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Thesis Abstract

Background: Individuals with spinal cord injury (SCI), such as paraplegia, are at a higher risk
of cardiovascular disease (CVD) than non-disabled individuals. Furthermore, these individuals
have high levels of sedentary behaviour, which is an independent risk factor for CVD.
Reducing and breaking up sedentary behaviour could be a potential intervention focus for
individuals with paraplegia. Currently, evidence around the effectiveness of sedentary
behaviour interventions in individuals with paraplegia is unclear. Sedentary behaviour
interventions have been shown to be effective in non-disabled individuals. However, due to the
unique needs of manual wheelchair-users with paraplegia, it is unlikely that interventions
designed for non-disabled individuals would be acceptable or effective for this population.
Therefore, tailored sedentary behaviour interventions should be developed for individuals with

paraplegia.

Methods: A mixed-methods approach was used throughout this thesis. The initial
‘Development’ phase of the Medical Research Council (MRC) framework for developing and
evaluating complex interventions was undertaken via a systematic review to explore the effects
of interventions on sedentary behaviour and CVD biomarkers in individuals with paraplegia
(Chapter 4), and development of a sedentary behaviour intervention using the Behaviour
Change Wheel (Chapter 5). Subsequently, the ‘Feasibility’ phase of the MRC framework was
undertaken via a feasibility study to evaluate the acceptability, safety, feasibility and

preliminary efficacy of the intervention in individuals with paraplegia (Chapter 6).

Results: The systematic review found that interventions specifically targeting sedentary
behaviour show promise for improving this outcome and CVD biomarkers. The co-design
study identified 29 barriers and facilitators to reducing and breaking up sedentary behaviour,

which were then selectively targeted by specific intervention components: a wearable activity
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tracker, educational booklet, goal setting, motivational support, peer support and activity tools.
Evaluation of this intervention found that it was acceptable, safe and feasible. In addition, the
intervention showed preliminary efficacy for improving sedentary behaviour, physical activity,

some CVD biomarkers and psychosocial health outcomes.

Conclusion: This research contributes a novel co-designed, theory-driven sedentary behaviour
intervention in individuals with paraplegia. The intervention was acceptable, safe and feasible
to deliver, which can inform progression to a future definitive randomised controlled trial. If
found to be effective, this research could inform future healthcare policy and public health
guidelines in individuals with paraplegia, with a focus on reducing and breaking up sedentary

behaviour to improve CVD biomarkers.
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Chapter 1: Thesis Introduction

1.1 Spinal Cord Injury

Spinal cord injury (SCI) has been defined by the World Health Organization (WHO, 2013) as
damage to the spinal cord as a result of trauma, disease or degeneration. Individuals with SCI
experience motor, sensory and autonomic dysfunction across and below the site of the lesion
(Kirshblum et al., 2011). The extent of the neurological deficit that results from SCI can be
classified using the American SCI Association International Standards for Neurological
Classification of SCI (ISNCSCI) scale (Kirshblum et al., 2020). The ISNCSCI scale is
comprised of two main criteria. Firstly, the extent of the damage to the spinal cord, which is
assessed in respect to whether the spinal cord is sufficiently damaged to eradicate all sensory
and motor function below the lesion (i.e. a complete SCI), or whether some sensory and/or
motor function below the lesion is spared (i.e. an incomplete SCI). Secondly, the neurological
level of the injury is classified as the longitudinal section of the spinal cord column that is
affected (cervical, thoracic, lumbar or sacral). The neurological level of injury has a
disproportionate influence on the severity of the symptoms experienced (Kirshblum et al.,
2011) and can be classified according to two main categories. Tetraplegia is the highest level
and most severe SCI, characterised by impairment in large parts of the body. It has been defined
as loss of motor, sensory and autonomic function in the upper limbs, trunk, lower limbs, cardiac
and respiratory system caused by injury to cervical spinal levels (Paddison & Hexter, 2018).
Paraplegia is defined as dysfunction of the trunk and lower limbs as a result of damage to the
spinal cord at or below the first thoracic vertebrae (T1) (Figure 1). The condition is considered
less severe than tetraplegia, as there is less arm, respiratory and autonomic involvement
(Paddison & Hexter, 2018). As a result, individuals with paraplegia have greater capacity to
remain physically active using the upper limbs and are, therefore, the population group of focus

for this thesis.



In a long-term observational study across two British spinal injury centres from 1943 to 2010,
47% of individuals with SCI were classified as tetraplegic, whereas 53% were classified as
paraplegic (Savic et al., 2017). Between 1990 and 2010, 51.7% of individuals with SCI were

classified as tetraplegic, whereas 48.3% were classified as paraplegic (Savic et al., 2017).

TETRAPLEGIA
PARAPLEGIA
Thoracic vertebrae
(T-1to T-8and T9to
Region of damage Cl1-C8 T12), lumbar and
sacral regions
Site of injury Neck Below the neck

Areaof Partial/ Hip flexors, legs,
completelossof  Hands, legs and arms trunk, abdominal
sensation/ movement muscles
Bowel and bladder Affected Unaffected
control

Figure 1. Neurological level of spinal cord injury, adapted from Shroff et al. (2016, pp. 6).

1.2 Prevalence of Spinal Cord Injury

In the United Kingdom (UK), there are approximately 4,400 new SCI cases each year (Spinal
Research, 2024), a large upsurge from the previous figure of 2,500 per year in 2019 (Spinal
Injuries Association, 2019). This increase is thought to be a result of improved reporting
(Spinal Research, 2024). Physical trauma accounted for 49% of SCI patients admitted to UK

spinal injury centres between 2017 and 2018, including causes such as falls, traffic collisions



and sport injuries (National Health Service [NHS] England, 2019). The remaining 51% of SCI
cases were caused by non-traumatic events, including tumours, infection and spinal
degeneration (NHS England, 2019). Young adult males aged 20-29 are disproportionately
affected by SCI (Spinal Research, 2015), likely due to this group taking more risks and
undertaking more physical or dangerous professions (Ibrahim et al., 2013). The average age at
injury has increased since the turn of the century in the UK (McCaughey et al., 2016), United
States of America (USA) (Devivo & Chen, 2011), Finland (Ahoniemi et al., 2008) and Spain
(Berg et al., 2011). McCaughey et al. (2016) attributed this to the ageing of the general

population.

1.3 Living With Paraplegia

Classification of paraplegia is broad, including complete or incomplete injuries at the thoracic,
lumbar or sacral regions (Kirshblum et al., 2011), meaning the degree of remaining function
and sensation can vary greatly between individuals. Those with a thoracic injury generally have
reduced function of the trunk, lower limbs, bladder and bowel, but arm and hand function
remain intact. Lumbar injury usually results in a loss of function within the lower limbs, bladder
and bowel, but arm, hand, and trunk function remain. Those with sacral nerve damage usually
lose some function within the lower limbs, bladder and bowel, but retain much more function
than those with a lumbar or thoracic injury, meaning they are usually ambulant (Nas et al.,
2015). Thoracic and lumbar injury causes severe physical disability, meaning these individuals
are generally manual wheelchair-users (Haisma et al., 2006; Post et al., 1997). Wheelchair use
poses personal, interpersonal and environmental barriers to undertaking functional activities
and participating socially (Meyers et al., 2002). However, retained arm function in those with
paraplegia permits them to maintain significant levels of independence, via the ability to

perform transfers and manual wheeling for movement (Jiang et al., 2021).



1.4 Rehabilitation

Treatment and rehabilitation from SCI are lengthy and complex processes (Nas et al., 2015).
Therefore, the rehabilitation process requires a multi-disciplinary approach to ensure optimal
recovery, with strategies in place to support mobility, respiratory function, management of
spasticity, bone density, attenuation of muscle atrophy and maximise quality of life (Nas et al.,

2015).

The rehabilitation journey typically begins in an inpatient setting, after it is ensured that the
individual is medically stable and has established spinal stability (Kirshblum et al., 2007). After
which, the individual is ready to start targeting medical, physical, social, emotional,
recreational, vocational and functional recovery from SCI (Kirshblum et al., 2007). Inpatient
rehabilitation in a specialised SCI unit involves an individualised rehabilitation plan facilitated
by a multi-disciplinary team (Kirshblum et al., 2007). However, some individuals experience
delays in admission or do not get admitted to a specialised unit, meaning they receive hospital
care that is not focused on SCI (Donovan et al., 2017). It has been shown that those who are
admitted to a specialised unit experience improved outcomes than those who do not (McRae et
al., 2020; Smith, 2002). Such difference in patient outcomes highlights a disparity in care
between individuals with SCI across the UK that may affect time of discharge, functional
attainment, presence of comorbidities and preparedness to adapt to a community-based setting

(McRae et al., 2020; Smith, 2002).

Upon initial discharge from inpatient rehabilitation, individuals may receive advice and support
from charities and community organisations, receive support from family and friends, and may
schedule out-patient appointments at a hospital or SCI unit (Bray et al., 2025; Lennox et al.,
2018; Vissers et al., 2008). Due to the difficult process of adapting to the home environment

after this initial discharge into the community, individuals with SCI need continued support



during the transition process (Vissers et al., 2008). However, there is often a gap in services
whilst individuals are on the waiting list for community physiotherapy and occupational
therapy services (Bray et al., 2025). Therefore, community rehabilitation is often delayed and
limited in comparison to inpatient services, meaning further support may be required

throughout this stage of SCI rehabilitation.

1.5 Secondary Health Conditions

Due to significant improvements in medical care and treatment, average remaining life
expectancy after traumatic paraplegia has increased from 25.5 years (52.3% of that of the
general population) in the 1940s to 47 years (78.6% of that of the general population) between
2010 and 2014 (Savic et al., 2017). Despite this, SCI is still a life-changing incident that causes
serious physical disability and a range of secondary health conditions that can negatively affect
quality of life (Adriaansen et al., 2016; Dijkers, 2005). Individuals with SCI generally report
8-14 secondary health problems per year (e.g. pressure ulcers, pain, poor psychological and/or
social wellbeing, obesity, high blood pressure, type 2 diabetes, high cholesterol), which often
occur concurrently (Piatt et al., 2016). Therefore, the development and implementation of

interventions that can reduce the risk of and better manage secondary health conditions after

SCI 1s needed.

1.6 Cardiovascular Disease

A major secondary health condition experienced by individuals with SCI is cardiovascular
disease (CVD) (Cragg et al., 2013a). Cardiovascular disease is a group of conditions that
adversely affects the function and/or structure of the cardiovascular system (Lopez et al., 2023;
Stefanovska & Bracic, 1999). Examples of CVD include coronary artery disease (resulting in
myocardial ischaemia, heart attack and/or heart failure), cerebrovascular disease (including

stroke), peripheral artery disease and aortic atherosclerosis (Benjamin et al., 2018).



1.7 Prevalence of Cardiovascular Disease

The global incidence of CVD has risen from 271 million in 1990 to 523 million in 2019 (Roth
et al., 2020). Cardiovascular disease was the leading cause of death worldwide in 2022,
accounting for 19.8 million deaths (Mensah et al., 2023a; Mensah et al., 2023b). This represents
a significant increase from the 12.1 million deaths caused by CVD in 1990 (Mensah et al.,
2023a; Mensah et al., 2023b). This is despite better prevention and treatment options in recent
years, including enhanced hypertension control, greater use of statins to lower cholesterol,
more common arterial bypass surgeries, and the application of thrombolysis and stents to

prevent myocardial infarction (Mensah et al., 2017).

Greater CVD incidence and mortality in the general population may be due to population
ageing (Xie et al., 2022) and the industrialisation of modern society (Lopez et al., 2023).
Modern industrialisation is characterised by sedentary office jobs, working from home, longer
working hours, longer commutes, less leisure time for physical activity, intake of highly
processed foods with high saturated fat content, and a high caloric intake (Lopez et al., 2023).
Given the upsurge in CVD incidence and mortality in recent decades, alongside the adverse
lifestyle factors observed in modern society, it is evident that CVD remains a significant burden

globally, necessitating interventions that aim to reduce its risk factors.

Individuals with SCI are at a significantly greater risk of CVD than the general population,
with a 2.72-fold and 3.72-fold greater odds of heart disease and stroke, respectively (Cragg et
al., 2013a). Among those with SCI (n = 356), 5.7% had experienced a stroke and 17.1% had
experienced heart disease, compared to just 1.1% and 4.9%, respectively, amongst non-
disabled individuals (n = 60,675) (Cragg et al., 2013a). This increased risk is understood to be
due to a decrease in metabolic rate, progressive sarcopenia (age related loss of skeletal muscle

mass and function) and increased body fat after injury (Gorgey & Dudley, 2007). Additionally,



due to improved medical treatments and management of injury, the average remaining life
expectancy after sustaining SCI is higher than in previous decades (Savic et al., 2017).
Therefore, as individuals with SCI are living for longer, this increases time of exposure to CVD
risk factors (Dhingra & Vasan, 2012). This rationalises the need for interventions to reduce

CVD risk in this population group.

1.8 Risk Factors for Cardiovascular Disease

Intrinsic, uncontrollable factors that increase CVD risk include family history of CVD (Kolber
& Scrimshaw, 2014), genetic dispositions such as familial hypercholesterolaemia or familial
combined hyperlipidaemia (Skoumas et al., 2007), South Asian or African ethnicity (Chiu et
al., 2015), being male (Kaseta et al., 1999), and older age (Dhingra & Vasan, 2012). The
strongest modifiable risk factors for CVD across 52 countries, regardless of age or sex, were
smoking, hyperlipidaemia, history of hypertension, diabetes, visceral obesity, psychosocial
factors, fruit and vegetable intake, alcohol consumption, and physical activity (Yusuf et al.,
2004). Due to the prevalence of modifiable lifestyle factors that exert an influence on CVD
risk, Public Health England (2019) published guidelines that recommended eating a diet
plentiful in fruit, vegetables, fibre and oily fish, whilst low in salt sugar and saturated fat,
reducing excess alcohol consumption, stopping smoking, and performing at least 150 minutes
of moderate-intensity or 75 minutes of vigorous-intensity physical activity per week. To know

if guidelines are effective, a number of biomarkers linked to CVD should be investigated.

