labreuche, 2009). In secondary
prevention of non-cardioembolic stroke, reduction of LDL also significantly reduced
the risk of recurrent stroke (RR= 0·84, CI=0·71–0·99, p=0·03) (Amarenco and
Labreuche, 2009).

1.3.6. Physical inactivity
A meta-analysis including 13 studies of self-reported physical activity and stroke
found that physical activity reduced the risk of all types of first ever stroke (Diep et
al., 2010). For men there was a 12% reduction in stroke risk associated with
moderate intensity physical activity (RR = 0.88, CI 0.82-0.94, p < 0.01) and 19%
reduction in risk of first stroke with high intensity physical activity (RR = 0.81, CI
0.75-0.87, p < 0.01). A 24% reduction in risk of first ever stroke was found in women
who were exercising vigorously (RR = 0.76, CI=0.64-.89, p < 0.01). There was,
however, no significant risk reduction associated with moderate intensity physical
activity in women (Diep et al., 2010). An earlier systematic review had also found a
risk reduction in both ischaemic and haemorrhagic stroke for those with high levels
of physical activity compared with those who only participate in low levels of
physical activity (Lee et al., 2003). As physical activity is a key component of this
body of work it will be looked at in greater detail in section 1.6 of this thesis.

1.4. Impact of stroke
Worldwide stroke accounts for approximately 5.5 million deaths annually, with 44
million DALYs lost (Mukherjee and Patil, 2011). Stroke is the fourth most common
cause of death within the UK and the most common cause of severe disability. In the
UK stroke occurs more than 100,000 time each year (The Stroke Association, 2017).
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The direct cost of stroke to the National Health Service [NHS] is estimated at £4
billion annually, increasing to £9 billion when informal care and loss of productivity
are taken into account (Saka et al., 2009). Approximately one third of strokes each
year are recurrent strokes (Hackam and Spence, 2007). These statistics indicate the
financial burden of stroke to the UK.

Research has shown that the prevalence of stroke patients dying within the first 30
days after stroke has fallen from 20% to 12.5% between 2010 and 2016 (SIGN,
2010). Therefore, more people are living with residual stroke impairments and
disability. One third of stroke survivors have residual disability after one year,
causing them to be dependent on others. This residual disability may vary from
moderate to severe, can manifest as physical or cognitive disability and can alter a
stroke survivor’s recovery (Mukherjee and Patil, 2011). Therefore, the impact of
stroke is likely to increase due to the increasing prevalence of stroke, an ageing
population and better acute treatments, such as thrombolysis, meaning more people
survive their initial stroke but may be left with severe disability. The process of
recovery after stroke is discussed in the following section.

1.5. Recovery after stroke
1.5.1. Mechanism of recovery
A primary concern immediately after stroke for patients, their relatives and their
caregivers is the prospects of recovery. Stroke recovery can be influenced by the
nature and severity of the initial deficit. Some degree of spontaneous recovery is
usually seen in the weeks after stroke onset, demonstrating the restoration of
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neurotransmission in tissue surrounding an infarct or haemorrhage. These processes
include resolution of local swelling, re-absorption of local toxins, improvement of
local circulation and recovery of partially damaged ischemic neurons (Bruno-Petrina,
2014). However, there is substantial variability in recovery post stroke (Kreisel et al.,
2007). The second recovery mechanism, which may continue for many months, is
neuroplasticity. Brain plasticity is the ability of the nervous system to modify its
structural and functional organisation. The two most likely forms of plasticity are
collateral sprouting of new synaptic connections and unmasking of previously latent
functional pathways (Bruno-Petrina, 2014). Experimental evidence indicates that
plasticity can be altered by the manipulation of environmental, behavioural and
pharmacologic contexts which can influence cerebral reorganisation and
consequently the recovery of function (Bruno-Petrina, 2014). A key aspect of
neuroplasticity that has important implications for recovery, is that the changes in
neuronal networks are use-dependent. Currently, it is recognised that repeated
participation by patients in active physical therapeutic programmes may provide
direct influence on the process of functional reorganisation in the brain and enhances
neurologic recovery (Bruno-Petrina, 2014).

Physical activity can reduce inflammatory processes and apoptotic marker
expression, promote brain angiogenesis and expression of some growth factors (PinBarre and Laurin, 2015). Physical activity can also maximise or accelerate
neuroplasticity and motor recovery, but the underlying mechanisms remain unclear
(Pin-Barre and Laurin, 2015). Animal studies have suggested that physical activity
may up-regulate endothelial nitric oxide synthase (eNOS) and improve recovery post
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stroke (Gertz et al., 2006). A systematic review and meta-analysis examined 40
studies (35 within the meta-analysis) to determine the effect of exercise in animal
models of ischemic stroke where outcomes were measured as infarct volume,
neurobehavioral score, neurogenesis, or a combination of these (Egan et al., 2014).
The systematic review and meta-analysis found that exercise reduced overall infarct
size by 25.2% (CI = 19.0%-31.3%) with pre-ischemic exercise reducing infarct
volume by 42.2% (CI = 25.0%-59.3%,) and post-ischemic exercise reducing infarct
volume by 18.9% (12.4%-25.5%) (Egan et al., 2014). In this review the optimal
exercise regime was not clear. For infarct volume, forced exercise regimens were
more effective than voluntary exercise, whereas the reverse was true for
neurobehavioral outcome. For both outcomes, treadmill exercise appeared to be the
most effective (Egan et al., 2014). There were insufficient data to analyse any effect
of the amount of exercise undertaken or to allow multivariate analysis of the
influence of study design factors (Egan et al., 2014). Animal studies of stroke
provide cellular and molecular insights into events underlying stroke recovery
(Cramer, 2008). Although this is a relatively understudied area, this literature
indicates the importance of physical activity after stroke and its importance as an
effective rehabilitation tool.

1.5.2. Pattern of recovery from different deficits
Recovery after stroke is variable, however physical activity has been shown to
improve recovery in several residual disabilities after stroke. Approximately 35% of
stroke survivors with early hemiparesis will not regain useful function and 20-25%
of stroke survivors will be unable to walk without assistance (Hendricks et al., 2002).
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A systematic review and meta-analysis included 58 studies which sought to
determine the predictors of upper limb recovery after stroke (Coupar et al., 2012).
Initial measures of upper limb neurological impairment and function were found to
be the most significant predictors of upper limb recovery, with odds ratios [OR] of
14.84 (9.08–24.25) and 38.62 (8.40–177.53) respectively (Coupar et al., 2012).
Similar findings have been described in studies of recovery of language function
after stroke. Studies report the greatest improvements in language occur in the first
months after stroke (Cramer, 2008),. However, a case-study has shown that the time
span for recovery of language functions in global aphasia may be much longer.
These studies show that recovery can continue for some time after the initial stroke
occurs.
A meta-analysis investigated 19 different categories of interventions that have been
shown to improve motor function after stroke (Langhorne et al., 2009). Upper limb
functioning was shown to improve significantly using constraint-induced movement
therapy, a form of physiotherapy where repetitive tasks are performed with the
paretic limb, electromyography [EMG] biofeedback where electrodes are applied to
the muscles to report electrical potentials to the patient via an auditory or visual
means, mental imagery where physical functions are repeatedly mentally rehearsed,
and robotics which allow high-intensity repetitive movements of the upper limb to be
carried out (Langhorne et al., 2009). The authors concluded that most interventions
involved elements of intensive, repetitive task-specific practice. This observation
lends support to the belief that high-intensity repetitive task-specific practice might
be the most effective principle when trying to promote motor recovery after stroke
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(Langhorne et al., 2009). This study supports the idea that a repetitive task, such as
walking, could help to improve outcomes after stroke by reducing disability and
improving physical health.
A systematic review of 12 studies evaluated the relationship between increased
physical activity after stroke and cognitive performance (Cumming et al., 2012).
Exercise interventions were heterogeneous; some studies compared different
intensities of movement rehabilitation and others included a specific exercise
programme (Cumming et al., 2012). Nine studies had sufficient data to be included
in a meta-analysis, which indicated a significant benefit of intervention over control
(Standardised mean difference [SMD] = 0.20, 95% CI: 0.04–0.36; z = 2.43, p =
0.015) (Cumming et al., 2012). The results provide evidence that increased physical
activity after stroke can enhances cognitive performance.

1.5.3. Factors predicting recovery
In the acute phase of stroke, the strongest predictors of recovery (the return to as near
pre-stroke functionality as possible) are stroke severity and patient age. Stroke
severity is judged clinically, based upon the degree of neurologic impairment and the
size and location of the infarction on neuroimaging with magnetic resonance imaging
[MRI] or computed tomography [CT]. Other important influences on stroke recovery
include ischaemic stroke mechanism, co-morbid conditions, epidemiologic factors
and complications of stroke. In a prospective study that evaluated more than 1,100
patients from Denmark with acute stroke, those who had mild disability tended to
recover within two months and those who had moderate disability recovered within
three months (Jorgensen et al., 1995, Jorgensen et al., 1999). Recovery was

36

determined by using the Scandinavian Neurological Stroke Scale Score and Barthel
Score (Mahoney and Barthel, 1965, Scandinavian Stroke Study Group, 1985). These
scores were taken on a weekly basis until the end of rehabilitation and at 6 months
post stroke (Jorgensen et al., 1995, Jorgensen et al., 1999). Patients with severe
disability who recovered did so within four months, and those with the most severe
disability within five months from onset. Functional recovery was preceded by
neurologic recovery by two weeks on average (Jorgensen et al., 1995, Jorgensen et
al., 1999). However, as mentioned in the preceding section, recovery (especially of
language) can take many years.
Recovery from any disability is also an important behavioural outcome (Kaplan,
1990). Recovery involves improvement in both psychological factors (e.g. selfefficacy) as well as physical factors (Kaplan, 1990). Self-efficacy is an important
determinant of how likely people are to act, to invest effort in and to persist when
there are difficulties in a certain task (Bandura, 1977). In studies of stroke patients,
self-efficacy predicts who will show the greatest improvements in mobility,
controlling for actual severity of physical impairment (Johnston et al., 1999).
Understanding how physical impairments can influence psychological factors and
similarly how psychological factors can influence physical impairments is essential
to understanding the process of recovery after stroke.

1.6. Physical fitness and physical activity
Physical fitness is defined as “a set of attributes that people have or achieve that
relates to the ability to perform physical activity” (Caspersen et al., 1985). Physical
fitness is a set of attributes that are either health or skill related and can be measured
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using specific tests (Caspersen et al., 1985). Physical fitness is often used
synonymously with cardiorespiratory fitness and reflects the ability of a person to
carry out moderate-to-high intensity exercise over a prolonged period of time.
Maximum oxygen uptake (VO2 max) is a measurement of the maximum capacity of
an individual to take up and use oxygen during incremental exercise. It is the gold
standard method for determining an individual’s cardiorespiratory fitness (Smith et
al., 2012). Other important components of physical fitness include muscle strength
and muscle power (Saunders et al., 2013). Muscle strength refers to the ability of a
specific muscle or muscle group to exert force. Strength is associated with the ability
to perform forceful movements such as pushing or lifting. Muscle power refers to the
rate at which muscular work can be performed during a single explosive contraction.
Power is associated with the ability to carry out dynamic forceful movements. In
addition, other components of physical fitness can influence the ability to perform
physical activities, including flexibility (range of motion about a specific joint),
balance (ability to maintain stability and posture), and body composition (relative
amounts of fat and fat-free mass) (Saunders et al., 2013).

Physical activity is defined as “any bodily movement produced by skeletal muscles
that result in energy expenditure” (Caspersen et al., 1985). Physical activity can be
categorised into occupational, sports, conditioning, household or leisure activities.
Exercise is a subset of physical activity that is planned, structured and repetitive and
has a final or intermediate objective i.e. the improvement or maintenance of physical
fitness (Caspersen et al., 1985).
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1.6.1. Benefits of physical activity
There is a linear association between physical activity and health, with those leading
more physically active lives also leading healthier lives (Sallis, 2011). Physical
activity reduces all-cause mortality by 33% (95% CI, 28–37%) in the general,
physically active, population even after adjusting for other relevant risk factors such
as age, hypertension, high cholesterol and obesity (Nocon et al., 2008). More
recently a systematic review of 15 longitudinal studies with at least 5-year follow up
and a total of 288,724 subjects aged between 18 and 85 years found that physical
activity can have beneficial effects for weight gain and obesity, coronary heart
disease [CHD] and type 2 diabetes the risk factors weight gain and obesity and the
age-related diseases dementia and Alzheimer’s disease (Reiner et al., 2013).
Similarly, a systematic review including 86 articles of physical activity (including
both observational and intervention studies) in school aged children showed physical
activity was associated with numerous health benefits including reduced obesity,
improved bone health and improved blood pressure control (Janssen and Leblanc,
2010). Aerobic-based activities had the greatest health benefits, other than for bone
health, in which case high-impact weight bearing activities were required (Janssen
and Leblanc, 2010). Physical activity is a key determinant of energy expenditure and
thus fundamental to energy balance and weight control.
In the general population those who are physically inactive are at a 20-30%
increased risk of all-cause mortality compared to those who participate in at least 30
minutes of moderate intensity physical activity on most days of the week (WHO,
2012). Physical inactivity has been identified as the fourth leading risk factor for
mortality globally (6% of deaths globally) (WHO, 2010). Studies suggest that
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physical inactivity is a modifiable risk factor for not only stroke but also;
cardiovascular disease, diabetes, hypertension, cancer, osteoarthritis and depression
(Warburton et al., 2006). Low cardio-respiratory fitness accounts for about 16% of
all deaths in both females and males than the other risk factors (Blair, 2009).

1.6.2. Physical fitness after stroke
Physical fitness is low after stroke (Saunders et al., 2013). Various factors can
contribute to this reduced physical fitness. A main component of physical fitness,
cardiorespiratory fitness, has been shown to be affected by stroke. Physical
inactivity causes VO2 max to decline irrespective of age and gender. Low VO2 max
is associated with reduced physical function and increased incidence of
cardiovascular disease and recurrent cerebrovascular disease (Smith et al., 2012). A
systematic review of 41 studies (n=1569) observed changes in oxygen uptake as a
measure of aerobic fitness, and their associations with stroke severity (Smith et al.,
2012). The review demonstrated that VO2 max was substantially lower in the stroke
survivors (around 26-87%) compared with age and gender matched healthy controls
(Smith et al., 2012). Post-stroke physical inactivity is believed to further reduce the
physical fitness of stroke patients.

1.6.3. Physical activity after stroke
Physical activity after stroke has been systematically reviewed both in the inpatient
and community dwelling settings (West and Bernhardt, 2011, Field et al., 2013).
With both of these studies demonstrating that physical activity is low post stroke
(West and Bernhardt, 2011, Field et al., 2013). A systematic review of community
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dwelling stroke survivors (26 studies recruiting 1,105 stroke survivors of which 11
studies were include in the meta-analysis) sought to determine how much physical
activity is actually undertaken after stroke (Field et al., 2013). Physical activity was
generally low in quantity, duration and intensity (Field et al., 2013). Poorer walking
ability, specific sensorimotor functions and low mood were correlates of low
physical activity (Field et al., 2013). However, establishing direction of causality is
difficult since low mood could be both cause and consequence of low physical
activity. Moreover, depression and low mood could negatively affect self-efficacy,
motivation and self-determination which influence the uptake and maintenance of
physical activity after stroke (Field et al., 2013, Nicholson et al., 2013). The metaanalysis generated an estimate of only 4355.2 steps per day (95% CI: 3210.4 to
5499.9) for community dwelling stroke survivors (Field et al., 2013). A systematic
review of twenty six studies, involving 983 participants, found stroke survivors step
counts were consistently reported at less than half of age-matched normative values
(English et al., 2014).
Physical activity in an inpatient setting after stroke has also been systematically
reviewed (West and Bernhardt, 2011). This systematic review included 24 studies
and concluded the majority of the inpatient day was spent being inactive (median
48.1%, interquartile range [IQR] 39.6–69.3%), alone (median 53.7%, IQR 44.2–
60.6%) and in their bedroom (median 56.5%, IQR 45.2–72.5%) (West and
Bernhardt, 2011). Approximately one hour per day was spent in physiotherapy
(median 63.2min, IQR 36.0–79.5) and occupational therapy (median 57.0 min, IQR
25.1–58.5). During these therapy sessions minimal time was spent in moderate to
high physical activity (West and Bernhardt, 2011).
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In addition to low physical activity, a longitudinal cohort study of acute stroke
survivors who were followed for 1 year post stroke, found that stroke survivors
spend on average 81% of their day sedentary (Tieges et al., 2015). Sedentary
behaviour is any waking behaviour characterised by an energy expenditure ≤1.5
metabolic equivalents, while in a sitting, reclining or lying posture (Tremblay et al.,
2017). Stroke survivors typically were more sedentary in the afternoon and evening
(Tieges et al., 2015). This pattern of sedentary behaviour was independent of
functional ability and did not change in the first year post stroke (Tieges et al., 2015).
Increased sedentary time has negative implications on health even in people meeting
physical activity guidelines (Wullems et al., 2016). Therefore, prolonged sedentary
behaviour is likely to be detrimental to the cardiometabolic health of stroke
survivors, as (Hamilton et al., 2007, Henson et al., 2013).
The results of these three studies indicate that physical activity in both inpatient and
community settings, is low after stroke whilst sedentary behaviour is high. The
impact of low physical activity and stroke outcome are discussed in the following
section.

1.7. Associations between physical activity, physical fitness and stroke
outcome
1.7.1. Physical activity and reducing recurrent stroke

There is currently a paucity of observational data about the relationship between
physical activity after stroke and long-term outcome. Extrapolating the evidence that
physical activity reduces the risk of a first ever stroke by about 27% (Lee et al.,
2003), it seems likely that physical activity after stroke will reduce the risk of
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recurrent stroke and other vascular events (Hackam and Spence, 2007) (Reimers et
al., 2009).
Stroke and acute cardiac events have a higher incidence in patients with previous
stroke than in the general population (Mol and Baker, 1991). However, more recent
studies have shown that although recurrent stroke may be falling the high risk of
stroke recurrence indicates the importance of employing therapies aimed at stroke
recurrence (Dhamoon et al., 2006, Kernan et al., 2014). Although recurrent strokes
account for approximately 30% of all strokes and the importance of physical activity
after stroke is well documented, there is little long-term follow-up data available
examining physical activity and recurrent events in stroke survivors (Thom et al.,
2006). Risk modelling studies, based on data from primary prevention studies, have
suggested that physical activity is likely to reduce the risk of recurrent stroke
(Hackam and Spence, 2007). A preliminary study examining the effects of three
different exercise interventions on cardiorespiratory fitness and coronary risk
reduction in stroke survivors, found that 30 minutes of moderate-intensity aerobic
exercise was more effective than 60 minutes of lower-intensity aerobic exercise or
non-aerobic therapeutic exercise in reducing blood pressure and blood lipids levels
(Rimmer et al., 2009). No other studies have examined the relationship between
reducing recurrent stroke through physical activity in stroke survivors. Extrapolating
the effects of physical activity on cardiovascular risk factor reduction and physical
fitness in the non-stroke population indicates that regular exercise, delivered through
stroke rehabilitation programmes, may reduce the risk of further events in stroke
survivors (Gallanagh et al., 2011).
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1.7.2. Physical activity and stroke outcome
There is accumulating evidence from observational studies that higher levels of
physical activity prior to stroke is associated with better outcomes post stroke
(Deplanque et al., 2006, Krarup et al., 2008, Stroud et al., 2009, Reimers et al., 2009,
Deplanque et al., 2012). A systematic review sought to determine whether regular
exercise (determined using self-assessment) can lower the risk of first-ever ischemic
or haemorrhagic strokes (Reimers et al., 2009). This systematic review included 33
prospective cohort studies and 10 case-control studies and all the studies previously
included in published meta-analyses (Lee et al., 2003, Wendel-Vos et al., 2004). In
the meta-analysis of the 33 prospective cohort studies, risk of a fatal or non-fatal
ischemic stroke was lowered by 24% in females and by 27% in males, while the risk
of fatal or non-fatal cerebral haemorrhage was lowered by 8% in females and by
40% in males (Reimers et al., 2009). These results suggest that being physically
active may reduce the risk of first ever stroke.
An observational study found stroke severity was inversely related to weekly selfreported exercise duration prior to stroke (no exercise: 36.1%; <2 hours: 49.3%; 2–5
hours: 58.8%; >5 hours: 64.0%; P = 0.003) (Deplanque et al., 2012). In terms of
intensity, the beneficial effect of previous physical activity was observed in stroke
survivors who did weak or moderate exercises. However heavy exercise may lead to
adverse consequences (weak: 50.0%; moderate: 79.3%; heavy: 22.2%; P < 0.0001).
Physical activity intensity was measured using a 14 point questionnaire adapted from
the National Health Interview Survey of the National Centre for Health Statistics
(Sacco et al., 1998). After adjustment for age, sex, arterial hypertension, diabetes,
smoking, previous ischemic or congestive heart disease and peripheral arteriopathy, a
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dose-dependent effect of physical activity duration (total per week) on the initial
stroke severity was found. Therefore, physical activity prior to stroke may be a
simple way to decrease cerebral ischemia severity (Deplanque et al., 2012).

1.7.3. Physical fitness training and stroke outcome
Low physical activity leads to low cardiorespiratory fitness after stroke (Saunders et
al., 2013). There is convincing evidence from a meta-analysis of RCTs that physical
fitness training after stroke, improves a range of clinically relevant outcomes
(Saunders et al., 2013). This Cochrane Review included 45 trials involving 2,188
participants, which comprised cardiorespiratory (22 trials, 995 participants),
resistance (eight trials, 275 participants), and mixed training interventions (15 trials,
918 participants). Cardiorespiratory training involving walking, improved maximum
walking speed (mean difference [MD] 7.37 metres per minute, 95% CI 3.70 to
11.03), preferred gait speed (MD 4.63 metres per minute, 95% CI 1.84 to 7.43),
walking capacity (MD 26.99 metres per six minutes, 95% CI 9.13 to 44.84), and
Berg Balance scores (MD 3.14, 95% CI 0.56 to 5.73). Mixed training involving
walking, increased preferred walking speed (MD 4.54 metres per minute, 95% CI
0.95 to 8.14), walking capacity (MD 41.60 metres per six minutes, 95% CI 25.25 to
57.95), and pooled balance scores but the evidence weaker (standardised mean
difference [SMD] 0.26 95% CI 0.04 to, 0.49). Some mobility benefits also persisted
at the end of follow-up. The authors concluded that the effects of physical fitness
training on death, dependence and disability after stroke were unclear (Saunders et
al., 2013). However, it was also concluded that there was sufficient evidence to
incorporate cardiorespiratory and mixed training involving walking, within post-
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stroke rehabilitation programmes to improve the speed and tolerance of walking and
possibly balance (Saunders et al., 2013).
A recent systematic review and meta-analysis has highlighted that physical fitness
training not only results in physical benefits but also psychological benefits (Eng and
Reime, 2014). This systematic review included RCTs that evaluated the effect of
structured exercise programs (e.g. functional, resistance, or aerobic training) on
depressive symptoms (Eng and Reime, 2014). Thirteen studies (including 1022
stroke survivors) were included in the meta-analysis. Exercise (progressive resistance
training; functional, aerobic, treadmill and Bobath exercises; individualised exercises
with education; and community rehabilitation services) resulted in less depressive
symptoms immediately after the exercise program ended, (SMD = −0.13 [95% CI =
−0.26, −0.01], I2 = 6%, p = 0.03), however the review found these effects were not
retained with longer term follow-up (SMD = −0.04 [95% CI = −0.17, 0.09], I2 = 1%,
p = 0.53) (Eng and Reime, 2014). Follow-up was only measured in 10 of the 13
studies including 889 patients (Eng and Reime, 2014). Exercise appeared to have a
positive effect on depressive symptoms across both the subacute (≤6 months post
stroke) and chronic stage of recovery (>6 months) (Eng and Reime, 2014). There was
a significant effect of exercise on depressive symptoms when higher intensity studies
were pooled, but not for lower intensity exercise protocols (Eng and Reime, 2014).
Understanding that recovery from stroke can be both physical and psychological
allows us to understand why there may be reasons that stroke survivors choose not
take part in physical activity. Although many stroke survivors appear physically well
after their stroke i.e. no hemiparesis and able to mobilise independently, there may
be psychological reasons to why they do not take part in physical activity (i.e. low
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mood, depression, fear). Therefore, the challenges to increasing physical activity are
discussed in the following section.

1.8. Challenges to increasing physical activity
Physical activity can be low in both stroke and non-stroke populations. To determine
why low physical activity is so apparent, it is essential to understand what prevents
and facilitates physical activity in all populations.
Perceived barriers and facilitators to any activity, health care intervention or drug can
affect the likelihood of an individual undertaking a particular behaviour. The Scottish
Household survey 2007/8 undertook a unique “Culture and Sport” module that saw
over 6800 Scottish individuals aged 16 and over give more detail about their sports
and cultural participation in the past 12 months (The Scottish Government, 2009).
These participants reported the most common reasons for not participating in sport
during the previous 12 months as poor health (54%), followed by a lack of interest
(24%) and not having enough time (16%). Older respondents (aged 60 years and
over) reported poor health as being the most common reason for not participating,
while disinterest was the main reason for lack of participation in younger age groups
(The Scottish Government, 2009). Similar results may be found for participation in
other forms of physical activity.

A systematic review has been conducted to determine the perceptions of older adults
(including some stroke survivors) on participation in physical activity (Franco et al.,
2015). This systematic review included 132 qualitative studies involving 5,987
participants aged 60 years or older (Franco et al., 2015). The researchers identified
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six major themes that may influence participation in physical activity by older adults.
These themes included:
1. Social influences (valuing interaction with peers, social awkwardness,
encouragement from others, dependence on professional instruction);
2. Physical limitations (pain or discomfort, concerns about falling,
comorbidities);
3. Competing priorities;
4. Access difficulties (environmental barriers, affordability);
5. Personal benefits of physical activity (strength, balance and flexibility, selfconfidence, independence, improved health and mental well-being);
6. Motivation and beliefs (apathy, irrelevance and inefficacy, maintaining
habits) (Franco et al., 2015).
Tackling these themes may increase physical activity in older adults and also stroke
survivors.

1.8.1. Challenges to physical activity after stroke
Although an increasing body of evidence demonstrates that exercise training after
stroke is effective, most improvements gained tend to be lost at long-term follow-up
(Brazzelli et al., 2011). Long-term engagement in physical activity after stroke is
being recommended to maintain the improvements gained from rehabilitation
(Brazzelli et al., 2011). However, research has identified that the majority of stroke
survivors return to a sedentary life after rehabilitation and do not meet the daily
recommended physical activity levels (Shaughnessy et al., 2006, Rand et al., 2009,
Field et al., 2013). It is necessary to explore why this is particularly apparent after
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stroke. Perceived barriers and facilitators to physical activity after stroke may, in
theory, differ considerably from the barriers and facilitators perceived by the general
population and other patient groups. These differences may be due to the multiple
long-term effects of stroke such as residual neurological deficits, psychological
problems and fatigue. Few studies have sought to determine what prevents some
stroke survivors from being physically active. One structured literature review
investigated psychological and social factors that may influence physical activity
engagement after stroke (Morris et al., 2012). Twenty studies from 19 publications (9
surveys, one RCT and 10 qualitative studies) were included. Seventeen studies
reported findings relevant to psychological factors and fourteen reported findings
relevant to social factors. Self-efficacy, physical activity beliefs and social support
were relevant to physical activity behaviour after stroke (Morris et al., 2012). This
review focussed only on the psychological and social factors influencing physical
activity uptake and not all barriers and facilitators such as environmental factors
associated with physical activity post stroke. It is important to understand all the
barriers to physical activity perceived by stroke survivors since this will enable
targeted behaviour change interventions to enable stroke survivors to engage in and
increase their physical activity.

1.9. Behaviour change
A behaviour is anything a person does in response to internal or external events.
Behaviours are controlled by the brain and carried out by the body. The behaviour of
individuals, communities and populations is one of the major determinants of their
health outcomes. Different patterns of behaviour are deeply embedded within
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individual social, physical and cultural contexts (NICE, 2007). To tackle global
causes of mortality and morbidity, it may be necessary to change these embedded
behaviours. In all populations changing embedded health behaviours can be achieved
through the development of appropriately targeted behaviour change interventions
(NICE, 2007).

“A behaviour change intervention is a complex intervention with a number of
interacting components and behaviours” (Craig et al., 2008). Behaviour change
interventions have also been described as “co-ordinated sets of activities designed to
change specified behaviour patterns” (Michie et al., 2011). In general, these
behaviour patterns are measured in terms of the prevalence or incidence of particular
behaviours in specified populations. Interventions are used to promote uptake and
optimal use of effective clinical services, and to promote healthy lifestyles (Michie et
al., 2011). These interventions can occur at individual, community and population
level. Development and evaluation of behaviour change interventions requires a good
understanding of how the intervention can cause a change in behaviour. A lack of
effect may reflect implementation failure rather than genuine ineffectiveness
(Campbell et al., 2000). Therefore, a thorough process of evaluation is necessary to
identify implementation problems either during or after a trial has been conducted
(Campbell et al., 2000). If an intervention is successful it can be used to guide
healthcare providers to implement what is considered to be best practice (for
example (Cochrane Reviews, NICE guidance)) (Michie et al., 2011).
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Interventions to change behaviour have the potential to alter current patterns of
disease. A genetic predisposition to a certain disease cannot be changed and social
circumstances may be difficult to alter, however, an individual’s behaviour may be
easier to change. Nevertheless, many previous attempts to change individuals’ health
related behaviours have been unsuccessful. Often this is because behaviour change
interventions have failed to take into account the theories and principles of successful
planning, delivery and evaluation (NICE, 2007).

1.10. Theory to aid behaviour change intervention development
A theory is a fact-based framework for describing a phenomenon. In psychology,
theories are used to provide a model for understanding human thoughts, emotions,
and behaviours (Cherry, 2014). Theories tend to have two key components i) a
behaviour must be described and ii) the theory must make predictions about future
behaviour (Cherry, 2014). There are three main reasons for promoting the use of
theory in designing behaviour change interventions (Michie et al., 2008):
1. Interventions are likely to be more effective if they target causal determinants
of behaviour and behaviour change.
2. Theory can be tested and developed by evaluations of interventions only if
those interventions and evaluations are theoretically informed.
3. Theory-based interventions facilitate an understanding of what works and
thus are a basis for developing better theory across different contexts,
populations, and behaviours (Michie et al., 2008).
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1.10.1. The MRC Framework for developing and evaluating complex
interventions
In 2000, the Medical Research Council [MRC] published a Framework for the
Development and Evaluation of RCTs for Complex Interventions to Improve Health,
to help researchers recognise and adopt appropriate methods when developing and
evaluating complex interventions (MRC, 2000). The framework, based on theory,
uses a phased approach to the development and evaluation of complex interventions
(MRC, 2000). The Framework has since been updated to take a less linear approach
and indicates the many interaction between the phases of intervention development
(Craig et al., 2008). Key elements of the framework are detailed in figure 1. The key
elements of the framework were used as the basis for the development of the
behaviour change intervention, which is described in chapter 7.