1.9 Cardiovascular Disease Biomarkers

A biomarker is “a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic
intervention” (Biomarkers Definitions Working Group, 2001, pp. 91). Biomarkers are useful

tools to identify high-risk individuals, diagnose conditions promptly and accurately, make



prognoses, and guide treatment options (Vasan, 2006). A biomarker may be measured via a
biological sample (e.g. blood, urine or tissue), a recording obtained from an individual (e.g.
blood pressure, body composition or anthropometry), or via an imaging test (e.g.
echocardiogram or computed tomography scan) (Vasan, 2006). The measurement of
biomarkers in clinical trials is an effective and reliable way of assessing the effectiveness of

interventions to improve health outcomes (Biomarkers Definitions Working Group, 2001).

Multiple biological pathways have been implicated in the aetiology of CVD, meaning the
potential for biomarkers is wide-reaching, and the measurement of more than one is common
practice (Stoner et al., 2013). Cardiovascular disease biomarkers are often grouped according
to the pathologic process they represent, such as inflammation, oxidative stress or metabolic
function (Dhingra & Vasan, 2017). In this PhD project, CVD biomarkers are grouped
according to body composition, blood pressure, glycaemia and lipid profile. The following
sections discuss CVD biomarkers in the general population, whereas SCI-specific literature is

reviewed in Chapters 3 and 4.

1.9.1 Body Composition Biomarkers

Body composition is the relative proportion of tissue types in an individual, including lean
mass, fat mass and overall mass (Hawkesworth, 2012). Anthropometry is the measurement of
body size and proportions relating to height, length, and circumference (Wang et al., 2000).
Both are used for monitoring overweight and obesity in the population, which are at epidemic
levels globally. In 2022, 29% of UK adults were obese (Body Mass Index [BMI] > 30), and
64% were either overweight or obese (BMI > 25) (NHS England, 2024). This is in comparison
to 15% being obese and 53% being overweight or obese, respectively, in 1993 (NHS England,
2024). Obesity can accelerate the risk for CVD, as greater body fat mass can have a detrimental

impact on lipid profile, blood pressure, glycaemia, and inflammation (Ortega et al., 2016).



Excess adiposity in central areas surrounding key organs is a strong indicator of CVD (Lear et
al., 2012), with biomarkers of central adiposity such as waist circumference significantly
associated with adverse risk factors for CVD such as glucose, blood pressure, and lipid profile
(Lam et al., 2015). As a result of body composition being closely related to CVD, such

measures should be utilised as CVD risk biomarkers.

1.9.2 Blood Pressure Biomarkers

Blood pressure is linked to CVD risk in two different ways. Firstly, greater blood pressure
variability can act as a trigger for CVD events such as myocardial infarction and stroke, via
increased mechanical stress on vascular walls. Secondly, a high resting blood pressure
(hypertension) causes endothelial dysfunction and atherosclerosis (Kario et al., 2017). Both of
these conditions lead to the narrowing of arteries, restricting blood flow to major organs and
increasing risk of myocardial infarction and stroke (Bentzon et al., 2014). Resting blood
pressure is measured as systolic blood pressure, diastolic blood pressure and mean arterial
pressure (MAP) (Turner et al., 2007). High levels of systolic blood pressure, diastolic blood
pressure and MAP were significant predictors of CVD incidence in a large cohort study of
11,150 men (52 + 3 years) (Sesso et al., 2000). The evidence discussed here suggests that blood
pressure is strongly linked to CVD, meaning these biomarkers should be measured in research

related to CVD.

1.9.3 Glycaemic Biomarkers

Glucose is an essential substrate for energy production, with uptake from the bloodstream being
mediated by the hormone insulin (Satoh, 2014). Chronic high levels of blood glucose can blunt
the response to insulin (insulin resistance), meaning insufficient glucose passes into the cells
and instead remains in the bloodstream. Insulin resistance has an adverse effect on endothelial

function, blood pressure and inflammation (Bornfeldt & Tabas, 2011; Paneni et al., 2014),



which are all contributing factors to atherosclerosis (Kario et al., 2017). A meta-analysis of 65
studies (n = 516,325) showed that fasting glucose, fasting insulin and homeostatic model
assessment of insulin resistance (HOMA-IR) were associated with incident CVD in individuals
without diabetes (Gast et al., 2012). Insulin resistance may also lead to type 2 diabetes mellitus
(T2DM), which is when the body can no longer produce enough insulin to compensate for the
progression of insulin resistance. In 2022, 10% of UK adults had glycated haemoglobin A1C
(HbA1C) levels indicative of T2DM (NHS England, 2024). Individuals with T2DM are more
likely to experience myocardial infarction and death than individuals without T2DM (Haffner
et al., 1998). Therefore, glycaemic biomarkers appear to be risk factors for CVD, meaning their

measurement is warranted in CVD research.

1.9.4 Lipid Profile Biomarkers

Lipids are fatty, waxy or oily compounds found in adipocytes, cell membranes and the
bloodstream, and are fundamental for energy production, cell signalling and cell structure
(Ekroos et al., 2020). Their water insolubility means they must bind to proteins to form
lipoproteins, facilitating lipid transport in the bloodstream (Feingold & Grunfeld, 2000). High
levels of low-density lipoprotein (LDL) cholesterol, apolipoprotein B (ApoB), total cholesterol
and non-high-density lipoprotein (HDL) cholesterol, as well as low levels of HDL cholesterol
and apolipoprotein A1 (ApoAl) are associated with an increased risk of myocardial infarction
(Parish et al., 2009). This is because LDL cholesterol cells (containing ApoB cells) and
triglycerides initiate atherosclerotic plaques by penetrating the walls of arteries, leading to
subsequent proliferation and rupture, which can cause clots and stroke (Goldstein & Brown,
2015). Conversely, HDL cholesterol cells (containing ApoAl cells) dampen the number and
activity of LDL cholesterol and triglycerides, which protects against atherosclerosis (Goldstein
& Brown, 2015). Therefore, both pro- and anti-atherogenic lipids are linked to CVD risk,
warranting their measurement as a CVD biomarker.

10



It has been suggested that modifiable lifestyle factors, such as sedentary behaviour, should be
targeted to improve CVD biomarkers related to blood pressure, body composition, glycaemia

and lipid profile (Bell et al., 2023).

1.10 Sedentary Behaviour

Sedentary behaviour has been defined as any waking behaviour characterised by an energy
expenditure of < 1.5 metabolic equivalents (MET) whilst in a sitting or lying posture (Tremblay
et al., 2017). Metabolic equivalents are used to measure how much energy above an
individual’s basal metabolic rate (1.0 MET) is required to perform a given task, measured as
kilocalories expended per kilogram of body weight per hour (kcal/kg/h) (Ainsworth et al.,
2011). Sedentary behaviour constitutes a range of very low-intensity activities such as
television viewing, playing video games, using a computer, sitting at school or work, and sitting
whilst commuting (Park et al., 2020). The UK Chief Medical Officer's (2019) physical activity
guidelines recommend that disabled and non-disabled adults should minimise the amount of
time spent being sedentary and, when physically possible, to break up long periods of inactivity
with physical activity of at least light intensity. However, there are no numerical sedentary
behaviour guidelines, necessitating further research to inform the development of specific

thresholds.

Sedentary behaviour is measured quantitatively using subjective or objective methods.
Subjective measures can include self-report recall questionnaires, such as the International
Physical Activity Questionnaire (Craig et al., 2003), Global Physical Activity Questionnaire
(Armstrong & Bull, 2006), SIT-Q (Wijndaele et al., 2014), and the Sedentary Behaviour
Questionnaire (Rosenberg et al., 2010). Subjective measures of sedentary behaviour are useful
to gain insight into an individual's activity profile, either directly via a sedentary time

measurement, or through proxy via measurement of sitting time, television time or screen time.

11



Proxy measurements are generally considered accurate reflections of sedentary time but do not
include all sedentary behaviours that occur throughout the day, so any conclusions must be
stated in terms that are limited to those behaviours (Tremblay et al., 2010). Additionally,
subjective methods are prone to recall bias, response bias, social desirability and overreporting
or underreporting (Healy et al., 2011a). An objective measurement of sedentary behaviour can
be attained via the use of accelerometers worn at the wrist, thigh or chest, that gather data on
human movement based on the inertial force exerted by the user across a number of axes.
Accelerometry-measured sedentary behaviour is considered more accurate than self-report
(Prince et al., 2020). However, accelerometry comes with drawbacks, including wear-time
differences between users, lack of context of behaviour (work, leisure, commuting) and

possible activity misclassification (Dempsey et al., 2018).

1.11 Distinction Between Sedentary Behaviour and Physical Activity

Any waking behaviour above the sedentary threshold of 1.5 MET is classified as physical
activity (Tremblay et al., 2017), which is defined as energy expenditure via contraction of
skeletal muscles (Caspersen et al., 1985). Sedentary behaviour and physical activity exist along
an energy expenditure continuum, starting with sedentary behaviour at the lowest end and
ascending with light-intensity physical activity (e.g. wheeling on tile, dusting, folding clothes),
moderate-intensity physical activity (e.g. wheeling on pavement, vacuuming) and finally,
vigorous-intensity physical activity (e.g. wheeling on carpet, playing sport, weight training) at
the highest end (Collins et al., 2010; Sedentary Behaviour Research Network, 2012;
Verschuren et al., 2016). The UK Chief Medical Officer’s (2019) physical activity guidelines
recommends that each week, disabled and non-disabled adults should accumulate at least either
150 minutes of moderate-intensity physical activity, 75 minutes of vigorous-intensity physical
activity, even shorter duration of very vigorous-intensity physical activity, or a combination of
these.

12



Physical activity guidelines were developed in 2018 to improve fitness and cardiometabolic
health in individuals with SCI (Martin Ginis et al., 2018). Recommendations included
20 minutes of moderate to vigorous-intensity aerobic exercise two times per week, and three
sets of moderate to vigorous-intensity strength exercises for each major functioning muscle
group, twice weekly (Martin Ginis et al., 2018). A study found that just 12% (n =9) of a sample
of 73 individuals with SCI met these physical activity guidelines (Rocchi et al., 2017). In
comparison, 63.4% of UK adults reach the general population physical activity guidelines of
150 minutes of MVPA per week (Sport England, 2025). This discrepancy is likely due to
wheelchair-users with SCI facing unique intrapersonal, interpersonal, institutional, community
and policy level barriers to physical activity (Mat Rosly et al., 2018). This data suggests that

increasing MVPA as a target to reduce CVD risk may be challenging for this group.

The terms sedentary behaviour and physical inactivity are often used interchangeably, but in
fact they each refer to distinct concepts (van der Ploeg & Hillsdon, 2017). Whilst sedentary
behaviour concerns periods of very low energy expenditure (Tremblay et al., 2017), physical
inactivity can be defined as not meeting guidelines of 150 minutes of moderate to vigorous-
intensity physical activity per week (Sedentary Behaviour Research Network, 2012; Tremblay
et al., 2017). Therefore, an individual can be both sedentary and physically active in the same
day. By the same logic, they can also be physically inactive, but not sedentary (van der Ploeg
& Hillsdon, 2017). This helps to explain why public health guidelines include distinct
recommendations for sedentary behaviour and physical activity. While guidelines exist around
sedentary behaviour for the general population, quantitative recommendations regarding time
and breaks in sedentary behaviour are not included. Additionally, there are no sedentary
behaviour guidelines for individuals with SCI. Therefore, more research into sedentary
behaviour needs to be conducted in order to inform the development of quantitative guidelines

for the general population and individuals with SCI.
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1.12 Prevalence of Sedentary Behaviour

A US general population study including 51,896 individuals showed that between 2001 and
2016, average sitting time amongst adults increased significantly from 5.5 hours/day to 6.4
hours/day (Yang et al., 2019). European Union population data comprising 96,004 individuals
showed that between 2002 and 2017, the percentage of adults engaging in sedentary behaviour
at least 8.5 hours/day significantly increased from 49.3% to 54.5% (Lopez-Valenciano et al.,
2020). This increase in sedentary behaviour may be due to technological advancements and
greater screen time with the use of television, computers and smartphones (Bertuol et al., 2023).
These findings suggest that sedentary behaviour has increased in recent years in higher-income

countries.

1.13 Sedentary Behaviour in Individuals With Paraplegia

There has been limited research in relation to sedentary behaviour in individuals with
paraplegia (Verschuren et al., 2016). The lack of knowledge in this area explains why there are
no public health or rehabilitation guidelines for sedentary behaviour in individuals with SCI.
In addition, the widespread measurement of sitting time as a proxy of sedentary time does not
translate to SCI populations as many wheelchair-users with SCI are sitting for the majority of
waking hours. Therefore, the use of sitting time as a proxy of sedentary behaviour does not
take into account the upper-limb physical activity required for daily activities and mobility for
a manual wheelchair-user. In the limited evidence to date, accelerometry data revealed that a
sample of 47 individuals with SCI spent 12.2 hours of the waking day sedentary (energy
expenditure of < 1.5 METs) (Postma et al., 2020). Research to inform public health guidelines
concerning sedentary behaviour in individuals with SCI is warranted, because evidence
suggests that sedentary behaviour is an independent risk factor for CVD. While useful,

guidelines alone are not always enough to encourage long-term behaviour change.
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1.14 Behaviour Change Interventions

Behaviour change interventions have been defined as theory-driven strategies to encourage
healthy behaviour (Jiménez & Mills, 2012). Health interventions targeting behaviours such as
tobacco smoking, alcohol intake, diet and physical activity (Conner & Norman, 2017) are
especially important, as a high proportion of chronic diseases are linked to modifiable lifestyle
behaviours (Christ & Latz, 2019; Jiménez & Mills, 2012; NICE, 2014). The purpose of health
behaviour interventions is to reduce undesirable behaviours and replace them with healthier
behaviours, with the aim of reducing overall risk or improving management of chronic disease

(An & Song, 2020).

Health behaviour change interventions can be implemented across a number of levels,
including individual, community and societal (Jiménez & Mills, 2012). Firstly, the individual
level involves encouraging someone to change their behaviour. This can include lifestyle
changes (e.g., changing diet, doing exercise, cessation of smoking) and healthcare-seeking
behaviour changes (e.g. regular testing to measure biomarkers) (Cutler, 2004; Jiménez & Mills,
2012). Secondly, community-level interventions involve encouraging behaviour change via
modification of the environment amongst a subset of the population who belong to a particular
group, such as those who live in the same neighbourhood, attend the same school or work for
the same company (Jiménez & Mills, 2012). This may include mass media, population
screening and the use of community organisations to communicate messages promoting
healthy behaviour (Cutler, 2004). Lastly, societal-level interventions involve governing bodies
conducting large-scale, national initiatives to change the behaviour of the general population
(Jiménez & Mills, 2012). This may include national advertising campaigns, policy change or
restrictions (Cutler, 2004). Although behaviour change interventions operate over a number of
levels and settings, their effectiveness is largely dependent on how they are delivered and the
theoretical principles that underpin them.
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1.15 Behaviour Change Theory

Literature suggests that behaviour can be modified effectively by utilising behaviour change
interventions, but that greater efficacy can be achieved by grounding the intervention with
appropriate theory (Davis et al., 2015). Interventions grounded in pertinent behaviour change
theory bring about greater behaviour change outcomes than those developed without theory in
both non-disabled individuals (Davis et al., 2015) and individuals with physical disabilities,
such as paraplegia (Ma & Martin Ginis, 2018). It is likely that the effectiveness of interventions
incorporating behaviour change theory stems from the identification of precursors to behaviour
and causal factors of change, each of which can be selectively targeted and exploited with
appropriate behaviour change techniques (BCT) (Davis et al., 2015; Michie et al., 2008).
Interventions that are not developed using appropriate behaviour change theory may be
imprecise, with a predisposition to select ineffective BCTs to target a given behaviour
(McEwan et al., 2019). Therefore, interventions should be grounded in behaviour change

theory so that they are more likely to be effective.

1.16 Aims

The overall aim of this doctoral thesis was to develop and evaluate an intervention targeting
reductions and breaks in sedentary behaviour to improve CVD biomarkers in individuals with

paraplegia. This doctoral thesis is divided into three distinct studies, each with its own aims.

1.16.1 Study 1

The aims of this study were to systematically review (1) the effects of interventions on
sedentary behaviour, and (2) the effects of these interventions on CVD biomarkers in

individuals with paraplegia (Chapter 4).
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1.16.2 Study 2

The aim of this study was to develop an intervention, using the Behaviour Change Wheel
(BCW) framework, to reduce and break up sedentary behaviour in individuals with paraplegia
across different stages of the SCI rehabilitation pathway (Chapter 5). The objectives were to
(1) explore the lived experiences of individuals with paraplegia regarding barriers and
facilitators to breaking up and reducing sedentary behaviour, and (2) identify intervention

content and implementation options for the intervention.

1.16.3 Study 3

The primary aim of this study was to assess the acceptability, safety and feasibility of the
intervention to reduce and break up sedentary behaviour in individuals with paraplegia
(Chapter 6). The main objectives were to explore participant (1) acceptability by ascertaining
agreement between qualitative and quantitative data using a combined mixed-methods
approach, (2) safety and (3) feasibility of the intervention. The secondary objectives were to
evaluate (4) participant engagement, (5) acceptability of data collection procedures, (6)
feasibility of recruiting and retaining participants in the study, and (7) preliminary efficacy of

the intervention.

1.17 Thesis Structure

Following the introductory section (Chapter 1), this thesis will include a methodology section
which will detail the frameworks and methodological approaches adopted during this PhD
(Chapter 2). The methodology will be followed by a general overview of the literature to give
a broad summary of previous research into sedentary behaviour, CVD and interventions in
individuals with SCI, other clinical populations and non-disabled individuals (Chapter 3). Each
PhD study will follow, comprising a systematic review of the effects of interventions on

sedentary behaviour and CVD biomarkers in individuals with paraplegia (Chapter 4), a study
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detailing the development of a sedentary behaviour intervention for this population using the
BCW (Chapter 5), and then a feasibility study evaluating the intervention (Chapter 6). The
thesis will conclude with a general discussion and conclusion of the findings from this research

(Chapter 7).

1.18 Contributions of Each Chapter to Intervention Development

Each chapter of this thesis is intended to contribute to the overall intervention development,
with the findings of each chapter largely informing the resulting steps taken in the next. The
General Overview of the Literature (Chapter 3) provides context of favourable intervention
approaches in other populations, which informs the design of the systematic review in
individuals with paraplegia (Chapter 4). The findings of the systematic review (Chapter 4)
provide data around which intervention characteristics may or may not be effective in the target
population, which contributes to the design of the intervention in the intervention development
study (Chapter 5). The needs, preferences and suggestions of key stakeholders in the co-design
process (Chapter 5) also directly informed the development of the intervention. Data around
the experiences of participants taking part in the developed intervention and feasibility
evaluation (Chapter 6) can inform amendments to improve acceptability, safety and feasibility

prior to future evaluation in a larger trial.
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Chapter 2: Methodology

2.1 Philosophical Standpoint

This PhD thesis adopts a pragmatist paradigm. Pragmatism is a paradigm that rejects concepts
such as “truth” and “reality”, instead focusing on “what works” (Teddlie & Tashakkori, 2009).
In pursuit of finding what works, it advocates for the use of mixed-methods research (Johnson
& Onwuegbuzie, 2004; Teddlie & Tashakkori, 2009). As a result, this thesis also adopts a
mixed-methods approach, in which both qualitative and quantitative methods are undertaken
to carry out the research and the results integrated (Creswell, 2021). Mixed-method approaches
allow for more in-depth, comprehensive research, considering both subjective data that deals
with thoughts and feeling, and objective data that deals with absolutes (Creswell, 2021).
Utilising mixed-methods is also able to compensate for deficiencies in either method alone and,
therefore, has been suggested to produce higher-quality research (Creswell, 2021; Johnson &
Onwuegbuzie, 2004; Teddlie & Tashakkori, 2009). The Medical Research Council (MRC)
Framework for Developing and Evaluating Complex Interventions encourages mixed-methods
to solve real-world problems (Skivington et al., 2021), further demonstrating the relevance of

this approach in the present research.

When considering the philosophical standpoint of this PhD thesis, positivist and interpretivist
approaches were considered, which may align well with the quantitative and qualitative aspects
of some chapters, respectively. However, neither of these paradigms were adopted, as neither
matched the aims and practical needs of this multidisciplinary project as well as pragmatism
did. Pragmatism provided a flexible, more comprehensive framework, from which suitable

methodological decisions were made (Alharahsheh & Pius, 2020).
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2.2 Researcher Positionality Statement

Health interventions should be generalisable to people with diverse characteristics within their
target populations (de Boer et al., 2025). However, unconscious bias stemming my personal
characteristics and background (see more detail in Chapter 5; Page 101) could have affected
the intervention development. In addition, I have a family member with paraplegia, meaning
any pre-conceived ideas I had about which intervention components may work for this one
individual could have been projected, sub-consciously, into the development of an intervention
intended for a wider population. Additionally, as an individual with a background in sport,
health and exercise science research, I have prior knowledge of the types of intervention
components that have been successful in improving sedentary behaviour and CVD biomarkers
in sedentary behaviour interventions, which could have influenced the type of intervention
developed. However, input from the researchers in intervention development could also be
considered a strength, as their expertise could strengthen the design process (Kramer et al.,

2010).

As bias is inevitable in research, it cannot be eradicated entirely (Gerhard, 2008). Instead,
reasonable steps should be taken to minimise its impact throughout the research, where possible
(Gerhard, 2008). For example, frameworks and guidelines were adhered to strictly to ensure
best practice was followed, study protocols were pre-registered to ensure replicability and
trustworthiness, group discussions between researchers were undertaken to check individual
biases, and the input of key stakeholders was sought regularly throughout the intervention
development process to ensure its appropriateness. More detail around these steps is included

within the individual chapters.
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2.3 Medical Research Council Framework for Developing and Evaluating Complex

Interventions

Health interventions are generally complex, with multiple interacting components, resulting in
room for interpretation in how they are developed and evaluated by researchers (Zang et al.,
2022). In an effort to ensure consistency and generalisability between interventions, the MRC
developed a framework for developing and evaluating complex interventions (Skivington et
al., 2021). This framework consists of four phases, including development, feasibility,
evaluation, and implementation. The research studies completed as part of this thesis were
conducted in line with development (Chapters 4 and 5) and feasibility (Chapter 6) phases of

the MRC framework.

2.3.1 Development

The first step of the development process includes reviewing the evidence base, which can be
achieved with a systematic review of the current literature in the field, as detailed in Chapter 4
(Skivington et al., 2021). This helps to identify research gaps and reveal favourable

intervention characteristics and delivery modes (Higgins et al., 2024).

The second step of intervention development involves the creation of an intervention protocol,
which is detailed in Chapter 5. It is important to ensure that the protocol is appropriate for the
needs of the target population to maximise its chances of success when evaluated and
implemented (Chapter 6). Methods of ensuring suitability to the target population include
gaining input from patient and public involvement (LeMaster, 2020), as well as using
participatory research approaches, such as co-design, to include the target population in the

intervention development process (Vargas et al., 2022).
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2.3.2 Feasibility and Piloting

The feasibility phase of the MRC framework is to conduct a feasibility and/or pilot study to
determine whether the intervention is feasible to undertake within a research study, which is
reported in Chapter 6. Outcomes usually include recruitment, eligibility and drop-out rates,
acceptability to the participants, safety of the participants and researchers, and, where
appropriate, efficacy in affecting the proposed primary outcome of the final study (Skivington
et al., 2021). This process can also help refine procedures and determine sample size
requirements for a full study. Depending upon its feasibility, alongside consideration of
acceptability, safety and preliminary efficacy, a decision will be made as to whether the
intervention should progress to a definitive randomised controlled trial (RCT) (1) unchanged,

(2) with changes, or (3) not progress at all (Avery et al., 2017; Herbert et al., 2019).

2.3.3 Evaluation

Interventions deemed feasible and appropriate for progression via a pilot and/or feasibility
study should be evaluated for their efficacy to impact the primary outcomes of the study and
cost-effectiveness in a further, longer-term study (Ahuja, 2019; Hariton & Locascio, 2018).
The MRC framework recommends the use of an RCT to evaluate these outcomes (Skivington
et al., 2021). This was not completed as part of this thesis as it is outside the scope of this PhD

project.

2.3.4 Implementation

Interventions deemed effective for impacting primary outcomes and cost-effective are
considered appropriate to be implemented into healthcare policy and/or guidance (Skivington
et al., 2021). This phase was also not completed due to being beyond the scope of this PhD

thesis.
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2.4 Behaviour Change Theory

A number of health-related theories have been applied in the design of behaviour change
interventions, such as the Health Belief Model (Rosenstock, 1977), Theory of Planned
Behaviour (Ajzen, 1991), Self-determination Theory (Ryan & Deci, 2000) and Social
Cognitive Theory (Bandura, 1986). Whilst these theories allow us to consider and explain some
of the key influences of behaviour, they focus on separate influences of behaviour and were
not developed to explicitly inform intervention development. The COM-B model was
developed with the specific intention of informing intervention development, hence this model
being at the hub of the Behaviour Change Wheel (BCW) intervention development framework
(explained in section 2.4) (Michie et al., 2011). Capability (C) refers to the physical or
psychological capability of an individual to perform a behaviour (B), Opportunity (O) refers to
external factors (social and physical) that make the desired behaviour possible or not, whilst
Motivation (M) refers to the conscious and sub-conscious desire to engage in a particular
behaviour. The COM-B is a comprehensive model, with other theories being incorporated into
the development of each of its domains. For example, the Capability domain overlaps with
Social Cognitive Theory. the Opportunity domain overlaps with the Theory of Planned
Behaviour, and the Motivation domain overlaps with the Theory of Planned Behaviour, Health
Belief Model and Self-determination Theory. Therefore, the comprehensive nature of the
COM-B model incorporates individual strengths of other behavioural theories and compensates
for the weaknesses of using any one theory alone. As a result of these factors, the COM-B

model was the core theory used within this thesis.

2.5 Behaviour Change Wheel
Whilst a behaviour change theory explains behaviour, frameworks are commonly utilised as a
practical tool for using this behavioural explanation to design coherent interventions. Whilst

numerous frameworks exist to guide the design process of behaviour change interventions, few
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are linked to a prior behavioural diagnosis. The Intervention Mapping Framework provides
detailed guidance through the intervention development process, with a strong link to a prior
behavioural diagnosis (i.e. exploring determinants of behaviour via barriers and facilitators)
(Bartholomew et al., 1998). However, once intervention concepts are developed using the
Intervention Mapping Framework, there is minimal structure to map these concepts to pre-
defined taxonomies to allow easy comparison with other interventions. Therefore, an
alternative strategy is required to underpin this PhD thesis, which adequately links behavioural
diagnoses to intervention design; this can then be mapped to pre-defined taxonomies to

facilitate categorisation and comparison with other interventions.

The BCW (Figure 2) was developed in 2011 by researchers in the field of health psychology,
with the intention of being the most comprehensive intervention development framework
(Michie et al., 2011). The BCW integrates 19 behaviour change theories into one coherent
framework and encourages a systematic and evidence-based approach to behaviour change,
promoting more successful intervention outcomes (Michie et al., 2014). Unlike many other
behavioural frameworks, the BCW is centred around the process of intervention development.
In addition, the BCW is strongly aligned with UK health and care research and has been
adopted within many public health services (Public Health England, 2019b). The adoption of
the BCW into public health services suggests that health interventions guided by this
framework may benefit from seamless implementation into usual clinical practice. Most
crucially, however, at the crux of the initial behavioural diagnosis of the BCW framework lies
the core theory used at the heart of this thesis, the COM-B model, aligning it closely with this
PhD thesis. Therefore, the BCW was selected as the most appropriate framework to mobilise

the COM-B model and guide the development stage of the MRC framework in this thesis.
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. Sources of behaviour
. Intervention functions

Policy categories

Training

Service provisio®

Figure 2. The Behaviour Change Wheel, reused from Michie et al. (2011, pp. 1).

2.5.1 Stage 1: Understanding the Behaviour

The first stage of the BCW is to understand the behaviour by defining the problem in
behavioural terms, selecting and specifying the target behaviour and identifying what needs to
change in order for a behaviour change intervention to be effective (Figure 3). This can be
achieved via the COM-B model which outlines three main factors which are key to behaviour
change. This can be further supported with the Theoretical Domains Framework (TDF) (Cane
et al., 2012), which is used in intervention design to identify, assess and address determinants
of behaviour according to 14 domains (knowledge, skills, social/professional role and identity,
beliefs about capabilities, optimism, beliefs about consequences, reinforcement, intentions,

goals, memory, attention and decision processes, environmental context and resources, social
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influences, emotion, and behavioural regulation). This framework provides a link between

understanding the behaviour (stage 1) and the development of intervention options (stage 2).