Figure 1: Key elements of the development and evaluation process of
the MRC framework

Flow diagram of MRC framework taken from (Craig et al., 2008)
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1.10.2. The Theoretical Domains Framework [TDF]
To develop a behaviour change intervention to increase physical activity after stroke
it was necessary to carry out preliminary research to identify reasons why stroke
survivors are not physically active. To be able to successfully analyse all of these
data, and use the findings to decide the key components of the behaviour change
intervention, careful consideration of the necessary theory was required. Therefore it
was considered necessary to use a behaviour change model to analyse the data
generated from this PhD. The TDF was developed in 2005 with the aim to simplify
and combine a vast array of behaviour change theories (Michie et al., 2005). It was
recognised, by the authors of the TDF, that clarification and simplification of the
plethora of psychological theories was necessary to maximise their accessibility and
usefulness (Michie et al., 2005). The TDF authors identified and synthesised 33
theories and 128 key theoretical constructs related to behaviour change into a single
framework. This process was done to assess implementation and other behavioural
problems, to inform intervention design. The TDF covers a comprehensive range of
scientific explanations for behaviour and behaviour change (Michie et al., 2005). The
advantage of using an integrative theoretical framework, such as the TDF, over a
single theory of health behaviour, is that it encompasses multiple explanatory
domains and therefore provides a more comprehensive assessment of factors which
are important to the stroke population (Michie et al., 2011). To develop the TDF a
six stage consensus approach was used:
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1. Identifying theories and theoretical constructs relevant to behaviour change
2.

Simplifying these resulting constructs into overarching theoretical domains
based on their commonalities

3. Evaluating the importance of the theoretical domains
4. Conducting an interdisciplinary evaluation and synthesis of the domains and
constructs
5. Validating the domain list
6. Piloting interview questions relevant to the constructs and domains (Michie et
al., 2005).

Therefore the original TDF comprised of 12 domains derived from the 128 different
theoretical constructs of theory-based explanations for behaviour. The domains
included; ‘knowledge’, ‘skills’, ‘social role and identity’, ‘beliefs about capabilities’,
‘beliefs about consequences’, ‘motivation and goals’, ‘nature of the behaviour’,
‘environmental context and resources’, ‘social influences’, ‘social identity’,
‘emotion’ and ‘behaviour regulation’ [figure two].
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Figure 2: The Theoretical Domains Framework

The domains of the Theoretical Domains Framework (Michie et al., 2005)

It should be noted that the TDF was updated in 2012 (Cane et al., 2012). A validation
study including 112 theoretical constructs was examined by 37 experts in the field of
behaviour change. This validation study increased the theoretical domains from 12 to
14, removing the original domains of “nature of behaviour”, “knowledge” and
“motivation” and including “goals”, “intention”, “reinforcement” and “optimism”.
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However, due to work already being undertaken with the original framework, the
original 2005 framework was used throughout this PhD thesis.
The authors of the TDF then sought to map theoretically derived domains to specific
behaviour change techniques [BCTs] (Michie et al., 2008). The authors
acknowledged a BCT is defined “as an active component of an intervention designed
to change behaviour” (Michie et al., 2014). The defining characteristics of a BCT are
that it is “observable, replicable, irreducible and a component of an intervention
design to change behaviour and a postulated active ingredient within the
intervention” (Michie et al., 2014). The researchers sought to determine which BCTs
could be used to target behaviour domains when developing behaviour change
interventions (Michie et al., 2008). They acknowledged that there is a vast expanse
of determinants of behaviour change, and trying to determine suitable BCTs for
every determinant would prove challenging. Therefore, a summary document was
generated incorporating both the determinants of behaviour change from the TDF
and previously published determinants (Fishbein et al., 2001). Therefore only 11/12
TDF domains were included in the mapping of BCTs. To do this, a list of behaviour
change techniques and definitions was generated from techniques published in two
systematic reviews, supplemented by “brainstorming” and a systematic search of
nine applied psychology textbooks (Michie et al., 2008). Interrater reliability of
extracting the techniques and definitions from the textbooks was assessed. Four
experts judged which techniques would be effective in the theoretical constructs
associated with the TDF (Michie et al., 2008). The behavioural domains and relevant
BCTs are shown in table one. The red boxes indicate where consensus between the
four expert judges was reached, and these behaviour change techniques are deemed
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appropriate for altering the construct domain. The behaviour change techniques that
are not deemed appropriate to alter the construct domain are left blank. This
preliminary work demonstrated the possibility of developing a comprehensive,
reliable taxonomy of techniques linked to theory and this taxonomy, along with the
TDF, was used to choose the most appropriate techniques for the behaviour change
intervention (see chapter seven, section 7.3).
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Table 1: Map of the theoretically derived domains to behaviour change
techniques
Technique for behaviour change

Techniques deemed to be effective
in changing each construct domain
1

2 3 4 5 6 7 8 9 10

11

Goal/target specified: behaviour or
outcome
Monitoring
Self-monitoring
Contract
Rewards; incentives (self-evaluation)
Graded tasks, starting with easy tasks
Increasing skills: problem-solving,
decision-making, goal-setting
Stress management
Coping skills
Rehearsal of relevant skills
Role-play
Planning, implementation
Prompts, triggers, cues
Environmental changes (eg objects to
facilitate behaviour)
Social processes of encouragement,
pressure, support
Persuasive communication
Information regarding behaviour,
outcome
Personalised message
Modelling/ demonstration of
behaviour by others
Homework
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Personal experiments, data collection
(other than self-monitoring)
Experiential; tasks to gain experiences
to change motivation
Feedback
Self-talk
Use of imagery
Perform behaviour in different settings
Shaping of behaviour
Motivational interviewing
Relapse prevention
Cognitive restructuring
Relaxation
Desensitisation
Problem-solving
Time management
Identify prepare for difficult situation

Key:
Techniques judged to be effective in changing each construct domain
1
Social/ professional role and identity
2
Knowledge
3
Skills
4
Beliefs about capabilities
5
Beliefs about consequences
6
Motivation and goals
7
Memory, attention, decision processes
8
Environmental context and resources
9
Social influences
10
Emotion
11
Action Planning
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1.11. Behaviour change to increase physical activity
Many behaviour change interventions focus on changing intention (the planning to
perform a specific behaviour) and self-efficacy (the belief that one can successfully
perform the specific behaviours necessary to achieve an outcome such as walking a
specific distance) (Bandura, 1977). These interventions typically encompass
information based material and cognitive and/or behavioural strategies designed to
increase participants’ knowledge, self-efficacy and use of self-management
behaviours (Barlow et al., 2002, Sawyer and Aroni, 2005).
Systematic reviews of behaviour change interventions aimed at increasing physical
activity have been previously conducted (Lau et al., 2011, Orrow et al., 2012). A
systematic review of 15 trials (n=8,745) was conducted to determine whether
physical activity promotion based in primary care had sustained effects on physical
activity or fitness in sedentary adults (Orrow et al., 2012). In 13 trials presenting selfreported physical activity, there were small to medium positive intervention effects at
12 months after completion of the intervention (OR 1.42, 95% CI 1.17 to 1.73; SMD
0.25, 0.11 to 0.38) (Orrow et al., 2012). A systematic review including nine
randomised controlled trials sought to evaluate the efficacy and methodological
quality of information and communication technology based physical activity
interventions for children and adolescents (Lau et al., 2011). Information and
communication technologies are devices such as the internet and mobile phones
which are used to disseminate information. Of the nine studies, seven demonstrated
positive and significant within-group differences in at least one psychosocial or
behavioural physical activity outcome. In total, three studies reported positive and
significant between-group differences favouring the information and communication
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group. When between-group differences were compared across studies, effect sizes
were small in six studies and large in three studies (Lau et al., 2011). Although data
are limited this review provides evidence supporting the positive effects of
information and communication technologies in increasing physical activity.
Evidence suggests that behaviour change interventions can be used to successfully
increase physical activity, but their implementation and tailoring to the target
population is essential.

1.12. Behaviour change after stroke
It is often hypothesised that improving a patient’s understanding of their condition
and its treatments will increase their engagement in a recommended behaviour
(Kaplan, 1990). However, a pilot RCT found repeated encouragement and verbal
instruction ineffective in increasing physical activity post stroke (Boysen et al.,
2009). Therefore, different approaches to increasing physical activity in stroke
survivors are required.
Behaviour change interventions have previously been undertaken in stroke. These
interventions have attempted to increase stroke survivors’ perceived control of their
recovery. A randomised controlled trial was conducted to examine the effects of a
self-management workbook intervention designed for use with individuals after firstever stroke (Jones et al., 2009). The individualised self-management workbook was
based on self-efficacy principles; incorporating sections to increase mastery,
vicarious experience and feedback (Jones et al., 2009). Seven men and three women,
with a mean age of 61.5 years (standard deviation [SD] =8.15), on average 24.2
weeks (SD =18.29) following first stroke, all with residual restriction of activity and
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participation were included in the study. A randomisation test indicated a statistically
significant change in Stroke Self-Efficacy Questionnaire scores and Recovery Locus
of Control Scale scores following the introduction of the workbook (Jones et al.,
2009). This study shows preliminary evidence that the use of an individualised stroke
self-management intervention is acceptable and can lead to a change in self-efficacy
in stroke survivors (Jones et al., 2009). This workbook also contained goal setting
elements including target setting to allow participant to choose small, personal and
manageable targets, to help them achieve their overall goals (Jones et al., 2009).

A second behaviour change intervention with stroke survivors gave participants a
workbook designed to increase control beliefs. The workbook drew on cognitive
behavioural therapy techniques by including activities designed to allow the
participant to attain the coping skills to encourage self-management after stroke.
These coping skills provided participants with information about stroke and
recovery, guidance on coping skills and self-management instruction (Johnston et al.,
2007). The workbook was tested as part of a randomised controlled trial and led to
significantly improved recovery from disability, allowing for initial disability,
compared to control group and helped the stroke survivors increase their perceived
control over their recovery (Johnston et al., 2007). At discharge, stroke survivors
were randomly allocated (with their carers) to a five week intervention (n=103) or
control (normal care: n=100). The main outcome was recovery from disability using
a performance measure, with distress and satisfaction as additional outcomes. The
first intervention contact was a home visit where the workbook was given to the
participants, who were instructed on its use. At the second contact (a home visit the
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following week), the implementer answered questions, provided encouragement, and
offered more information about stroke risk factors. The third and fourth contacts
were by telephone at weekly intervals. During these contacts, the implementer
monitored goals and achievements, and continued to provide encouragement. The
last contact was a home visit during the fifth week of the intervention period, when
the numbers of completed quizzes and tasks, diary days and set goals, were recorded.
The intervention group showed significantly better disability recovery, allowing for
initial levels of disability, than those in the control group, F(1,201)=5.61, p=0.019
(Johnston et al., 2007). A prospective cohort study within this randomised controlled
trial of stroke survivors tested this behaviour change workbook and showed the
importance of perceived behavioural control in increasing physical activity poststroke (Johnston et al., 2007, Bonetti and Johnston, 2008). The cohort study showed
walking limitations and walking recovery after stroke was predicted by stroke
survivors’ perceived behaviour control (Bonetti and Johnston, 2008).

1.12.1. Development of a behaviour change intervention to increase
physical activity after stroke
Two key aspects of behaviour change that appeared imperative in previous behaviour
change interventions to increase physical activity after stroke were: feedback (1) and
goal setting (2).
(1) Knowledge is often assumed as a necessity in promoting behavioural change
as demonstrated by previous literature. Health knowledge, or education,
refers to the knowledge and understanding people have about health-related
issues. It is important that people understand the causes of ill-health and
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recognise the extent to which they are vulnerable to, or at risk from, a health
threat. In other words, knowledge is a key component of behaviour change,
but on its own it is not sufficient to bring about behaviour change (Boysen et
al., 2009). It is believed knowledge promotes awareness of personal risk
behaviour implying that people will only consider changing their behaviour
when they become aware that they are potentially putting their health at risk
(i.e., suffering a life changing event such as a stroke). Feedback has been
shown to increase both awareness of health behaviour and intentions to
change that behaviour (Brug et al., 1999, Proper et al., 2003, Watkinson et al.,
2010). Feedback and monitoring have also been shown to be one of the key
proven components of behaviour change interventions as highlighted in the
NICE guidelines (NICE, 2014). Therefore, a form of feedback was
considered to be an essential component of the proposed behaviour change
intervention. Feedback on physical activity can take many forms such as an
accelerometer, pedometer or self-reported measure. The method of feedback
and the rationale behind its choice is discussed in chapter seven.
(2) In rehabilitation, goal setting is used for a number of reasons, such as to
improve patient outcome; to provide motivation to the patient; to make sure
all team members are working towards the same thing; and finally, to monitor
the effectiveness of the rehabilitation process (Wade, 2009). As discussed
earlier in this chapter, previous studies have developed theory-based
workbook interventions for people recovering from stroke which also include
setting goals as a key component (Jones et al., 2009) (Johnston et al., 2007).
As the aim of goal setting is a change in patient behaviour (e.g. increasing
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physical activity) theories of behaviour and behaviour change have the
potential to guide the development of goal-setting interventions. A systematic
review identified three theories of behaviour change that may be useful to
goal setting interventions (Scobbie et al., 2009). One of these behaviour
change theories was Social Cognitive Theory (Bandura, 1989). A key
component of Social Cognitive Theory is the importance of self-efficacy,
which has previously been demonstrated as a key component of increasing
physical activity after stroke (Johnston et al., 2007). Therefore, both goalsetting and self-efficacy need to be taken into account when developing the
behaviour change intervention. Furthermore, a systematic review of the
effects and experiences of goal setting after stroke found that although the
principles of goal setting after stroke are deemed as best practice in aiding
recovery after stroke, there is actually little evidence demonstrating the
feasibility of goal setting in stroke rehabilitation (Sugavanam et al., 2013).
Therefore, the use of goals setting in our behaviour change intervention
would help to determine its feasibility and acceptability after stroke.

1.13. Conclusion
The aim of this introductory chapter was to detail the background and rationale for
this programme of work and PhD thesis.


Stroke is a debilitating condition that can leave survivors with many life-long
disabilities



Stroke can lead to a reduction in physical activity, with long-term
maintenance of physical activity low
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There are potentially several barriers to the uptake and/or maintenance of
physical activity after stroke



Behavioural change intervention may help to increase physical activity after
stroke



Theory is key to the development of behaviour change interventions



The TDF will aid the development of behaviour change intervention



The overall aims of this programme of work and the aims of the individual
studies are presented in the following chapter (chapter 2).
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CHAPTER 2 Aims
2.1. Overall aim of thesis
Physical activity after stroke is low and an increase in physical activity after stroke
may reduce disability. Secondary benefits of increasing physical activity may include
increasing energy, lowering blood pressure and lowering both HDL and LDL
cholesterol. These benefits may in turn reduce further disability from the stroke,
reduce the risk of secondary strokes and help to control body weight and physical
fitness. Behaviour change interventions have been shown to be help change
behaviour and improve health in many patient groups including stroke. Therefore, it
is plausible that a behaviour change intervention to increase physical activity can be
beneficial to stroke survivors.
Therefore the overall aim of this work was to develop and test a behavioural change
intervention to increase physical activity, predominantly through walking, after stroke.

It was decided to target walking rather than other modes of physical activity.
Walking is the simplest mode of physical activity, requiring no other equipment such
as a bike or a swimming pool, to be undertaken. Walking is cheap, easy to undertake
and can be done in most locations. However, by including walking as the component
of physical activity, the study would be limited to only ambulatory stroke survivors.
Although a drawback to the study, it was felt this would be the safest way to carry
out a simple, home-based behaviour change intervention for stroke survivors.
Increasing steps taken would be the targeted walking behaviour.
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In order to address the above aim, six interlinking studies were undertaken. The aims
and objectives of each of these studies and their link to the overarching aim are
detailed in the following sections.

2.2. Study one
The first step in developing a behaviour change intervention is to review the current
literature and evidence in the study area (Craig et al., 2008).
A systematic review is regarded as the strongest form of evidence as it applies
strategies that limit bias in the selection, critical appraisal and assembly of data
(Burns et al., 2011). Therefore, a systematic review was conducted as the first study
for this programme of work, with the following aim:
To evaluate, critically appraise and synthesise the data on the perceived
barriers and facilitators to physical activity after stroke.
This systematic review of perceived barriers and facilitators to physical activity after
stroke is discussed in chapter three of this thesis.

2.3. Study two
The systematic review concluded there were few studies investigating the perceived
barriers and facilitators to physical activity after stroke, and that the already
published studies potentially had limited generalisability to the UK stroke
population. It was therefore judged to be appropriate to conduct our own qualitative
study to examine the perceived barriers and facilitators to the local stroke population
in Edinburgh. A qualitative interview study was chosen to do this as it would provide
descriptive data from real-time stroke survivors within the local community.
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Therefore, a qualitative interview study was conducted as the second study of this
programme of work, with the following aim:
To qualitatively explore stroke survivors’ perceived barriers and
facilitators to physical activity after stroke.
This qualitative interview study is discussed in chapter four of this thesis.

2.4. Study three
Both the systematic review and the qualitative study highlighted the influence of
self-efficacy in increasing physical activity. Evidence suggests that the extent of selfefficacy towards walking after stroke can be a long term predictor of physical
activity (Bonetti and Johnston, 2008). Earlier work conducted prior to this PhD
(Carroll et al., 2012), generated previously unanalysed data on barriers and
facilitators to physical activity after stroke. These quantitative data encompassed
specific questions exploring self-efficacy and intention to physical activity post
stroke. In light of the evidence from both the systematic review and qualitative study
it was perceived to be helpful to analyse these data to inform the development of the
behaviour change intervention.
Therefore, a quantitative study was conducted as the third study of this programme
of work, with the following aims:
(i) To explore stroke survivors perceived barriers and facilitators to physical
activity after stroke.
(ii) To explore stroke survivors perceived self-efficacy and intervention to
increasing physical activity after stroke.
This quantitative study is discussed in chapter five of this thesis.
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2.5. Study four
As discussed in section 1.12.1, it was envisaged that the behaviour change
intervention would incorporate a feedback device, so participants could clearly see
how much physical activity they were undertaking on a daily basis. It was envisaged
this would be done using a pedometer (see chapter seven). An opportunity arose to
collaborate with a team at Newcastle University who had developed an
accelerometer which incorporated an immediate feedback screen (similar to that of a
pedometer). This collaboration was seen as an exciting opportunity to be able to help
develop an accurate physical activity monitor for use with stroke survivors, which
would not only accurately record the wearer’s step count but visually provide this
information on a screen to the wearer. Therefore, a device development study was
conducted as the fourth study of this programme of work, with the following aim:
To validate a newly developed accelerometer with stroke survivors.
This device development study is discussed in chapter six of this thesis.

Data gathered from studies one-four were used in the development of the behaviour
change intervention (see figure 3). This development process is discussed in chapter
seven of this thesis.

2.6. Amalgamation of first four studies
Chapter seven details the amalgamation of the first four studies that are incorporated
to develop the behaviour change intervention. To develop the behaviour change
intervention it was essential to understand psychological theory and how theory plays
a key role in behaviour and behaviour change. Understanding psychological theory
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and applying this to the results from the systematic review, qualitative and
quantitative studies allowed the determination of the most appropriate behaviour
change techniques for inclusion in the behaviour change intervention. The
intervention booklet was developed along with other key components of the
behaviour change intervention.

2.7. Study Five
Once the behaviour change intervention had been developed the next stage was to
test the intervention with a sample of stroke survivors. As this was a newly
developed behaviour change intervention, it was essential to determine if all aspects
of the intervention were easily followed and understood by stroke survivors. A
before and after study investigating the feasibility and acceptability of the
intervention was developed. Therefore, an uncontrolled pilot study was conducted as
the fifth study of this programme of work, with the following aim:
To examine the feasibility and acceptability of the behaviour change
intervention with stroke survivors.
The uncontrolled pilot study is discussed in chapter eight of this thesis

2.8. Study Six
Having previously attempted to test the developed behaviour change intervention’s
feasibility and acceptability with stroke survivors (chapter eight) amendments to the
protocol were required. These amendments were needed to improve recruitment to
the study by targeting a wider range of stroke survivors who were interested in taking
part in the intervention. Two key changes were made to the behaviour change
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intervention protocol. Therefore, a second uncontrolled pilot study was conducted as
the sixth study of this programme of work, with the following aim:
To examine the feasibility and acceptability of the amended behaviour
change intervention with stroke survivors.
The second uncontrolled pilot study is discussed in chapter eight of this thesis.
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CHAPTER 3 A systematic review of the perceived barriers
and facilitators to physical activity after stroke
3.1. Introduction
The next three chapters seek to determine the barriers and facilitators to physical
activity perceived by stroke survivors, using three different approaches (systematic
review, qualitative and quantitative data analysis). A systematic review of the
literature on the perceived barriers and facilitators to physical activity after stroke
was undertaken as study one of this PhD, and is presented in this chapter. This study
has been published in the journal ‘International Journal of Stroke’ (Nicholson et al.,
2013). All the literature searches, data extraction and drafting of the manuscript was
carried out by SN. The search strategies were developed with the help of the
University of Edinburgh library staff and the MEDLINE search strategy can be
found in appendix 1. GM and CG also helped with screening of potential articles and
all of the authors provided comments and edited the final draft prior to publication.
The search strategy

3.2. Background
Physical activity is reduced after stroke which may contribute to disability from the
primary stroke and increase the likelihood of secondary strokes. Using the MRC
framework, the first step in the development of a complex intervention is to use the
available evidence and theory effectively. The MRC recommends that a systematic
review should be undertaken in the relevant field if there are no recent high quality
systematic reviews (Craig et al., 2008). A systematic review is regarded as the
strongest form of evidence as it applies strategies that limit bias in the selection,
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critical appraisal and assembly of data (Burns et al., 2011). Therefore, it was felt a
systematic review would be an appropriate way to elicit a wide and descriptive
analysis of the available literature on barriers and facilitators to physical activity
perceived by stroke survivors.
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3.3. Published paper
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3.4. Discussion
This systematic review sought to determine all factors that influence the uptake of
physical activity after stroke and included both qualitative and quantitative data.
Social motivation and the desire to perform daily tasks were the most commonly
reported perceived facilitators to physical activity after stroke. The most commonly
reported perceived barriers were: environmental factors (access, transport, and cost)
and health concerns/stroke impairments discouraging physical activity due to
perceived inability, embarrassment and fear of recurrent strokes. These results show
that stroke survivors appear to be willing to be physically active, especially if they
hold the belief that physical activity will allow them to maintain their independence.
However, fear and embarrassment may prevent physical activity uptake in those who
have the desire to be physically active. This was due to them being conscious that
they have had a stroke, the potential worry of having another one and the worry
about the perceptions of other people when they are taking part in physical activity.
These concerns may influence the self-efficacy of the stroke survivors, as they may
believe that they are unable to increase their physical activity due to negative affect
arising from these fears.

At the same time as our review was published a systematic review examining the
psychological and social factors that influence the uptake and maintenance of
physical activity after stroke was also published (Morris et al., 2012). The review
found that self-efficacy, physical activity beliefs and social support appeared to be
particularly important to altering physical activity behaviour in stroke survivors
(Morris et al., 2012). However, Morris’ review focussed on only psychological and
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social factors and did not include physical or environmental factors that influence
physical activity uptake. For example, environmental barriers such as lack of
transport may be important to stroke survivors who are unable to drive due to their
stroke. Furthermore the review included five studies where stroke survivors’ data
were interspersed with participants with other conditions (e.g. multiple sclerosis,
joint and connective tissue disease and spinal cord injury), which may have
influenced interpretation of the results (Morris et al., 2012).
The systematic review conducted as part of this programme of work differed from
that published by Morris et al (2012). The review for this PhD thesis did not include
articles that mixed stroke survivors view on barriers and facilitators with other
patients who had differing neurological conditions. It was decided not to include
these articles to ensure included articles accurately reflected the perceived barriers
and facilitators of only those affected by stroke. For this reason this systematic
review identified different studies compared with Morris et al (2012). However, there
were four studies that overlapped between the two reviews including: (Damush et al.,
2007, Rimmer et al., 2008, Resnick et al., 2008, Patterson and Ross-Edwards, 2009).

3.4.1. Review update
The results of the systematic review were based on a database search until 30th of
August 2010. Due to time constraints, it was not possible to conduct an update of this
systematic review yet it was likely that new evidence had emerged in the following
five years. Therefore a brief update on the review was performed in the Edinburgh
University DiscoverED database using keys works such as “stroke” “barriers”
“facilitators” and “physical activity” to determine if there had been any significant
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articles published between August 2010 and October 2016. The search (conducted on
7/10/2016) indicted that five new articles (describing four studies) had been
published since the systematic review (Morris et al., 2015, Morris et al., 2016,
Jellema et al., 2016, Signal et al., 2016, Outermans et al., 2016). However, these
studies do not greatly influence conclusions drawn in chapters 3-5 in this thesis. One
recent qualitative study interviewing 38 community dwelling stroke survivors
reported that social and environmental influences were important in the uptake of
physical activity after stroke (Morris et al., 2015, Morris et al., 2016). Social and
environmental influences were also found as part of the qualitative study conducted
in chapter four of this PhD and therefore were incorporated in the behaviour change
intervention (Nicholson. et al., 2014). Similarly a recent systematic review of 69
qualitative, quantitative and mixed-design studies investigated the environmental
barriers influencing the resumption of valued activities post stroke (Jellema et al.,
2016). This review again highlighted the importance of both social and
environmental factors to the uptake of physical activity after stroke (Jellema et al.,
2016). Therefore, neither of these studies would have influenced the development of
the behaviour change intervention or the conclusions of this PhD. Another study
conducted since the review was a qualitative study comprising of focus groups and
interviews (including 36 stroke survivors) to investigate the barriers to outdoor
walking in stroke survivors (Outermans et al., 2016). This study found that personal
factors determined the intention to walk outdoors, e.g., negative social influence
resulting from restrictive caregivers in the social environment, low self-efficacy
influenced by physical environment, and also negative attitude towards physical
activity (Outermans et al., 2016). Opportunities arising from household
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responsibilities and lively social constructs facilitated outdoor walking (Outermans et
al., 2016). The qualitative study (chapter four) found social interaction, beliefs of the
benefits of exercise, high self-efficacy and the necessity to perform routine
behaviours all played an important role in the uptake of physical activity after stroke.
Therefore, this study would not have influenced the development of the behaviour
change intervention or the conclusions of this PhD. The final study identified by the
updated search examined the barriers and facilitators stroke survivors perceived
when engaging in high-intensity exercise (Signal et al., 2016). As high-intensity
exercise was not the focus of this PhD, the results of this study would not have great
impact on the conclusions of this body of work.

3.5. Conclusions
Understanding the perceived barriers and facilitators to physical activity after stroke
is an understudied yet developing area. This systematic review begins to give some
understanding of the perceived barriers and facilitators to physical activity after
stroke. However, there were a limited number studies that fulfilled the inclusion
criteria for the review, with only one qualitative study being undertaken in the UK.
Further UK based qualitative studies are therefore required to provide up to date, rich
and descriptive data.

The systematic review has also highlighted the importance of control beliefs (such as
self-efficacy) in the uptake of physical activity after stroke. As part of an earlier
small-scale study, quantitative data on barriers, facilitators, self-efficacy and
intention to physical activity after stroke were collected but not analysed (Carroll et
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al., 2012). In light of the findings of the systematic review, suggesting the
importance of self-efficacy and highlighting the lack of UK studies on barriers and
facilitators to physical activity after stroke, it was appropriate to retrospectively
analyse these data, obtained from 50 participants on discharge from hospital after an
acute stroke. This analysis would provide valuable information on not only selfefficacy of stroke survivors at hospital discharge but also on perceived barriers and
facilitators to physical activity at discharge from hospital. Furthermore, these data
would be unlike the previous studies included in the systematic review where
barriers and facilitators were analysed six months or more post hospital discharge.
The take home messages from this systematic review are detailed in table two.
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Table 2: Systematic review summary
Systematic review summary


Systematic reviews are regarded as the strongest form of evidence
as they apply strategies to reduce bias



There were very few studies that fulfilled the inclusion criteria and
were included as part of the review



Only one of these studies was conducted in the UK



Commonly reported perceived barriers were environmental factors
(e.g. transport and access), health concerns and stroke
impairments.



Commonly reported perceived facilitators were social support and
the need to be able to perform daily tasks.



The perceived barriers and facilitators identified in this review
indicate the importance of self-efficacy and intentions towards
physical activity



These are areas that need to be examined further, especially near
discharge from hospital when an intervention is likely to take place.
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CHAPTER 4 Qualitative analysis of the perceived barriers and
facilitators to physical activity after stroke
4.1. Introduction
This chapter further investigates the perceived barriers and facilitators to physical
activity after stroke using qualitative analysis. A qualitative interview study would
provide descriptive data from real-time stroke survivors, recruited from within the
geographical area that the proposed behaviour change intervention would be
undertaken. The results of this qualitative interview study have been published in the
journal “Disability and Rehabilitation” (Nicholson. et al., 2014). All the recruitment,
interviews, analysis of the interviews and drafting of the manuscript was carried out
by SN. MD also helped with the analysis of the interviews and all of the authors
provided comments and edited the final draft prior to publication. NHS ethical
approval was obtained for this study from the South East Scotland Research Ethics
Committee 01 on the 28th of September 2010. A copy of the ethical approval can be
found in appendix two. A copy of the participant information sheet and consent form
for this study can be found in appendix three.