Stage 1: Understanding the
target behaviour

Stage 2: Identify intervention
options

Stage 3: Identify content and
implementation options

1. Define the problem in 5. Identify intervention functions 7. Identify behaviour change
behavioural terms (BCW) techniques (BCTTv1)

2. Select the target behaviour 6. Identify policy categories 8. Identify mode of delivery
3. Specify the target behaviour (BCW)

4. Identify what needs to change
(COM-B & TDF)

Figure 3. Steps and stages of the Behaviour Change Wheel, adapted from Michie et al. (2011,
pp.1).

2.5.2 Stage 2: Identifying Intervention Options

The second stage of the BCW is to identify intervention options. This involves the
identification of intervention functions (education, persuasion, incentivisation, coercion,
training, restriction, environmental restructuring, modelling, and enablement) and policy
categories (communication/marketing, guidelines, fiscal measures, regulation, legislation,
environmental/social planning, and service provision) that can be implemented to change
behaviour. The BCW guide makes suggestions of the best fit intervention functions and policy
categories based on the prior COM-B analysis. This structured mapping allows systematic,
objective translation of behavioural diagnosis into appropriate intervention strategies, reducing

reliance on subjective, ad-hoc decision-making.

2.5.3 Stage 3: Identifying Content and Implementation Options

The final stage is to identify content and implementation options, namely through the selection
of 93 possible BCTs from the Behaviour Change Technique Taxonomy (BCTTv1) (Michie et

al., 2013). These include, but are not limited to, goal setting, self-monitoring, feedback, social
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support, cues and prompts, incentives, information provision, modelling of the desired
behaviour, and problem solving. Selection of BCTs not only facilitates easy comparison with
previous interventions but also provides transparency in decision making and more precise
targeting of determinants of behaviour. The BCW framework does not prescribe specific modes
of delivery, instead opting for flexibility around specific circumstances. This flexibility in
delivery mode may facilitate improved tailoring of an intervention to the unique needs of
individuals with paraplegia. The viability of the identified intervention options, and content
and implementation options, can be assessed using the APEASE criteria, comprising of the
Affordability, Practicability, Effectiveness, Acceptability, Side-effects/safety, and Equity of
each option (West et al., 2019). The APEASE criteria is useful to provide early data around
whether interventions are likely to be appropriate, meaning improvements can be made before
resources are expended in evaluating them. Therefore, the use of the APEASE criteria means
that an intervention that is more developed, and may be less likely to present fundamental
issues, is evaluated for its acceptability, safety and feasibility, which could aid its progression

to a full trial.

2.6 Co-design of Interventions

Participatory approaches to intervention development are growing more popular in healthcare
research, as creation with input from the end-users may help to develop interventions which
are more engaging, acceptable and useful to end-users than conventional researcher-developed
interventions (Thabrew et al., 2018). One way of achieving this is through co-creation, which
involves a collaborative approach at all project stages, starting with identification of the
purpose of the intervention (i.e. the problem and target behaviours), all the way through to
evaluation and implementation (Vargas et al., 2022). Co-design focuses on the design stage,
including stakeholders in deciding the content of the intervention and relevant materials and
resources (Vargas et al., 2022). Co-production involves stakeholders in appraisal of the
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proposed intervention and its delivery (Vargas et al., 2022). The problem and target behaviours
within this thesis were already clearly defined by previous research as “excessive sedentary
behaviour” and “to reduce and break up sedentary behaviour”, respectively. Therefore, these
behaviours were the focus of this project. As a result of the problem and target behaviours
being pre-defined, a collaborative approach that tackles a pre-determined problem was more
appropriate to guide this research. Therefore, co-design was used to develop the intervention

in this thesis (Chapter 5).

Co-design is a widely employed intervention development technique in which key
stakeholders, end-users and researchers play an active role in the design and development of
an intervention to overcome a pre-defined problem (Boyd et al., 2012; Vargas et al., 2022).
This includes collaboration in the design process, including needs assessment, development of
intervention content, and appraisal of intervention concepts (Boyd et al., 2012). Inclusion of
patients in the design of healthcare services has been found to enhance adherence to treatment
(Elg et al., 2012). Co-design methodology has been successfully utilised in the development of
sedentary behaviour interventions in a range of demographic groups, such as office workers
(Engelen et al., 2019), older adults (Blake et al., 2025), and those with severe mental illness
(Trott et al., 2025). Involvement of the intervention end-users alongside key stakeholders may
help to identify important barriers and facilitators that need to be targeted, and the intervention
content and implementation options required to address these. This approach was employed in

Chapter 5 of this PhD thesis to help fulfil the development phase of the MRC framework.
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Chapter 3: General Overview of the Literature

The aim of this section is to give an overview of previous research on sedentary behaviour,
CVD and interventions in non-disabled individuals, clinical populations and individuals with
paraplegia. This general overview of the literature is separate from the systematic review of
interventions on sedentary behaviour and CVD biomarkers in individuals with paraplegia
(Chapter 4). Instead, this section focuses more broadly on sedentary behaviour, CVD and
interventions in general, including the types of interventions that have been developed in other
population groups and whether they are effective in changing behaviour and/or improving

CVD biomarkers.

Findings from this section feed into the design and focus of the systematic review (Chapter 4),
including the intervention characteristics used to categorise eligible studies in the data

synthesis.

3.1 Cardiovascular Disease Biomarkers in Individuals With Paraplegia
Post-injury, SCI exerts a number of physiological changes to the body, typified by a decrease
in metabolic rate, increased sarcopenia (age related loss of skeletal muscle mass and function),

and accumulation of body fat (Gorgey & Dudley, 2007; McMillan et al., 2021).

3.1.1 Body Composition Biomarkers in Individuals With Paraplegia

The prevalence of overweight (BMI > 25 kg/m?) or obesity (BMI > 30 kg/m?) in individuals
with SCI has been estimated as 65.8% (Gupta et al., 2006a), compared to 68.7% in non-
disabled individuals (Fryar et al., 2012). However, BMI is a poor indicator of obesity in
individuals with SCI, as the loss of lean tissue and accumulation of adiposity after SCI does
not necessarily elicit a change in body weight, and the measurement of height after SCI is
challenging and difficult to reproduce (Buchholz & Bugaresti, 2005; Jones et al., 2003; Shojaei

et al., 2017). In a cross-sectional study of 20 non-disabled individuals and 20 individuals with
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SCI, despite no differences in body weight or BMI, those with SCI had significantly greater
total fat mass and percentage body fat, alongside significantly lower total lean tissue mass than
non-disabled individuals (Jones & Legge, 2019). Similarly, 100 wheelchair-dependent
individuals with SCI (53% paraplegia) had significantly greater waist circumference, total fat
mass and body fat percentage than 51 non-disabled individuals, despite no difference in BMI
(Cirnigliaro et al., 2021). In conclusion, individuals with paraplegia experience an increase in
total body fat, particularly in central areas, and a reduction in total lean mass after injury, which

could make these individuals more susceptible to CVD.

3.1.2 Blood Pressure Biomarkers in Individuals With Paraplegia

Literature suggests that individuals with SCI generally have reduced blood pressure control
compared to non-disabled individuals as a result of impaired autonomic function (Rosado-
Rivera et al., 2011). This is because SCI above T6 is more likely to impair sympathetic
cardiovascular control than lower-level injuries. As a result, these individuals may be
predisposed to orthostatic hypotension, characterised by a chronic drop in blood pressure
(Claydon et al., 2006). Orthostatic hypotension reduces cerebral blood flow, causing dizziness
and fatigue, which may act as a barrier to physical activity interventions in individuals with
tetraplegia (Mathias et al., 1999). Conversely, lack of autonomic control above T6 can lead to
transient periods of hypertension, known as autonomic dysreflexia (Lindan et al., 1980). This
is a life-threatening condition characterised by bradycardia and a catastrophic rise in blood
pressure, which is the main cause of death from autonomic dysreflexia (Hagen et al., 2011).
Exercise has been identified as a trigger for autonomic dysreflexia, meaning that it may also
impede participation in physical activity (Wheeler et al., 1994). Orthostatic hypotension and
autonomic dysreflexia are less likely to represent a barrier to physical activity in individuals
with paraplegia due to a lower injury level than tetraplegia. A meta-analysis of 1,968

individuals found that there were no differences in resting heart rate, systolic blood pressure or
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diastolic blood pressure between individuals with paraplegia and non-disabled individuals
(West et al., 2012). Additionally, it has been demonstrated that heart rate, systolic blood
pressure and diastolic blood pressure in individuals with tetraplegia and high-level paraplegia
are lower than those of individuals with lower-level paraplegia and non-disabled individuals
(West etal., 2012; Raguindin et al., 2021). Measurement of blood pressure as a CVD biomarker
in individuals with paraplegia is still warranted, as most of the spinal cord that signifies
paraplegia is located below T6. The sixth thoracic vertebra is the neurological level at which
spinal nerves that control blood pressure are situated, meaning individuals with an injury below
this level have lower risk of orthostatic hypotension and autonomic dysreflexia. Therefore, it
could be hypothesised that blood pressure is a modifiable CVD biomarker in many individuals

with paraplegia.

3.1.3 Glycaemic Biomarkers in Individuals With Paraplegia

Despite the incidence of T2DM being 66% higher in individuals with SCI than non-disabled
individuals (Cragg et al., 2013b), the evidence around elevated glycaemic biomarkers is varied
and unclear in this population. In a cohort of 95 individuals with SCI, 33% were classified as
insulin resistant according to HOMA-IR measurement, indicating poor glycaemic status.
However, the SCI cohort had no difference in fasting insulin and lower fasting glucose and
HbA1C than non-disabled individuals (Solinsky et al., 2022). Another study found that only
10% of individuals with paraplegia (n = 135) had a high fasting glucose concentration (> 6.1
mmol/L) (Wahman et al., 2010). Furthermore, a meta-analysis found no differences in fasting
glucose or insulin between individuals with and without SCI (Boehl et al., 2022). On the other
hand, in a study of 20 males with SCI and 20 non-disabled males, those with SCI had a
significantly higher postprandial insulin, insulin area under the curve (AUC; total postprandial
insulin response), HOMA-IR, postprandial glucose, and glucose AUC than non-disabled

individuals (Jones & Legge, 2019). This is in agreement with a study of 100 individuals with
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SCI that observed significantly greater fasting plasma insulin and HOMA-IR, but a lower
fasting plasma glucose than non-disabled controls (Cirnigliaro et al., 2021). There is some
conflicting evidence as to the glycaemic status of individuals with paraplegia, which warrants
further research. Though, there is evidence to suggest that individuals with paraplegia do have
adverse levels of some glycaemic biomarkers, meaning exploration of the effects of

interventions on glycaemia is warranted.

3.1.4 Lipid Profile Biomarkers in Individuals With Paraplegia

Previous evidence demonstrates that individuals with paraplegia have an adverse lipid profile.
For example, individuals with SCI (n = 95) had significantly higher total cholesterol and
triglycerides, and lower HDL and LDL cholesterol than 1,609 non-disabled individuals in one
study (Solinsky et al., 2022). This supports the findings of a study including 100 manual
wheelchair-users with SCI, which observed higher triglycerides, triglyceride:HDL cholesterol
ratio and total cholesterol:HDL cholesterol ratio, and lower HDL cholesterol, than 51 non-
disabled controls (Cirnigliaro et al., 2021). In a meta-analysis, individuals with SCI had
significantly lower total cholesterol and HDL cholesterol, alongside a significantly higher total
cholesterol:HDL cholesterol ratio (Gilbert et al., 2014). These findings suggests that
individuals with SCI have a worse lipid profile than the general population. However, none of
the sample mean values observed in this meta-analysis placed individuals with SCI in the high-
risk range for CVD. In addition, there were no significant differences in non-HDL cholesterol
or triglycerides between individuals with SCI and non-disabled individuals (Gilbert et al.,
2014). Data from meta-analyses suggest that there is conflicting evidence as to the lipid profile
of individuals with SCI. Despite this conflicting evidence, there is data to suggest that
individuals with SCI have an unfavourable lipid profile compared to non-disabled individuals,

increasing risk of CVD (Cirnigliaro et al., 2021; Gilbert et al., 2014; Solinsky et al., 2022).
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Based on these findings, lipid biomarkers should be explored when testing the effects of

interventions on CVD risk.

In summary, there is evidence to suggest that individuals with paraplegia have unfavourable
levels of CVD biomarkers relating to body composition, blood pressure, glycaemia and lipid
profile, compared to non-disabled individuals. This warrants the investigation of lifestyle

factors that can be targeted to improve CVD risk biomarkers in individuals with paraplegia.

3.2 Sedentary Behaviour and Cardiovascular Disease

The detrimental associations between sedentary behaviour and health outcomes have been
demonstrated in a large number of observational studies in adults of the general population.
Sedentary behaviour has been associated with an increased risk of non-communicable diseases,
including T2DM (Bailey et al., 2019; Guo et al., 2020; Patterson et al., 2018; Wilmot et al.,
2012), some cancers (Shen et al., 2014), obesity (Guo et al., 2020), metabolic syndrome
(Edwardson et al., 2012) and CVD (Bailey et al., 2019; Biswas et al., 2015; Patterson et al.,
2018; Wilmot et al., 2012). Sedentary behaviour is also associated with increased all-cause
mortality and CVD mortality (Ekelund et al., 2019; Patterson et al., 2018; Wilmot et al., 2012).
The associations between sedentary behaviour and CVD are often independent of physical
activity (Bailey et al., 2019; Wilmot et al., 2012), suggesting that sedentary time may be a
distinct risk factor. This rationalises the distinct focus on sedentary behaviour as an intervention

target for reducing CVD risk.

Causality between sedentary behaviour and CVD is likely due to a number of mechanisms
related to the multitude of physiological processes that influence CVD risk (Stoner et al., 2013).
These processes have been linked to adiposity (Luo & Liu, 2016), lipid profile (Bey &
Hamilton, 2003) and glycaemic status (Quan et al., 2021). Research suggests that sedentary

behaviour may deleteriously affect cardiovascular health via a number of mechanisms. These
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include, but are not limited to, reduced lipoprotein lipase (LPL) activity which negatively
affects cholesterol status (Bey & Hamilton, 2003), downregulation of glucose transporter
activity, which is detrimental to glycaemic status (Latouche et al., 2013), endothelial damage
that restricts cardiovascular function and haemodynamics (Chandrasekaran et al., 2021), and
lowered metabolic rate, which leads to a positive energy balance, obesity and low-grade
inflammation (Dempsey et al., 2018). To better understand the key physiological mechanisms
of CVD that are most affected by sedentary behaviour and to what extent, specific biomarkers
related to each of the aforementioned physiological processes should be measured individually

in both healthcare and research (Dhingra & Vasan, 2017).