4.2. Background
In order to support stroke survivors to become physically active, it is important to
understand what stroke survivors perceive as the barriers and facilitators to physical
activity. Perceived barriers and facilitators influence the likelihood of an individual
performing in a specific behaviour, such as physical activity (Becker et al., 1977).
The systematic review (chapter three) highlighted the limited number of studies
examining the barriers and facilitators perceived by stroke survivors towards
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physical activity, especially within the UK (Nicholson et al., 2013). Therefore, it was
judged necessary to carry out a qualitative interview study to investigate perceived
barriers and facilitators to physical activity after stroke to a local Edinburgh
population.
Content framework analysis was performed by coding the interview transcripts to the
original TDF (Michie et al., 2005). The background to the TDF and the reasons for
its inclusion in this thesis have been discussed in section 1.16.2. The aim of the TDF
is to simplify and combine a plethora of behaviour change theories. The TDF was
chosen for the analysis of the semi-structured interviews due to its inclusiveness of
all motivational, action and organisational theories of behaviour.
Content analysis is a widely used technique in qualitative research, where the
meaning of the text in a transcript is systematically described (Mayring, 2014). This
is done by assigning successive parts of a transcript to the categories of a coding
framework- in this case the TDF. Although often reductive in its nature, qualitative
content analysis is very systematic and helps to reduce large quantities of data
(Mayring, 2014). This approach was deemed appropriate to use for the analysis of
the interviews as the overall aims was to use the data obtained from the interviews to
develop a behaviour change intervention. This would be done using the TDF and
associated BCTs to determine what was most appropriate for the behaviour change
intervention. Therefore, the qualitative interviews needed to be coded in accordance
with the domains of the TDF.

92

4.3. Published paper

93

94

95

96

97

98

99

100

101

102

103

104

4.4. Discussion
To use the data from the qualitative study to be able to go and develop the behaviour
change intervention it was important to determine what TDF domains were deemed
to be important to stroke survivors. The concepts of the TDF proved to be relevant to
stroke survivors as the 13 interview transcripts provided data from all domains. In
addition all perceived barriers and facilitators emerging from the transcripts were
captured by at least one of the 12 domains. The most commonly reported domains
were “beliefs about capabilities”, “environmental context and resources”, and “social
influences”, whilst the least commonly reported domains were “skills” and “memory
and attention”. The frequency of each domain reported throughout the 13 interviews
is detailed in figure four.
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Figure 4: Frequency of the reported barriers and facilitators in each TDF
domain
Count is the number of times that the domain was mentioned throughout the 13
interviews
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As the overall aim of this PhD was to develop a behaviour change intervention with
the help of the TDF, it was necessary to code the transcripts accordingly. The use of
content analysis is sometimes seen as a negative in qualitative research, as it can
restrict the meaning of the data. However, it was viewed as appropriate for this
research to allow the development of the behaviour change intervention. The TDF
ensures that a wide range of personal and environmental contextual influences to
physical activity were examined and allowed categorisation of participants’
responses into meaningful theoretical domains (Michie et al., 2008). Allowing for the
development of the behaviour change intervention throughout identification of BCTs
aligned to the TDF.

4.5. Conclusions
This qualitative study builds on the previous research conducted in the systematic
review on the perceived barriers and facilitators to physical activity after stroke. The
data obtained from this qualitative study were incorporated into the development of a
behaviour change intervention to increase and encourage physical activity after
stroke (reported in chapter seven). This study gives novel and important insight into
the reasons why stroke survivors may not take part in physical activity. Tackling the
issues that are raised by the participants of this study will allow further research to be
developed that is patient centred and more likely to target the needs of stroke
survivors.
This work has shown beliefs about capabilities and environmental factors are
essential components of the uptake of physical activity. More over the lack of

107

services stroke survivors feel are available to them may prevent participation in
physical activity. The study found that 7/13 (54%) of the participants lived alone,
which may further highlight the importance of increasing the need of professional
and social support both inside and outside the home. The take home messages from
this qualitative study are detailed in table three.

Table 3: Qualitative study summary
Qualitative Study Summary


Qualitative interviews elicit highly descriptive and personal
information from participants, which enables very detailed
accounts of physical activity influences.



Data was elicited from all 12 domains of the TDF



The most commonly reported domains were “beliefs about
capabilities”, “environmental context and resources”, and “social
influences”,



The least commonly reported domains were “skills” and “memory
and attention”.



The most commonly reported perceived facilitators were; social
interaction, beliefs of the benefits of exercise, high self-efficacy
and the necessity to perform routine behaviours.



The most commonly reported perceived barriers were; lack of
professional support on discharge from hospital and follow up,
transport issues to structured classes/ interventions, lack of
control and negative affect.
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CHAPTER 5 Quantitative analysis of the perceived
barriers, facilitators, self-efficacy and intention to
physical activity after stroke
5.1. Introduction
Both the systematic review and the qualitative study confirmed that the perceived
barriers and facilitators to physical activity after stroke can play an important role in
the uptake of physical activity. The systematic review highlighted that negative
affect can act as a barrier to physical activity. The qualitative study also found
negative affect was a barrier to physical activity, while positive beliefs about
capability acted as a facilitator to physical activity. Therefore, both of these
highlighted the importance of self-efficacy towards the uptake of physical activity.
Evidence suggests that the extent of self-efficacy towards walking after stroke can be
a long term predictor of physical activity (Bonetti and Johnston, 2008). Therefore
close examination of self-efficacy to physical activity after stroke may provide useful
information for the development of the behaviour change intervention. This study
has been published by the ‘Journal of the Royal College of Physicians Edinburgh’
(Nicholson et al., 2017). All the recruitment, collection of data, carrying out the
walking tests with participants, analysis of participant gait and drafting of the
manuscript was performed by SN. JS also performed gait analysis with SN.
Statistical analyses were performed by SJL. All authors provided comments of the
drafts of the manuscript prior to publication.
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5.2. Background
Evidence suggests that the extent of self-efficacy towards walking after stroke can be
a long term predictor of physical activity (Bonetti and Johnston, 2008). The previous
systematic review showed there was a lack of literature on perceived barriers and
facilitators to physical activity after stroke, and most of this literature was at least six
months post discharge from hospital. The qualitative study, detailed in the previous
chapter, also highlighted stroke survivors’ perceived barriers and facilitators to
physical activity at one year post discharge from hospital. Therefore the current study
would investigate what stroke survivors perceive are barriers and facilitators at
discharge, investigate the role of self-efficacy and intention to be physically active
and (in combination with the qualitative study and systematic review) be able to
tailor suitable behavioural change interventions accordingly.
Therefore, the aim of the quantitative data analysis was to explore the barriers and
facilitators perceived by stroke survivors, including self-efficacy and intention to
increasing physical activity upon discharge from hospital after acute stroke.
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5.4. Discussion
As hospital discharge is the proposed time for conducting the behaviour change
intervention, further research is required to determine what happens in the first year
post discharge to determine what will help stroke survivors maintain their high selfefficacy and intention to physical activity once discharged from hospital. Results
from this quantitative study showed that fatigue may be a common barriers to
physical activity at discharge from hospital with 45% of those interviewed believing
being “too tired” was a major influence on their ability to increase their physical
activity. Fatigue is a common complication after stroke and a systematic review of
longitudinal studies has demonstrated that the frequency of fatigue can range from
35% to 92% and can be a persistent symptom after stroke at least for the first 36
months (Duncan et al., 2012). Another more recent review including 19 articles of
2072 stroke survivors and found that fatigue may be an important clinical
determinant of a progressively disabling pattern of reduced physical activity and/or
physical fitness, although the results were not conclusive (Loureiro et al., 2014).
Further results from this quantitative study show that 31/50 (62%) of participants had
no residual gait deficits, 11/50 (22%) had hemiparetic gait, 7/50 (14%) had shuffling
gait and the remaining participant had both hemiparetic and shuffling gait.
A further limitation to this study could be the use of the Mutrie Scale, which only
included 4 barriers and 9 motivators to physical activity and was not specifically
designed for stroke survivors (Mutrie et al., 1993 ). However, members of the
research team had used the scale previously and found it quick and easy to
administer (Payne et al., 2001). This was deemed necessary as a lot was being asked
of each participant and asking a larger, more complicated questionnaire was deemed
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too much for participants. To my knowledge there are no questionnaires specifically
designed for stroke survivors that incorporate all potential barriers and facilitators to
physical activity after stroke. A questionnaire such as the Craig Hospital Inventory of
Environmental Factors (CHIEF) could have been utilised, but as this only includes
environmental factors and further questionnaire would have been required,
increasing participant burden (Han et al., 2005).

5.5. Conclusions
Self-efficacy and intention to physical activity were high prior to discharge from
hospital, yet several barriers and facilitators to physical activity were perceived by
stroke survivors that may alter this self-efficacy and intention once home from
hospital. These data have implications for the development of the behaviour change
intervention. The belief that “physical activity is good for health” needs to be built
upon in the behaviour change intervention and strategies put in place to help
participants tackle “being too tired” or “poor health” they may be facing through
targeted goal planning. It is essential to ensure that exercise beliefs and preferences
are taken into account when advising stroke survivors to be more physically active.
The behaviour change intervention design must maintain self-efficacy and intentions
in the first year post discharge from hospital. Table four details the take home
messages from the quantitative study.
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Table 4: Quantitative study summary

Quantitative study summary


Self-efficacy and intention to physical activity are high on
discharge from hospital.



The most common motivating factor was ‘physical activity is good
for health’ [34 (68%)].



The most common barrier was ‘feeling too tired’ [24 (48%)].



The walking tests did not influence participant self-efficacy or
intention.



Behaviour change interventions need to be able to maintain this
high self-efficacy and intention, during the first year post discharge
from hospital
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CHAPTER 6 Accelerometer validation study
6.1. Introduction
A feedback device was envisaged to be paramount to the behaviour change
intervention to maintain self-efficacy and motivation. The original plan had been to
use the OMRON-HJ-113-E pedometer as this had been previously validated in stroke
survivors (Carroll et al., 2012). However, an opportunity arose to collaborate with a
team at Newcastle University who had developed an accelerometer that incorporated
an immediate feedback screen (similar to that of a pedometer). This was seen as an
exciting opportunity to be able to have a monitoring device designed specifically for
the needs of the behaviour change intervention. The device would not only be highly
accurate but able to provide immediate feedback to the wearer on step count. The
following chapter documents the body of work carried out to validate this device
with stroke survivors.

6.2. Abstract
BACKGROUND: Accelerometers are a highly accurate way to determine step
counts in any population group; however generally they do not provide immediate
visual feedback on step count. Through collaboration with The Culture Lab at
Newcastle University the aim of this body of work was to develop an accelerometer,
validated in stroke survivors, that provides immediate visual feedback on step count
to the wearer.

METHODS: Stroke survivors were recruited at discharge from seven hospitals after
first ever or recurrent stroke. Participants performed a six minute walk test wearing a
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prototype accelerometer from the Culture Lab at Newcastle University. Participants
were video recorded while completing a six minute walk test to determine the actual
number of steps taken during the walk. Video recorded steps were compared to the
readings from the accelerometer. Data from these walks were to be used to change
the algorithms of the accelerometer to ensure its accuracy with stroke survivors.

RESULTS: Ten participants took part in the study and 6/10 (60%) were men. Mean
time since stroke was 29 days (SD=27.9 days). Four participants were unable to
complete the full six minute walk test. The 10 participants walked a mean distance of
245 meters (SD=129m) and their mean walking speed was 0.79ms-1 (SD=0.34ms-1).
Unfortunately The Culture Lab were unable to develop the accelerometer in the
necessary time frame and therefore there are no data on the development of the
accelerometer.

CONCLUSION: The device was not developed within the required time frame by
the Culture Lab at Newcastle University, and therefore it was not possible to
progress further using this device as part of the behaviour change intervention.
Instead, the OMRON-HJ-113-E pedometer was selected for use in the behaviour
change intervention. This pedometer had previously been validated in stroke
survivors, although its use would be limited to stroke survivors in whom the device
could detect steps accurately.
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6.3. Background
Walking is an important mode of physical activity, as it is cheap, easy to undertake
and can be done in any locations. One of the easiest ways to measure walking is by
using a pedometer to record step count. There are many different makes and designs
of pedometers, which vary in their levels of agreement with actual step count
(Schneider et al., 2003). This may be due to several factors including the mechanism
the pedometer utilises to detect steps or the pedometer’s sensitivity at detecting steps
(Schneider et al., 2003).
A previous study investigated the feasibility and acceptability of pedometers in
detecting steps of stroke survivors (Carroll et al., 2012). 50 participants were asked
to apply three OMRON-HJ-113-E pedometers: one around the neck and one above
each hip. The OMRON HJ-113-E pedometer was chosen due to its greater accuracy
when compared with mechanical pedometers in sedentary older women (McMurdo
et al., 2010). Patients performed a short walk lasting 20 seconds, then a six minute
walk test (in accordance with the American Thoracic Society’s protocol 2002).
Video recordings of the walks determined the gold standard step count. Results
showed that the accuracy of the OMRON-HJ-113-E pedometer was greatly reduced
at gait speeds below 0.5ms-1 (Carroll et al., 2012). However, not all pedometers
failed to detect steps at walking speeds less than 0.5ms-1. Slow gait speed, residual
gait abnormalities and walking aids were highly inter-related. It was therefore
difficult to determine which had the greatest impact on agreement of pedometer step
count and the gold standard step count. Undercounting was common to almost all
pedometers, even for higher walking speeds, however undercounting appeared to be
systematic and therefore changes in step count would still be detected (Carroll et al.,
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2012). These findings confirm those of two smaller studies in stroke survivors,
which used mechanical and spring levered pedometers rather than piezoelectric
pedometers (Macko et al., 2002, Elsworth et al., 2009).
A systematic review has found that accelerometers are both valid and reliable in
measuring physical activity after stroke (Gebruers et al., 2010). Accelerometers
measure body movements in terms of acceleration, which can be used to interpret
physical activity over time. Through piezoelectric sensors accelerometers can
objectively capture body movement and provide information on the total amount,
intensity, duration and frequency of physical activities. However, accelerometers are
more expensive than conventional pedometers and require data to be downloaded
onto computers, so immediate feedback on step count is unavailable to the wearer
(Warms, 2006). Immediate feedback is envisaged to be a key component of the
behaviour change intervention, as feedback will promote independence and maintain
motivation. Therefore, an accelerometer would not be a suitable feedback device for
the behaviour change intervention. Consequently a collaboration was set up with the
Culture Lab at Newcastle University. “The Culture Lab is the focal point for research
in human-computer interaction, ubiquitous computing and digital creative practice at
Newcastle University and its members engage in experimental and cross-disciplinary
projects in interaction design and creative digital arts in a technologically rich and
custom designed environment” (Newcastle Culture Lab, 2013). The Culture Lab
agreed to develop an accelerometer that would accurately detect the step counts of
the majority of stroke survivors, as well as provide immediate feedback on step
counts to the wearer of the accelerometer.

124

Therefore, the aim of this study was to provide data to validate the Newcastle
University accelerometer for use with stroke survivors.

6.4. Methods
6.4.1. Recruitment of participants
Ethical approval was obtained from the South East Scotland Research Ethics
Committee 01 on 11th of January 2012. A copy of the ethical approval can be found
in appendix 4. Patients admitted with an acute stroke (first-ever or recurrent) ready
for discharge from six stroke units in Lothian (two acute, three rehabilitation and one
mixed rehabilitation/acute unit) were identified in consultation with clinical teams
between 28/02/2012 and 14/05/2012. Potential participants had to be able to walk
independently, without human assistance, either with or without a walking aid; have
completed their in-patient rehabilitation and be ready for hospital discharge; be able
to give informed consent; carry out simple instructions to safely perform the walk
and be medically stable. Previously reported criteria were used to determine if
patients were medically stable to partake in the study (Mead et al., 2007b). Patients
were medically unstable it they had: uncontrolled angina pectoris, resting systolic
blood pressure >180mmHg or resting diastolic blood pressure >100 mmHg, resting
heart rate >100 beats per minute, unstable or acute heart failure, uncontrolled
systemic illness, uncontrolled visual or vestibular disturbance, recent injurious fall
without medical examination and proven inability to adhere to the exercise
programme (Mead et al., 2007b). A copy of the participant information sheet and
consent form can be found in appendix 5.
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6.4.2. The walk
Potential participants were asked to complete a six minute walk test (in accordance
with the American Thoracic Society’s Protocol 2002) with a prototype
accelerometer, from the Culture Lab at Newcastle University, attached to the waist
band above the hip that was not affected by their stroke. Placement above the
unaffected hip was chosen as it was found to be a more accurate location at recording
steps than above the affected hip when using the pedometers (Carroll et al., 2012).
The Culture Lab also felt this would be the most accurate location for the
accelerometer to detect steps accurately. Participants were asked to walk up and
down a corridor on the ward (of pre-determined length) for six minutes. Due to the
configuration of the wards and being unable to take patients away from the wards,
the walks were not always conducted in a corridor 30m in length in accordance with
the American Thoracic Society’s Protocol. The walk was video recorded and the
distance the participant walked noted using a measuring tape. Distance walked and
the time taken to walk this distance (recorded by the video-recorder’s timer) were
used to calculate the participant’s gait speed (ms-1). The video recordings were
replayed on a computer screen and one researcher (SN) was able to determine the
actual step counts taken by each participant by counting their steps during the walk.
For participants who stopped early and did not wish to continue walking; or
participants who were deemed unsafe during the walk; the timer was stopped and the
distance walked recorded as per the six minute walk test protocol (ATS, 2002).
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6.4.3. Device development
The videos recordings, step counts determined from the video recordings and the
data produced from the accelerometer for each of the 10 study participants’ walks
were sent to the team at Newcastle University for analysis. The data would be
analysed by the team in Newcastle to ensure the accelerometer accurately detected
the steps of stroke survivors’ altered gait patterns. This would allow changes to the
algorithm of the accelerometer to be made and the visual output screen to be fitted
ready for use in the behaviour change intervention.
The following methodology was proposed by the Newcastle team to analyse the data
that had been sent to them:
Walking is made up of three components including forward (roll), vertical (yaw) and
side (pitch) movement (Zhao, 2010). An accelerometer will sense acceleration along
each of these three axes. At least one axis has relatively large periodic acceleration
changes, no matter where the accelerometer is worn, so peak detection and a
dynamic threshold-decision algorithm for acceleration on all three axes are essential
for detecting a unit cycle of walking (Zhao, 2010). Initially for the purposes of
analysis the data would be smoothed, where by all three axes of data are combined,
and a dynamic threshold calculated. A 50 sample window is viewed, where by the
system will continuously update the maximum and minimum values of the three
axes. The average value over these 50 samples is called the dynamic threshold level
(Zhao, 2010). For the following 50 samples, this threshold is used to determine
whether a step has been taken. The process is repeated every 50 samples and
improves the accuracy of the accelerometer in counting steps (Zhao, 2010). The
smoothed, filtered data has to cross the dynamic threshold at a negative gradient for a
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step to be detected. Further analysis of the device was required to ensure the
accelerometer was not too sensitive at detecting accelerations. This would be done by
analysing the time window. The time window discards any small movements of the
device, which are not actual steps. Normally it is assumed that people can walk as
slowly as one step every two seconds; however this is reduced in stroke survivors
who can walk as slowly as one step every four seconds. Therefore, the interval
between two valid steps is defined as the time window [0.2s to 4.0s], steps out with
this time window would be discounted (Zhao, 2010).

6.5. Results
6.5.1. Participant demographics
Ten participants took part in this observational trial, with 6/10 (60%) of the
participants male and 9/10 (90 %) of strokes were ischaemic. The mean time since
stroke was 29 days (SD=27.9 days), and 4/10 (40%) participants had been left with a
residual gait abnormality, such as shuffling or hemiparesis, with 3/10 (30%)
participants requiring a walking aid.
Four participants were unable to complete the six minute walk test, but the distance
they walked and the time taken to walk this distance were recorded. All 10
participants walked a mean distance of 245 meters (SD=129m) and their mean
walking speed was 0.79ms-1 (SD=0.34ms-1).

6.5.2. Results from The Culture lab at Newcastle University
The team in Newcastle proposed that the main problems with the stroke survivors
gait were that they walked slowly and irregularly with little impulsion. Therefore, the
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algorithm of the accelerometer would need to be changed accordingly to ensure
accurate recording of step count. However, it is unclear whether this work was ever
carried out or not as no device was ever produced by the team at Newcastle
University. Our team at Edinburgh received two slides of data from Newcastle
showing that the data sent to Newcastle had been analysed but no device or main
body of results were delivered.

6.6. Conclusions
It was disappointing not to be able to use a device developed by the Culture Lab in
Newcastle. It has been essential to use this collaboration as a positive learning
experience and understand that in research things to do not always go according to
plan. To have an alternative plan is an essential part of learning and research. As a
result of being unable to use the Newcastle accelerometer the OMRON-HJ-113E
pedometer was selected to detect step counts in the behaviour change intervention.
Although there were limitations to using this device, evidence suggested it would
detect the step counts of stroke survivors who walked greater than 0.5ms-1 (Carroll et
al., 2012). In addition, it was reassuring to see that the mean walking speed of the 10
participants was greater than 0.5ms-1. This implied that the OMRON-HJ-113-E
pedometer would detect the majority of stroke survivors’ step counts who took part
in the behaviour change intervention.

Now that all the preliminary work had been undertaken, the next stage of this PhD
was to develop the behaviour change intervention using the data obtained from the
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first four studies. The development of the intervention will be discussed in the
following chapter.
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CHAPTER 7 Design and development of the behaviour
change intervention protocol
The following chapter discusses the development of the behaviour change
intervention and how the preceding chapters (3-6) have played key roles in the
development of this intervention.
To develop the behaviour change intervention it was essential to understand
psychological theory and how this theory plays a key role in behaviour and
behaviour change. Understanding psychological theory and applying this to the
results from the systematic review, qualitative and quantitative studies allowed the
determination of the most appropriate behaviour change techniques for inclusion in
the behaviour change intervention.

7.1. Introduction
There is increasing recognition that interventions to change behaviour should draw
on theories of behaviour and behaviour change in their development. The guidelines
from the MRC on the development of complex interventions states “Developing,
piloting, evaluating, reporting and implementing a complex intervention can be a
lengthy process. All of the stages are important, and too strong a focus on the main
evaluation, to the neglect of adequate development and piloting work, or proper
consideration of the practical issues of implementation, will result in weaker
interventions, that are harder to evaluate, less likely to be implemented and less
likely to be worth implementing” (Craig et al., 2008). This quote demonstrates the
importance of proper piloting and evaluation when designing and implementing a
behaviour change intervention.
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Best practice is to develop behaviour change interventions systematically. This
should be performed using the best available evidence and appropriate theory, then to
test the intervention using a phased approach, starting with a series of pilot studies
targeted at each of the key uncertainties in the design and moving on to an
exploratory and then a definitive evaluation (Craig et al., 2008).
Earlier chapters of this thesis detailed the preliminary work performed to establish
the key components of the behaviour change intervention, producing the best
available evidence in the field of physical activity after stroke. The systematic
review, qualitative and quantitative studies provided valuable data on key barriers
and facilitators to physical activity perceived by stroke survivors and also stroke
survivors’ self-efficacy and intention to physical activity. Figure five details the
results from each of the preceding chapters and how these go on to inform the
development of the key components of the behaviour change intervention.
Triangulation of the results from the preceding chapters is essential to fully interpret
all the relevant data these studies have elicited. By researching the same topic
(barriers and facilitators to physical activity after stroke) using three different
research methods has allowed for a thorough examination of the phenomenon and
validate why the intervention has been developed accordingly. How these three
studies have influenced the key components of the behaviour change intervention are
discussed in section 7.2.

132

Figure 5: Results from preceding studies
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7.2. Theoretical background to intervention domains
Theory provides a sound basis for designing interventions to change behaviour but
offers little guidance on how to do this. As discussed earlier in section 1.10, there are
three main reasons for advocating the use of theory in designing interventions.

1. Interventions are likely to be more effective if they target causal determinants
of behaviour and behaviour change; this requires understanding these causal
determinants, i.e. theoretical mechanisms of change.
2. Theory can be tested and developed by evaluations of interventions only if
those interventions and evaluations are theoretically informed.
3. Theory-based interventions facilitate an understanding of what works and
thus are a basis for developing better theory across different contexts,
populations and behaviours (Michie et al., 2008).

From the three earlier studies (systematic review, quantitative and qualitative
studies), the four theoretical domains that were most frequently reported and
appeared to be the greatest influence on physical activity uptake after stroke
included:
1. Beliefs about capabilities
2. Social influences
3. Environmental context and resources
4. Motivation
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7.2.1. Beliefs about capabilities
The TDF construct of “beliefs about capabilities” was the most commonly reported
domain within the qualitative interviews, and therefore would be pivotal in designing
the behaviour change intervention. “Beliefs about capabilities” contains constructs
such as self-efficacy, control, self-esteem, empowerment and optimism/pessimism
and refer to a participant’s perceptions about their own abilities and control with
respect to their physical activity. Many participants who took part in the qualitative
interview study reported they lacked control over their physical activity. This lack of
control was due to a number of reasons including their family’s fear of them falling
and also a lack of services they were able to attend. The construct self-efficacy was
also found to be highly important as found in the quantitative study, and was
therefore believed to be an important construct to target as part of the behaviour
change intervention.

7.2.2. Social influences
The systematic review highlighted that an important facilitator to increasing physical
activity after stroke was the availability of social support. This social support
included the possibility of meeting new people (Damush et al., 2007) (Patterson and
Ross-Edwards, 2009) (Resnick et al., 2008) (Robison et al., 2009). Meeting new
people was perceived to provide psychological and motivational support as it would
give each stroke survivor an individual to talk to who had been through a similar
situation. Similarly, providing professional support in guiding and facilitating
physical activity was perceived as a facilitator in three studies from the systematic
review (Patterson and Ross-Edwards, 2009) (Resnick et al., 2008) (Robison et al.,

135

2009). “Social influences” were also commonly reported in both the qualitative
study. Within the qualitative study social interactions with friends and family were
influential on the uptake of physical activity after stroke:

“it was in a group class and we had to do certain things(exercises) and they really
encouraged you to do it. They didn’t bully you, and we all helped each other, which
was very good. I thought it was very good.” 13:260
Therefore, “social influences” were considered to be an essential part of the
behaviour change intervention, as social interactions with both professionals and
peers were perceived to encourage and enable physical activity after stroke.

7.2.3. Environmental context and resources
The TDF construct of “environmental context and resources” was also a common
theoretical domain that influenced physical activity uptake in both the systematic
review and the qualitative study. Within the systematic review “environmental
context and resources” was perceived as a barrier to physical activity after stroke and
included physical difficulties accessing stroke services and the economic costs of a
physical activity programme. The qualitative study also documented having areas to
walk that were accessible from a person’s home, was also a facilitator to being more
active after a stroke. Similarly a perceived barrier to being physically active was lack
of support upon discharge from hospital, leading to a sense of abandonment due to
not having services in place.

“I think it’s, I mean there’s such a lot of, even round here, I think there could be
more things locally that could, you could get to or, you know…” 2:446
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Therefore, “environmental context and resources” were deemed essential parts of
the behaviour change intervention, as both the social and physical environment
greatly influenced whether stroke survivors felt able to participate in physical
activity.

7.2.4. Motivation
The TDF construct of “motivation” was the final construct believed to be imperative
to the development of the behaviour change intervention. In the systematic review a
lack of motivation was often cited as a barrier to the uptake of physical activity after
stroke. However, a lack of motivation was not a predominant barrier in the
qualitative study. This study showed some stroke survivors felt that they were
motivated to be more physically active yet other reasons prevented them from being
able to act on their motivation (e.g., their social circumstances or having access to
resources). Similarly, data from the quantitative study alluded to high motivation
amongst stroke survivors at discharge from hospital.
As discussed previously in section 1.12.1, feedback and goals setting were thought to
be essential components of the intervention. These components were included in the
intervention design as it was believed these would help to maintain motivation for
those taking part in the intervention. This was especially important as it was already
known self-efficacy and intention were high on hospital discharge and it was
essential to maintain this.
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7.3. Behaviour change techniques
Taking these four key theoretical domains it was then essential to determine which
BCTs would be used to help tackle each domain. Previous research has determined
which behaviour change techniques can best be used to target the theoretical domains
(Michie et al., 2008). Figures 6-9 detail the four theoretical domains and the specific
BCTs that are recommended to help alter each of these theoretical domains (Michie
et al., 2008). The behaviour change techniques highlighted in green are those that
were considered to be important to the development of the behaviour change
intervention. Those emphasised in red are techniques that are detailed in more than
one of these four theoretical domains.

Environmental
context and
resources

Environmental
changes (e.g. objects
to facilitate behaviour)

Figure 6: Environmental context and resources domain and potential
behaviour change techniques

138

Figure 7: Beliefs about capabilities domain and potential behaviour
change techniques

Figure 8: Social influences domain and potential behaviour
change techniques
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Figure 9: Motivation domain and potential behaviour change
techniques
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Figures 6-9 illustrate the numerous BCTs that could alter each of the theoretical
domains. Therefore, careful consideration was required to determine which BCTs
would be used as part of the behaviour change intervention.
Figure 6 details the theoretical domain of “environmental context and resources” and
the BCTs that can be used to alter this domain. As “environmental changes” was the
only BCT identified for this domain it would need to be incorporated into the
behaviour change intervention. Environmental changes is defined as “change the
environment in order to facilitate the target behaviour” (Michie et al., 2008). This
would be done by asking participants to plan how they would go about doing
physical activity in their local area. This would include thinking about the problems
they could face in their own physical environment such as problems with access or
public transport. Where available, guidance would be provided on stroke groups that
may be available in the local area. It was envisaged that stroke groups would not
only provide extra opportunity to increase physical activity, but provide social
support for study participants.
Figure 8 shows the theoretical domain of “social influence” and the BCTs that can be
used to alter social influences. The two behaviour change techniques identified by
(Michie et al., 2008) were, “social processes of encouragement, pressure and
support”; and “modelling/ demonstration of behaviour by others”. It was deemed
most appropriate to use the BCT “social processes of encouragement, pressure and
support” as this technique was also demonstrated to be useful in altering the other
theoretical domains of “motivation” and “beliefs about capabilities”. Social
processes of encouragement, pressure and support is defined as when others provide
“social support (emotional): others listen, provide empathy and give generalised
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positive feedback” (Michie et al., 2008). This BCT would be delivered to each stroke
survivor both from a professional researcher and by involving friends and family
throughout the intervention.
Figures 7 and 9 detail the BCTs suitable to help alter the domains of “motivation”
and “beliefs about capabilities”. There were nine different BCTs that could influence
each of these behaviour domains. To determine which BCTs would be incorporated
into the intervention it was important to consider which techniques were influential
in more than one of the behaviour domains. Therefore, the remaining techniques that
would be included within the behaviour change intervention would be “graded tasks”
and “motivational interviewing”. Graded tasks is defined as “easy tasks to perform,
making them increasingly difficult until target behaviour performed”, while
motivational interviewing is defined as “elicit self-motivating statements and
evaluation of own behaviour to reduce resistance to change” (Michie et al., 2008).
These BCTs would be incorporated by having regular meetings between the stroke
survivors and researcher (SN) and incorporating graded tasks into each participant’s
goal planning.
Work carried out prior to this PhD suggested that the intervention could be delivered
to participants through a booklet with regular professional support and guidance on
increasing and maintain physical activity (Johnston et al., 2007). The components of
the intervention booklet were to be guided by the earlier studies. Therefore, other
behaviour change techniques that identified as having the potential to influence the
four main behaviour domains were also included in the design of the intervention.
These techniques included feedback, coping skills, self-monitoring and goal setting.
Each of these techniques will now be examined in more detail, including the
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rationale for their inclusion and how they would be incorporated into the behaviour
change intervention.