3.3 Sedentary Behaviour and Cardiovascular Disease Biomarkers

3.3.1 Sedentary Behaviour and Body Composition Biomarkers

Sedentary behaviour is widely regarded as a risk factor for obesity (Leitzmann, 2017). The
underlying mechanism is likely to be very low energy expenditure tilting the energy balance
equation to an energy surplus, encouraging the storage of excess energy as body fat (Luo &
Liu, 2016). Body mass index and waist circumference are commonly included in studies
investigating the associations between sedentary time and CVD biomarkers. In cross-sectional
studies that measured sedentary behaviour via self-report questionnaires or accelerometry,
there were significant positive associations between daily sitting time and both BMI and waist
circumference, independent of physical activity (Leon-Latre et al., 2014; Staiano et al., 2014;
Thorp et al., 2010). In a cohort of Swiss adults, there were adverse associations between self-
reported sitting time and body fat percentage, but not BMI, waist circumference, waist-to-hip
ratio or waist-to-height ratio (n = 3,042) (Wanner et al., 2016). In community-dwelling older
adults, there were adverse associations between accelerometry-measured sitting time and total

body fat mass, total body lean mass, body fat percentage and lean mass percentage (n = 123)
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(Reid et al., 2018). In conclusion, the evidence suggests that higher volumes of sedentary
behaviour are adversely associated with body composition, regardless of how sedentary

behaviour was measured.

3.3.2 Sedentary Behaviour and Blood Pressure Biomarkers

It has been suggested that excessive sedentary behaviour can elevate blood pressure and lead
to hypertension in the adult general population (Sohn et al., 2014). During prolonged sitting,
the lack of muscle contraction reduces metabolic demand and lessens the production of
vasodilatory metabolites. As a result, blood flow decreases, reducing vascular shear stress,
which is a key regulator of nitric oxide synthase. Lower shear stress reduces nitric oxide
availability and leads to vasoconstriction, which contributes to peripheral resistance and higher
blood pressure (Paniagua et al., 2001). Chronically high blood pressure can impair vascular

function and lead to CVD (Dempsey et al., 2018).

In a sample of adults from a US population study, there were no significant associations
between self-reported daily sitting time and systolic blood pressure or diastolic blood pressure
(n=4,560) (Staiano et al., 2014). However, in Australian adults, there were significant positive
associations between self-reported sitting time and systolic blood pressure for all participants,
and for diastolic blood pressure in females (n = 4,864) (Thorp et al., 2010). Furthermore, in
Spanish adults, there was a significant positive association between self-reported daily sitting
time and diastolic blood pressure, but not systolic blood pressure (n = 929) (Ledn-Latre et al.,
2014). Though, accelerometry data shows a different picture, as in a US population study (n =
4,757) (Healy et al., 2011b), an Australian diabetes study (n = 698) (Healy et al., 2015a) and
another Australian diabetes study (n = 279) (Healy et al., 2015b), there were no associations
between accelerometry-measured daily sedentary time and systolic blood pressure or diastolic

blood pressure. In contrast, after adjustment for MVPA, accelerometry-measured sedentary
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behaviour was positively associated with systolic blood pressure and blood pressure in 707
adults with or at risk for osteoarthritis (Sohn et al., 2014). Therefore, after adjustment for
physical activity, accelerometry-measured sedentary behaviour is adversely associated with
blood pressure biomarkers. Together, these findings suggest that blood pressure should be

included as a CVD biomarker outcome when evaluating sedentary behaviour interventions.

3.3.3 Sedentary Behaviour and Glycaemic Biomarkers

Sedentary behaviour has been linked to the development of T2DM. Although the exact
mechanism behind this is not completely understood, a number of processes have been
suggested (Holloszy, 2005). The reduction in regular muscle contractions associated with
prolonged sedentary bouts can disrupt the glucose uptake pathway via a reduction in the
expression of muscle glucose transporter 4, independent of insulin (Bergouignan et al., 2016;
Holloszy, 2005; Ojuka et al., 2002; Quan et al., 2021). This mechanism may be explained by
prolonged inactivity increasing the saturated fatty acid composition of phospholipids in skeletal
muscle, leading to inhibition of glucose transport and insulin sensitivity (Andersson et al.,
1998; Quan et al., 2021). Via a separate mechanism, sedentary behaviour decreases the activity
of enzymes such as glycogen synthase and hexokinase, which are integral to maintaining
insulin sensitivity (Bergouignan et al., 2016; Quan et al., 2021). Alternatively, sedentary
behaviour has been linked to reduced capacity for fat oxidation, which is a key factor promoting

insulin sensitivity (Quan et al., 2021; Robinson et al., 2015).

In a cross-sectional US study (n = 6,931), there was a significant positive association between
self-reported daily sitting time and insulin resistance measured by HOMA-IR, independent of
physical activity (Parker et al., 2023). In another US-based study (n = 4,560), there was a
significant, unfavourable association between self-reported daily sitting time and plasma

insulin, HOMA-IR and HOMA beta cell function (HOMA-%B), which was maintained after
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controlling for self-reported MVPA (Staiano et al., 2014). After controlling for physical
activity, self-reported sitting time was adversely associated with fasting insulin in British adults
(n =505) (Yates et al., 2012), and with fasting insulin and postprandial glucose in Australian
adults (n = 4,864) (Thorp et al., 2010). This suggests that higher levels of self-reported
sedentary behaviour are adversely associated with glycaemic biomarkers, including when
controlling for physical activity. In a US-based study (n = 4,757), there were adverse
associations between accelerometry-measured daily sedentary time and fasting plasma insulin,
HOMA-%B, and HOMA insulin sensitivity (HOMA-%S), but not fasting plasma glucose or
2-hour postprandial glucose (Healy et al., 2011b). Additionally, a systematic review (k = 25)
found consistent evidence that accelerometry-measured sedentary time is unfavourably
associated with insulin sensitivity, independent of physical activity. These findings suggests
that the adverse associations observed with self-reported sedentary behaviour are also present
with accelerometry measurements. As a consequence of the independent associations between
sedentary time and glycaemic biomarkers demonstrated in this section, glycaemic biomarkers

should be explored to determine the effectiveness of sedentary behaviour interventions.

3.3.4 Sedentary Behaviour and Lipid Profile Biomarkers

It has been suggested that sedentary behaviour has an adverse effect on lipid profile. This is
most likely due to the inhibitory effect of low muscle contractile activity on the enzyme LPL
(Bey & Hamilton, 2003). The function of LPL is to convert triglycerides into fatty acids and
glycerol, an important process for healthy lipid metabolism (Pirahanchi et al., 2022). Low
levels of LPL are associated with increased triglycerides and low HDL cholesterol, increasing

the risk of CVD (Tsutsumi, 2003).

In Spanish adults (n = 929), there were unfavourable associations between self-reported daily

sedentary time and triglycerides, triglycerides:HDL cholesterol ratio, ApoAl and HDL
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cholesterol, which were maintained after adjustment for weekly energy expenditure (Ledn-
Latre et al., 2014). In a US study (n =4,757), accelerometer-derived daily sedentary time was
unfavourably associated with HDL cholesterol, and fasting triglycerides, both independent of
MVPA (Healy et al., 2011b). Similarly, in Australian adults (n = 739), accelerometer-derived
daily sedentary time was unfavourably associated with HDL cholesterol and triglycerides after
adjustment for MVPA (Bellettiere et al., 2017). Lastly, participants from an Australian diabetes
study (n = 698) had adverse associations between accelerometry-measured daily sedentary time
and total cholesterol:HDL cholesterol ratio, triglycerides and HDL cholesterol (Healy et al.,
2015a). These findings suggest that adverse associations after adjustment for physical activity
are also present when sedentary behaviour is measured using accelerometry. Due to the
independent associations between sedentary time and lipid profile biomarkers outlined above,
the measurement of lipid profile biomarkers is warranted in the evaluation of sedentary

behaviour interventions.

In conclusion, sedentary behaviour is independently associated with a number of CVD
biomarkers. These findings suggest that reducing sedentary behaviour may lower the risk of
CVD and this overview has identified a number of biomarkers that should be measured when

evaluating interventions targeting sedentary behaviour.

3.4 Sedentary Behaviour and Cardiovascular Disease Biomarkers in Individuals With

Paraplegia

Unlike in non-disabled populations, there have been limited studies investigating the
association between sedentary behaviour and CVD biomarkers in individuals with SCI. A
cross-sectional study undertaken as part of a Master’s thesis found an adverse correlation
between sedentary behaviour and Framingham CVD risk score in individuals with SCI

(Fjelltveit, 2024). However, the sample size was small (n = 20), and a large proportion were
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ambulatory, meaning the findings may not be generalisable to manual wheelchair-users. In
addition, the analysis did not control for any covariates such as physical activity. This makes
it difficult to identify if sedentary behaviour is independently associated with CVD risk. Further
research is required to determine whether sedentary behaviour is independently associated with

CVD biomarkers in individuals with SCI.

3.5 Sedentary Behaviour Interventions in the General Population

Interventions to reduce and break up sedentary behaviour have been evaluated in the general
population. Systematic reviews and meta-analyses have shown these interventions to be
effective for reducing sedentary time (Curran et al., 2021; Gardner et al., 2016; Martin et al.,
2015; Nguyen et al., 2020; Prince et al., 2014; Shrestha et al., 2018) and improving CVD
biomarkers (Brierley et al., 2019; Hadgraft et al., 2021; Saunders et al., 2018). Therefore,
effectiveness of such interventions in the general population may be relevant in the prevention

of CVD in individuals with paraplegia.

Identification of key intervention characteristics, such as intervention target, duration, setting,
delivery mode and use of behaviour change theory are important considerations during
intervention design (O’Cathain et al., 2019). Characteristics employed in successful
interventions in other populations may provide relevant information to inform intervention
development in individuals with paraplegia. The following sub-sections will give an overview
of interventions in the general population and clinical populations, as well as the effectiveness
of these interventions for improving sedentary behaviour and CVD biomarkers in the context

of specific intervention characteristics.

3.5.1 Targeting Sedentary Behaviour or Physical Activity
Interventions that target physical activity have the potential to reduce sedentary time, as

physical activity can be used to displace bouts of sedentary behaviour. However, it has been
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suggested that a focus specific to sedentary behaviour could be more effective for reducing this

behaviour (Gardner et al., 2016; Martin et al., 2015; Prince et al., 2014).

In a meta-analysis of 33 interventions with potential to affect sedentary behaviour in the general
population, those that targeted either physical activity or a combination of sedentary behaviour
and physical activity led to modest reductions in sedentary time (Prince et al., 2014).
Interventions that specifically target sedentary behaviour were more effective, leading to large
reductions in sedentary time (Prince et al., 2014). A meta-analysis (k = 34) found that
interventions targeting physical activity or a combination of sedentary behaviour and physical
activity had no effect on sedentary time (Martin et al., 2015). However, interventions that
focused solely on sedentary behaviour significantly reduced sedentary time (Martin et al.,
2015). Similarly, a systematic review of 26 interventions that showed promise in improving
sedentary time tended to target sedentary behaviour instead of physical activity (Gardner et al.,
2016). These findings suggest that interventions targeting sedentary behaviour, specifically,

may be most effective for achieving reductions in sedentary time.

3.5.2 Intervention Duration

Evidence suggests it can be challenging to maintain long-term physical activity behaviour
change (Miiller-Riemenschneider et al., 2008). This challenge may be due to the long-term
nature of gaining automaticity, as research suggests that new habit formation can take between
18 to 254 days (Lally et al., 2010). Consistent with this wide heterogeneity in time taken to
gain habit automaticity between individuals, sedentary behaviour interventions often differ
widely in their duration. A meta-analysis of two sedentary behaviour interventions lasting five
and 14 weeks also saw a reduction in sedentary time (Martin et al., 2015). In comparison,
another meta-analysis of seven sedentary behaviour interventions lasting between three weeks
and three months found significant reductions in daily sedentary time (Prince et al., 2014).
However, there were no significant differences in sedentary time when synthesised by
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intervention length (< 4 weeks vs. 5-24 weeks vs. 25 weeks) or length of study follow-up.
These findings suggest that interventions lasting at least three weeks in duration may be
effective for eliciting reductions in sedentary time. Though, there is limited evidence for

interventions of shorter durations or longer-term follow-ups.

There are no definitive guidelines as to the minimum duration of sedentary behaviour
intervention to improve CVD biomarkers. Evidence from physical activity research
interventions suggests that longer-term interventions yield superior improvements (Reiner et
al., 2013). A meta-analysis found small, but significant, improvements in body mass (k = 25),
waist circumference (k = 19), systolic blood pressure (k = 25), plasma insulin (k = 10) and
high-density lipoprotein cholesterol (k = 22) in sedentary behaviour interventions lasting
between two weeks and 36 months (Hadgraft et al., 2021). Intervention duration (< 3 months
vs. 3-6 months vs. > 6 months) had no effect on most CVD biomarkers in this review. Though,
there was a paucity of interventions lasting more than 12 months, limiting comparisons of
effectiveness between different intervention durations (Hadgraft et al., 2021). Another review
found that 20 sedentary behaviour interventions lasting between two weeks and 13 months
improved at least one CVD biomarker (Brierley et al., 2019). Intervention effectiveness was
not synthesised by duration and there was also a limited number of interventions lasting 12
months or more (Brierley et al., 2019). Whilst the effects of longer-term interventions on CVD
biomarkers is unclear, there is evidence that sedentary behaviour interventions lasting at least

two weeks could be effective for improving CVD biomarkers in the general population.