7.4. Rationale for each component of the intervention
To address all of the BCTs identified as having the potential to influence the four
main theoretical domains, the intervention consisted of several key interacting
components including:

1. A feedback device to provide daily step count
o This would incorporate the BCTs of feedback, self-monitoring,
graded tasks and goal setting.
2. A participant booklet
o This would incorporate the BCTs of goal setting, self-monitoring,
coping skills, graded tasks, environmental context and resources.
3. Motivational contact from the researcher
o This would incorporate the BCTs of motivational interviewing, goal
setting and social processes of encouragement, pressure and support.
4. A group session with other stroke survivors
o This would include the BCTs of social processes of encouragement,
pressure and support, environmental context and resources and
feedback.

7.4.1. Feedback device
As previously discussed in section 1.12.1, knowledge is a key component of
behaviour change, but on its own, it is not sufficient to bring about behaviour change.
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It is believed knowledge promotes awareness of personal risk behaviour implying
that people will only consider changing their behaviour when they become aware
that they are potentially putting their health at risk (i.e. suffering a life changing
event such as a stroke). Feedback has been shown to increase both awareness of
health behaviour and intentions to change that behaviour (Brug et al., 1999) (Proper
et al., 2003) (Watkinson et al., 2010). Feedback and self-monitoring have also been
shown to be one of the key proven components of behaviour change interventions as
highlighted in the NICE guidelines (NICE, 2014).
As part of the behaviour change intervention feedback on daily step count would be
provided to each study participant. Before the intervention could begin, there was a
choice of three potential feedback devices: a pedometer, a standard accelerometer or
the Newcastle University accelerometer (chapter six). As the collaboration with the
Culture Lab at Newcastle University had not produced a suitable device for the
behaviour change intervention, this was no longer a viable option. A standard
accelerometer (such as the ActivPAL™) could have been used to provide the
feedback on step count to study participants. However, to provide feedback on daily
step count, data would have to be downloaded onto computers and information
relayed back to the participant. Realistically this would need to be done on a weekly
rather than a daily basis. Providing weekly feedback on step count would be very
time consuming as each participant would require two weekly visits to pick up and
drop off the accelerometer for the data to be downloaded and then relayed back to the
participant. This would also compromise the BCT of self-monitoring as participants
would not be able to monitor their step goals on a daily basis. Therefore, participants
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would be unable to determine if they needed to try and alter their steps to meet their
daily or weekly step goals.
Another potential way to provide feedback on physical activity was through the use
of pedometers. Pedometers are a simple and effective way of providing feedback
when trying to increase physical activity through walking. Pedometers are very
simple to wear, cheap and can provide quick daily feedback on step count, without
the need to download data onto a computer (Macko et al., 2002). This would allow
for easy, immediate feedback which was paramount to the intervention and allow
daily self-monitoring of the participants step goals. Therefore, pedometers were
judged to be the most suitable feedback device for providing feedback on step count
during the behaviour change intervention.
The OMRON-HJ-113-E pedometer would be used to provide the steps counts for the
behaviour change intervention. This pedometer had been used previously as part of a
feasibility study with stroke survivors (Carroll et al., 2012). This feasibility study
found that the OMRON-HJ-113-E pedometer was feasible and acceptable to stroke
survivors. However, generally the pedometer did not detect steps at gait speeds
below 0.5ms-1 and tended to undercount steps above 0.5ms-1 (Carroll et al., 2012). To
successfully use this pedometer as part of the behaviour change intervention, stroke
survivors who walked slower than 0.5ms-1 would be excluded. For the majority of
stroke survivors who walked faster than 0.5ms-1, the majority of steps would be
recorded by the pedometer. Although the pedometer did undercount steps at speeds
greater than 0.5ms-1 it was not considered to be a crucial issue for the study. This was
due to the systematic nature of the undercounting, and although steps recorded may
be lower than the actual steps taken, participants would still be able to see their
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weekly progress in increasing their step count (Carroll et al., 2012). Although
potentially less accurate than an accelerometer, the issues surrounding the
practicalities of using an accelerometer and the need to download data meant that the
OMRON-HJ-113-E pedometer was judged the most suitable feedback device for the
study, accepting that it may undercount but still provide evidence of changes in daily
and weekly step count (Carroll et al., 2012).

7.4.2. Participant booklet
Alongside the pedometer the participant booklet would be another component of the
behaviour change intervention. The aim of the participant booklet would be to target
the key perceived barriers and facilitators to physical activity after stroke as
highlighted in chapters 3-5. A participant booklet was considered an appropriate
method to relay information to participants, as similar strategies have already been
successfully implemented with stroke survivors. “The Stroke Workbook”
intervention was designed to enable patients and carers to take control of their
recovery by encouraging positive self-management during recovery from stroke
(Johnston et al., 2007). Using behaviour change techniques and with the support of a
trained facilitator, this intervention guided stroke survivors and families to:



Draw on their personal coping skills



Focus on what they can do and not on what they cannot



Take an active role in recovery



Set personal and realistic active goals
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Engage in their recovery by working in partnership with the multidisciplinary
stroke team



Seek out new information

“The Stroke Workbook” intervention was tested in a randomised controlled trial with
203 stroke survivors (Johnston et al., 2007). Those who received the workbook and
had support from a trained facilitator, showed reduced disability by six months post
stroke when compared with those who did not receive the intervention workbook. In
addition, those who received the workbook had high self-efficacy regarding their
recovery, meaning they were confident in their recovery (Johnston et al., 2007).
“The Stroke Workbook” is referred to in the SIGN 118 Stroke Rehabilitation
Guidelines 2010 and recommended in 'The Better Heart Disease and Stroke Care
Action Plan’ (NHSScotland, 2009).
The booklet for the planned behaviour change intervention consisted of four sections
(i) increasing motivation, (ii) social support, (iii) action and coping planning (iv) step
diaries to record daily step counts.

(i)

Increasing motivation: Although a lack of motivation was not evident
from the qualitative interviews, this was reported in the systematic
review. As previously documented, benefits of behaviour change
interventions are often lost after the intervention has ended (McMurdo et
al., 2010). To try and prevent this, a section was included within the
booklet to help to increase and maintain motivation to physical activity.
From the quantitative data analysis it was clear that self-efficacy and
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intention to be physically active are high at hospital discharge. Provision
of a motivation section within the booklet would allow the maintenance
of self-efficacy and intention once the participant had returned home from
hospital.
(ii)

Social support: Social support was a perceived facilitator to physical
activity in both the systematic review and qualitative interview studies.
Social support was seen as a facilitator to maintaining motivation to
increase physical activity, similarly the opportunity of meeting new
people (i.e. at an exercise class) was viewed a facilitator to increasing
physical activity. To include these important facilitators within the
behaviour change intervention participants’ friends and family were
invited to engage with the intervention to provide long term support,
encouragement and guidance.

(iii)

Action and coping planning: Action planning (or goal setting) and coping
planning are considered important components in behaviour change
(Sugavanam et al., 2013). Action planning is the post-intentional process
that links goal-directed responses to situational cues by specifying when,
where, and how to act in accordance with one’s goal intention (Gollwitzer
and Oettingen, 1998). People who form action plans are more likely to
act in their intended way and initiate their goal behaviour quicker
(Gollwitzer and Oettingen, 1998). Coping planning is an independent
planning cognition that prepares a person for successfully coping with
situations where by their action plans do not follow through (Sniehotta et
al., 2005). Anticipating such situations allows for proactive preparation of
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strategies that aim to prioritise the intended behaviour. This can help a
person to overcome an obstacle and cope with difficulties that arise
(Sniehotta et al., 2005). It was evident from the systematic review,
qualitative and quantitative studies that there may be an array of barriers
that inhibit physical activity post stroke. As was evident from the
quantitative study, fatigue can prove to be a major barrier to physical
activity after stroke with 48% participants reporting they were “too tired”
to exercise. Similarly in the qualitative study 5/13 (38%) participants
reported fatigue as having a negative effect on their ability to be more
physically active. If a study participant was able to develop an action and
coping plan to deal with fatigue this may allow the participant to increase
their physical activity whilst remaining aware that there may be days
when they feel tired and need to rest.
(iv)

Step diary: The step diary was included in the participant booklet to
enable participants to monitor their own improvements in physical
activity throughout the behaviour change intervention. Being in control of
their steps and having this daily feedback of their achievements would
empower the participants and enhance their feelings of self-efficacy and
control (Johnston et al., 2007).

A copy of the behaviour change intervention participant booklet can be found in
appendix 6.
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7.4.3. Professional motivational contact
The qualitative interview study highlighted that many participants reported
insufficient support from healthcare professionals after stroke. The behaviour change
technique “social processes of encouragement, pressure and support” was also
highlighted as influential in three of the four main behaviour domains highlighted
earlier. Therefore, it was deemed necessary to ensure regular professional contact
with participants to provide support, guidance and encouragement throughout the
intervention. This support would take the form of a weekly telephone call and at least
three visits to the participant’s home. Each weekly telephone call would be
conducted with the primary aim of collecting daily steps and setting the following
weeks’ target with the participant. However, this would be an ideal time, each week
to check in with each participant to make sure they are still motivated to continue
with the study. Any areas of concern, or problems that are being encountered could
be discussed with the researcher and resolved for the following week.

7.4.4. Group session
The systematic review and qualitative interview study identified social support as
key to engaging in physical activity post stroke. Support from family, friends and
professionals would be encouraged as part of the booklet, but peer support could also
be an essential aspect of social support. A group session between study participants
would also be incorporated into the behaviour change intervention. The aim of the
group session would be to provide peer support for each study participant, encourage
group participation in physical activity and increase the opportunity for social
support.
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A “lack of knowledge” about services and support in the local community was a
perceived barrier to physical activity documented in the qualitative study. At the
group session participants would be able to discuss with other study participants the
services they have been able to access within the community that may be of benefit
to other participants. “Beliefs about capabilities” was reported as a barrier to
participation in physical activity from the interview study. A group session, half way
through the intervention, would allow each participant to meet other stroke survivors
experiencing similar situations as themselves. Participants could provide peer
support and encouragement to each other that they may not be able to get from
friends and family. This peer support could be paramount in maintaining motivation
and more importantly self-efficacy throughout the study, and during the first year
after stroke.

7.5. Proposed experimental design and methodology
Figure 10 details the design and methodology of the proposed intervention.
Each of the components of the intervention are described in detail throughout
sections 7.5 and 7.6.
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Potential participants identified
Nearing discharge from hospital and
independently mobile with or without walking aids
Informed consent obtained
Potential participants given information sheet and at least
24 hours to consider participation
Screening
Participants complete 2MWT wearing the pedometer.
Pedometer must detect >70% steps

Unsuccessful
screening
Pedometer
detects <70% of
steps

Baseline measures
Secondary outcome measures performed after consent.
Primary outcome measure obtained during week one
Week one
Participant wears pedometer and ActivPAL™ to
determine baseline measures
Week one visit
Explain, discuss and work through participant booklet.
Weekly telephone calls
Determine motivation, discuss targets and any concerns
Week four visit
Provide motivation, discuss any problems and discuss
group meeting
Group meeting
Group meeting to discuss study and meet other
participants
Fortnightly telephone calls
Determine motivation, discuss targets and any concerns
Final outcome measure
Participants wear the ActivPAL™ during week 12
Clinical research facility visit
Retrieve devices and complete secondary outcome
measures

Figure 10: Flow diagram of behaviour change intervention protocol
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7.5.1. Recruitment
Participants would be recruited from six recruitment sites throughout Edinburgh and
the Lothians. These included the acute stroke unit and combined assessment unit at
The Royal Infirmary of Edinburgh, the acute stroke units at the Western General
Hospital and St Johns Hospital and three stroke rehabilitation units at Liberton,
Astley Ainslie and Royal Victoria Hospitals respectively. Stroke survivors
completing their in-patient treatment and rehabilitation would be approached shortly
before discharge. Potentially suitable participants would be identified by the ward
physiotherapist, medical team, nursing staff and the researcher. If a potential
participant has mild dysphasia, the Speech and Language Therapists would be
engaged to determine the best way to communicate with the potential participant and
obtain consent. The intervention will then be discussed with the potential participant,
an information sheet given to them and at least 24 hours allowed to consider
participation in the behaviour change intervention.

7.5.2. Inclusion criteria
Participants must be able to walk independently, without human assistance, either
with or without a walking aid. Participants must have completed their in-patient
rehabilitation and be ready for hospital discharge, returning home from hospital
rather than into residential care. Participants must be able to give informed consent
and carry out simple instructions to safely perform the intervention in their own
home with the help of the researcher (SN).
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7.5.3. Exclusion criteria
Potential participants would be excluded if they have any of the following previously
determined criteria: severe dysphasia, confusion, visual impairments severe enough
to prevent informed consent or impair safety in exercise or medical contraindications
to exercise training (i.e. uncontrolled angina pectoris, resting systolic blood pressure
>180mmHg or resting diastolic blood pressure >100 mmHg, resting heart rate >100
beats per minute, unstable or acute heart failure, uncontrolled systemic illness,
uncontrolled visual or vestibular disturbance, recent injurious fall without medical
examination and proven inability to adhere to the exercise programme) (Mead et al.,
2007b).

7.5.4. Screening
The potential participants would have to pass a screening test to be fully eligible to
take part in the study. The screening was introduced to prevent those potential
participants in whom the pedometer does not accurately detect steps (likely due to
them walking slower than 0.5 ms-1) from taking part in the study. Potential
participants would be asked to complete a two minute walk test with the OMRONHJ-113-E pedometer attached to their trouser waist band above their unaffected hip.
This location was chosen as it was previously was found to be the most accurate in
detecting steps of stroke survivors (Carroll et al., 2012). The pedometers must detect
at least 70% of the participant’s steps for them to be eligible to take part in the study.
This cut-off was chosen as analysis from the previous study had shown that below
70% accuracy could be very variable, potentially due to participant gait speed
(Carroll et al., 2012). To determine actual (gold standard) step count for each
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potential participant, steps would be counted (by the researcher SN) during the two
minute walk test using a hand tally counter. Once the walk was completed the
pedometer and hand tally counter readings would be compared. This would be done
to determine if the pedometer had detected the required 70% of steps. If the
screening was successful, the potential participant would be fully eligible for the
study. If the pedometer did not detect 70% of steps the potential participant would
not be eligible to continue in the behaviour change intervention. All participants
who pass the screening would complete The Montreal Cognitive Assessment
(MOCA) (Nasreddine et al., 2005). This would allow the research team to identify
cognitive problems that may influence the participant’s ability to comply with the
intervention. The MOCA would not be used to determine the capacity of the
individual to take part in the behaviour change intervention. However, the MOCA
would give baseline information that would allow the study team to explore whether
participants who were not able to comply with the intervention were more
cognitively impaired compared with those who successfully complied with the
intervention.

7.5.5. Feasibility and acceptability outcomes
The intervention will initially be trialled as a feasibility and acceptability study.
Therefore, there will be no control group as part of the study and the trial of the
intervention will not be powered to determine if the intervention does significantly
increase physical activity after stroke. Exploration of the feasibility and acceptability
of the behaviour change intervention will be assessed by recording the following
seven outcomes:
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1. How many eligible patients approached?
2. How many agreed to participate?
3. The number of participants who drop out of the study and the reasons for
dropping out
4. The numbers of missing step counts in the step diaries due either to
pedometer failure or participants forgetting to record steps
5. The duration of each telephone call and meeting with each participant
6. The interest and attendance at group meeting
7. The responses from the participant feedback form

Feasibility and acceptability of the behaviour change intervention will be tested by
detailing how many stroke survivors were eligible for participation from all stroke
discharges at Edinburgh Royal Infirmary. The numbers of stroke survivors eligible
for the study will be noted including how many agree to take part and how many
agree to participate but subsequently dropout. The length of time for each phone call
and visit to each participant will be recorded. This will determine the input required
from the researcher to undertake the weekly phone calls of the study. Any missing
data from the participant’s step diary and the reasons for these missing data will be
recorded, to help determine how acceptable the diaries are to participants.
Acceptability of the behaviour change intervention will be assessed by recording the
dropout rate of the pilot study. Acceptability of the intervention will be determined
by collating the number of patients who were approached by the study team and the
number of eligible patients who were approached by the researcher but declined to

156

participate. The acceptability of the intervention will also be determined by collating
data from the participant feedback form.

7.5.6. Outcome measures
In the first instance the aim of the pilot study would be to determine the feasibility
and acceptability of the behaviour change intervention. This would include
determining the feasibility and acceptability of the proposed outcome measures to be
included in the behaviour change intervention. When progressing on to a main
definitive trial of the intervention (after feasibility and acceptability had been
ascertained) the primary and secondary outcome measures that would be used would
include:
PRIMARY OUTCOME MEASURE: Although the OMRON-HJ-113-E pedometer
would be used to provide daily feedback on step count to each participant, the
primary outcome measure of the main intervention would be physical activity,
specifically step count, measured using an activPAL™ accelerometer. Using an
activPAL TM accelerometer would give a more detailed look at the individuals days
i.e. time spent sitting, stepping and standing and how these activities were broken up
throughout the day.
The activPAL™ is an accelerometer, worn on the anterior aspect of the thigh, which
can record data continuously for up to seven days. The activPAL™ is a small and
light-weight device that attaches securely to the skin, avoiding any swaying of the
device independent of body movement. The device contains a sensing element, a
microprocessor and a recording element. The sensing element of the activPAL™ is a
uni-axial accelerometer which responds to gravitational acceleration as well as the
acceleration resulting from segmental movement (PALtechnologies, 2010). The
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microprocessor controls the processing and recording of the sensor signal and the
communication with a host computer. Data are recorded at 10 Hz for each 15 second
time interval (PALtechnologies, 2010). The activPAL™ interfaces via a docking
station and USB connection with a Windows compatible computer. Using
proprietary algorithms, the activity pattern can be analysed. The software allows data
to be presented in various ways (weekly view or day view, graphically or
quantitatively), according to the needs of the user (PALtechnologies, 2010).
The activPAL™ classifies activity in terms of the time spent sitting or lying,
standing, stepping, number of steps taken, cadence and the amount of sit-to-stand and
stand-to-sit transitions. The activPAL™ has been validated in both in children and
adults at differing walking speeds (Ryan et al., 2006) (Godfrey et al., 2007)
(Harrington et al., 2011) (Oliver et al., 2011) (Davies et al., 2012). The activPAL™
has also recently been validated with stroke survivors as part of doctorate work, and
it was highlighted that it may undercount steps (Sugavanam, 2014). However, this
undercounting was systematic, so for the purposes of this research would be
considered appropriate.
Physical activity data, recorded by the activPAL™, would be recorded during the
participant’s first week home after discharge from hospital and the final week of the
intervention.
SECONDARY OUTCOME MEASURES: Secondary outcome measures would be
performed initially when consent is obtained from the participant and at the end of
the intervention. The secondary outcome measures will give a better understanding
of each individual participants overall health and physical ability.
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All these secondary outcome measures are included in the study to determine the
feasibility and acceptability of their inclusion in a larger definitive trial, the details of
each the measure are given below:

7.5.6.1. Short Physical Performance Battery (SPPB)
The primary outcome measure for the behaviour change intervention would be
physical activity. Walking ability is considered one of the main components that
influence physical activity (Brazzelli et al., 2011). Hence, the need to measure gait
performance and lower extremity function was recognised. Data suggests that as
much as 83% of stroke survivors present a postural imbalance (Tyson et al., 2006).
This postural imbalance is linked to an increase in falls amongst stroke survivors.
Therefore, balance was considered to be another important measure that would have
an impact on physical activity. The SPPB is a group of measures that combines the
results of the speed, chair stand and balance tests (Guralnik et al., 2000, Guralnik et
al., 1994). The SPPB has been in previous studies as an outcome measure in stroke
survivors (Macko et al., 2008) (Stuart et al., 2009). The SPPB has also been used as a
predictive tool for possible disability and can aid in the monitoring of function in
older adults. The scores range from 0 (worst performance) to 12 (best performance).
The SPPB has been shown to have predictive validity showing a gradient of risk for
mortality, nursing home admission, and disability. The SPPB has been shown to have
high test-retest reliability 0.87 (CI:0.77-0.96) (Gómez et al., 2013). The SPPB was
related to self-rated health, limitations in walking and climbing steps and to
indicators of disability, as well as to cognitive function and depression. There was a
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graded decrease in the mean SPPB score with increasing disability and poor health
(Gómez et al., 2013).

7.5.6.2. The Nottingham extended activities of daily living (NEADL)
The impact of stroke on day-to-day life and overall health status were expected to be
reflected in the physical activity goals set by the participants. They might also affect
their performance in achieving their walking goals. Therefore, it was considered
important to have a measure to capture quality of life, and the activities participants
were undertaking on a daily basis. The NEADL is a measure of activities of daily
living specifically designed for stroke survivors (Nouri and Lincoln, 1987). This
measure would allow measurement of improvements in participant’s daily abilities
by recording what they are able to do independently or whether they require help to
perform daily activities (Nouri and Lincoln, 1987). The NEADL was found to be a
reliable and symmetrical, concurrently valid with no floor and ceiling effects (Sarker
et al., 2012). However, the test-retest mean differences and reliability coefficients for
the NEADL were found to be 0.6 +-5.6 (Green and Young, 2001).

7.5.6.3. Euro-QOL 5Q (EQ-5D-5L)
The EQ-5D-5L is a standardised measure of health outcomes looking at the quality
of life of the respondent. The EQ-5D-5L has been shown to be a valid, concise and
simple measure in measuring general health status after stroke (Hunger et al., 2012,
Golicki et al., 2015a). It has also been shown stroke survivors that the EQ-5D-5L
was consistently responsive, showing moderate ES (0.51-0.71) and moderate to large
SRM (0.69-0.86) (Golicki et al., 2015b). Inclusion of this measure in a definitive trial
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would show if increasing physical activity during the behaviour change intervention
had any influence on the general health of the study participants.

7.5.6.4. Hospital anxiety and depression scale (HADS)
The HADS is a validated scale used to detect the presence of anxiety and/or
depression in a population (Zigmond and Snaith, 1983). Anxiety and depression are
both common after stroke and the HADS has been shown to accurately detect both
anxiety and depression in stroke survivors (Sagen et al., 2009) (Campbell Burton et
al., 2013) (Hackett and Pickles, 2014). Anxiety and/or depression may influence
physical activity after stroke and may influence a stroke survivor’s ability to
undertake the behaviour change intervention.

7.5.6.5. Fatigue assessment scale (FAS)
Fatigue is a common problem after stroke, which may influence the uptake of
physical activity (Duncan et al., 2012). The FAS contains 10 statements where the
respondent describes how they usually feel. The responses to the statement are
graded from 1=”never” to 5=”always”. The FAS has been found to be valid and
feasible for use with stroke survivors (Mead et al., 2007a). The FAS (out of five
fatigue scales determined by a panel of experts to have best face validity) had the
narrowest limits of agreement for total score indicating that it had best test-retest
reliability (Mead et al., 2007a).
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7.6. Intervention plan
7.6.1. Baseline data
At discharge from hospital, participants would receive the OMRON-HJ-113E
pedometer and the activPAL™ accelerometer. During their first week home,
participants would wear both of the devices daily and record their daily steps (from
the pedometer) in their step diary. The total weekly step count from the first week
would be used as the participant’s “baseline” step count. Subsequently, from week
two, participants would be set a 5% increase in their weekly step target. A 5% target
was set because previous work with sedentary older women had successfully used
walking targets of 20% over a month (McMurdo et al., 2010). If the weekly step
target could not be achieved the step target would remain the same for the following
week. The activPAL™ accelerometer would provide baseline physical activity data
which will be downloaded off-site and used as primary baseline physical activity
data.

7.6.2. Week one visit
At the end of week one the researcher would visit each participant in their own
home. At this meeting the researcher would work through the behaviour change
intervention booklet with the participant and discuss


the benefits and possible risks of increasing walking after stroke



how family and friends will feel about the participant trying to increase their
walking



the participant’s intention and self-efficacy towards increasing their walking
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action and coping plans for each participant and the goals they wish to
achieve



how participants follow their step targets and step diaries each week.



willingness to attend a group session with other stroke survivors

To encourage social support, family and/or friends would be invited to attend this
session, provided the participant is happy for them to do so. Including family and/or
friends in this meeting may make them more likely to engage in the behaviour
change booklet with the participant. Support from family and friends is likely to be
essential in providing participants with guidance and encouragement throughout the
intervention. Continued social support would help the participant maintain
motivation during the intervention and once the intervention has ended.

7.6.3. Participant booklet
The rationale for the four sections of the participant booklet has been discussed
earlier in this chapter (section 7.4.2). The following subsections describe the contents
of each of the four sections. A copy of the participant booklet can be found in
appendix 6.

7.6.3.1. Increasing motivation
The first section will focus on the possible benefits and risks of increasing walking
activity, i.e. increasing walking may


boost energy
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lower blood pressure and cholesterol, which may protect against recurrent
stroke



control body weight



prevent walking becoming difficult



increase fitness



strengthen bones

However, by increasing walking, participants may find that they


become tired, especially if doing too much too quickly



develop muscle pain and aching

Participants will be informed that they may experience some muscle aching and
fatigue while trying to increase their physical activity, but that this is likely to wear
off after a few days.

The risk of a cardiac event as a result of increasing walking is negligible. In people
attending cardiac rehabilitation programmes, the risk of cardiac arrest is at a rate of 1
in 12 000 to 15 000. It is highly unlikely that the stroke survivors participating in
this behaviour change intervention would reach this intensity of aerobic exercise
through walking alone. Therefore, the risk of a cardiac event in this behaviour
change intervention is very low. However, those participants for whom exercise is
contraindicated would be excluded from participation (see previous exclusion criteria
7.5.3).

164

Participants would be advised that if they begin to feel unwell during walking, they
must stop immediately and seek medical advice. Participants would be reassured that
the overall risk of a heart attack from walking is low.

7.6.3.2. Social support
At the week one visit the presence or absence of social support networks (friends and
family) would be established. The researcher would discuss with each participant
how their family and friends would feel about them increasing their walking.
Participants would be encouraged to, and be given guidance on, attending stroke
groups or walking groups to obtain peer support.
The researcher would discuss with the participant whether he/she would be willing to
meet other participants of the intervention as part of the group meeting. This would
be re-visited with the participant at the week four visit.
The participant’s family or friends would be invited to attend the week one visit at
the discretion of the participant. Family members and/or friends would be given an
information sheet about the intervention and also information on how to support the
participant to increase their walking throughout the intervention.

7.6.3.3. Action and coping planning
Participants would document their intention and self-efficacy towards increasing
their walking in the form of action and coping plans. Participants would be
encouraged to think about how to incorporate more walking into their daily lives e.g.
walk instead of taking the car, use stairs instead of lifts, breaking periods of
prolonged sitting with walking.
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At the baseline meeting the researcher would help each participant set specific
walking goals that they wish to achieve for the duration of the intervention. These
goals may be to walk a specified distance or walk for a specific length of time to
complete a task such as managing to go and do the shopping unaided. Action plans
would be written by the participant to enable them to achieve their desired goals. The
action plans would break the individual’s goals into smaller achievable targets,
helping the participant achieve the goals that they have set. Coping plans would then
be devised with each participant in accordance with their goals. Coping plans are
designed to help the participant deal with any difficulties they may encounter whilst
trying to follow their action plans. Participants plan for these potential difficulties by
making the coping plans. Coping plans will detail how they think they will overcome
the difficulties they might encounter. Once coping plans are in place it would be
hoped that participants would be less likely to quit their desired goals, as they would
have already thought about and planned their responses to potential difficulties.
The practicalities of attending exercise classes and walking more frequently would
be discussed with each participant. Physical environmental factors, such as difficulty
with transport and access to services, would also be discussed with each participant.
Transport services and lift share or volunteer driver services may help participants
become more independent and physically active out with their own home; these
would also be discussed.

7.6.3.4. Step diary
Participants would wear the pedometer for the entire duration of the behaviour
change intervention. Weekly step targets would be set based on their “baseline” step
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count obtained during the week one. Participants would be asked to keep a daily
diary of their step counts to provide motivation through feedback and to allow
monitoring of daily progress. Each day, participants would detail any reasons why
they were unable to achieve their step target such as “not feeling well” or “poor
weather”.

7.6.3.5. Feedback form
The participant booklet will include a feedback form. As this would be a feasibility
study, it would be important to ascertain what the participants felt about each aspect
of the behaviour change intervention. Participants would be asked to complete the
feedback form at the end of the 12 week behaviour change intervention. The
feedback form would be included within the workbook to help determine the
feasibility and acceptability of the behaviour change intervention. The participant
feedback form contains six questions and participants would be asked to circle the
answer they felt was most appropriate to their experience of the study. The questions
in the feedback form will be:

1. Do you think the study was: Too long? Too short? Just the right length?
2. How easy did you find reading the step counter? Very easy; Quite easy;
Neither easy nor difficult; Quite difficult; Very Difficult.
3. How easy did you find putting on the step counter? Very easy; Quite easy;
Neither easy nor difficult; Quite difficult; Very difficult.
4. How easy was the booklet to follow? Very easy; Quite easy; Neither easy
nor difficult; Quite difficult; Very difficult.
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5. Were the telephone calls from the researcher: Too frequent? Not frequent
enough? About right?
6. Were you satisfied with the help and advice the intervention gave you?
1

2

3

4

5

(totally unsatisfied)

6

7

8

9

10

(totally satisfied)

7.6.4. Motivational telephone calls
As discussed in section 7.4.3 the primary objective of the telephone calls would be to
regular, professional support during the intervention and to set weekly step targets.
During these telephone calls the participant would be provided with feedback,
general encouragement/motivation and have the ability to ask the researcher (SN)
any questions or concerns that they may have. To help conduct the telephone calls
and understand more about Health Psychology, SN attended Health Psychology
meetings at the Universities of Aberdeen and Newcastle twice a month. Although the
concept of motivational interviewing was discussed at these meetings, no formal
training was given.
At these telephone calls the participant would also discuss their weekly step targets.
If the participant had achieved the previous week’s step target, the following week’s
step target would be set at 5% higher. If the previous week’s target had not been
achieved, the reasons for this would be discussed with the participant and the
following week’s target would remain the same.
After every telephone call the main points of discussion with the participant would
be documented, including any issues raised how these were addressed and whether
the participant had been successful in achieving their step target. The duration of the
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telephone call would also be recorded to help determine the feasibility and ease of
delivery of the intervention.