3.5.3 Setting

Systematic reviews of workplace-based interventions have shown them to be effective for
reducing sedentary time (Chu et al., 2016; Peachey et al., 2020; Shrestha et al., 2018) improving
CVD biomarkers related to blood pressure, body composition, glycaemia and lipid profile in

the general population (Brierley et al., 2019). Similarly, reviews in non-workplace settings
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showed effectiveness for reducing sedentary time (Curran et al., 2021; Peachey et al., 2020).
Despite individual studies highlighting improvements in CVD biomarkers as a result of
community-based, multi-component sedentary behaviour interventions (Ball et al., 2017;
Keadle et al., 2014), there is no specific, isolated meta-analytical or systematic review evidence
for non-workplace interventions improving CVD biomarkers, specifically. Previous reviews
have provided pooled estimates across a number of intervention settings (workplace,
community, hospital, primary care, domestic, education), showing significant reductions in a
number of biomarkers (Hadgraft et al., 2021). However, differences in CVD biomarker results
between different settings was not analysed (Hadgraft et al., 2021). Further evidence around
non-workplace sedentary behaviour interventions is needed to inform future inform strategies
for specific non-workplace settings. There is, however, evidence to suggest that sedentary
behaviour interventions could be effective for changing this behaviour and improving CVD

biomarkers across different settings.

3.5.4 Delivery Mode

Sedentary behaviour interventions have included a wide variety of behavioural strategies. An
umbrella review of systematic reviews exploring interventions on sitting time in the general
population split intervention components/delivery modes into three categories:
motivational/volitional component (e.g. educational materials, goal setting, self-monitoring,
motivational interviewing), physical environmental changes (e.g. sit-stand desk, pedal
machine/ergometer, prompts/reminders, monitoring/tracking devices), and policy changes (e.g.
curriculum change, walking/standing meetings, scheduled activity breaks) (Nguyen et al.,
2020). One included review found that motivational/volitional components were the most
common intervention components, followed by physical environmental changes (Chu et al.,
2016). In contrast, another review cited physical environmental changes as the most commonly

utilised, followed by motivational/volitional components. However, these were mainly
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workplace-based interventions, limiting generalisability (Shrestha et al., 2018). The umbrella
review found that although all three categories of delivery reduced sitting time, those targeting
physical environmental changes, such as active workstations and prompts/reminders, were
most effective in the pooled analysis (Nguyen et al., 2020). However, there was only sufficient
data to determine this in workplace settings; success of delivery modes may differ in other

settings.

In a review across multiple settings, the most common delivery modes in sedentary behaviour
interventions included counselling/education, environmental modification and device-self-
monitoring (Hadgraft et al., 2021). Almost all workplace interventions used physical
environment modification, a large number used counselling/education, and some used device
self-monitoring, device-based social comparison, prompts/reminders and structured activity
(Hadgraft et al., 2021). The majority of non-workplace interventions used
counselling/education, most used device-based self-monitoring, and some used environmental
modification, prompts/reminders, structured activity and financial incentive (Hadgraft et al.,
2021). However, analysis was not undertaken to determine which of these led to greater
improvements in sedentary behaviour or CVD biomarkers (Hadgraft et al., 2021). One review
quantitatively analysed the effectiveness of intervention on sitting time across a number of
settings (not just workplace-based interventions), categorised by intervention/delivery modes
across the following categories: (a) environmental (e.g. active workstations, screen-based
prompts), (b) behavioural (mobile applications [apps], activity trackers, educational
workshops), and (¢) multi-component (including environmental and behavioural components)
(Peachey et al., 2020). Despite all delivery modes being successful, environmental components
elicited the greatest reduction, followed by multi-component and behavioural interventions
(Peachey et al., 2020). To conclude, a number of delivery modes have been adopted to target

sedentary behaviour in interventions. Environmental, behavioural and multi-component
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interventions show promise for reducing sedentary time and should be adopted in future

interventions.

3.5.5 Use of Behaviour Change Theory

Behaviour change theory has been suggested to be a useful component of effective sedentary
behaviour interventions in the general population (Curran et al., 2021; El Kirat et al., 2024;
Gardner et al., 2016). Sedentary behaviour interventions utilising theory generally use one, or
a combination of, Social Cognitive Theory, the Socio-Ecological Model, Self-Determination
Theory, the Transtheoretical Model, Theory of Planned Behaviour, Empowerment theory,
Habit Theory of Behaviour Change, Behaviour Choice Theory and Common-Sense Model

Dual-Process Theory (Curran et al., 2021; El Kirat et al., 2024; Gardner et al., 2016).

Gardner et al. (2016) found that only 42% of sedentary behaviour interventions used theory,
whilst Davis et al. (2015) concluded that inclusion of theory was often superficial in health
behaviour change interventions. Lack of theory is problematic, as interventions utilising theory
have demonstrated greater levels of physical activity behaviour change than those that do not
(Davis et al., 2015; Howlett et al., 2019; Michie et al., 2008). Though, meta-analytical evidence
for behaviour change theory in relation to improving sedentary behaviour, specifically, is
lacking. This suggests that further sedentary behaviour interventions grounded in behaviour

change theory should be evaluated in order to better understand their potential effectiveness.

Use of BCTs, described as the building blocks of interventions, is commonplace in the
development, implementation and evaluation of behaviour change interventions (Michie et al.,
2013). Integration of BCTs ensures transparency and reproducibility in interventions to
maintain rigour, as well as facilitating seamless comparison with other interventions and to
help identify what does and does not work for behaviour change (Michie et al., 2013). The

most common BCTs in previous sedentary behaviour interventions included setting
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behavioural goals, social support, adding objects to the environment, problem-solving,
instruction for how to perform the behaviour, self-monitoring, information about health
consequences and prompts and cues (Curran et al., 2021; El Kirat et al., 2024; Gardner et al.,
2016). The BCTs with the most promise for reducing sedentary behaviour in a systematic
review included self-monitoring of behaviour, problem solving, and changing the social or
physical environment (Gardner et al., 2016). Those present exclusively in the most effective
interventions for improving sedentary behaviour in another review included feedback on
behaviour and goal setting (Curran et al., 2021). It is evident that interventions including self-
monitoring of behaviour, problem solving, changing the social or physical environment,
feedback on behaviour and goal setting are most effective for reducing sedentary behaviour,
and should be considered when developing interventions. The use of behaviour change theory
and inclusion of appropriate BCTs may be relevant in the development and delivery of
sedentary behaviour interventions for individuals with paraplegia to maximise acceptability

and effectiveness.

3.6 Sedentary Behaviour Interventions in Clinical Populations

A number of sedentary behaviour interventions have been developed and evaluated across
different clinical populations, such as CVD (Prince et al., 2018), stroke (English et al., 2016;
Ezeugwu & Manns, 2018; Hall et al., 2020), chronic obstructive pulmonary disease (Orme et
al., 2016) and multiple sclerosis (Manns et al., 2020; Ryan et al., 2020). A meta-analysis of
sedentary behaviour interventions in clinical populations (overweight/obesity, T2DM, CVD,
stroke, multiple sclerosis, serious mental illness) showed that such interventions were effective
for reducing sedentary time and improving CVD biomarkers related to HbA1C, body fat
percentage and waist circumference (Nieste et al., 2021). Another review of digitally-delivered
sedentary behaviour interventions in clinical populations (healthy adults, overweight/obesity,
T2DM, CVD, cancer, depression, osteoarthritis) generally showed improvements in energy
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expenditure, physical activity, body composition, quality of life and self-efficacy (Martin-
Martin et al., 2021). Similarly to those in non-disabled individuals, identification of the
characteristics of effective and ineffective interventions is key to inform successful future

intervention development.

3.6.1 Targeting Sedentary Behaviour or Physical Activity

All but one of the 18 studies included a review of sedentary behaviour interventions in clinical
populations primarily targeted sedentary behaviour (Nieste et al., 2021). The one other study
targeted physical activity and did not lead to reductions in sedentary time (Holliday et al.,
2018). The meta-analysis showed a significant reduction in sedentary behaviour (Nieste et al.,
2021). Another review in individuals with T2DM showed that the only included intervention
that did not improve sedentary behaviour targeted physical activity, suggesting that those
targeting sedentary behaviour are more effective (Smith et al., 2024). A review of interventions
in stroke survivors found that there was no effect on sedentary behaviour (Saunders et al.,
2021). The lack of improvement in sedentary behaviour in this review may have been due to
half of the included studies targeting physical activity (Saunders et al., 2021); it has been
suggested that physical activity interventions target inappropriate BCTs for changing sedentary

behaviour (Martin et al., 2015).

Therefore, it appears that interventions targeting physical activity do not lead to reductions in
sedentary behaviour, whereas those specifically targeting sedentary behaviour are effective for

reducing this outcome in clinical populations.

3.6.2 Intervention Duration
A scoping review of sedentary behaviour interventions lasting between six weeks to one year
in individuals with CVD showed improvements in sedentary behaviour (Peng et al., 2023). In

one meta-analysis of sedentary behaviour interventions in a number of clinical populations,
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interventions ranged from six to 24 weeks and led to a significant reduction in sedentary
behaviour (Nieste et al., 2021). Additionally, the sedentary behaviour interventions included in
this review significantly improved body fat percentage, waist circumference and HbA1C,
suggesting that reducing and breaking up sedentary behaviour over six to 24 weeks may be
sufficient to improve CVD biomarkers in clinical populations (Nieste et al., 2021). However,
in a meta-analysis of shorter-term (three hours to four days) and longer-term (five weeks to
three years) sedentary behaviour interventions in individuals with T2DM, there was a
significant improvement in CVD biomarkers for both intervention durations (Smith et al.,
2024). Despite the apparent efficacy of shorter-term interventions, these studies did not
measure sedentary behaviour. In contrast, all but one longer-term intervention showed promise

for improving sedentary behaviour (Smith et al., 2024).

This evidence across clinical populations suggests that interventions lasting approximately five
weeks or more may be effective for reducing sedentary behaviour. Whilst short-term studies
showed promise for improving CVD biomarkers in one review, there is more evidence for the
effectiveness of interventions lasting five weeks or more on sedentary behaviour and CVD

biomarkers.

3.6.3 Setting

Although intervention setting was not specifically reported in the studies included in a review
of digital sedentary behaviour interventions in clinical populations, from the digital health
nature of the review, it can be assumed that interventions were delivered remotely in a
home/community setting (Martin-Martin et al., 2021). Energy expenditure, physical activity,
body composition, quality of life and self-efficacy were improved by the interventions included
in this review (Martin-Martin et al., 2021). Similarly, in a scoping review of sedentary
behaviour interventions in individuals with T2DM, most took place in home and community

settings, with consistent improvement in sedentary behaviour (Peng et al., 2023). Neither of
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these reviews synthesised outcomes by intervention setting, limiting conclusions as to the
importance of this characteristic within interventions. Settings in a review of sedentary
behaviour interventions in multiple clinical populations included home and community-based
and workplace-based (Nieste et al., 2021). Both sedentary behaviour and CVD biomarkers
were improved across different settings (Nieste et al., 2021). However, setting was not reported
for every intervention, limiting the ability to determine the settings in which sedentary

behaviour and CVD biomarkers were improved most consistently (Nieste et al., 2021).

In conclusion, although there is more evidence regarding the effectiveness of interventions for
improving sedentary behaviour and CVD biomarkers in home- and community-based
interventions, it appears that these outcomes may be improved in a number of settings in
clinical populations. A number of studies did not explicitly report the intervention setting,
necessitating clearer reporting of intervention characteristic in future studies to better

understand the nature of effective interventions.

3.6.4 Delivery Mode

A review of digital behaviour change interventions to reduce sedentary behaviour identified a
number of delivery modes. All of the included interventions used text messages, whilst most
of them employed communication tools, such as phone calls and emails, as well as mobile apps
and activity trackers (Martin-Martin et al., 2021). However, the effectiveness of delivery modes
was not explored in this review. Delivery modes varied in a scoping review of sedentary
behaviour interventions in individuals with T2DM, including individual-based, group-based,
mobile phone-based, internet-based and learning material-based components (Peng et al.,
2023). Mobile or internet-based technologies were the most common delivery mode, including
app access, text messaging and phone call reminders (Peng et al., 2023). Despite improvements
in sedentary behaviour across included studies, effectiveness of each delivery mode was also

not determined in this review. A review of sedentary behaviour interventions encompassing a
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wide range of delivery modes in clinical populations (overweight/obesity, type 2 diabetes,
CVD, neurological/cognitive, or musculoskeletal disorders) identified that interventions
generally used one or more of the following components: self-monitoring, education in
combination with motivational counselling, the use of a website/app and social facilitation
(Nieste et al., 2021). Sedentary behaviour was significantly reduced, by 64 min/day on average
(Nieste et al., 2021). Reductions in sedentary behaviour were most pronounced in multi-
component interventions compared to those utilising a single component, specifically those
including elements of motivational counselling, self-monitoring, social facilitation and
technology (Nieste et al., 2021). Reducing sedentary time also led to reductions in HbA1C,

body fat percentage and waist circumference (Nieste et al., 2021).

Therefore, sedentary behaviour interventions utilising multiple components such as
motivational counselling, self-monitoring, social facilitation and/or technology appear to be
promising for reducing sedentary time and improving CVD biomarkers in clinical populations;

this should be investigated in individuals with paraplegia.

3.6.5 Use of Behaviour Change Theory

Use of behaviour change theory in sedentary behaviour interventions for clinical population is
limited (Hall et al., 2020). A review of sedentary behaviour interventions in clinical populations
(overweight/obese, CVD, cancer, depression, osteoarthritis) noted that theoretical models are
not clearly described, with only 6 of 18 interventions informed by behaviour change theory
(social cognitive theory, control theory, health promotion model, non-specific behaviour
change theory) (Martin-Martin et al., 2021). This same review found that the most common
BCTs in digital sedentary behaviour interventions in clinical populations were goal setting,
problem solving, reviewing outcomes/goals, feedback on behaviour and outcomes of
behaviour, self-monitoring of behaviour, social support, information about health

consequences, and behaviour practice/rehearsal (Martin-Martin et al., 2021). In spite of
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improvements in energy expenditure, physical activity, body composition, quality of life and
self-efficacy across included interventions, the authors did not report on which BCTs may lead
to better intervention outcomes due to difficulty in determining causality. In addition, the
review only included digitally-delivered interventions, excluding other potentially relevant
sedentary behaviour interventions with a different delivery mode (Martin-Martin et al., 2021).
In a review of interventions of sedentary behaviour in stroke survivors, only one study
specifically targeted sedentary behaviour and described the behaviour change approach
employed by the intervention; an improvement in sitting time was observed (Saunders et al.,
2021). The lack of theory in included interventions may explain the limited improvement in
sedentary behaviour seen in this review (Saunders et al., 2021). A scoping review of sedentary
behaviour interventions in individuals with CVD identified that three of 11 included
interventions were informed by behaviour change theory (Social Cognitive Theory and
Behavioural Decision Theory), demonstrating a lack of theoretical underpinning amongst
interventions (Peng et al., 2023). This same review also noted that the most commonly used
BCTs included were self-monitoring of behaviour, others monitoring with awareness,
instruction on how to perform behaviour, feedback on behaviour, graded tasks, goal setting
(behaviour), action planning, behavioural rehearsal/practice, review behavioural goals, and
behaviour substitution (Peng et al., 2023). Despite seeing improvements in sedentary behaviour
across included interventions, this review also did not explore effectiveness of each BCT,

limiting implications for future intervention development.

These findings demonstrate the limited reporting of behaviour change theory in sedentary
behaviour interventions, as well as a lack of reviews on the effectiveness of different BCTs in
clinical populations. Future studies should specify their theoretical approach in order to
improve reproducibility, inform future intervention development and understand the most

effective BCTs for reducing and breaking up sedentary behaviour in clinical populations.
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3.7 Physical Activity Interventions in Individuals With Paraplegia

Interventions targeting physical activity can be used to displace sedentary behaviour. Indeed,
engagement in light physical activity was strongly correlated with time spent in sedentary
behaviour in the general population (Healy et al., 2008). Furthermore, a meta-analysis found
that breaking up sedentary behaviour with light, moderate or vigorous-intensity physical
activity is associated with improvements in CVD biomarkers (Chastin et al., 2015).
Consequently, physical activity interventions could inform development of sedentary
behaviour interventions. Therefore, the exploration of interventions targeting physical activity,
in both this section, and the systematic review (Chapter 4), is justified. This section will give a
general overview of physical activity interventions in individuals with paraplegia, whereas the
systematic review (Chapter 4) will explore the effectiveness of these interventions on sedentary

behaviour and CVD biomarkers.

Physical activity interventions have been evaluated in individuals with paraplegia who are
wheelchair users (Akkurt et al., 2017; Nightingale et al., 2017, 2018). The majority of
interventions involve regular arm crank ergometry exercise, which is possible due to retained
function in the upper limbs (Van Der Scheer et al., 2017). Arm crank ergometry exercise
training protocols delivered over six weeks have generally been successful for increasing
MVPA and measures of cardiorespiratory fitness, such as peak volume of oxygen consumption,
in individuals with paraplegia (Nightingale et al., 2017, 2018). Some efficacy has also been
observed for CVD biomarkers, such as reductions in fasting insulin and insulin resistance in
individuals with paraplegia (Nightingale et al., 2017, 2018) and SCI between C7 and T5
(Bresnahan et al., 2018). Conversely, in individuals with SCI between C3 and T11, no
improvements in blood pressure, glycaemia or lipid profile were seen following a 16-week arm
crank ergometry intervention (de Zepetnek et al., 2015) that followed SCI-specific exercise
guidelines of 40 minutes per week of MVPA (Martin Ginis et al., 2018).
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It appears that physical activity interventions could have mixed effectiveness for improving
CVD biomarkers in individuals with SCI. This may be because these interventions employ an
exercise protocol approach and, therefore, do not target the remainder of the waking day where
high volumes of sedentary behaviour and low levels of activity may be present. It has been
suggested that focusing on increasing activities of daily living via a whole of the day approach
could be an effective approach to health-enhancing behaviour change in individuals with SCI
(Manns et al., 2012). Furthermore, reducing and breaking up sedentary behaviour as a target
for long-term health behaviour change in individuals with SCI, using a stepwise approach, may
be a more realistic initial approach than targeting increases in MVPA (Dogra et al., 2022).
Therefore, evaluating sedentary behaviour interventions in terms of their effects on CVD

biomarkers in this group is warranted.

3.8 Sedentary Behaviour Interventions in Individuals With Paraplegia

Although sedentary behaviour has been suggested as a more acceptable and realistic target for
improving cardiovascular health than MVPA in individuals with paraplegia (Dogra et al., 2022;
Manns et al., 2012), there has been a scarcity of studies exploring the reduction and breaking
up of this behaviour. A scoping review identified only eight acute sedentary behaviour studies
in individuals with SCI (Adams et al., 2024). The authors could not draw any conclusions as
to the nature, extent or impact of sedentary behaviour interventions due to the limited amount
of studies and their heterogeneity, as each varied widely in study design and outcomes (Adams
et al., 2024). Also, this review largely included acute, laboratory-based studies, with only five
interventional in nature, unlike other reviews of longer-term, behavioural sedentary behaviour
interventions in other clinical populations (Martin-Martin et al., 2021; Nieste et al., 2021) and
the general population (Hadgraft et al., 2021; Martin et al., 2015; Prince et al., 2014). Acute,
laboratory-based interventions provide limited understanding of the relevance of behaviour
change theory and effectiveness of different BCTs for reducing sedentary behaviour in
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individuals with paraplegia. In order to better understand these factors, the development and
evaluation of longer-term, behavioural, theory-based sedentary behaviour interventions is

required in this group.

Bailey et al. (2020) found that, in individuals with paraplegia, breaking up sedentary time with
two minutes of moderate-intensity arm ergometry every 20 minutes over 5.5 hours reduced
postprandial glucose. There is limited evidence of the longer-term CVD biomarker benefits of
reducing sedentary behaviour in individuals with SCI; this is possibly because of the challenge
of reducing sedentary time in a population that is required to sit for long periods due to manual
wheelchair use. An eight-month coaching-based behavioural intervention targeting increases
in physical activity did not reduce accelerometry-measured sedentary behaviour in individuals
with paraplegia and tetraplegia (Nooijen et al., 2016). On the contrary, a 16-week virtual
exercise intervention, comprising online resources, virtual support meetings, and an exercise
equipment pack, in individuals with paraplegia and tetraplegia, led to a significant decrease in
self-reported sitting time (measured using the IPAQ ‘daily sitting time’ question) from baseline
to two months post-intervention (Froehlich-Grobe et al., 2022). This contrast in sedentary
behaviour change between the studies may be explained by difference in sedentary behaviour
measurement. Sitting time is reported despite the participants using a wheelchair for >50% of
the waking day; it is unclear whether the IPAQ sitting question was adapted for this study so
that it was appropriate for this sample (Froehlich-Grobe et al., 2022). Also, there were no
significant improvements in body mass, BMI, or blood pressure (Froehlich-Grobe et al., 2022).
Despite reporting sedentary behaviour (or sitting time, a proxy of sedentary behaviour), the
primary aim of these two interventions (Froehlich-Grobe et al., 2022; Nooijen et al., 2016) was
to increase physical activity, as opposed to reducing sedentary behaviour. This may limit the
effectiveness of such interventions for reducing sedentary behaviour, as inappropriate BCTs

may be employed for affecting sedentary behaviour (Martin et al., 2015). The uncertainty and
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scarcity of evidence in this field may explain why there are no SCl-specific guidelines
regarding sedentary behaviour. Interventions targeting sedentary behaviour need to be
developed and evaluated in individuals with paraplegia to inform the relevance of sedentary

behaviour in healthcare and public health guidelines for this population.
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Chapter 4: Study 1. Effects of Interventions on Sedentary Behaviour and
Cardiovascular Disease Biomarkers in Individuals With Paraplegia: A Systematic

Review

This systematic review has been published in a peer-reviewed journal:

Cooper, D. L., Warland, A., Norris, E., Kilbride, C., Paddison, S., & Bailey, D. P. (2025).
Effects of interventions on sedentary behaviour and cardiovascular disease biomarkers in
individuals with spinal cord injury: a systematic review. Disability and Rehabilitation, 1-24.

https://doi.org/10.1080/09638288.2025.2592500 (Appendix 1).

The results of this study provide context around the effectiveness of interventions targeting
sedentary behaviour in improving CVD biomarkers, as well as favourable and non-favourable
intervention characteristics to improve sedentary behaviour and CVD biomarkers in individuals
with paraplegia. These findings were used to inform the intervention design process in the

intervention development study (Chapter 5).

4.1 Introduction

Individuals with SCI have been reported to spend more than 12 hours per day being sedentary
when measured using accelerometry (Postma et al., 2020). This population group inherently
spend long periods of time sitting due to regular or complete reliance on a wheelchair for
mobility. The positive effects of reducing sedentary behaviour in non-disabled individuals
could be of clinical relevance in those with SCI. Reducing and breaking up sedentary behaviour
may also be more achievable than increasing MVPA for individuals with chronic conditions,
such as paraplegia (Dogra et al., 2022). However, the evidence around sedentary behaviour in

this population is not clearly understood.

A systematic review is needed to understand the potential effectiveness of interventions for

reducing sedentary behaviour and improving CVD biomarkers in individuals with SCI. This
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could help inform sedentary behaviour guidelines specific to this group. A focus on individuals
with paraplegia may be particularly relevant, as this type of SCI provides a greater opportunity

to break up sedentary behaviour than tetraplegia due to retained upper limb function.

Sedentary behaviour is an independent risk factor for CVD (Bailey et al., 2019; Wilmot et al.,
2012) and is associated with CVD biomarkers (Jones et al., 2025). To address CVD risk,
interventions targeting sedentary behaviour have been developed in a number of populations.
These interventions have demonstrated effectiveness for reducing sedentary time and
improving CVD biomarkers in the general population (Hadgraft et al., 2021; Martin et al., 2015;
Prince et al., 2014) and clinical populations (Nieste et al., 2021). The measurement of both
behavioural (sedentary time) and health (CVD biomarker) outcomes is important in studies of
health behaviour change interventions to provide context around causality (Hardeman et al.,
2005). Therefore, both sedentary behaviour and CVD biomarker outcomes were explored in

this review.

The aims of this study were to systematically review (1) the effects of interventions on
sedentary behaviour, and (2) the effects of these interventions on CVD biomarkers, in

individuals with paraplegia.
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4.2 Methods

The systematic review protocol was registered prospectively on the International Prospective
Register of Systematic Reviews database (PROSPERO; CRD42023420260) and is reported in
accordance with the Preferred Reporting Items for Systematic reviews and Meta-analyses

(PRISMA) guidelines (Appendix 2) (Page et al., 2021).

4.2.1 Eligibility Criteria

The Population, Intervention, Comparators, Outcomes and Study design (PICOS) process
(Amir-Behghadami & Janati, 2020) was used as the framework to guide the eligibility criteria
(Table 1). Articles were excluded if the publication was not in English. Published journal

articles, conference papers, theses and pre-printed papers were eligible for inclusion.

Conference abstracts were only eligible if the review team could obtain the necessary data from

the abstract or study authors.
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Table 1. Population, intervention, comparator, outcomes, and study design criteria for the

review.

PICOS Eligibility criteria

component

Population Adult participants (> 18 years old) of any sex with paraplegia.

Intervention Any intervention that targeted a reduction in sedentary behaviour, or
targeted an increase in physical activity and included a measurement of
sedentary behaviour as an outcome.

Comparator Studies with or without comparators, including either passive control or
active control.

Outcomes Aim 1: Primarily aim to target sedentary behaviour and/or include a
quantitative measurement of sedentary behaviour by self-report or device.
Aim 2: Be eligible for Aim 1 and include > 1 cardiovascular disease
biomarker.

Study design Randomised controlled trials, uncontrolled trials, crossover trials, quasi-
experimental studies, pre-post studies, pilot studies, and feasibility
studies.

4.2.1.1 Population
Studies with adults (> 18 years old) with paraplegia were eligible. It was anticipated that articles
would vary in their definition of paraplegia; therefore, this review kept the definition
purposefully broad to capture all articles that may provide data relevant to the review aims. For
example, studies that provided brief or detailed definitions of paraplegia, or where individual
level of injury were included. Studies that included participants with paraplegia and tetraplegia
were included irrespective of the proportion of the sample with paraplegia as the outcomes
would be relevant to the review’s target population. Studies were excluded if participants were

predominantly ambulant.

4.2.1.2 Intervention
Interventions that targeted a reduction in sedentary behaviour and/or an increase in physical
activity (if sedentary behaviour was reported as an outcome) were eligible. As such,

interventions targeting physical activity, which could lead to displacement of sedentary
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behaviour, were included. Interventions were not limited with respect to any characteristic,

delivery mode or dose.

4.2.1.3 Comparator

Studies with or without comparators were eligible, including passive or active control.

4.2.1.4 Outcome
Interventions that specifically target sedentary behaviour and/or include a quantitative measure
of sedentary behaviour (self-reported, device-assessed) (Aim 1). Interventions that are eligible

for aim 1 and report outcomes for > 1 CVD biomarker (Aim 2).

4.2.1.5 Study Design
Randomised controlled trials, uncontrolled trials, crossover trials, quasi-experimental studies,

pre-post studies, pilot studies and feasibility studies were eligible for inclusion.

4.2.2 Search Strategy

Searches were conducted on 12 June 2023, followed by updated searches on 13 August 2024
and 2 September 2025, using the following databases: CINAHL Plus (via EBSCO Host),
ClinicalTrials.gov, Cochrane library, ISRCTN Registry, MEDLINE (via EBSCO Host),
PsycInfo (via EBSCO Host), Physiotherapy Evidence Database, PubMed, Scopus, SPORT
Discus (via EBSCO Host), and Web of Science. There were no search restrictions on
publication date or publication type. The full list of search strings is included within Appendix
3. Reference lists of eligible articles were searched to identify any further potential studies for

inclusion.

4.2.3 Study Selection

Identified articles were exported to an online systematic review data management system

(www.covidence.org) for screening, following removal of duplicates. Two independent

reviewers screened titles and abstracts. Full texts were obtained for potentially eligible studies.
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The same reviewers independently reviewed the full texts. The reviewers reached a consensus

through discussion in cases of disagreement.

4.2.4 Quality Appraisal

Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomised trials (RoB-
2) and relates to five domains: randomisation, deviation from intended intervention, missing
outcome data, measurement of the outcome and selection of the reported results (Sterne et al.,

2019). Risk of bias was determined as low, high or some concerns (Sterne et al., 2019).

4.2.5 Data Extraction

Two reviewers independently extracted items into a custom data extraction spreadsheet using
Microsoft Excel (Redmond, WA, USA). Extracted data included publication details, study
design, participant characteristics (age, sex, and level of injury), intervention characteristics
(type, duration, frequency, intensity, delivery mode, setting, provider, use of behaviour change
theory), the methods used to measure outcomes, and outcome results (effects on sedentary
behaviour and CVD biomarkers). Use of behaviour change theory was determined by the study
mentioning the use of a behaviour theory, model or framework within the methods section.
Potential uses of behaviour change theory include guiding the intervention development
process, retrospective mapping of components to theoretical domains, or being used in

intervention delivery.