7.6.5. Week four visit and group meeting
The participants would receive a second visit from the researcher (SN) at the end of
week four. This visit is primarily to boost motivation, discover how the participant
has found the first month of the intervention and continue to provide support and
encouragement. The researcher would again discuss the group meeting with the
participant, to determine whether they would like to meet fellow study participants.
At the group meeting participants can discuss their own walking experiences after
stroke with other stroke survivors. Both the qualitative study and the systematic
review showed the importance of social support in helping motivate stroke survivors
take part in physical activity. Therefore, peer support would be facilitated by
organising the group meeting. Meetings would be held between four and eight weeks
after study inclusion, dependent on when participants are recruited into the study.
Meetings would be held informally, be facilitated by the researcher (SN) and
participants would be encouraged to keep in touch with each other to maintain
motivation and provide peer support. Meetings would be held within the Clinical
Research Facility at the Royal Infirmary of Edinburgh. To encourage attendance
travel expenses will be reimbursed and tea and coffee provided for the participants.

7.7. Final outcome measures
After the final week of the behaviour change intervention (week 12) participants will
be asked to return to the Clinical Research Facility. At this visit the SN (or a Clinical
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Research Facility nurse) will again perform the secondary outcome measures with
each participant and retrieve the activPAL™ accelerometer and pedometer. The
activPAL™ will have been worn the previous 7 days for 24hours a day. If desired,
participants will be able to keep the pedometer to continue to monitor their walking
and daily step counts. Physical activity data will be downloaded from the
activPAL™ accelerometer and compared with baseline. Similarly secondary
outcome measures will be compared to baseline and any changes in the
measurements noted.

7.8. Conclusion
This chapter has detailed each of the key components of the behaviour change
intervention and the rationale for their inclusion in the intervention. Attempts have
been made to ensure that the behaviour change intervention would be easy to follow
for participants. All aspects of the intervention have a strong grounding in theory and
have embedded the knowledge obtained from the first three studies of this PhD. The
following chapters will detail the testing and refining of this behaviour change
intervention with stroke survivors.
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CHAPTER 8 Two stage trialling of the behaviour
change intervention to increase physical activity,
predominantly walking, after stroke

After the development of the behaviour change intervention, the next stage was to
test the feasibility and acceptability of the intervention with stroke survivors. The
original plan was to test the intervention in an uncontrolled pilot of 10 participants,
followed by a controlled pilot of 20 participants. These two pilot studies would
determine the feasibility and acceptability of the intervention within the stroke
population. However, due to a number of factors (discussed in section 8.5.2),
recruitment into the uncontrolled pilot study was low. Therefore, it was decided a
second round of recruitment was necessary. The first round of recruitment was
undertaken between (08/07/2012 and 09/08/2012) and aimed to recruit 10 stroke
survivors. Due to low recruitment and retention, changes to the behaviour change
intervention protocol were made and a second round of recruitment undertaken
between (28/01/2014 and 16/04/2014). This second round of recruitment was
undertaken almost two year later due to a period of maternity leave. Both
uncontrolled pilots of the behaviour change intervention aimed to determine the
feasibility and acceptability of the behaviour change intervention in stroke survivors.

8.1. Abstract
INTRODUCTION: Behaviour change interventions have been shown to increase
physical activity in both the general and diseased populations. This body of work

171

investigated the feasibility and acceptability of a behaviour change intervention
designed to increase physical activity after stroke. The aim was to recruit stroke
survivors to complete a 12 week behaviour change intervention designed to increase
physical activity through walking.

METHODS: The original methodology for the behaviour change intervention can be
found in section 7.5. Two rounds of recruitment into the intervention were
undertaken at separate time points. Amendments to the study protocol were
undertaken between each round of recruitment to improve the recruitment and
retention of participants into the study. The feasibility and acceptability of the
intervention to stroke survivors were analysed after each round of recruitment.

RESULTS: During the first recruitment period, 12 eligible stroke survivors were
approached to participant in the behaviour change intervention. Six of the twelve
eligible stroke survivors agreed to participate. The pedometer did not detect the
required 70% of steps in 4/6 potential participants during the screening test (a two
minute walk test). Therefore, these potential participants were unable to be recruited
into the behaviour change intervention. Two participants were recruited, with one
participant being withdrawn from the study during week one. The one remaining
participant (male; 66years) completed the full 12 week behaviour change
intervention increasing their step count by 14.3% [4,653 steps] (from 27,944 steps at
week one to 32,597 steps by week twelve).
During the second recruitment period, 23 stroke survivors were approached to
participate in the behaviour change intervention. Nine stroke survivors agreed to

172

complete the behaviour change intervention. Six participants withdrew or were
withdrawn from the study. Therefore, only three participants completed the full 12
week behaviour change intervention [2/3 (66%) male; mean age 79 years SD= 4.32
years]. All three participants had had an ischaemic stroke.

CONCLUSIONS: Recruitment was improved in the second round of the behaviour
change intervention, with 9/23 participants agreeing to participate. However, there
was a higher than expected dropout rate of 67%.
As participation in physical activity is fundamental after stroke, further research is
required. Based on the results of only three participants we were unable to fully
determine the feasibility and acceptability of the behaviour change intervention. This
study has shown that one intervention does not fit all, and the use of a monitoring
device and structured behaviour change intervention may not suit all stroke
survivors. Further research is required to discover the most feasible and acceptable
intervention for stroke survivors to help increase physical activity in the long term.

8.2. Introduction
To help reduce these possible complications post stroke and increase physical
activity a behaviour change intervention was developed. The behaviour change
intervention aims to gradually and systematically increase walking in the first three
months after discharge from hospital after acute (first ever or recurrent) stroke.
Before trialling whether the behaviour change intervention could increase physical
activity after stroke (through a randomised controlled trial) it was essential to
determine if the intervention was both feasible and acceptable to stroke survivors. As
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this was a newly developed behaviour change intervention, it was essential to
determine if all aspects of the intervention were easily followed by stroke survivors
and whether the intervention could be successfully implemented or if changes to the
intervention design were required.

8.3. Methods
Ethical approval was obtained for this study from the South East Scotland Research
Ethics Committee 01 on the 13th of June 2012. A copy of the ethical approval can be
found in appendix 7. Additional approval from the ethics committee was sought to
make amendments to the protocol and carry out a second round of recruitment.
Ethical approval was obtained for the second round of recruitment from the South
East Scotland Research Ethics Committee 01 on the 16th of December 2013. A copy
of the ethical approval can be found in appendix 8.

8.3.1. Recruitment
Patients admitted with an acute stroke (first-ever or recurrent) who were ready for
discharge from six stroke units in Edinburgh and the Lothians (two acute, three
rehabilitation and one mixed rehabilitation/acute unit) were identified in consultation
with clinical teams, between 09/07/2012 and 09/08/2012 (recruitment round one) and
between 28/01/14 and 16/04/14 (recruitment round two). The aim of each round of
recruitment was to recruit 10 participants into an uncontrolled pilot study of the
behaviour change intervention. The recruitment window for round one was short
(four weeks) due to impending maternity leave (see section 8.5). This ensured that
study participants had completed the 12 week intervention before maternity leave
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began. The second round of recruitment lasted for three months, and was again cut
short due to impending maternity leave. However, nurses from the Clinical Research
Facility at Edinburgh Royal Infirmary were trained in undertaking the measurements
and phone calls with study participants to allow recruitment to continue as long as
possible to allow more participants to be recruited. A copy of the participant
information sheet and consent form for round one of recruitment can be found in
appendix 9. A copy of the participant information sheet, consent form and updated
booklets for round two of recruitment can be found in appendix 10.

8.3.2. Feasibility and acceptability of the intervention
To determine the feasibility and acceptability of the behaviour change intervention
data were collect in seven key areas:
1. The proportion of eligible stroke survivors that were approached to take
part in the intervention.
2. How many eligible stroke survivors agreed to participate.
3. The number of participants who withdrew from the study and the reasons
for withdrawal.
4. The numbers of missing step counts in participant’s step diaries due to
either pedometer “failure” or participants forgetting to record their steps.
5. The duration of each telephone call and meeting with each participant.
6. The participant attendance at a group meeting.
7. The responses from the participant’s feedback form.
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Collecting these data helped to establish the feasibility and acceptability of the
intervention with stroke survivors, and highlight any areas of the intervention that
required alteration.

8.4. Results for round one of recruitment
8.4.1. Recruitment
During the four week recruitment period, 12 stroke survivors were invited to
participate in the intervention of whom 6/12 (50%) agreed. The pedometer did not
detect the required 70% of steps for 4/6 (66%) of these potential participants during
the screening test (a two minute walk test). Therefore these potential participants
were unable to proceed with the study and take part in the behaviour change
intervention. The remaining two participants were recruited into the behaviour
change intervention as the pedometer detected 70% (or more) of their steps during
the screening test.

8.4.2. Participant demographics
One participant was female, one was male and participants were aged 76 and 66
years respectively. Both participants had ischaemic strokes and the time since their
strokes were 19 and 36 days. Neither participant had residual gait abnormalities, nor
used a walking aid. One participant had mild expressive dysphasia, and the other
participant had a homonymous hemianopia and visual inattention. Neither of these
conditions excluded their participation in the study.
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8.4.3. Study participation
During the first week of the intervention, one participant withdrew from the study.
The participant had become very confused and found the study too much. The
participant had decided not to wear either the pedometer or the accelerometer during
this time. On discussion with the participant, their family and the research team it
was decided that this participant would be withdrawn from the study with no further
follow-up.

8.4.4. Intervention results
The remaining participant completed the full 12 week behaviour change intervention.
Figure 11 details the participant’s weekly step counts (as read from the pedometer)
compared with their weekly step targets set by the researcher and participant. Figure
11 shows that the participant’s step count at week one was 27,944 steps and by week
12 of the intervention their step count had risen to 32,597 steps. This equates to an
increase of 4,653 steps (16.7%) over the 12 week intervention period. As can be seen
from figure 11, although there was an overall increase in step count the participants
steps did vary each week. The participant developed gout at approximately week
three of the intervention, accounting for the drop in weekly step count. During week
nine the participant went on holiday and reported doing a lot of sightseeing,
accounting for this peak in step count. The participant achieved (or walked greater
than) the step targets on seven weeks of the behaviour change intervention.

177

Figure 11: Actual (pedometer) and target step counts over the study
period

Results from the secondary outcome measures are shown in table 5. SPPB, EQ-5D5L and HADS scores improved, while activities of daily living and fatigue scores
remained similar.
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Table 5: Secondary outcome measures from weeks 1 and 12 of the
behaviour change intervention
Secondary outcome measure

Week 1

Week 12

Short physical performance battery
(each score is 0-4: 0 being unable to complete and 4 being the
best. Summary score ranges from 0-12 and is total of previous 3
scores)


chair stands score

3

4



tandem balance score

4

4



gait speed score

4

4



summary score

11

12

21

20

The Nottingham extended activities of daily living
(range 0-22, higher score =greater independence)

EQ-5D-5L
(each score is 1-5: 1 indicating no problem and 5 indicating
extreme problem. Summary score is 0-100 with 0 being worst
health imaginable and 100 being best)


Mobility score

1

1



Self-care score

1

1



Usual activities score

2

1



Pain score

1

1



Anxiety score

3

1



Summary score

90

90

Hospital Anxiety and Depression Scale
(each score range is 0-21: 0-7 indicates normal, 8-10 indicates
borderline depression or anxiety and 11-21 indicates depression or
anxiety)


Anxiety score

7

2



Depression score

13

4

23

24

Fatigue Assessment Scale
(range from 10-50, 10-21 indicates no fatigue, 22-34 indicates
fatigue, >= 35 indicates extreme fatigue)

The primary outcome measure of physical activity (specifically focussing on step
count) was obtained using the activPAL™ accelerometer. The study participant wore

179

the activPAL™ accelerometer during week one and week twelve of the behaviour
change intervention. There were technical issues downloading the data from
accelerometer and therefore there were no data from the activPAL™ for week one of
the intervention. During the final week, the accelerometer stopped working after
three days and therefore the complete week’s data were not available. Data from the
activPAL™ provided two complete 24 hours periods as detailed in figure 12. In the
first 24 hours period the participant walked 4,132 steps and in the second 24 hours
period the participant walked 5,770 steps.

1st 24 hour period

2nd 24 hour period

Figure 12: Study participant’s week 12 activPAL™ data
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8.4.5. Feasibility and acceptability data
Twelve stroke survivors were approached to take part in the study. Six of the twelve
stroke survivors (67% male) declined to participate in the behaviour change
intervention; 3/6 (50%) felt the study would be “too much” for them and did not wish
to participate, 1/6 (17%) participant felt they “already did enough physical activity”
and 2/6 (33%) participants gave no reasons for declining to participate. The
remaining 6/12 stroke survivors were recruited into the behaviour change
intervention. The 4/6 participants who were unable to participant in the study after
the screening test reported feeling “disappointed”. These participants also reported
that they felt “the study was a good idea” and that they were “keen to try and
increase their physical activity when they returned home from hospital”.
As discussed, one participant dropped out of the study due to confusion. Although
this participant had the capacity to consent and understood what the intervention
asked of them, once enrolled the participant found the study was “too much” and
were subsequently removed. The remaining participant completed the whole
intervention. For the participant who completed the intervention their step diary was
completely filled in and with no missing data. As only one participant completed the
intervention, the group session with study participants (between weeks four and
eight) was not conducted. This was explained to the study participant who had
previously expressed an interest in attending the group session.
Over the course of the 12 week intervention the participant received five telephone
calls from the researcher to discuss study progress, provide motivation, collect the
previous week’s step counts and set the following week’s step target. The mean
duration of these telephone calls was 9 minutes (SD=1.4minutes).
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The participant completed the feedback form at the end of the intervention. The
participant stated feeling the study was “just the right length”, it was “very easy” to
read and put on the step counter, the booklet was “very easy” to follow and that the
frequency of the telephone calls from the researcher were “about right”. The
participant graded their satisfaction with the intervention as 9/10. The participant
also made additional comments reporting it would be “easy to lie to make sure you
met the step target” and that they “did not really look at the step targets very
frequently” and “just tried to increase their step count regardless of the intervention”.
These statements were valuable in determining the acceptability of the intervention.

8.5. Discussion from round one of recruitment
8.5.1. General
Results from this initial uncontrolled pilot study of the behaviour change intervention
indicate the difficulties that surround undertaking behaviour change feasibility and
acceptability studies. This pilot study was not powered to determine the effectiveness
of the intervention. However, this study was the first stage in determining the
feasibility and acceptability of the behaviour change intervention within the stroke
population.

8.5.2. Recruitment
Recruitment into the behaviour change intervention was low. Low recruitment may
have been due to several factors including the recruitment window being very short
(four weeks) due to time constraints. Recruitment for the pilot study had been
postponed to allow extra time for the accelerometer from the Culture Lab at
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Newcastle University to be developed. It was envisaged that the accelerometer would
be more accurate at detecting step count than the OMRON-HJ-113-E pedometer.
However, as the accelerometer was not developed for use in the uncontrolled pilot
study recruitment had to begin later than planned using the OMRON-HJ-113-E
pedometer.
The OMRON-HJ-113-E pedometer did not detect adequate steps for four of the six
participants willing to participate in the behaviour change intervention. This was a
higher than expected rate of study exclusion. Previous data, using the OMRON-HJ113-E pedometer, indicated that these pedometers would detect greater than 70% of
steps in approximately 60% of stroke survivors (Carroll et al., 2012). However, only
33% (2/6) of the stroke survivors willing to take part in the behaviour change
intervention had step counts greater than 70% during the screening test. This
excluded a large proportion of interested stroke survivors from taking part in the
behaviour change intervention. Having a large proportion of stroke survivors walking
more slowly than previously expected, may be due to the different nature the
behaviour change interventions to the previous study (Carroll et al., 2012). The
previous study was a short, one-off observational study which may have been
perceived as less of a burden to participants compared with a 12 week behaviour
change intervention (Carroll et al., 2012). Therefore, those who wished to participate
in the behaviour change intervention may have been those who were more severely
disabled by their stroke, and therefore had slower walking speeds.
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8.5.3. Feasibility and acceptability
Only one participant completed the behaviour change intervention. This participant
reported that he felt the benefit of taking part in the intervention. Although step
count was variable each week (figure 13) the participant’s pedometer data showed an
overall increase in walking from 27,944 steps to 32,597 steps (an increase of 16%)
over the course of the intervention. Whether this increase was a result of the
intervention, or just part of stroke recovery, remains unclear. The participant stated
they felt the study was “just the right length”, it was “very easy” to read and put on
the pedometer, the booklet was “very easy” to follow and that the frequency of the
telephone calls from the researcher were “about right”. The participant graded their
satisfaction with the intervention as 9/10. These results indicate that the participant
found the intervention both feasible and acceptable, but with only one participant
completing the full intervention, data are inconclusive. To be able to fully analyse the
intervention’s feasibility and acceptability more data were required. Therefore,
instead of proceeding to a controlled trial it was deemed necessary to conduct a
second round of recruitment into the uncontrolled pilot study.

8.5.4. Proposed protocol changes
In an attempt to improve recruitment, two key amendments were made to the
behaviour change intervention protocol before the second round of recruitment was
undertaken.
1. Participants, in whom the pedometer did not detect 70% of steps
during the screening, would be recruited into the intervention. These
participants would record daily minutes of walking (both inside and
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outside) instead of being excluded from the study. This record would
be the ‘feedback’

Initial findings showed 4/6 (67%) participants who wished to take part in the study
were unable to do so due to the pedometer not detecting over 70% of their steps. This
was considered as an unacceptably high number of participants to be excluded from
the study. This was especially apparent, as these stroke survivors had shown a keen
interest in participating in an intervention to increase physical activity, but had to be
excluded due to the pedometer. Therefore an alternative method of feedback was
necessary for these stroke survivors. As there was no alternative electronic device
available, self-monitoring of physical activity would need to be utilised. Diaries have
been used previously to monitor physical activity after stroke by asking participants
to note the tasks they have carried out in the past 15 minutes (Vanroy et al., 2014).
Therefore, participants would be encouraged to monitor, as often as possible, the
minutes they had spent walking and whether this walking was indoors or outdoors. It
was felt asking participants to record both indoor and outdoor walking would make it
easier for the participant to monitor their walking throughout the day.
By including this slower walking group of stroke survivors there would now be two
group of participants taking part in the second round of the uncontrolled pilot study
of the behaviour change intervention. Group one) would record both their daily step
count from the pedometer and the minutes spent walking indoors and outdoors each
day. Group two) would only record the minutes they spend walking indoors and
minutes spent walking outdoors each day. All outcome measures and components of
the intervention were the same between the two groups. We were unable to return to
the initial participants, who could not be included during the first round of
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recruitment, as these participants were now approximately 18 months post stroke. At
this stage in stroke recovery walking may have greatly improved and may not be a
true representation of their initial post stroke mobility.

2. Weekly steps targets were increased from 5% to 10% increments
each week (as long as the previous week’s target had been met).

The second amendment to the behaviour change intervention protocol was to
increase the weekly step targets from 5% to 10%. The original 5% increase in
weekly step target was based on a previous study of 240 sedentary older women (>70
years) (McMurdo et al., 2010). This study had a step increase of baseline + 20% of
steps walked each month of the six month intervention. Results indicated statistically
significant increases in walking at the end of the intervention, however walking
returned to baseline at six months post intervention (McMurdo et al., 2010). Since
the first round of recruitment, a 12 week behaviour change intervention had been
published reporting increases in physical activity in 79 low physically active men
and women (Fitzsimons et al., 2012). The aim of the 12 week behaviour change
intervention was to increase average daily step count by 3,000 steps above baseline
value on at least five days of the week by week six and maintain this to week 12
(Fitzsimons et al., 2012). These increases in step target were much greater than the
earlier behaviour change intervention in sedentary older women (McMurdo et al.,
2010) (Fitzsimons et al., 2012). Results from this study showed increases in steps
between: pre-intervention (M =6941, SD = 3047) and 12 weeks (M = 9327, SD =
4136), t(78) = - 6.52, p < 0.001, d = 0.66; pre-intervention and 24 weeks (M = 8804,
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SD = 4145), t(78) = - 4.82, p <0.001, d = 0.52; and pre-intervention and 48 weeks
(M= 8450, SD = 3855), t(78) = - 4.15, p < 0.001, d = 0.44 (Fitzsimons et al., 2012).
Moreover, these results showed increases in physical activity up to 48 weeks post
intervention (Fitzsimons et al., 2012). This second behaviour intervention was more
successful in increasing and maintaining step counts than the earlier study.
Therefore, it was decided to increase the behaviour change intervention’s step targets
from 5% to 10% with the aim of providing longer term improvements in walking and
overall physical activity.

8.6. Recruitment round two
8.6.1. Methodology
The second round of recruitment again aimed to recruit a further 10 stroke survivors
to undertake the updated behaviour change intervention. This would provide
sufficient data on feasibility and acceptability of the intervention. The main
methodology for the behaviour change intervention has been previously detailed in
chapter 7. The main change to the methodology for the second round of recruitment
was that there would now be two participant groups running concurrently. This is
detailed in figure 13.
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Figure 13: Recruitment plan for the amended behaviour change
intervention

Once recruited into the intervention both groups followed the same protocol of
telephone calls and visits from the researcher. However, each group would have a
separate group meeting to discuss how they were finding all aspects of the behaviour
change intervention.

8.7. Results for the second round of recruitment
8.7.1. Recruitment
23 stroke survivors were approached to participate in the behaviour change
intervention between 28/01/14 and 16/04/14. Recruitment is detailed in figure 16.
7/23 (30%) stroke survivors approached to participate in the behaviour change
intervention declined to participate, and a further 7/23 (30%) were unable to be
recruited. Potential participants were unable to be recruited because they were either
boarded onto hospital wards out with study recruitment (2/7) or they were discharged
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from hospital less than 24 hours after initially being approached by the researcher to
participate in the study (5/7). Of the nine participants recruited to the intervention 6/9
(67%) subsequently withdrew or were withdrawn. There were numerous reasons why
participants did not complete the 12 week behaviour change intervention. Of the
participants who dropped out of the intervention two reported that they had “too
much on their plate” since returning home from hospital. One of these participants
had many social issues since their stroke. This participant had lost their job as a
result of their stroke and was having difficulties sorting out benefits since returning
home. The second participant had double cataracts and was attending hospital
appointments for this. Due to this, she decided the study was an added burden that
she did not have time for. A third participant withdrew in the second week of the
study as they found it very difficult to remember to wear their pedometer each day
and to record their steps each night in their diary. Attempts were made to help this
participant stay in the study e.g. asking carer to help participant with pedometer
every morning and night. However, the participant still regularly did not record steps
and subsequently withdrew from the study. Two participants became ill during their
first weeks home from hospital and were subsequently remove from the study. One
participant developed gout and was re-admitted to hospital. On returning home from
hospital this participant felt the study was now “too much” for them and withdrew.
Another participant was re-admitted to hospital after falling and breaking their hip.
After consultation with the participant and study team it was deemed the
participant’s fall was not a direct cause of participation in the study (the participant
had gone to the toilet through the night and had fallen). This participant was
subsequently withdrawn from the study. A third participant became acutely confused
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shortly after recruitment into the study. Subsequently this participant did not return
home from hospital during the study period and the research team felt it was
necessary that they should be withdrawn from the study. This second round of
recruitment is detailed in figure 14.

Figure 14: Second round of recruitment to the behaviour change
intervention

8.7.2. Participant demographics
Three participants completed the full 12 week behaviour change intervention as part
of the pedometer group (Group one). 2/3 (67%) of the participants were male.
Participant mean age was 79 years (SD= 4.32 years). All three participants had
ischaemic strokes. 2/3 (67%) of the participants had no residual gait abnormality,
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while the remaining participant had shuffling gait. Two participants used one stick
for outdoor mobility. The remaining participant used a delta walker for outdoor
mobility, later progressing to using just one stick. One participant had a residual left
sided weakness and one participant had left sided lower leg nerve palsy from a
previous condition. None of the participants suffered visual or motor neglect,
dysphasia or dyspraxia.

8.7.3. Physical activity results
All three participants completed the full 12 week intervention, recording daily
pedometer step counts and estimated daily minutes spent walking both indoors and
outdoors. Figure 15 details the weekly pedometer readings for all three participants.
From week one to week twelve participant one increased their step count from 6,080
to 24,364 steps per week, an increase of 400.1%. Step count for participant two was
over six times greater by the end of the intervention, increasing from 2,374 to 15,660
steps (an increase of 659.6%) while step count for participant three increased from
4,214 to 7,947 steps (an increase of 188.6%) by the end of the intervention.
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Figure 15: Weekly pedometer step counts for each participant

Figure 16 details the weekly total minutes (indoor minutes + outdoor minutes) each
participant estimated they walked. From weeks one to twelve participant one
estimated their total minutes spent walking increased from 220 to 435 minutes (an
increase of 197.7%). Participant two estimated their total minutes spent walking
increased from 255 to 400 minutes (an increase of 156.9%) from week one to twelve,
while participant three estimated their total minutes spent walking dropped from 230
to 195 minutes per week (a reduction of 15.2%). However, figure 18 shows that the
weekly estimate for participant three peaked at week six where it was estimated they
walked a total of 525 minutes (an increase, from baseline, of 228.3%).
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Figure 16: Weekly estimates (indoor + outdoor) of minutes spent
walking

Figures 17-19 compare each participant’s weekly step targets with actual pedometer
step counts. Participant three asked for their step target to remain constant from week
10 (figure 19). This was due to the participant feeling that they would be unable to
walk any further than they were already achieving. Therefore, participant three did
not want the target set any higher in case this would discourage her as she was
unable to meet the target.
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Figure 17: Actual versus target step count for participant one

Step targets for participant one increased from 6,960 to 26,790 over the course of the
intervention. Participant one achieved (or walked greater than) their step targets on
five weeks of the behaviour change intervention.

Figure 18: Actual versus target step count for participant two
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Step target for participant two increased from 2,374 to 18,336 steps over the course
of the intervention. Participant two achieved (or walked greater than) their step
targets on seven weeks of the behaviour change intervention.

Figure 19: Actual versus target step count for participant three

Step targets for participant three increased from 4,635 to 9,498 steps over the course
of the intervention. Participant three achieved (or walked greater than) their step
targets on six weeks of the behaviour change intervention.

8.7.4. Primary and secondary outcome measure results
All three study participants wore the activPAL™ accelerometer during week one and
twelve of the behaviour change intervention. All physical activity data from the
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activPAL™ accelerometers were successfully downloaded. The pedometer and
activPAL™ step counts for week one are detailed below in table 6.

Table 6: Week one activPAL™ versus pedometer step counts for each
participant
Participant

Total pedometer recorded

Total activPAL™ recorded

steps (week one)

steps (week one)

1

6,080

19,598

2

2,374 (3 days of pedometer

17,900

data missing)
3

4,214

9,894

The activPAL™ also recorded the users average time spent sitting, lying and
stepping during each 24 hour period. Figures 20-22 detail each participant’s physical
activity breakdown over weeks one and twelve of the behaviour change intervention.

Week 1

Week 12

Figure 20: Weeks one and twelve activPAL™ data for participant one
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Week 12 activPAL™ data for participant one showed a 7% reduction in time spent
sitting or lying compared with week one. Participant one demonstrated increases in
both time spent standing and stepping by 5% and 2% respectively.

Week 1

Week 12

Figure 21: Weeks one and twelve activPAL™ data for participant two

Week 12 ActivPAL™ data for participant two shows a 4% reduction in time spent
sitting or lying compared with week one. Participant two had an increase of 4% in
time spent standing, however time spent stepping remained the same.

Week 1

Week 12

Figure 22: Weeks one and twelve activPAL™ data for participant three
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Week 12 activPAL™ data for participant three showed a 1% increase in time spent
sitting or lying compared with week one. There was a reduction in time spent
standing by 1% and time spent stepping remained the same. However, this
participant’s pedometer data showed an increase in their step count from 4,214 steps
(week 1) to 7,947 steps by the end of the intervention (week 12). This was an
increase in steps of 88% over the 12 weeks.

All three participants completed all the secondary outcome measures at week one
and week 12 of the behaviour change intervention. Results of the secondary outcome
measures can be seen in table 7.
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Table 7: Results of secondary outcome measures for all three study
participants
Participant

Participant

Participant

one

two

three

Secondary outcome
measure

Week

Week

Week

Week

Week

Week

1

12

1

12

1

12

1

3

1

2

0

0

3

4

3

2

2

3

3

4

2

3

3

4

7

11

6

7

5

7

5

6

4

3

4

3

SPPB
(each score is 0-4: 0 being unable to
complete and 4 being the best.
Summary score ranges from 0-12 and
is total of previous 3 scores)



Chair stands score



Tandem balance
score



Gait speed score



Summary score

NEADL
(range 0-22, higher score =greater
independence)

EQ-5D-5L
(each score is 1-5: 1 indicating no
problem and 5 indicating extreme
problem. Summary score is 0-100
with 0 being worst health imaginable
and 100 being best)



Mobility score

2

2

2

2

2

2



Self-care score

2

2

2

1

2

1



Usual activities
score

2

2

2

2

2

2



Pain score

1

2

1

2

2

2



Anxiety score

1

1

1

1

1

1



Summary score

65

90

65

90

50

70

HADS
(each score range is 0-21: 0-7
indicates normal, 8-10 indicates
borderline depression or anxiety and
11-21 indicates depression or anxiety)
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Anxiety score

1

2

1

0

0

0



Depression score

2

3

0

1

6

5

20

22

60

16

50

42

FAS
(range from 10-50, 10-21 indicates no
fatigue, 22-34 indicates fatigue, >= 35
indicates extreme fatigue)

8.7.5. Feasibility and acceptability data
Twenty three stroke survivors were approached to participate in the behaviour
change intervention. Of the 23 stroke survivors given the participant information
sheet, seven declined to participate (3/7 did not wish to participate, 1/7 reported they
felt their stroke was not severe enough and the remaining 3/7 gave no reason for
declining). A further 7/23 stroke survivors were unable to be recruited due to 2/7
boarding to wards out with the recruitment wards and 5/7 were discharged from
hospital less than 24 hours after initially being approached to take part in the study.
Only 9 of the 23 participants approached agreed to participate in the behaviour
change intervention and of these only 3/9 (33%) completed the full 12 week
behaviour change intervention. Three participants withdrew or were withdrawn due
to ill health and three withdrew because they found the intervention was 'too much
for them'.

All three participants, who completed the whole behaviour change intervention,
reported that they felt the study was “just the right length”. Two of the three
participants reported they found recording the time they spent walking each day as
either “very easy” or “quite easy” while the remaining participants reported
recording time spent walking as “very difficult”. This participant reported using the
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pedometer to record walking was easy but they found it very difficult to accurately
record the minutes they spent walking indoors and outdoors. All three participants
reported finding the booklet “very easy” to follow and that the frequency of the
telephone contact from the researcher was “about right”. Two of the three
participants rated their overall satisfaction with the intervention as a 10/10 (highly
satisfied) and the remaining participant rated this as a 9/10. One participant’s
additional comments included finding it difficult to record the minutes they spent
walking indoors. This participant reported that they did not consider the small
amounts of walking they did in the house as physical activity. One participant
reported that they found it difficult to increase steps daily especially if they had other
commitments during the week, as this would alter the amount of steps they were able
to achieve.

Each participant received five telephone calls throughout the 12 week intervention.
The mean time spent on these telephone calls was 8.5 minutes (SD= 7.7minutes).
Two participants’ pedometers stopped working during the intervention, and therefore
data were missing from their diaries for two days. One pedometer stopped working
as the battery needed replacing and the other pedometer had shifted to a different
function and the participant was unable to return to the normal setting.
During this second round of recruitment we were again unable to carry out a group
session as per the protocol. The group session proved to not be feasible as there were
only three participants taking part in the study over a prolonged time period. This
meant that there were not enough participants at the same stage post stroke to make a
group session worthwhile.
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8.8. Discussion
8.8.1. General
Three stroke survivors successfully completed the 12 week behaviour change
intervention. All participants stated they were satisfied with the intervention and
found it helped them to monitor and increase their physical activity. However, results
from the intervention varied. One participant’s week 12 activPAL™ data showed a
1% increase in time spent sitting or lying. However this participants increase their
walking over the intervention and showed improvements in their SPPB, EQ-5D and
FAS, showing that there were improvements in the functional ability of this
participant. All participants increased their step counts throughout the intervention,
however their time spent stepping (according to the activPAL™) remained similar.
This may be due to participants walking ability improving over the course of the
intervention and therefore participants were walking faster and taking more steps in
the same amount of time. Due to the small numbers in the study it is unclear whether
this would be attribute to the intervention or the natural recovery process after stroke,
where the stroke survivors are regaining strength in their walking and confidence in
their walking ability.

8.8.2. Study recruitment
After the amendments were made to the study protocol, recruitment was higher than
the first round with 9/23 (39%) participants recruited into the intervention. However,
6/9 (67%) stroke survivors who were recruited to take part in the study dropped out
or were withdrawn within the first two weeks of the study (either due to ill health or
feeling that the study was “too much” for them). A systematic review of randomised
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controlled trials reported across multiple conditions reported dropout rates of
typically around 18-20% (Wood et al., 2004). This rate is considerably lower than
the rate found during this second round of recruitment (67%).
Stroke is a serious life changing event. When stroke survivors first return home from
hospital they are likely to require a period of time to adjust to their new way of life.
They make require time to adjust to what has happened to them and the changes that
this may have led to both physically, socially and psychologically. Therefore, it may
be more appropriate to begin the intervention further at a later point than discharge
from hospital. However care needs to be taken that an intervention is not left too late,
and stroke survivors have time to settle into the habit of a less physically active
lifestyle. Therefore approximately one month post discharge from hospital may be an
appropriate time to start the intervention. Interested stroke survivors would still be
recruited at hospital discharge, but would not begin the intervention until at least one
month post discharge. This would allow participants time to settle back at home and
deal with any other issues arising from their stroke, before focusing on trying to
increase their physical activity. By giving participants this period of time to adjust to
their new way of life, prior to starting any intervention, would allow participant to
adjust to any personal and/or social difficulties arising since their stroke. Having this
acclimatisation period may allow participants to focus on participating in the
behaviour change intervention and ultimately increasing their physical activity.
However, delaying more than two months post discharge may be detrimental by
allowing patients to settle into a routine of reduced physical activity at home.
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8.8.3. Feasibility and acceptability
To decide whether the study is feasible and acceptable to stroke survivors it is
essential to understand why the participants are finding the intervention “too much”
for them to achieve. Is it because there were too many components of the
intervention? Was the intervention too long? Or was it now that the participants had
returned home from hospital they wanted to return to as normal as a life as possible
and not participate in research? Responses from the participants who completed the
intervention feedback indicated that they felt the study was the correct length and
they were satisfied with the components of the intervention. All three participants
managed to complete the intervention with minimal difficulties. Two of the
participants had issues with their pedometers: one participant’s pedometer battery ran
out and one participant had changed the setting on the pedometer and was unable to
return to step counting mode. Once these issues had been resolved there were no
further difficulties using the pedometers. Acceptability of the intervention to the
stroke population is difficult to deduce from the data. Only 9/23 (39%) of stroke
survivors approached agreed to take part in the intervention. However, a recent study
has indicated that only 10% of stroke survivors will take part in clinical research
(Busija et al., 2013). Moreover, 7/23 (30%) of stroke survivors approached to take
part in the study were unable to be recruited due to study logistics (discharged less
than 24 hours after receiving information sheet and being boarded out with study
recruitment). Therefore, potentially interested stroke survivors were unable to be
recruited.
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8.9. Conclusion
Although recruitment was improved in the second round of the behaviour change
intervention there was a higher than expected dropout rate of 67%. Participants who
completed the intervention found it both feasible and acceptable and were able to
increase their physical activity throughout the intervention. It is unclear if these
increases were maintained once the intervention had ended. However, the high
attrition and only 9/23 stroke survivors agreeing to take part in the study questions
whether the intervention is acceptable to the wider stroke population.
This study has found that one intervention does not fit all, and the use of a
monitoring device and structured behaviour change intervention may not be the best
approach to increase physical activity for all stroke survivors. Determining if this
intervention, in its current state, is feasible and acceptable to stroke survivors will be
the focus of the final chapter. Possible changes and future directions of this
behaviour change intervention will be discussed, to make this carefully and
theoretically planned intervention more acceptable to the stroke population.
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CHAPTER 9 General discussion and conclusions
This final chapter provides an overview of the previous chapters followed by a
discussion of the key findings of this PhD thesis. The overall strengths and
limitations of the programme of work are identified. The contributions from this
programme of work to the field of physical activity after stroke are presented
followed by the recommendations and directions for future research.

9.1. Overview of studies
This programme of work focussed on increasing physical activity after stroke. The
overall aim was to develop and test a behaviour change intervention that would
increase walking in stroke survivors. “Behaviour change interventions” are defined
as co-ordinated sets of activities designed to change specified behaviour patterns. In
general, these behaviour patterns are measured in terms of the incidence or
prevalence of a particular behaviour in specified populations. Behaviour change
interventions are primarily used to promote uptake and optimal use of effective
clinical services, and to promote healthy lifestyles (Michie et al., 2011).The
development of the complex behaviour change intervention as part of this thesis was
done in accordance with the MRC framework for the design and evaluation of
complex interventions (Craig et al., 2008). Development of the behaviour change
intervention was theoretically driven by the use of the TDF (Michie et al., 2005). The
TDF was used to identify key themes essential to altering and increasing the pattern
of physical activity behaviour after stroke. These key themes were used to identify
the fundamental BCTs that made up the components of the behaviour change
intervention. BCTs are the “active ingredients” within an intervention designed to
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change behaviour. They are recognisable, replicable and complex components of an
intervention. A combination of BCTs can be used as part of a behaviour change
intervention (Abraham and Michie, 2008).
In order to address the overarching aim of this thesis, six interlinking studies were
conducted. The findings of each of these studies have been discussed in their
respective chapters and will now be integrated to present the overall results of this
programme of work.

9.2. Overall strengths and limitations
Justification for the study design adopted and the data collection methods that were
followed for each study were sound. Care was taken to reduce any bias within the
studies and previous literature was sought to determine best procedures for each
study. Standardised and validated outcome measures were used when undertaking
the uncontrolled pilot studies. It is believed that all the above measures enhanced the
credibility of the findings of the individual studies, and thereby of the whole
programme of work.
One potential key limitation of the systematic review searches (study one) was the
large number of irrelevant titles and abstracts that there identified. There were no
specific MeSH headings for barriers and facilitators and therefore key words were
heavily relied upon. Key words included searching “barriers” and “motivators” as
well as “facilitators” and “inhibitors” [see appendix one for full search strategies].
These searches led to large numbers of irrelevant titles being identified. However,
search strategies are explicitly designed to be highly sensitive to allow as many
potentially relevant studies as possible to be retrieved. Consequently the searches
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retrieved a large number of records that did not meet the inclusion criteria. Although
theoretical terms such as “outcome expectation” and “behaviour belief” could have
been utilised instead, this may have reduced the number of citations identified
resulting in potentially missing relevant studies. Therefore, the chosen methodology
was deemed to be the most appropriate to ensure no relevant study titles were
missed.
A potential key limitation for both of the uncontrolled pilot studies were the small
sample sizes. These were a result of recruitment and retention problems faced
throughout the uncontrolled pilot studies. Various attempts at improving recruitment
within the available time scale did not yield the anticipated results. These low
numbers have reduced the generalisability of the findings from the quantitative
perspective and made determining the feasibility and acceptability of the intervention
more challenging. Recruitment was not found to be a limitation in the qualitative
study (study two) or the accelerometer validation study (study four). In terms of the
qualitative research, data saturation was reached [following standard procedures] for
the interviews which strengthened the qualitative study’s findings.
In hindsight, undertaking the collaboration with the Culture Lab at Newcastle
University may have hindered recruitment to the pilot studies due to limiting the
recruitment period. However, several other key factors may have limited the
recruitment opportunities. These factors included the introduction of an Exercise
after Stroke programme being rolled out on the main recruitment ward at the same
time as recruitment began for the second uncontrolled pilot. This programme,
introduced by Edinburgh Leisure, saw highly functioning stroke survivors being
recruited into an exercise program design to increase physical activity after stroke. It
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was decided that stroke survivors who were enrolled into the Edinburgh Leisure
Scheme would be ineligible for recruitment to the pilot study, as participation may
biased our findings. Participation in the Edinburgh Leisure Scheme would
inadvertently increase physical activity and make it impossible to determine if the
behaviour change intervention had been successful. Therefore, the potential
recruitment sample for the uncontrolled pilot studies was reduced.
Recruitment problems forced changes in the design of this PhD. The original plan
had been to carryout both an uncontrolled and a controlled pilot study to fully assess
the feasibility and acceptability of the intervention. Along with the feasibility and
acceptability, it was initially planned that the preliminary effects of the intervention
could be evaluated. However, due to low recruitment in the initial uncontrolled pilot
this was not possible.
A strength of this PhD was the systematic nature and theoretical underpinning of the
work. This PhD has carried out in-depth exploration of the barriers and facilitators
perceived by stroke survivors to the uptake of physical activity. This evidence has
been elicited by multiple research methods (quantitative, qualitative and systematic
review) and been published in key research journals. In addition both literature and
theory have been considered in the development and initial evaluation of the
behaviour change intervention.

9.3. Evaluation of the feasibility and acceptability of the intervention
The uncontrolled pilot studies were designed and carried out to determine the
feasibility and acceptability of the behaviour change intervention. To be able to fully
analyse feasibility and acceptability seven key areas were addressed (see section 7.8).
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Each of these seven key areas were discussed in detail for each of the uncontrolled
pilots in chapter 8 but their implications will now be discussed further.
The difficulties encountered while conducting these uncontrolled pilot studies
question whether an intervention of this type is feasible to conduct with an
ambulatory stroke population. Although the intervention was comprehensively and
theoretically developed recruitment and retention into the studies were problematic.
A total of 35 stroke survivors were approached to take part in either one of the
uncontrolled pilot studies. Of these potential participants 15/35 (43%) agreed to
participate. Of these participants seven withdrew for several varying reasons, and
four were unable to take part due to the initial screening process (discussed in
chapter 8). This was an unexpectedly high dropout rate for the studies. It is not clear
why dropout rates were so high, and there were varied and valid reasons for each
individual participant withdrawing from the studies. Three participants that found the
study was “too much” for them, indicating that the intervention was not acceptable to
these participants. Stroke is a serious life changing event and participation in a
research study straight after discharge from hospital may not be the most appropriate
time for stroke survivors. As detailed in section 8.8.2, changing the time of the
intervention to approximately one month post stroke may promote retention of
participants in the study. In addition having a percentage increase in step count each
week may be daunting to some stroke survivors, and the success of using graduated
addition approaches (such as those used by (Fitzsimons et al., 2008)) may be more
appropriate to use with this patient group. Studies that have used a graduated
addition approach, compared to percentage increase, had improved results at follow-
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up meaning they are potentially more likely to provide sustained behaviour change
(Fitzsimons et al., 2008, McMurdo et al., 2010).
Recruitment problems also forced changes to the original design of the programme
of work. The original plan had been to carry out an uncontrolled pilot study of the
behaviour change intervention followed by a controlled trial. Both of these studies
would test the feasibility and acceptability of the behaviour change intervention.
Along with feasibility and acceptability, it was initially planned that the preliminary
effects of the intervention would be evaluated. However, due to low recruitment in
the initial pilot study (study five) it was not possible to conduct a randomised
controlled study as the feasibility and acceptability of the intervention had not been
fully assessed. The necessity of a second uncontrolled pilot study (study six)
rendered conducting a controlled pilot study impossible due to the time constraints
within the PhD programme.

9.4. Physical activity after stroke- where are we now?
The cycle of low physical activity and low physical fitness after stroke has long been
established, for which physical fitness training has been recommended [Saunders et
al 2013]. However, the benefits of fitness training are often lost to follow-up and
many stroke survivors do not meet recommended physical activity guidelines [Field
et al 2013]. Since beginning this PhD statements from the American Heart
Association/ American Stroke Association have highlighted that physical activity and
exercise prescription should be incorporated into the management of stroke survivors
(Billinger et al., 2014). A recent systematic review of the long term participation in
physical activity by stroke survivors included 11 studies of 1704 stroke survivors.
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(Morris et al., 2014). Two intervention types were identified: individualised tailored
counselling with or without supervised exercise (n=6 studies) and supervised
exercise with advice (n=5 studies). Three studies illustrated increased odds of
meeting recommended PA levels and participation in PA at 12 months after tailored
counselling (P<.05). Two studies showed improved step count at three months with
supervised exercise only (P<.05); however, PA levels had declined by three months
(Morris et al., 2014). Tailored home exercise was the only predominantly exercisebased intervention to demonstrate higher PA participation at 12 months (Morris et
al., 2014).
This programme of work has demonstrated that increasing physical activity after
stroke can be complex. It has highlighted the key components of behaviour change
that should be included in physical activity interventions after stroke. Further, it has
used these key components to develop a carefully-structured and theoretically-driven
behaviour change intervention. However, the behaviour change intervention was
difficult to implement with stroke survivors and the reasons behind this remain
unclear. To determine if the intervention does increase physical activity after stroke,
further research is required. An exploratory randomised controlled trial would need
to be undertaken to determine if the intervention does increase physical activity,
however work is first needed to the intervention to ensure a suitable sample of
participants would take part in an exploratory trial.

9.5. Where now for the behaviour change intervention?
The aim of designing a behaviour change intervention to increase physical activity
after stroke settings was achieved. The six studies included in this PhD thesis have
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contributed to the identification of the key behaviour change components of the
intervention. These studies have also shown how these behaviour change
components could be incorporated into a structured intervention. The aim of fully
evaluating the behaviour change intervention after stroke was only partially
achieved. The stroke survivors who completed the intervention found it both feasible
and acceptable, however these numbers were small due to high drop-out rates and
lower than expected recruitment. There was no single reason why participants
dropped out of the behaviour change intervention. As discussed earlier in the
previous chapter, a possible way to combat high drop-out rates may to target the
intervention at a later stage in the recovery after stroke process. This may give each
stroke survivor time to settle back at home after their stroke, before beginning the
intervention. This may give participants time to sort any personal or social
difficulties arising from their stroke.
To successfully implement this behaviour change intervention with stroke survivors
changes are likely needed to be made to the intervention, which in its current form
did not yield the anticipated results. The essential next steps of the behaviour change
intervention are detailed in the following section.

9.6. Directions for future research
Key areas identified as potential areas of future research are:

1. Further investigations to validate the ability of different pedometers and
accelerometers to detect the step counts of stroke survivors:
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Difficulty in measuring physical activity after stroke has proven to be a
challenge during this PhD. The three possible ways to monitor activity
trialled during the behaviour change intervention included pedometry
(OMRON-HJ-113E), accelerometry (activPALTM) and self-report (estimates
of minutes walking). Although the preferred measurement of physical activity
in this PhD (due to the immediate feedback) the accuracy of the OMRONHJ-113E pedometer played a vital role in the development of the behaviour
change intervention and determined which stroke survivors were able to take
part in the intervention. The inaccuracies of the OMRON-HJ-113E
pedometer led to the inclusion of the second group of participants, who only
recorded the minutes they spent waking each day. This is a very subjective
measure of physical activity, which proved to be difficult for participants to
conduct accurately. Although the most accurate at measuring physical
activity, the activPALTM still undercounts steps of stroke survivors
(Sugavanam, 2014). Recently attempts have been made to validate the
Acitcal accelerometer for use with stroke survivors (Serra et al., 2017). The
Actical accelerometer is another brand of accelerometer similar to that of the
activPAL™ that attempts to determine the wearers energy expenditure and
step count (Kayes et al., 2009, Serra et al., 2017). However, this study also
found that the Acitcal accelerometer was not suitable for stroke survivors due
to undercounting steps (Serra et al., 2017). Finding and validating a suitable
device for the behaviour change intervention that provides feedback to the
wearer, may be integral in the success of the behaviour change intervention.
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Therefore a study to validate differing models of pedometers and
accelerometers would be beneficial for future trialling of the intervention.
This would allow us to determine the most accurate device for detecting step
counts in the majority of stroke survivors.

2. Perceptions and experiences of stroke survivors, who have previously
taken part in exercise referral schemes or physical activity research
studies, should be explored to determine what encouraged maintenance
within these programmes:
Attrition was very high in the behaviour change intervention, and the
reasons behind this remain unclear. The Edinburgh Leisure Exercise after
Stroke is a successful physical activity programme run within the city,
which includes a group exercise programmes specifically targeted to
stroke survivors. The Edinburgh Leisure programme is very well attended
by stroke survivors in Edinburgh, however is not often accessible to all
stroke survivors. Determining what were the key components that
encouraged attendance at the Edinburgh Leisure classes could potentially
be beneficial in understanding why our behaviour change intervention
was not well received.

3. Exploring the views of stroke survivors on sitting time after stroke, and
incorporating these views into the behaviour change intervention to
tackle increased sitting time and reduced physical activity after stroke:
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Reducing sedentary behaviour after stroke is a new and developing
research area that goes hand in hand with increasing physical activity after
stroke. Secondary behaviour is any waking behaviour characterised by an
energy expenditure <=1.5 metabolic equivalents, while sitting, reclining
or lying posture (Tremblay et al., 2017). Research suggests that even if
people are physically after stroke, they can still be sedentary for long
periods of time throughout the day (Wullems et al., 2016). There is
increasing evidence that stroke survivors are highly sedentary and recent
American Heart Association/ American Stroke Association guidelines
encourage the reduction of sedentary time after stroke (Tieges et al., 2015,
Young et al., 2016, Billinger et al., 2014). Stroke survivors have been
identified as more sedentary (20.4 ± 2.7 h versus 17.5 ± 3.8 h, p < 0.001)
and take fewer daily steps (4035 ± 2830 steps/day versus 8394 ± 2941
steps/day, p < 0.001) than age-matched healthy controls (Paul et al.,
2016). A longitudinal cohort study of acute stroke survivors, who were
followed for one year after stroke (Tieges et al., 2015). These stroke
survivors spent, on average, 81% of each 24hour period sedentary and are
typically more sedentary in the afternoon and evening (Tieges et al.,
2015). Importantly, the pattern of sedentary behaviour did not change
over the first year following stroke and was independent of functional
ability (Tieges et al., 2015). Recent international guidelines encourage the
reduction of sedentary time after stroke, but how to do this remains
unclear (Young et al., 2016).Therefore, it may be necessary to consider
the implications of high sedentary behaviour on increasing physical
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activity after stroke and how this would influence the behaviour change
intervention.

4. An exploratory trial of the behaviour change intervention to evaluate
the effectiveness of the intervention:
Once any planned changes are made to the behaviour change intervention,
the definitive step would be to determine if the intervention can increase
physical activity. This would be done as a randomised controlled trial
comparing two groups of comparable stroke survivors. One group would
receive the behaviour change intervention and while the other group
would receive normal care and their physical activity would be measured
at 6 and 12 months post stroke. Power calculations would be undertaken
to determine the numbers of participants required to take part in the study.

9.7. Conclusion
The overall aim of this programme of work was to design and evaluate an evidencebased, theoretically-driven behaviour change intervention to increase physical
activity, predominantly through walking, after stroke. In order to address this, six
interlinked studies were undertaken in accordance with the MRC framework for
developing and evaluating complex interventions. The development of behaviour
change interventions can often be a long drawn out process with constant need for
evaluation of feasibility of the intervention to the target population. As detailed in
the MRC framework for developing and evaluating complex interventions, the
process of developing interventions is often cyclical with the need for re-evaluation
of ideas.
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The field of increasing physical activity after stroke is still incomplete. Further
carefully designed trials are required and these should evaluate long-term delivery of
interventions and determine long-term outcome. It is clear that stroke is a complex
and challenging condition and each stroke survivor presents their own set of unique
problems and concerns when discharged from hospital. There is increasing
awareness in the need to improve physical activity after stroke, and provisions for
increasing physical activity in the community are on the rise. However stroke
survivors choose to increase their physical activity, the benefits of physical activity
socially, physically and mentally are evident.
In conclusion, this programme of works supports the notion that there is a need to
find optimal ways to increase physical activity after stroke. Research highlights
reduced physical activity can lead to secondary strokes, increased disability and
reduced physical fitness. A theory-driven approach was undertaken to develop a
sound behaviour change intervention, which was successfully implemented with a
small group of stroke survivors. High drop-out rates suggest the intervention may
need to be tailored to individuals. The start time of the intervention may also play an
integral role in participants sticking to the intervention. Keys areas for future
research have been highlighted and taking these forward will ensure this behaviour
change intervention can optimally increase the physical activity amongst stroke
survivors.
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APPENDICES
APPENDIX 1: MEDLINE search strategy for systematic review

MEDLINE: 15/07/2010
STROKE search strategy:
1. Exp cerebrovascular disorders/
2. (stroke$ or poststroke or post-stroke or cva$ or cerebrovasc$ or cerebral
vasc$ or apoplexy$).tw
3. ((brain$ or cerebr$ or cerebell$ or vertebrobasilar or cortical or hemispher$
or intracran$ or intracerebral or MCA or anterior circu$ or posterior circu$ or
basal ganglia) adj5 (ish?emi$ or infarct$ or thrombo$ or emboli$ or apoplexy
or occlus$ or obstruction or vasculopathy)).tw
4. ((brain$ or cerebr$ or cerebell$ or subarachnoid or parenchymal or intracran$
or intracerebral or basal ganglia or subdural) adj5 (haemorrhage$ or
hemorrhage$ or haematoma$ or hemetoma$ or bleed$)).tw
5. brain injuries/ or brain injury, chronic/
6. ataxia/ or anomia/ or exp aphasia/ or dysarthria/ or hemiplegia/ or exp
paresis/ or deglutition disorders/ or hemianopsia
7. (hemipleg$ or hemipar$ or paresis$ or paretic or hemianop$ or spasticity or
inattention or aphasi$ or apraxi$ or dysphasi$ or dysphagi$ or deglutition
disorder$ or swallow$ disorder$ or dysarthri$).tw
8. ((unilateral or visual or hemispatial or attentional or spatial) adj5 neglect).tw
9. or/1-8
PHYSICAL ACTIVITY search strategy:
10. exp exercise/ or exercise test/ or exercise tolerance/
11. physical exertion/
12. physical fitness/
13. exp physical endurance
14. physical therapy modalities/ or dance therapy/ or tai ji/ or yoga/ or exp
exercise therapy/
15. exp locomotion/
16. early ambulation/
17. exp sports/
18. leisure activities/ or recreation/ or sports/
19. isometric contraction/ or isotonic contraction/
20. (physical adj3 (exercise$ or therap$ or conditioning or activit$ or fitness)).tw
21. (exercise adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or
activit$ or regime$)).tw
22. (fitness adj3 (train$ or intervention$ or protocol$ or program$ or therap$ or
activit$ or regim$)).tw
23. ((training or conditioning) adj3 (intervention$ or protocol$ or program$ or
activit$ or regim$)).tw
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24. (sport$ or recreation$ or leisure or cycl$ or bicycl$ or treadmill$ or run$ or
swim$ or walk$).tw
25. ((endurance or aerobic or cardio$) adj3 (fitness or train$ or intervention$ or
protocol$ or program$ or therap$ or activit$ or regime$)).tw
26. (muscle strengthening or progressive resist$).tw
27. ((weight or strength$ or resistance) adj (train$ or lift$ or exercise$)).tw
28. ((isometric or isotonic or eccentric or concentric) adj (contraction$ or
exercise$)).tw
29. or/10-28
BARRIERS AND MOTIVATORS search strategy:
30. motivation/ or "aspirations (psychology)"/ or "conflict (psychology)"/ or
goals/ or intention/
31. exp attitude to health/ or health behavior/
32. self efficacy/
33. health knowledge, attitudes, practice/
34. health services accessibility/
35. exp social environment
36. exp health promotion
37. (barrier$ or difficut$ or obstacle$ or prevent$).tw
38. (motivate$ or facilita$ or enable$ or promote or encourage$).tw
39. or 30-38
40. 9 and 29 and 39
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APPENDIX 2: Ethical approval for qualitative study
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APPENDIX 3: Participant information sheet and consent form for qualitative
study

Patient information sheet. Version 4. 17th August 2010

1. Study Title
Using pedometers to promote physical activity in patients after stroke:
a pilot study
2. Invitation
You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it
will involve. Please take time to read the following information carefully. Talk
to others about the study if you wish.
 Part 1 tells you the purpose of this study and what will happen to you if
you take part.
 Part 2 gives you more detailed information about the conduct of the study.
Ask us if there is anything that is not clear or if you would like more
information. Take time to decide whether or not you wish to take part.
Thank for reading this.
3. What is the purpose of this study?
Physical activity is generally recommended to people who have had a stroke,
but some people aren’t certain how best to increase their activity. One
possible way to help people increase activity is to use a pedometer, a small
wrist-watch like device which records step counts, along with advice on how
to increase step counts. For people who have had a stroke, one potential
problem is that pedometers may not be able to accurately record step counts,
and some people who have had a stroke may find it difficult to put on a
pedometer, take it off and read the pedometer screen.
We want to find out how easy it is for people who have had a stroke to use a
pedometer, and also how accurately pedometers measure step counts. We
also want to find out what people after stroke think about physical activity.
We also wish to determine the barriers and motivators people who have
had a stroke feel towards physical activity. We wish to understand
stroke patients’ views about pedometers and how best to encourage
their use in trials to promote physical activity.
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4. Why have I been chosen to take part?
You have been chosen to take part because you have recently had a stroke.
This study will recruit 50 patients who have had a stroke from stroke wards
and stroke clinics in Edinburgh and Livingstone over a 6 month period.
5. Do I have to take part?
It is up to you to decide whether or not to take part. If you decide to take
part, you will be given this information sheet to keep and be asked to sign a
consent form. If you decide to take part you are free to withdraw at any time
and without giving a reason. A decision to withdraw at any time or a decision
not to take part will not affect the standard of care you receive.
6. What will happen to me if I take part?
The researcher will visit you on the ward shortly before you are due to go
home. We will gather information from your medical notes about the type of
stroke you’ve had and how it’s affected you. We may also speak to the team
looking after you to get more information about your stroke. We will record
whether you need to use a stick or a frame for walking.
Next, we will ask you some questions about how much exercise you took
before your stroke. We will also ask you to answer two short questions about
what you think about walking. Half the participants will answer the questions
both before and after using the pedometer, and half will be asked to complete
the questions only afterwards.
We will then ask you put on three pedometers. A pedometer is a small
device, which looks a bit like a wrist watch. We will ask you to put on the
pedometer in three positions: around the neck, attached to a waist belt above
the leg which has been affected by your stroke, and attached to a waist belt
above the leg which has not been affected by your stroke. We will ask you
how easy you find it to put on and take off the pedometer.
We will then ask you to do two walking tests on the wards. First, we will ask
you to sit down for 10 seconds, stand up for 10 seconds, walk for 20
seconds, and then sit down. We will then ask you to walk at your own pace
for 6 minutes. We will record the distance you can cover in 6 minutes so that
we can calculate your walking speed. At the end of the walks, we will ask
you to read the step count displayed on the pedometer screen. We will
video-record the two walks so that one of the research team can look at the
videos and compare the number steps recorded by the video with the
pedometer recording.
We will ask you whether you would consider using a pedometer as a part of
future studies to increase physical activity using a 4 point rating scale e.g.
yes definitely, yes probably, probably not, definitely not. We will also ask you
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about your views about physical activity and discuss how much activity you
did prior to your stroke.
We will also invite you to take home the pedometer, and use it at home for 1
week. At the end of the week, we will telephone you and ask you to read out
how many steps the pedometer has recorded, and we will then ask you to
return the pedometer in the post.
We will contact you again after you have been discharged from hospital
(around 6-10 months). We will ask if you are willing to undergo a short
interview (which we will audio record), which will take place at your
home at a time convenient to you by our research assistant Sarah
Carroll. This will determine the barriers and motivators you have felt
towards physical activity since your discharge.
7. What do I have to do?
There are no lifestyle restrictions.
8. What are the possible benefits of taking part?
Some patients find it helpful to talk to someone about their symptoms after a
stroke. The information we get from the study may help us to better treat
patients with stroke in the future.
9. What are the possible disadvantages and risks of taking part?
Apart from the possible inconvenience of the researcher taking up some of
your time, we do not envisage any particular risks to your taking part. The
walking test may make you feel a little puffed out.
10. What happens when the research study stops?
We will analyse the data and publish it in a journal. It will not be possible to
identify you from the publication.
For further information, please see Part 2 of this information sheet.
11. What if there is a problem?
Any complaint about the way you have been dealt with during the study or
any possible harm you might suffer will be addressed. The detailed
information on this is given in Part 2.

12. Will my taking part in the study be kept confidential?
Yes. All the information about your participation in this study will be kept
confidential. The details are included in Part 2.
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13. Contact Details:
For further information, please contact Dr Gillian Mead, Senior Lecturer in
Geriatric Medicine, who is leading the study. Her phone number is 0131 242
6481.
If you have any concerns about the study, please contact Dr Mead in the first
instance.
This completes Part 1 of the Information Sheet.
If the information in Part 1 has interested you and you are considering
participation, please continue to read the additional information in Part
2 before making any decision.

Part 2
14. What if relevant new information becomes available?
If new information relevant to this project becomes available during the
course of study, we will let you know about this.
15. What will happen if I don’t want to carry on with the study?
If you decide during the walking tests that you do not want to complete the
study, you can withdraw from the study. However, if you do decide to
withdraw, we would like to keep any data which we have already collected.
16.

What if there is a problem?

If you have a complaint about you treatment by members of staff (doctors,
nurses etc) you should complain through the usual NHS complaints system.
If you have a complaint about the research you are involved in, you should
complain to Dr Mead in the first instance. If there is a reportable serious
adverse event, Dr Mead will report this to the sponsor of the study (NHS
Lothian and University of Edinburgh).

17. Complaints:
If you have a concern about any aspect of this study, you should ask to
speak with the researchers who will do their best to answer your questions
(0131 242 6481). If you remain unhappy and wish to complain formally, you
can do this through the NHS Complaints Procedure. Details can be obtained
from the hospital.
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18. Harm:
In the event that something does go wrong and you are harmed during the
research study there are no special compensation arrangements. If you are
harmed and this is due to someone’s negligence then you may have grounds
for a legal action for compensation against (NHS Lothian or University of
Edinburgh) but you may have to pay your legal costs. The normal National
Health Service complaints mechanisms will still be available to you (if
appropriate).
The University of Edinburgh has insurance. You may be able to make a
claim.
19.

Will my taking part in this study be kept confidential?

Our procedures for handling, processing, storage and destruction of their
data are compliant with the Data Protection Act 1998.
We will obtain your permission to access your medical records and to collect
data about you during the course of the study.
Information about you will be collected onto paper forms. These will be
stored securely in a locked filing cabinet, in a locked office at the Royal
Infirmary hospital. Dr Mead will be in charge of the data. The research team
will be authorized to have access to the data. The sponsors of the research
(University of Edinburgh and NHS Lothian), regulatory authorities will have
access, as necessary, to view the data for monitoring the quality of research.
All will have a duty of confidentiality to you as a research participant and
nothing that could reveal your identity will be disclosed outside the research
site. Data which identifies you as an individual will be destroyed 12 months
after the end of the study.
After we have collected data from each visit, the data will be entered onto a
computer data base, held at the University of Edinburgh. When this is done,
you will be given a unique code number, so that you cannot be identified by
the information stored on the computer data base.
The video recordings will be stored on a secure, password protected site on
the University of Edinburgh server.
You have the right to check the accuracy of data held about them and correct
any errors.
20. Involvement of the General Practitioner/Family doctor (GP)

243

Your own general practitioner will be informed about your participation in the
study. If you are still in hospital when we do the study, we will write in your
medical records that you are taking part.
21. What will happen to any samples I give?
We will not be taking any samples. We will store the video recordings for 6
months after the end of the study.
22. Will any genetic tests be done?
No

23. What will happen to the results of the research study?
The results of the study will be published in medical journals. We will also
send a report to the Chief Scientist Office of the Scottish Government (which
is funding the study). If you would like to see the results, please ask and we
can make sure that you are sent a copy. You will not be identified in any
report or publication. It will not be possible to identify you from this
publication.

24.

Who is organising and funding the research?

The Chief Scientist Office of the Scottish Government is funding the
research. The University of Edinburgh and NHS Lothian are co-sponsors of
the research and are overseeing it. Dr Mead who is the Principal Investigator
is charge of the running of the study. She is not being paid for including you
in the study.
25.

Who has reviewed the study?

This study was given a favourable ethical opinion for conduct in the NHS (or
private sector) by the Lothian Research Ethics Committee.
You will be given a copy of the information sheet and a signed consent form
to keep.
Thank you for considering taking part.
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Study Number:
Patient Identification Number for this study

GERIATRIC MEDICINE
Clinical and Surgical Sciences
SCHOOL of CLINICAL
SCIENCES
and COMMUNITY HEALTH

CONSENT FORM
Version 3 17.08.10
Title of Project: Using pedometers to promote
physical activity in patients after stroke: a pilot study

The University of Edinburgh
Room S1642
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh EH16 4SA

Name of Researcher: Dr Gillian Mead
Please initial box
1. I confirm that I have read and understand the information sheet dated August 2010 version
4 for the above study. I have had the opportunity to consider the information, ask questions
and have had these answered satisfactorily.
2. I understand that my participation is voluntary and that I am free to withdraw at any time,
without giving any reason, without my medical care or legal rights being affected.
3. I understand that relevant sections of any of my medical notes and data collected during
the study may be looked at by responsible individuals from University of Edinburgh, from
regulatory authorities or from the NHS Trust, where it is relevant to my taking part in this
research. I give permission for these individuals to have access to my records.
4. I agree to my GP being informed of my participation in the study.
5. I agree to be contacted on one further occasion after my discharge to discuss my
views on physical activity. These views will be audio recorded.
6. I agree to take part in the above study.
________________________
Name of Patient

________________
Date

_________________________ ________________
Name of Person taking consent Date
(if different from researcher)

____________________
Signature
____________________
Signature

______________________
________________
____________________
Researcher
Date
Signature
When completed, 1 for patient; 1 for researcher site file; 1 (original) to be kept in medical
notes
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APPENDIX 4: Ethical approval for the validation study
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APPENDIX 5: Participant information sheet and consent form for
validation study
Patient information sheet. Version 5. 7th December 2011
1. Study Title
Using accelerometers to promote physical activity in patients after stroke: a
pilot study
2. Invitation
You are being invited to take part in a research study. Before you decide it is
important for you to understand why the research is being done and what it
will involve. Please take time to read the following information carefully. Talk
to others about the study if you wish.
 Part 1 tells you the purpose of this study and what will happen to you if
you take part.
 Part 2 gives you more detailed information about the conduct of the study.
Ask us if there is anything that is not clear or if you would like more
information. Take time to decide whether or not you wish to take part.
Thank for reading this.
3. What is the purpose of this study?
Physical activity is generally recommended to people who have had a stroke,
but some people aren’t certain how best to increase their activity. One
possible way to help people increase activity is to use an accelerometer, a
small wrist-watch like device which records step counts, along with advice on
how to increase step counts. For people who have had a stroke, one
potential problem is that accelerometers may not be able to accurately record
step counts, and some people who have had a stroke may find it difficult to
put on an accelerometer, take it off and read the accelerometer screen.
We want to find out how easy it is for people who have had a stroke to use
an accelerometer, and also how accurately accelerometers measure step
counts.
4. Why have I been chosen to take part?
You have been chosen to take part because you have recently had a stroke.
This study will recruit 20 patients who have had a stroke from stroke wards
and stroke clinics in Edinburgh and Livingstone.
5. Do I have to take part?
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It is up to you to decide whether or not to take part. If you decide to take
part, you will be given this information sheet to keep and be asked to sign a
consent form. If you decide to take part you are free to withdraw at any time
and without giving a reason. A decision to withdraw at any time or a decision
not to take part will not affect the standard of care you receive.
6. What will happen to me if I take part?
The researcher will visit you on the ward shortly before you are due to go
home. We will gather information from your medical notes about the type of
stroke you’ve had and how it’s affected you. We may also speak to the team
looking after you to get more information about your stroke. We will record
whether you need to use a stick or a frame for walking.
Next, we will ask you some questions about how much exercise you took
before your stroke. We will also ask you to answer two short questions about
what you think about walking. Half the participants will answer the questions
both before and after using the accelerometer, and half will be asked to
complete the questions only afterwards.
We will then ask you put on three accelerometers. An accelerometer is a
small device, which looks a bit like a wrist watch. We will ask you to put on
the accelerometer in three positions: around your wrist, attached to a waist
belt above the leg which has been affected by your stroke, and attached to a
waist belt above the leg which has not been affected by your stroke. We will
ask you how easy you find it to put on and take off the accelerometer.
We will then ask you to do two walking tests on the wards. First, we will ask
you to sit down for 10 seconds, stand up for 10 seconds, walk for 20
seconds, and then sit down. We will then ask you to walk at your own pace
for 6 minutes. We will record the distance you can cover in 6 minutes so that
we can calculate your walking speed. At the end of the walk, we will ask you
to read the step count displayed on the accelerometer screen. We will videorecord the two walks so that one of the research team can look at the videos
and compare the number steps recorded by the video with the accelerometer
recording.
We will ask you whether you would consider using an accelerometer as a
part of future studies to increase physical activity using a 4 point rating scale
e.g. yes definitely, yes probably, probably not, definitely not. We will also ask
you about your views about physical activity and discuss how much activity
you did prior to your stroke.

7. What do I have to do?
There are no lifestyle restrictions.
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8. What are the possible benefits of taking part?
Some patients find it helpful to talk to someone about their symptoms after a
stroke. The information we get from the study may help us to better treat
patients with stroke in the future.
9. What are the possible disadvantages and risks of taking part?
Apart from the possible inconvenience of the researcher taking up some of
your time, we do not envisage any particular risks to your taking part. The
walking test may make you feel a little puffed out.
10. What happens when the research study stops?
We will analyse the data and publish it in a journal. It will not be possible to
identify you from the publication.
For further information, please see Part 2 of this information sheet.
11. What if there is a problem?
Any complaint about the way you have been dealt with during the study or
any possible harm you might suffer will be addressed. The detailed
information on this is given in Part 2.

12. Will my taking part in the study be kept confidential?
Yes. All the information about your participation in this study will be kept
confidential. The details are included in Part 2.

13. Contact Details:
For further information, please contact Dr Gillian Mead, Senior Lecturer in
Geriatric Medicine, who is leading the study. Her phone number is 0131 242
6481.
If you have any concerns about the study, please contact Dr Mead in the first
instance.
This completes Part 1 of the Information Sheet.
If the information in Part 1 has interested you and you are considering
participation, please continue to read the additional information in Part
2 before making any decision.

Part 2
14. What if relevant new information becomes available?
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If new information relevant to this project becomes available during the
course of study, we will let you know about this.
15. What will happen if I don’t want to carry on with the study?
If you decide during the walking tests that you do not want to complete the
study, you can withdraw from the study. However, if you do decide to
withdraw, we would like to keep any data which we have already collected.
16.

What if there is a problem?

If you have a complaint about you treatment by members of staff (doctors,
nurses etc) you should complain through the usual NHS complaints system.
If you have a complaint about the research you are involved in, you should
complain to Dr Mead in the first instance. If there is a reportable serious
adverse event, Dr Mead will report this to the sponsor of the study (NHS
Lothian and University of Edinburgh).

17. Complaints:
If you have a concern about any aspect of this study, you should ask to
speak with the researchers who will do their best to answer your questions
(0131 242 6481). If you remain unhappy and wish to complain formally, you
can do this through the NHS Complaints Procedure. Details can be obtained
from the hospital.
18. Harm:
In the event that something does go wrong and you are harmed during the
research study there are no special compensation arrangements. If you are
harmed and this is due to someone’s negligence then you may have grounds
for a legal action for compensation against (NHS Lothian or University of
Edinburgh) but you may have to pay your legal costs. The normal National
Health Service complaints mechanisms will still be available to you (if
appropriate).
The University of Edinburgh has insurance. You may be able to make a
claim.
19.

Will my taking part in this study be kept confidential?

Our procedures for handling, processing, storage and destruction of their
data are compliant with the Data Protection Act 1998.
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We will obtain your permission to access your medical records and to collect
data about you during the course of the study.
Information about you will be collected onto paper forms. These will be
stored securely in a locked filing cabinet, in a locked office at the Royal
Infirmary hospital. Dr Mead will be in charge of the data. The research team
will be authorized to have access to the data. The sponsors of the research
(University of Edinburgh and NHS Lothian), regulatory authorities will have
access, as necessary, to view the data for monitoring the quality of research.
All will have a duty of confidentiality to you as a research participant and
nothing that could reveal your identity will be disclosed outside the research
site. Data which identifies you as an individual will be destroyed 12 months
after the end of the study.
After we have collected data from each visit, the data will be entered onto a
computer data base, held at the University of Edinburgh. When this is done,
you will be given a unique code number, so that you cannot be identified by
the information stored on the computer data base.
The video recordings will be stored on a secure, password protected site on
the University of Edinburgh server.
You have the right to check the accuracy of data held about them and correct
any errors.
20. Involvement of the General Practitioner/Family doctor (GP)
Your own general practitioner will be informed about your participation in the
study. If you are still in hospital when we do the study, we will write in your
medical records that you are taking part.
21. What will happen to any samples I give?
We will not be taking any samples. We will store the video recordings for 6
months after the end of the study.
22. Will any genetic tests be done?
No

23. What will happen to the results of the research study?
The results of the study will be published in medical journals. We will also
send a report to the Chief Scientist Office of the Scottish Government (which
is funding the study). If you would like to see the results, please ask and we
can make sure that you are sent a copy. You will not be identified in any

251

report or publication. It will not be possible to identify you from this
publication.

24.

Who is organising and funding the research?

The Chief Scientist Office of the Scottish Government is funding the
research. The University of Edinburgh and NHS Lothian are co-sponsors of
the research and are overseeing it. Dr Mead who is the Principal Investigator
is charge of the running of the study. She is not being paid for including you
in the study.
25.

Who has reviewed the study?

This study was given a favourable ethical opinion for conduct in the NHS (or
private sector) by the Lothian Research Ethics Committee.
You will be given a copy of the information sheet and a signed consent form
to keep.
Thank you for considering taking part.
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Study Number:
Patient Identification Number for this study

GERIATRIC MEDICINE
Clinical and Surgical Sciences
SCHOOL of CLINICAL
SCIENCES
and COMMUNITY HEALTH

CONSENT FORM
Version 4 07.12.11

The University of Edinburgh
Room S1642
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh EH16 4SA
Secretaries: Mrs M Harding

Title of Project: Using accelerometers to promote physical activity in patients after stroke: a
pilot study
Name of Researcher: Dr Gillian Mead
1.I confirm that I have read and understand the information sheet dated December 2011 version
5 for the above study. I have had the opportunity to consider the information, ask questions and
have had these answered satisfactorily.
2. I understand that my participation is voluntary and that I am free to withdraw at any
time, without giving any reason, without my medical care or legal rights being affected.
3. I understand that relevant sections of any of my medical notes and data collected during
the study may be looked at by responsible individuals from University of Edinburgh, from
regulatory authorities or from the NHS Trust, where it is relevant to my taking part in this
research. I give permission for these individuals to have access to my records.
4. I agree to my GP being informed of my participation in the study.
5. I agree to take part in the above study.
________________________
Name of Patient

________________
Date

____________________
Signature

_________________________
Name of Person taking consent

________________
Date

____________________
Signature

(if different from researcher)
_________________________ ________________
____________________
Researcher
Date
Signature
When completed, 1 for patient; 1 for researcher site file; 1 (original) to be kept in medical
notes
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APPENDIX 6: Behaviour change intervention booklet

Increasing walking
after stroke
Participant booklet
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The research team would like to thank The Stroke
Association for funding this research
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Contents
The aim of this booklet is to help you increase your walking. You and
the researcher will work through this booklet together and plan how to
increase your walking.
Section 1
Why walking is important

Section 2
Support from family and friends

Section 3
Family Information Sheet

Section 4
Action planning and coping planning

Section 5
Step counter instructions and Step Diary

Section 6
Study feedback (complete at the end of the study)
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Section 1
This section gives you information about the benefits of increasing your
walking after stroke. This section also covers any difficulties you might
face as you try to increase your walking.

Why walking is important
Stroke survivors are often advised to do more physical activity. Walking
is one of the easiest ways to do this. You can enjoy walking alone or
with someone else. You can walk when you want, where you want and
without much planning or special equipment.

Increasing walking may
 boost your energy levels
 lower your blood pressure and cholesterol, which may reduce
the risk of a further stroke
 control your body weight
 prevent walking becoming difficult
 increase your fitness
 strengthen your bones

However you may find that increased walking may
 make you tired, especially if you begin doing too much, too soon
 cause muscle stiffness and aching. This tends to be temporary
and is less likely to occur as your body becomes used to doing
more walking
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The researcher will have checked with your medical team that it is
safe for you to take part in this study (There can be small risks
involved when increasing walking, including falls and the risk of a
heart attack). When you walk, please follow the advice from you
own doctor/physiotherapist e.g. if you walk with an aid (e.g. Zimmer
frame) please continue do so whilst taking part in this study. If you
begin to feel unwell when walking, please seek advice from your
own doctor.

Importantly, in the longer term, we know that walking is good for
your health and may reduce the risk of stroke and heart attack.

Section 2
This section is about how your family and friends can help you increase
your walking. For each question circle the appropriate answer/s and
write any comments.

Support from family and friends
How would your family and friends feel if you increased your walking?
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Happy

Comments

Sad
Calm
Worried
Supportive
Unsupportive

Would your family and friends support you increasing your walking?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure

Would your family and friends increase their own walking with you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure
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Would your family and friends go walking with you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure

Section 3
The following section contains an information sheet for your family and
friends. It can be removed from the booklet and given to your friends
and family members. If you need additional copies of the information
sheet, let the researcher know.

Family Information Sheet
Stroke survivors are often advised to do more physical activity. Walking
is one of the easiest ways to do this. Walking is one of the easiest ways
to improve health and fitness.

Increasing walking may
 boost energy levels
 lower blood pressure and cholesterol, which may reduce the risk
of a further stroke
 control body weight
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 prevent walking becoming difficult
 increase fitness
 strengthen bones

…………………….…. has decided to participate in a 3 month study. The
study aims to increase walking.
We will give ………………………… a step counter. The step counter is a
small device that records the number of steps walked and feeds this
back to the user. The step counter is worn on a belt over the hip.
…………………………. will be given weekly step targets. The researcher and
…………………………. will plan how to meet these step targets.
We will provide ………………………. with motivation and support
throughout the study to help boost his/her confidence.

How you can support ………………………
Sometimes it can be difficult to increase walking. If you encourage
…………………. to walk, this may help him/her to continue to increase
their walking.
If you try to increase your own walking, this could also help motivate
…………………….. and increase his/her confidence to take part in physical
activity. If you walk with ………………………..
this may also help you feel less anxious about their safety when they
are out and about.
If you have any questions please contact Sarah Nicholson on 0131 242
6940.
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Section 4
This section will help you plan how to increase your walking. It will also
help you to think about any difficulties you may face. In this section,
you will record how confident you feel about increasing your walking.

Action planning and coping planning
Believing you are capable of increasing your walking is important. You
may find planning how and when you will increase your walking helpful.
Think about the challenges you may encounter when trying to carry out
what you plan. This will help you to deal with difficulties if they arise.

Action plans and coping plans will be filled in with the help of the
researcher. You do not need to fill in all 5 goals at the start of the study.
As you progress through the study you may wish to add more goals or
change your existing goals.

Below is an example goal.
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What?
Describe what
you will do to
achieve your
goal
1. Walk to the
end of the
street and
back
2. Walk to
post box and
back
3. Walk to
shops and
back

When?
Describe the
time of day
and duration

How?
Specify
the
situation

Potential
problems
that could
happen?

How can I
tackle
these
problems?

First thing in
morning
after
breakfast.

Ask
husband
to walk
with me

1. Too tired to
go out
walking
2. Husband
can’t walk
with me.

1. Rest, but
try and
walk
tomorrow
2. Ask
friend if
they can
walk with
me.
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Goal 1
What? When?

How?

Potential

How can I tackle

problems?

potential
problems?

Goal 2
What?

When?

How?

Potential
problems?

How can I tackle
potential
problems?
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Goal 3
What? When?

How?

Potential
problems?

How can I tackle
potential
problems?

How?

Potential
problems?

How can I tackle
potential
problems?

Goal 4
What? When?
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Your feelings
We know want to look at how confident you feel about walking. Having
confidence in your own walking is important. Believing you are capable
of increasing your walking can help you to achieve your walking goals.

To determine you confidence in increasing your walking during the
study, please circle the appropriate answers for the following
sentences.

I intend to increase my walking over the study period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree

I am confident I will be able to increase my walking over the study
period?

1

Least Confident

2
3
4
5

Most confident
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To help achieve your goals you may need help from family or friends
to take you out and walk with you, or take you to places where you
can walk. Here are some suggestions that might help with this:
 encourage a family member(s) to go walking with you
 try to share driving amongst different family members and
friends
 ask your stroke nurse about any local community stroke classes
you could attend that offer transport
 enquire about volunteer driver services (e.g. WRVS Edinburgh
Community Transport Service)

Many stroke survivors prefer walking outside. However, if you can’t
walk outside, walking around your house or garden may also help
you achieve your step targets.
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Section 5
In this section, please record the number of steps you walk each day.
This will allow you to see the progress you make during the study. If you
did not meet your step target, please make notes on each diary entry
which might explain the reasons (i.e. feeling unwell, poor weather).
These notes will help the research team understand the difficulties
stroke survivors face when trying to increase their own walking. If you
wish, family members or friend can help you read the step counter and
fill out your step diary.

Step Diary
This step diary will allow you to track the progress of your walking and
see the improvements you have made.
1. Each morning, as soon as you get up, put on the step counter
2. Leave it on all day
3. At bedtime remove the step counter
4. Record the number of steps from the step counter into your step
diary

If you miss a day do not worry, but try not to forget the next day.

Step diary repeated for weeks 2‐ 7
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Date

Step count

Notes

Total
weekly step
count:

Target
weekly step
count:
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Looking back
You are now half way through the 3 month study. Hopefully, you have
already achieved some of your goals and the number of steps you walk
each week has increased. If this is not the case, do not worry. There are
still 6 weeks left of the study, when you can try and increase your
walking.
Take a moment to look back at the barriers you felt at the beginning of
the study. Have you managed to overcome any of these? Have any of
these barriers changed since the start of the study?

Has your intention to increasing your walking altered since the
beginning of the study? Circle the appropriate answer below

I intend to increase my walking over the rest of the study period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
Has your confidence to increasing your walking altered since the
beginning of the study? Circle the appropriate answer below.
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I am confident I will be able to increase my walking over the rest of the
study period?
1

Least Confident

2
3
4
5

Most confident

Continue to look back through this booklet to remind yourself of what
you have achieved. Some days may be more difficult than others.
Continue to monitor your walking for the remaining 6 weeks. This will
help you maintain your walking in the future.
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Step dairy repeated for weeks 8‐13
Date

Step count

Notes

Total
weekly
step count:

Target
weekly
step count:
Congratulations, you have now reached the end of the study.
The researcher should have already contacted you to arrange another
visit. This visit should happen within the next week. This purpose of this
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visit will be to collect the step counter and to repeat the 4
questionnaires and leg function test.

Section 6
Study feedback
Now that you have completed the 3 month study, please take a couple
of minutes to fill out this feedback form. The information we receive
will help us improve future studies for stroke survivors.

Do you think this study was
Too long?
Too short?
Just the right length?

How easy did you find reading the step counter?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult
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How easy did you find putting on the step counter?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult

How easy was booklet to follow?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult

Were the telephone calls from the researcher
Too frequent?
Not frequent enough?
About right?

Were you satisfied with the help and advice the intervention gave you?
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1

2

3

4

5

6

7

8

9

10

(totally unsatisfied)
(totally satisfied)

Additional comments to the research team about the study
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APPENDIX 7: Ethical approval for intervention recruitment (round one)
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APPENDIX 8: Ethical approval for intervention recruitment (round two)
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APPENDIX 9: Participation information sheet and consent form for
intervention recruitment round one

GERIATRIC MEDICINE
Clinical and Surgical Sciences
SCHOOL of CLINICAL SCIENCES
and COMMUNITY HEALTH
The University of Edinburgh
Room S1642
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh EH16 4SA
Secretaries: Mrs M Harding

Testing a behavioural change intervention to
increase walking after stroke
You are being invited to take part in a research study. Before you
decide, it is important for you to understand why the research is
being done and what it will involve. Please read the following
information carefully. Talk to others about the study if you wish.
 Part 1 tells you the purpose of this study and what will happen
to you if you take part.
 Part 2 gives you more detailed information about the conduct of
the study.
Please ask us if there is anything that is not clear or if you would
like more information. Take time to decide whether or not you
wish to take part.
Thank you for reading this.
Part 1
What is the purpose of this study?
Stroke survivors are often advised to increase their physical
activity. Walking is one of the easiest ways to increase physical
activity. One possible way to increase walking is to use a step
counter. These are small devices, worn on the body, which tells
the user how many steps they have walked. We want to find out
whether giving a step counter in addition to personalised weekly
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step targets, support, motivation and advice will encourage stroke
survivors to increase their walking.

Why have I been chosen to take part?
You have been chosen to take part because you have recently
had a stroke. This study will recruit stroke survivors throughout
Edinburgh and The Lothians over a 2 month period.
Do I have to take part?
It is up to you to decide whether or not to take part. The
researcher will discuss the study with you and answer any
questions you may have. You will be given this information sheet
and at least 24 hours to decide if you wish to participate in the
study. If you decide to take part, you will keep this information
sheet and sign a consent form. If you decide to take part, you are
free to withdraw at any time and without giving a reason. A
decision to withdraw at any time or a decision not to take part will
not affect the standard of care you receive.
What will happen to me if I take part?
The researcher will visit you on the ward shortly before you go
home.
We will ask you to walk for 2 minutes with a step counter attached
to your clothing, above your hip. The 2 minute walk will ensure the
step counter accurately detects the number of steps you walk. As
long as the step counter detects 70% of your steps, you will be
eligible to take part in the study.
We will gather information from your medical notes and from the
team looking after you, about the type of stroke you have had and
how it has affected you. We will ask you to complete five short
questionnaires and perform a straightforward test to measure your
balance and mobility. This test will look at your walking speed and
ask you to perform different balance tests.
At discharge from hospital
You will be given a step counter to take home. We will ask you to
record the number of steps you walk each day in a diary. The step
counter will be worn daily attached to your clothing, above your
hip. During this first week home you will also wear an
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accelerometer. An accelerometer is a small device that will be
attached to your thigh. The accelerometer records how much time
you spend being physically active.
After this first week the researcher will visit you at home. At this
visit the researcher will discuss how you have found using the
step counter and go through a booklet with you. The booklet will
help keep you motivated to increase your walking, help you plan
the goals you wish to achieve and help you involve your family
and friends in your decision to increase your walking. Throughout
the study you will continue to wear the step counter, recording
your daily step count. At the end of the study you may keep the
step counter if you wish.
Follow up
 The researcher will telephone you each week for the first
month, and then fortnightly for the remaining 2 months.
These telephone calls will be to answer any questions or
concerns you have, set your weekly step target and help
maintain your motivation.
 One-two months after the initial visit the researcher will
organise a group meeting. This is optional and you do not
have to attend if you would prefer not to. At this meeting you
can discuss walking with other participants and find out how
they are progressing with their walking. The researcher will
convene the meeting. The meeting will last approximately 1
hour and be held at The Clinical Research Facility at the
Royal Infirmary of Edinburgh. Travel expenses will be
reimbursed or we can arrange transport to and from the
Royal Infirmary for you.
 You will also wear the accelerometer in the final week of the
study. Physical activity data will be downloaded from the
accelerometer onto a computer and compared with the first
week of the study. This will help us to determine if the
intervention helps increase physical activity.
 After the final week, we will ask you to come back into The
Clinical Research Facility at the Royal Infirmary of
Edinburgh. At this visit you will be asked to repeat four of
the short questionnaires and the balance and mobility tests.
This should take no more than 30 minutes. Travel expenses
will be reimbursed or we can arrange transport to and from
The Royal Infirmary for you.
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What do I have to do?
There are no lifestyle restrictions.
What are the possible benefits of taking part?
Some participants may find it helpful to talk to someone about
their symptoms after a stroke. The information we get from the
study may help us to better treat patients with stroke in the future.
What are the possible disadvantages and risks of taking
part?
We do not envisage any particular risks to your taking part.
When walking, it is possible to develop aching and stiffness in
your muscles or become tired. This should improve as you
become more active.
What happens when the research study stops?
We will analyse the data and publish it in a journal. It will not be
possible to identify you from the publication. Once the study has
finished, we will send all study participants a newsletter describing
the results of the study.
For further information, please see Part 2 of this information
sheet.
What if there is a problem?
Any complaint about the way you have been dealt with during the
study or any possible harm you might suffer will be addressed.
The detailed information on this is given in Part 2.
Will my taking part in the study be kept confidential?
Yes. All the information about your participation in this study will
be kept confidential. The details are included in Part 2.
Contact Details
For further information, please contact Dr Gillian Mead,
Consultant Stroke Physician, who is leading the study. Her phone
number is 0131 242 6481 and her email address is
Gillian.e.mead@ed.ac.uk.
If you have any concerns about the study, please contact Dr Mead
in the first instance.
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If you would like to discuss this study with someone independent
of the study team please contact: Dr Susan Shenkin, Senior
Clinical Lecturer, on 0131 242 6481
This completes Part 1 of the Information Sheet.
If the information in Part 1 has interested you and you are
considering participation, please continue to read the additional
information in Part 2 before making any decision.

Part 2
What if relevant new information becomes available?
If new information relevant to this project becomes available
during the course of study, we will let you know about this.
What will happen if I don’t want to carry on with the study?
If you decide at any time throughout the study that you do not
want to complete the study, you can withdraw from the study.
However, if you do decide to withdraw, we would like to keep any
data which we have already collected.
What if there is a problem?
If you have a complaint about you treatment by members of staff
(doctors, nurses etc) you should complain through the usual NHS
complaints system.
If you have a complaint about the research you are involved in,
you should complain to Dr Mead in the first instance. If there is a
reportable serious adverse event, Dr Mead will report this to the
sponsor of the study (NHS Lothian and University of Edinburgh).
Complaints
If you have a concern about any aspect of this study, you should
ask to speak with the researchers who will do their best to answer
your questions (0131 242 6481). If you remain unhappy and wish
to complain formally, you can do this through the NHS Complaints
Procedure.
NHS Lothian Complaints Team
2nd Floor

285

Waverley Gate
2-4 Waterloo Place
Edinburgh
EH1 3EG
Tel: 0131 465 5708
Harm
In the event that something does go wrong and you are harmed
during the research study there are no special compensation
arrangements. If you are harmed and this is due to someone’s
negligence then you may have grounds for a legal action for
compensation against (NHS Lothian or University of Edinburgh)
but you may have to pay your legal costs. The normal National
Health Service complaints mechanisms will still be available to
you (if appropriate).
The University of Edinburgh has insurance. You may be able to
make a claim.
Will my taking part in this study be kept confidential?
Our procedures for handling, processing, storage and destruction
of their data are compliant with the Data Protection Act 1998.
We will obtain your permission to access your medical records
and to collect data about you during the course of the study.
Information about you will be collected onto paper forms. These
will be stored securely in a locked filing cabinet, in a locked office
at the Royal Infirmary hospital. Dr Mead will be in charge of the
data. The research team will be authorised to have access to the
data. The sponsors of the research (University of Edinburgh and
NHS Lothian), regulatory authorities will have access, as
necessary, to view the data for monitoring the quality of research.
All will have a duty of confidentiality to you. Nothing that could
reveal your identity will be disclosed outside the research site.
Data which identifies you as an individual will be destroyed 12
months after the end of the study.
After we have collected data from each visit, the data will be
entered onto a computer database, held at the University of
Edinburgh. When this is done, you will be given a unique code
number, so that you cannot be identified by the information stored
on the computer data base.

286

You have the right to check the accuracy of data held about you
and correct any errors.
Involvement of the General Practitioner/Family doctor (GP)
Your own general practitioner will be informed about your
participation in the study. We will write in your medical records
that you have agreed to take part.
What will happen to the results of the research study?
The results of the study will be published in medical journals. We
will also send a report to The Stroke Association. If you would like
to see the results, please ask and we can make sure that you are
sent a copy. You will not be identified in any report or publication.
It will not be possible to identify you from this publication.
Who is organising and funding the research?
The Stroke Association is funding the research. The University of
Edinburgh and NHS Lothian are co-sponsors of the research and
are overseeing it. Dr Mead who is the Principal Investigator is in
charge of the running of the study. She is not being paid for
including you in the study. The study is conducted in collaboration
with The University of Aberdeen, Newcastle University and
Glasgow Caledonian University.
Who has reviewed the study?
This study has been given a favourable ethical opinion by the
South East Scotland Research Ethics Committee.
You will be given a copy of the information sheet and a signed
consent form to keep.
Thank you for taking the time to read this information sheet.
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Study Number:
Patient Identification Number for this study

CONSENT FORM
Title of Project: Testing a behavioural change intervention
to increase walking after stroke
Name of Researcher: Dr Gillian Mead

Please initial box

1. I confirm that I have read and understand the information sheet dated 13/06/2012
for the above study. I have had the opportunity to consider the information, ask
questions and have had these answered satisfactorily.
2. I understand that my participation is voluntary and that I am free to withdraw at
any time, without giving any reason, without my medical care or legal rights being
affected.
3. I understand that relevant sections of any of my medical notes and data collected
during the study may be looked at by responsible individuals from University of
Edinburgh, from regulatory authorities or from NHS Lothian, where it is relevant to
my taking part in this research. I give permission for these individuals to have
access to my records.
4. I understand that I must pass the step counter screening to be fully eligible for the
study.
5. I agree to my GP being informed of my participation in the study.
6. I agree to take part in the above study.

________________________

_______________ ____________________

Name of Patient

Date

_________________________
Name of Person taking consent
(if different from researcher)

________________ ____________________
Date
Signature

______________________
Researcher

________________ ____________________
Date
Signature

Signature

When completed, 1 for patient; 1 for researcher site file; 1 (original) to be kept in
medical notes
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APPENDIX 10: Updated participant information sheet, consent form and
participant booklets for recruitment round two

GERIATRIC MEDICINE
Clinical and Surgical Sciences
SCHOOL of CLINICAL SCIENCES
and COMMUNITY HEALTH
The University of Edinburgh
Room S1642
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh EH16 4SA
Secretaries: Mrs M Harding

Testing a behavioural change intervention to
increase walking after stroke
You are being invited to take part in a research study. Before you
decide, it is important for you to understand why the research is
being done and what it will involve. Please read the following
information carefully. Talk to others about the study if you wish.
 Part 1 tells you the purpose of this study and what will happen
to you if you take part.
 Part 2 gives you more detailed information about the conduct of
the study.
Please ask us if there is anything that is not clear or if you would
like more information. Take time to decide whether or not you
wish to take part.
Thank you for reading this.
Part 1
What is the purpose of this study?
Stroke survivors are often advised to increase their physical
activity. Walking is one of the easiest ways to increase physical
activity. One possible way to increase walking is to use a step
counter. These are small devices, worn on the body, which tells
the user how many steps they have walked. However, step
counters do not detect steps in everyone. Another way to monitor
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the amount of walking is to use a diary to record how much time is
spent walking each day. We want to find out whether giving a step
counter (or a diary to record time spent walking outdoors) in
addition to personalised weekly step targets, support, motivation
and advice will encourage stroke survivors to increase their
walking.

Why have I been chosen to take part?
You have been chosen to take part because you have recently
had a stroke. This study will recruit stroke survivors throughout
Edinburgh and The Lothians over a 6 month period.
Do I have to take part?
It is up to you to decide whether or not to take part. The
researcher will discuss the study with you and answer any
questions you may have. You will be given this information sheet
and at least 4 hours to decide if you wish to participate in the
study. If you decide to take part, you will keep this information
sheet and sign a consent form. If you decide to take part, you are
free to withdraw at any time and without giving a reason. A
decision to withdraw at any time or a decision not to take part will
not affect the standard of care you receive.
What will happen to me if I take part?
The researcher will visit you on the ward shortly before you go
home.
You will be asked to walk for 2 minutes with a step counter
attached to your clothing, above your hip. The 2 minute walk will
determine if the step counter accurately detects the number of
steps you walk. If the step counter detects 70% of your steps, you
will be given the step counter to take home with you. If the step
counter does not detect 70% of steps, we will ask you to keep a
diary to record how many minutes you spend walking outdoors
each day.
We will gather information from your medical notes and from the
team looking after you, about the type of stroke you have had and
how it has affected you. We will ask you to complete five short
questionnaires and perform a straightforward test to measure your
balance and mobility. This test will look at your walking speed and
ask you to perform different balance tests.
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At discharge from hospital
We will ask you to record the number of steps you walk or the
time you spend walking outdoors each day in a diary. If you take a
step counter home, this will be worn daily attached to your
clothing, above your hip. During the first week home you will also
wear an accelerometer. An accelerometer is a small device that
will be attached to your thigh. The accelerometer records how
much time you spend being physically active.
After this first week the researcher will visit you at home. At this
visit the researcher will discuss how you have found using the
step counter (if applicable) and go through a booklet with you. The
booklet will help keep you motivated to increase your walking,
help you plan the goals you wish to achieve and help you involve
your family and friends in your decision to increase your walking.
At the end of the study if you have been using the step counter
you may keep it if you wish.
Follow up
 The researcher will telephone you each week for the first
month, and then fortnightly for the remaining 2 months.
These telephone calls will be to answer any questions or
concerns you have, set your weekly walking targets and
help maintain your motivation.
 One-two months after the initial visit the researcher will
organise a group meeting. This is optional and you do not
have to attend if you would prefer not to. At this meeting you
can discuss walking with other participants and find out how
they are progressing with their walking. The researcher will
convene the meeting. The meeting will last approximately 1
hour and be held at The Clinical Research Facility at the
Royal Infirmary of Edinburgh. Travel expenses will be
reimbursed or we can arrange transport to and from the
Royal Infirmary for you.
 You will also wear the accelerometer in the final week of the
study. Physical activity data will be downloaded from the
accelerometer onto a computer and compared with the first
week of the study. This will help us to determine if the
intervention helps increase physical activity.
 After the final week, we will ask you to come back into The
Clinical Research Facility at the Royal Infirmary of
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Edinburgh. At this visit you will be asked to repeat four of
the short questionnaires and the balance and mobility tests.
This should take no more than 30 minutes. Travel expenses
will be reimbursed or we can arrange transport to and from
The Royal Infirmary for you.

What do I have to do?
There are no lifestyle restrictions.
What are the possible benefits of taking part?
Some participants may find it helpful to talk to someone about
their symptoms after a stroke. The information we get from the
study may help us to better treat patients with stroke in the future.
What are the possible disadvantages and risks of taking
part?
We do not envisage any particular risks to your taking part.
When walking, it is possible to develop aching and stiffness in
your muscles or become tired. This should improve as you
become more active.
What happens when the research study stops?
We will analyse the data and publish it in a journal. It will not be
possible to identify you from the publication. Once the study has
finished, we will send all study participants a newsletter describing
the results of the study.
For further information, please see Part 2 of this information
sheet.
What if there is a problem?
Any complaint about the way you have been dealt with during the
study or any possible harm you might suffer will be addressed.
The detailed information on this is given in Part 2.
Will my taking part in the study be kept confidential?
Yes. All the information about your participation in this study will
be kept confidential. The details are included in Part 2.
Contact Details
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For further information, please contact Prof Gillian Mead,
Consultant Stroke Physician, who is leading the study. Her phone
number is 0131 242 6481 and her email address is
Gillian.e.mead@ed.ac.uk.
If you have any concerns about the study, please contact Prof
Mead in the first instance.
If you would like to discuss this study with someone independent
of the study team please contact: Dr Susan Shenkin, Senior
Clinical Lecturer, on 0131 242 6481
This completes Part 1 of the Information Sheet.
If the information in Part 1 has interested you and you are
considering participation, please continue to read the additional
information in Part 2 before making any decision.

Part 2
What if relevant new information becomes available?
If new information relevant to this project becomes available
during the course of study, we will let you know about this.
What will happen if I don’t want to carry on with the study?
If you decide at any time throughout the study that you do not
want to complete the study, you can withdraw from the study.
However, if you do decide to withdraw, we would like to keep any
data which we have already collected.
What if there is a problem?
If you have a complaint about you treatment by members of staff
(doctors, nurses etc) you should complain through the usual NHS
complaints system.
If you have a complaint about the research you are involved in,
you should complain to Prof Mead in the first instance. If there is
a reportable serious adverse event, Prof Mead will report this to
the sponsor of the study (NHS Lothian and University of
Edinburgh).
Complaints
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If you have a concern about any aspect of this study, you should
ask to speak with the researchers who will do their best to answer
your questions (0131 242 6481). If you remain unhappy and wish
to complain formally, you can do this through the NHS Complaints
Procedure.
NHS Lothian Complaints Team
2nd Floor
Waverley Gate
2-4 Waterloo Place
Edinburgh
EH1 3EG
Tel: 0131 465 5708
Harm
In the event that something does go wrong and you are harmed
during the research study there are no special compensation
arrangements. If you are harmed and this is due to someone’s
negligence then you may have grounds for a legal action for
compensation against (NHS Lothian or University of Edinburgh)
but you may have to pay your legal costs. The normal National
Health Service complaints mechanisms will still be available to
you (if appropriate).
The University of Edinburgh has insurance. You may be able to
make a claim.
Will my taking part in this study be kept confidential?
Our procedures for handling, processing, storage and destruction
of their data are compliant with the Data Protection Act 1998.
We will obtain your permission to access your medical records
and to collect data about you during the course of the study.
Information about you will be collected onto paper forms. These
will be stored securely in a locked filing cabinet, in a locked office
at the Royal Infirmary hospital. Prof Mead will be in charge of the
data. The research team will be authorised to have access to the
data. The sponsors of the research (University of Edinburgh and
NHS Lothian), regulatory authorities will have access, as
necessary, to view the data for monitoring the quality of research.
All will have a duty of confidentiality to you. Nothing that could
reveal your identity will be disclosed outside the research site.
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Data which identifies you as an individual will be destroyed 12
months after the end of the study.
After we have collected data from each visit, the data will be
entered onto a computer database, held at the University of
Edinburgh. When this is done, you will be given a unique code
number, so that you cannot be identified by the information stored
on the computer data base.
You have the right to check the accuracy of data held about you
and correct any errors.
Involvement of the General Practitioner/Family doctor (GP)
Your own general practitioner will be informed about your
participation in the study. We will write in your medical records
that you have agreed to take part.
What will happen to the results of the research study?
The results of the study will be published in medical journals. We
will also send a report to The Stroke Association. If you would like
to see the results, please ask and we can make sure that you are
sent a copy. You will not be identified in any report or publication.
It will not be possible to identify you from this publication.
Who is organising and funding the research?
The Stroke Association is funding the research. The University of
Edinburgh and NHS Lothian are co-sponsors of the research and
are overseeing it. Prof Mead who is the Principal Investigator is in
charge of the running of the study. She is not being paid for
including you in the study. The study is conducted in collaboration
with The University of Aberdeen, Newcastle University and
Glasgow Caledonian University.
Who has reviewed the study?
This study has been given a favourable ethical opinion by the
South East Scotland Research Ethics Committee.
You will be given a copy of the information sheet and a signed
consent form to keep.
Thank you for taking the time to read this information sheet.
Study Number:
Patient Identification Number for this study
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GERIATRIC MEDICINE
Clinical and Surgical Sciences
SCHOOL of CLINICAL SCIENCES
and COMMUNITY HEALTH
The University of Edinburgh
Room S1642
Royal Infirmary of Edinburgh
51 Little France Crescent
Edinburgh EH16 4SA
Secretaries: Mrs M Harding

CONSENT FORM
Title of Project: Testing a behavioural change intervention
to increase walking after stroke
Name of Researcher: Prof Gillian Mead

Please initial box

1. I confirm that I have read and understand the information sheet dated 09/12/2013
for the above study. I have had the opportunity to consider the information, ask
questions and have had these answered satisfactorily.
2. I understand that my participation is voluntary and that I am free to withdraw at
any time, without giving any reason, without my medical care or legal rights being
affected.
3. I understand that relevant sections of any of my medical notes and data collected
during the study may be looked at by responsible individuals from University of
Edinburgh, from regulatory authorities or from NHS Lothian, where it is relevant to
my taking part in this research. I give permission for these individuals to have
access to my records.
4. I agree to my GP being informed of my participation in the study.
5. I agree to take part in the above study.

________________________
Name of Patient

________________ ____________________
Date
Signature

_________________________
Name of Person taking consent
(if different from researcher)

________________ ____________________
Date
Signature

______________________
Researcher

________________ ____________________
Date
Signature

When completed, 1 for patient; 1 for researcher site file; 1 (original) to be kept in medical
notes

Minutes walking group:
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of Edinburgh and NHS Lothian for their support.
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The aim of this booklet is to help you increase your walking.
You and the researcher will work through this booklet together
and plan how to increase your walking.
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Section 1
This section gives you information about the benefits of
increasing your walking after a stroke. This section also covers
any difficulties you might face as you try to increase your
walking.

Why walking is important
Stroke survivors are often advised to do more physical activity.
Walking is one of the easiest ways to do this. You can enjoy
walking alone or with someone else. You can walk when you
want, where you want and without much planning or special
equipment.

Increasing walking may
 boost your energy levels
 lower your blood pressure and cholesterol, which may
reduce the risk of a further stroke
 control your body weight
 prevent walking becoming difficult in the future
 increase your fitness
 strengthen your bones

300

However you may find that increased walking may
 make you tired, especially if you begin doing too much,

too soon
 cause muscle stiffness and aching. This tends to be
temporary and is less likely to occur as your body
becomes used to doing more walking

The researcher will have checked with your medical team
that it is safe for you to take part in this study (there can be
small risks involved when increasing walking, including falls
and the risk of a heart attack). When you walk, please
follow the advice from you own doctor/physiotherapist e.g.
if you walk with an aid (e.g. Zimmer frame) please continue
do so whilst taking part in this study. If you begin to feel
unwell when walking, please seek advice from your own
doctor.

Importantly, in the longer term, we know that walking is
good for your health and may reduce the risk of stroke and
heart attack.

Section 2
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This section is about how your family and friends can help you
increase your walking. For each question circle the appropriate
answer/s and write any comments.

Support from family and friends
How would your family and friends feel if you increased your
walking?
Happy

Comments

Sad
Calm
Worried
Supportive
Unsupportive

Would your family and friends support you increasing your
walking?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure
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Would your family and friends increase their own walking with
you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure

Would your family and friends go walking with you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure
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Section 3
The following section contains an information sheet for your
family and friends. It can be removed from the booklet and
given to your friends and family members. If you need
additional copies of the information sheet, let the researcher
know.
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Family Information Sheet
Stroke survivors are often advised to do more physical activity.
Walking is one of the easiest ways to do this. Walking improves
health and fitness.

Increasing walking may
 boost energy levels
 lower blood pressure and cholesterol, which may reduce
the risk of a further stroke
 control body weight
 prevent walking becoming difficult in the future
 increase fitness
 strengthen bones

…………………….…. has decided to participate in a 3 month study.
The study aims to increase walking.
…………………………. will be given weekly walking targets. The
researcher and …………………………. will plan how to meet these
walking targets.
We will provide ………………………. with motivation and support
throughout the study to help boost his/her confidence.
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How you can support ………………………
Sometimes it can be difficult to increase walking. If you
encourage …………………….…. to walk, this may help him/her to
continue to increase their walking.
If you try to increase your own walking, this could also help
motivate …………………….. and increase his/her confidence to
take part in physical activity. If you walk with ………………………..
this may also help you feel less anxious about their safety
when they are out and about.

If you have any questions please contact Sarah Nicholson on
0131 242 6940.
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Section 4
This section will help you plan how to increase your walking. It
will also help you to think about any difficulties you may face.
In this section, you will record how confident you feel about
increasing your walking.

Action planning and coping planning
Believing you are capable of increasing your walking is
important. You may find it helpful to plan how and when you
will increase your walking. Think about the challenges you may
encounter when trying to carry out what you plan (coping
plans). This will help you to deal with difficulties if they arise.

Action plans and coping plans will be filled in with the help of
the researcher. You do not need to fill in all 5 goals at the start
of the study. As you progress through the study you may wish
to add more goals or change your existing goals.

Below is an example goal.
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Example goal: To walk to the shops for a newspaper
What?
When?
How?
Potential
Describe
Describe the Specify
problems
what you
time of day the
that could
will do to
and duration situation happen?
achieve your
goal
1. Walk to
First thing in Ask friend 1. Too tired to
the end of
to walk
go out
morning
the street
with me
walking
after
and back
2. Friend can’t
breakfast.
2. Walk to
walk with me.
post box and
back
3. Walk to
shops and
back

How can I
tackle these
problems?

1. Rest, but
try and walk
tomorrow
2. Ask other
friends or
family
members if
they can
walk with
me.
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Goal 1
What?

When?

How?

When?

How?

Potential
problems?

How can I tackle
these problems?

Goal 2
What?

Potential
problems?

How can I tackle
these problems?

309

Goal 3
What?

When?

How?

Potential
problems?

How can I tackle
these problems?

Goal 4
What?

When?

How?

Potential
problems?

How can I tackle
these problems?

Goal 5
What?

When?

How?

Potential
problems?

How can I tackle
these problems?
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Your feelings
We now want to look at how confident you feel about walking.
Having confidence in your own walking is important. Believing
you are capable of increasing your walking can help you to
achieve your walking goals.

To determine your confidence in increasing your walking
during the study, please circle the appropriate answers for the
following sentences.

I intend to increase my walking over the study period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree

I am confident I will be able to increase my walking over the
study period?
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1

Least Confident

2
3
4
5

Most confident

To help achieve your goals you may need help from family
or friends to take you out and walk with you. Here are some
suggestions that might help with this
 encourage a family member(s) to go walking with you
 try to share driving amongst different family members
and friends
 ask your stroke nurse about any local community stroke
classes you could attend that offer transport
 enquire about volunteer driver services (e.g. WRVS
Edinburgh Community Transport Service)

Many stroke survivors prefer walking outside. However, if you
can’t walk outside, walking around your house or garden may
also help you achieve your walking targets.

312

Section 5
In this section, please record the time you spend walking each
day. This will allow you to see the progress you make during
the study. If you did not meet your walking target, please
make notes on each diary entry which might explain the
reasons (i.e. feeling unwell, poor weather). These notes will
help the research team understand the difficulties stroke
survivors face when trying to increase walking. If you wish,
family members or friend can help you fill out your daily
walking diary.

Walking Diary
This walking diary will allow you to track the progress of your
walking and see the improvements you have made.

We would also like you to record how many minutes you
spend walking outdoors each day. After each period of walking
outdoors please record the number of minutes you spent
walking. Please record the total minutes you spend walking
outdoors in the diary each night before bed.
If you miss a day do not worry, but try not to forget the next
day.
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Repeated for weeks 2‐7

Date

Approximately
how long did you
walk outdoors for
today? (minutes)

Approximately how
long did you walk
indoors for today?
(minutes)

Notes

Total
weekly
walking
(minutes):

Walking
target
(minutes):
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Looking back
You are now half way through the 3 month study. Hopefully,
you have already achieved some of your goals and the time
spent walking each week has increased. If this is not the case,
do not worry. There are still 6 weeks left of the study, when
you can try and increase your walking.
Take a moment to look back at the barriers you felt at the
beginning of the study. Have you managed to overcome any of
these? Have any of these barriers changed since the start of
the study?

Has your intention to increasing walking altered since the
beginning of the study? Circle the appropriate answer below

I intend to increase my walking over the rest of the study
period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
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Has your confidence to increasing walking altered since the
beginning of the study? Circle the appropriate answer below.

I am confident I will be able to increase my walking over the
rest of the study period?
1

Least Confident

2

3

4

5

Most confident

Continue to look back through this booklet to remind yourself
of what you have already achieved. Some days may be more
difficult than others. Continue to monitor your walking for the
remaining 6 weeks. This will help you maintain your walking in
the future.

316

Repeated for week 8‐13

Date

Approximately
how long did you
walk outdoors for
today? (minutes)

Approximately how
long did you walk
indoors for today?
(minutes)

Notes

Total
weekly
walking
(minutes):

Walking
target
(minutes):
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Congratulations, you have now reached the end of the study.

The researcher should have already contacted you to arrange
another visit into The Clinical Research Facility at The Royal
Infirmary of Edinburgh. This visit should happen within the
next week. This purpose of this visit will be to repeat the 5
questionnaires and leg function test.
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Section 6
Study feedback
Now that you have completed the 3 month study, please take
a couple of minutes to fill out this feedback form. The
information we receive will help us improve future studies for
stroke survivors.

Do you think this study was
Too long?
Too short?
Just the right length?

How easy did you find recording your time spent walking each
day?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult
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How easy was booklet to follow?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult
Were the telephone calls from the researcher
Too frequent?
Not frequent enough?
About right?
Were you satisfied with the help and advice the intervention
gave you?

1

2

3

4

(totally unsatisfied)

5

6

7

8

9

10

(totally satisfied)
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Additional comments to the research team about the study
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The aim of this booklet is to help you increase your walking.
You and the researcher will work through this booklet together
and plan how to increase your walking.
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Section 1
This section gives you information about the benefits of
increasing your walking after a stroke. This section also covers
any difficulties you might face as you try to increase your
walking.

Why walking is important
Stroke survivors are often advised to do more physical activity.
Walking is one of the easiest ways to do this. You can enjoy
walking alone or with someone else. You can walk when you
want, where you want and without much planning or special
equipment.

Increasing walking may
 boost your energy levels
 lower your blood pressure and cholesterol, which may
reduce the risk of a further stroke
 control your body weight
 prevent walking becoming difficult in the future
 increase your fitness
 strengthen your bones
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However you may find that increased walking may
 make you tired, especially if you begin doing too much,

too soon
 cause muscle stiffness and aching. This tends to be
temporary and is less likely to occur as your body
becomes used to doing more walking

The researcher will have checked with your medical team
that it is safe for you to take part in this study (there can be
small risks involved when increasing walking, including falls
and the risk of a heart attack). When you walk, please
follow the advice from you own doctor/physiotherapist e.g.
if you walk with an aid (e.g. Zimmer frame) please continue
do so whilst taking part in this study. If you begin to feel
unwell when walking, please seek advice from your own
doctor.

Importantly, in the longer term, we know that walking is
good for your health and may reduce the risk of stroke and
heart attack.
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Section 2
This section is about how your family and friends can help you
increase your walking. For each question circle the appropriate
answer/s and write any comments.

Support from family and friends
How would your family and friends feel if you increased your
walking?
Happy

Comments

Sad
Calm
Worried
Supportive
Unsupportive

Would your family and friends support you increasing your
walking?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure
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Would your family and friends increase their own walking with
you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure

Would your family and friends go walking with you?
Yes definitely

Comments

Yes probably
Probably not
Definitely not
Unsure
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Section 3
The following section contains an information sheet for your
family and friends. It can be removed from the booklet and
given to your friends and family members. If you need
additional copies of the information sheet, let the researcher
know.

Family Information Sheet
Stroke survivors are often advised to do more physical activity.
Walking is one of the easiest ways to do this. Walking improves
health and fitness.

Increasing walking may
 boost energy levels
 lower blood pressure and cholesterol, which may reduce
the risk of a further stroke
 control body weight
 prevent walking becoming difficult in the future
 increase fitness
 strengthen bones
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…………………….…. has decided to participate in a 3 month study.
The study aims to increase walking.
…………………………. will be given weekly walking targets. The
researcher and …………………………. will plan how to meet these
walking targets.
We will provide ………………………. with motivation and support
throughout the study to help boost his/her confidence.

How you can support ………………………
Sometimes it can be difficult to increase walking. If you
encourage …………………….…. to walk, this may help him/her to
continue to increase their walking.
If you try to increase your own walking, this could also help
motivate …………………….. and increase his/her confidence to
take part in physical activity. If you walk with ………………………..
this may also help you feel less anxious about their safety
when they are out and about.

If you have any questions please contact Sarah Nicholson on
0131 242 6940.
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Section 4
This section will help you plan how to increase your walking. It
will also help you to think about any difficulties you may face.
In this section, you will record how confident you feel about
increasing your walking.

Action planning and coping planning
Believing you are capable of increasing your walking is
important. You may find it helpful to plan how and when you
will increase your walking. Think about the challenges you may
encounter when trying to carry out what you plan (coping
plans). This will help you to deal with difficulties if they arise.

Action plans and coping plans will be filled in with the help of
the researcher. You do not need to fill in all 5 goals at the start
of the study. As you progress through the study you may wish
to add more goals or change your existing goals.

Below is an example goal.

331

Example goal: To walk to the shops for a newspaper
What?
When?
How?
Potential
Describe
Describe the Specify the problems
what you time of day situation
that could
will do to and duration
happen?
achieve
your goal
1. Walk to First thing in Ask friend
1. Too tired to
the end of morning
to walk
go out
the street after
with me
walking
and back breakfast.
2. Friend can’t
2. Walk to
walk with me.
post box
and back
3. Walk to
shops and
back

How can I
tackle these
problems?

1. Rest, but
try and walk
tomorrow
2. Ask other
friends or
family
members if
they can
walk with
me.
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Goal 1
What?

When?

How?

Potential
problems?

How can I tackle
these problems?

Goal 2
What?

When?

How?

Potential
problems?

How can I tackle
these problems?
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Goal 3
What?

When?

How?

Potential
problems?

How can I tackle
these problems?

Your feelings
We now want to look at how confident you feel about walking.
Having confidence in your own walking is important. Believing
you are capable of increasing your walking can help you to
achieve your walking goals.

To determine your confidence in increasing your walking
during the study, please circle the appropriate answers for the
following sentences.
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I intend to increase my walking over the study period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree

I am confident I will be able to increase my walking over the
study period?
1

Least Confident

2
3
4
5

Most confident

To help achieve your goals you may need help from family
or friends to take you out and walk with you. Here are some
suggestions that might help with this
 encourage a family member(s) to go walking with you
 try to share driving amongst different family members
and friends

335

 ask your stroke nurse about any local community stroke
classes you could attend that offer transport
 enquire about volunteer driver services (e.g. WRVS
Edinburgh Community Transport Service)

Many stroke survivors prefer walking outside. However, if you
can’t walk outside, walking around your house or garden may
also help you achieve your walking targets.
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Section 5
In this section, please record the time you spend walking each
day. This will allow you to see the progress you make during
the study. If you did not meet your walking target, please
make notes on each diary entry which might explain the
reasons (i.e. feeling unwell, poor weather). These notes will
help the research team understand the difficulties stroke
survivors face when trying to increase walking. If you wish,
family members or friend can help you fill out your daily
walking diary.

Step Diary
This step diary will allow you to track the progress of your
walking and see the improvements you have made.
5. Each morning, as soon as you get up, put on the step
counter
6. Leave it on all day
7. At bedtime remove the step counter
8. Record the number of steps from the step counter into
your step diary

If you miss a day do not worry, but try not to forget the next
day.
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We would also like you to record how many minutes you
spend walking outdoors each day. After each period of walking
outdoors please record the number of minutes you spent
walking. Please record the total minutes you spend walking
outdoors in the diary each night before bed.
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Repeated weeks 2‐7
Pedometer target for this week:
Date

Approximately
how long did
you walk
outdoors for
today?
(minutes)

Approximately Pedometer
how long did you
reading
walk indoors for
today? (minutes)

Notes

Total
weekly
walking:
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Looking back
You are now half way through the 3 month study. Hopefully,
you have already achieved some of your goals and the time
spent walking each week has increased. If this is not the case,
do not worry. There are still 6 weeks left of the study, when
you can try and increase your walking.
Take a moment to look back at the barriers you felt at the
beginning of the study. Have you managed to overcome any of
these? Have any of these barriers changed since the start of
the study?

Has your intention to increasing walking altered since the
beginning of the study? Circle the appropriate answer below

I intend to increase my walking over the rest of the study
period?

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
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Has your confidence to increasing walking altered since the
beginning of the study? Circle the appropriate answer below.

I am confident I will be able to increase my walking over the
rest of the study period?
1

Least Confident

2
3
4
5

Most confident

Continue to look back through this booklet to remind yourself
of what you have already achieved. Some days may be more
difficult than others. Continue to monitor your walking for the
remaining 6 weeks. This will help you maintain your walking in
the future.
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Repeated weeks 8‐13
Pedometer target for this week:
Date

Approximately
how long did you
walk outdoors
for today?
(minutes)

Approximately
how long did
you walk
indoors for
today?
(minutes)

Pedometer
reading

Notes

Total
weekly
walking:
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Congratulations, you have now reached the end of the study.

The researcher should have already contacted you to arrange
another visit into The Clinical Research Facility at The Royal
Infirmary of Edinburgh. This visit should happen within the
next week. This purpose of this visit will be to repeat the 5
questionnaires and leg function test.
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Section 6
Study feedback
Now that you have completed the 3 month study, please take
a couple of minutes to fill out this feedback form. The
information we receive will help us improve future studies for
stroke survivors.

Do you think this study was
Too long?
Too short?
Just the right length?

How easy did you find recording your time spent walking each
day?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult
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How easy was booklet to follow?
Very easy
Quite easy
Neither easy nor difficult
Quite difficult
Very difficult
Were the telephone calls from the researcher
Too frequent?
Not frequent enough?
About right?
Were you satisfied with the help and advice the intervention
gave you?

1

2

3

4

(totally unsatisfied)

5

6

7

8

9

10

(totally satisfied)

Additional comments to the research team about the study
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