4.2.6 Quality of Evidence

The Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
criteria were used to assess certainty of evidence for each outcome (sedentary behaviour and
CVD biomarkers) across five domains: risk of bias, inconsistency of results, indirectness of
evidence, imprecision and publication bias (Guyatt et al., 2011a). Overall certainty of evidence

was rated as high, moderate, low or very low for each outcome (Guyatt et al., 2011a).
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4.2.7 Data Synthesis

There was wide heterogeneity in study design and intervention characteristics. Therefore, a
meta-analysis was not undertaken. Instead, a qualitative synthesis was undertaken following
Synthesis Without a Meta-analysis guidelines (SWiM; Appendix 4) (Campbell et al., 2020).
Eligible studies were grouped into suitable categories to interpret the results. Between-group
change data was used to determine significance, where possible. If not available, within-group
data was used. When neither P-values nor confidence intervals (CI) were reported in a study,
95% Cls for mean differences were calculated to enable determination of statistical significance
and aid interpretation. When SD for the mean difference was not available, this was estimated
following Cochrane guidelines with a conservative r correlation of 0.5 assumed between
baseline and follow-up SDs (Higgins et al., 2024). The 95% ClIs were then calculated using a
paired-samples ¢ distribution, with adjustment for width of the interval according to sample size
(Altman, 1990). Studies were synthesised in relation to the nature of the intervention (i.e. the
target behaviour), intervention characteristics (dose, setting, delivery mode, duration, use of
behaviour change theory), study population, outcome measurement method and risk of bias

appraisal.
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4.3 Results

4.3.1 Study Ildentification

A total of 11,221 records were identified, from which 5,290 duplicates were removed (Figure
4). Titles and abstract screening of the remaining 5,931 records resulted in 5,868 exclusions.
The full-text of the 63 remaining records were assessed for eligibility, resulting in the removal
of 54 records. Nine articles were included in the final synthesis. Nightingale et al. (2017, 2018)
and Nooijen et al. (2016, 2017) reported findings from a single study across two separate
articles; therefore, these were each considered one single intervention. Martinez et al. (2025)
reported findings from two different interventions within a single article; therefore, these were
considered two distinct interventions (interventions A and B). As a result, the review comprised
eight distinct interventions that were investigated in seven studies. The findings of these studies

are reported across nine articles.

4.3.2 Study Characteristics

Characteristics of the included studies are shown in Table 2. Three of the seven studies were
undertaken in the UK (Bailey et al., 2020; Farrow et al., 2024; Nightingale et al., 2018), two in
the US (Froehlich-Grobe et al., 2022; Martinez et al., 2025), one in the Netherlands (Nooijen
et al., 2016) and one in Norway (Piira et al., 2020). Five studies were randomised controlled
trials (Farrow et al., 2024; Froehlich-Grobe et al., 2022; Nightingale et al., 2018; Nooijen et al.,
2016; Piira et al., 2020), one was a randomised comparative effectiveness trial (Martinez et al.,

2025) and one employed a randomised controlled crossover design (Bailey et al., 2020).
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Scopus (n = 3,820)
Web of Science (n = 1,890)
PubMed (n = 1,600)
MEDLINE (n = 1,334)
Cochrane Library (n = 876)
CINAHL (n = 669)
PEDro (n = 379)
SPORTDiscus (n = 348)
PsycINFO (n = 149)
ClinicalTrials.gov (n = 111)
ISRCTN (n = 45)
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Figure 4. PRISMA flowchart for article identification.
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Table 2. Characteristics of included studies.

Study, country

Study design

Participants

Intervention and control
characteristics

Intervention delivery
mode and setting

Bailey et al.
(2020), United

Two-condition randomised
controlled crossover design.

N=14(8F, 6 M).
Mean age = 51 £ 9 years.

Intervention: Participants performed
moderate-intensity physical activity

Controlled condition
undertaken individually

Kingdom. Paraplegia between T6 - L5 for 2 min every 20 min over 5.5 h within University Sport and
(plus one participant with post-  using an arm ergometer. No Exercise Science
polio syndrome). behaviour change theory reported. Laboratories.
Wheelchair user N =9.
Ambulatory N = 5. Control: Participants remained seated
and sedentary in a wheelchair over
5.5h.
Farrow et al. Randomised controlled trial. N =27 (14 F, 13 M). Intervention: Four intervention Home-based exercise
(2024), United Mean age 46 + 8 years. sessions per week for six weeks training undertaken
Kingdom. Paraplegia between T2 and L2.  involving 10 x 60 s intervals at 80 - individually.

Self-reported use of a
wheelchair for >75% of their
waking day.

90% of peak heart rate. Intensity
increased by 5% every two weeks.
No behaviour change theory reported

Control: Participants were asked to
maintain their habitual diet and
physical activity routine.

Froehlich-Grobe
et al. (2022),
United States.

Randomised, wait-list
controlled trial.

N=168 (72 F, 96 M).

Mean age 49.6 + 12.3 years.
Paraplegia N = 100.
Tetraplegia N = 66.

Not known N = 2.

Manual wheelchair user N =
104.

Power wheelchair user N = 60.
Scooter user N =4,

Intervention: 16-week programme
providing participants (a) unlimited
website access with exercise
information, resources, and 16 skill-
building modules; (b) virtual 60-
minute, group-based 1x/week
meetings, (¢) unlimited access to a
starter package of exercise
equipment. The programme was
founded upon Social Cognitive
Theory and the Relapse Prevention
model.

Home and community.
Online educational
resources and learning
modules, group-based
meetings, access to personal
exercise equipment.
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Control: Participants underwent
testing twice before being invited to
participate in the intervention
programme after a 4-month delay.

Martinez et al.
(2025), United
States.

Randomised comparative
effectiveness trial.

Sedentary behaviour
intervention (A):
N=21(5F, 16 M).

Mean age 41 (range 27-57)
years.

Paraplegia between T2 and L3.

All manual wheelchair users.

Physical activity intervention
(B):

N=28(5F,23 M).

Mean age 41 (range 22-61)
years.

Paraplegia between T2 and L3.

All manual wheelchair users.

Sedentary behaviour
intervention (A): Home-
and community-based.

Sedentary behaviour intervention
(A): Designed to decrease sedentary
time and increase overall physical
activity by measuring and
accumulating activity throughout the
day. Given a wrist-worn activity
monitor and phone app to view and
track physical activity. Individualised
goal-setting to progressively increase
daily physical activity and decrease
sedentary time and review of activity
data with a physical therapist. Given
home-based shoulder flexibility and
strengthening exercises and
recommendations for movement
techniques that reduce shoulder
demands associated with PA and
daily activities.

Physical activity
intervention (B): Home-
and community-based.

Physical activity intervention (B):
Planned arm-crank ergometry.
Individualised goal-setting to
progressively increase daily physical
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activity and review of activity data
with a physical therapist. Participants
were asked to perform 3 x 15 min
cycling sessions each week at 70% of
maximum heart rate. Participants
were encouraged to progressively
increase session duration from 15 to
30 min between Weeks 2 and 4 and
to 33 min by Week 5. Last,
participants were instructed to
exercise for 33 - 35 min per sessions,
but at a higher intensity (target 85%
of maximum heart rate) between
week 5 and intervention end. Given
home-based shoulder flexibility and
strengthening exercises and
recommendations for movement
techniques that reduce shoulder
demands associated with PA and
daily activities.

Nightingale et al. Randomised controlled trial.
(2017, 2018),

N=24 (9F, 15M).
Mean age 47 + 8 years.

Intervention: 4 x 45-minute
moderate-intensity (60%-65% peak

Portable desktop arm-crank
ergometer set up in their

United Participants had paraplegia oxygen uptake) arm-crank exercise own home for individual
Kingdom. below the T4 level. sessions per week for 6 weeks. No exercise training.
Those with an incomplete behaviour change theory reported.
injury used a wheelchair >75%
of their waking day. Control: Participants were asked to
maintain their habitual physical
activity behaviour.
Nooijen et al. Single-blind, multicentre, N=39 (6 F,33 M). Intervention: Behavioural Specialised rehabilitation
(2016, 2017), randomised controlled trial. Mean age 44 + 15 years. intervention promoting an active Centres administered the
Netherlands. Paraplegia N = 26. lifestyle after discharge. Intervention  rehabilitation. Face-to-face,

Tetraplegia N = 13.
All wheelchair users.

involved 13 individual 1-hour
sessions delivered by a coach trained
in motivational interviewing

individual sessions with a
coach were planned for
intervention group. Some
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beginning 2 months before and
ending 6 months after discharge from
inpatient rehabilitation. Motivational
interviewing was based on the
transtheoretical model.

Control: Participants in both groups
received usual care, which included a
handcycle training program and
advice on physical activity after
discharge

sessions after discharge
were conducted remotely
by telephone.

Piira et al. Two parallel independent N=37(14F, 23 M).
(2020), Norway.  single-blinded randomised Mean age 50 + 13 years.
controlled trials. Paraplegia n = 20.

Tetraplegian = 17.
Wheelchair-dependent for
ambulation N = 24.

Intervention: 60 training days of
body weight supported locomotor
training, either with manual or
robotic assistance 60—90 min per day,
3-5 days per week over 6 months.
Telephone follow-up secured
compliance. No behaviour change
theory reported.

Control: Usual care, typically one-
on-one, by their local physical
therapists 1-3 times per week (range
0-5). Telephone follow-up secured
compliance.

Body weight supported
locomotor training
individual exercise training
programme, either with
manual or robotic
assistance. Two inpatient
rehabilitation facilities and
one outpatient clinic in
Norway.

Notes: F, female; L, lumbar; M, male; T, thoracic.
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Sample size ranged from 14 (Bailey et al., 2020) to 168 (Froehlich-Grobe et al., 2022)
participants (Table 2). Four studies had a sample including only individuals with paraplegia
(Bailey et al., 2020; Farrow et al., 2024; Martinez et al., 2025; Nightingale et al., 2018). Three
studies included participants with paraplegia and tetraplegia, in which outcomes were reported
for the whole sample (Froehlich-Grobe et al., 2022; Nooijen et al., 2016; Piira et al., 2020).
None of the study sample sizes were powered a-priori to detect changes in sedentary behaviour.
One study was powered a-priori to detect changes in physical activity (Froehlich-Grobe et al.,
2022), and one was underpowered for detecting changes in physical activity as the target sample
size was not achieved (Nooijen et al., 2016). Two studies were powered to detect changes in
CVD biomarkers, namely postprandial glucose (Bailey et al., 2020) and fasting insulin
(Nightingale et al., 2017). One study was underpowered to detect changes in fasting insulin due
to an insufficient sample size (Farrow et al., 2024), whilst the remaining three studies did not
conduct power calculations for CVD biomarker outcomes (Froehlich-Grobe et al., 2022;

Martinez et al., 2025; Nooijen et al., 2017).

4.3.3 Intervention Characteristics

Of the eight interventions identified across the seven studies, six interventions targeted
increases in physical activity (Farrow et al., 2024; Froehlich-Grobe et al., 2022; Martinez et al.,
2025 [intervention B]; Nightingale et al., 2018; Nooijen et al., 2016; Piira et al., 2020), whilst
two targeted sedentary behaviour (Bailey et al., 2020; Martinez et al., 2025 [intervention A]).
Interventions varied from one day (Bailey et al., 2020) to eight months (Nooijen et al., 2016)
in duration. Three interventions were home-based exercise training protocols (Farrow et al.,
2024; Martinez et al., 2025 [intervention B]; Nightingale et al., 2018), one was a home-based
online programme (Froehlich-Grobe et al., 2022), one used an exercise training protocol within
a rehabilitation centre (Piira et al., 2020), one used motivational interviewing within a

rehabilitation centre (Nooijen et al., 2016), one involved a whole-day approach to replace
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sedentary behaviour with physical activity (Martinez et al., 2025 [intervention A]), and one
involved supervised breaks in sedentary behaviour within a controlled laboratory setting
(Bailey et al., 2020). Four interventions were explicitly informed by behaviour change theory,
including Social Cognitive Theory and the Relapse Prevention Model (Froehlich-Grobe et al.,
2022), Brief Action Planning (Martinez et al., 2025 [intervention A]) and motivational

interviewing based on the Transtheoretical Model (Nooijen et al., 2016).

4.3.4 Risk of Bias

Risk of bias was consistent for both sedentary behaviour and CVD biomarker outcomes across
studies. Therefore, risk of bias in each domain is presented as a single judgement for each study
(Figure 5). With regards to bias arising from the randomisation process, six of seven studies
were deemed low risk (Bailey et al., 2020; Farrow et al., 2024; Martinez et al., 2025;
Nightingale et al., 2018; Nooijen et al., 2016; Piira et al., 2020), with one deemed high risk as
allocation sequence was not concealed (Froehlich-Grobe et al., 2022). For deviations from the
intended intervention protocol, five studies had a low risk of bias (Bailey et al., 2020; Farrow
et al., 2024; Martinez et al., 2025; Nightingale et al., 2018; Nooijen et al., 2016) and two had a
high risk due to concerns around participant adherence (Froehlich-Grobe et al., 2022; Piira et
al., 2020). Five of seven studies had a low risk of bias arising from missing outcome data
(Bailey et al., 2020; Farrow et al., 2024; Froehlich-Grobe et al., 2022; Nightingale et al., 2018;
Piira et al., 2020), one study raised some concerns as a result of unexplained missing data points
(Nooijen et al., 2016), and one study was high risk due to missing data points (Martinez et al.,
2025). Regarding measurement of outcome variables, five of seven studies were judged to have
low risk of bias (Bailey et al., 2020; Farrow et al., 2024; Froehlich-Grobe et al., 2022;
Nightingale et al., 2018; Nooijen et al., 2016), while two studies were deemed high risk due to
the findings being pooled from two separate trials undertaken in different settings (Piira et al.,

2020) or the use of non-validated methods for outcome measurement (Martinez et al., 2025).
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Four studies were assessed as low risk of bias arising from the selection of the reported outcome
variables (Bailey et al., 2020; Farrow et al., 2024; Nightingale et al., 2018; Piira et al., 2020),
with the remaining three studies raising some concerns as they did not follow a pre-specified
data analysis plan (Froehlich-Grobe et al., 2022; Martinez et al., 2025; Nooijen et al., 2016).
Overall bias was deemed low risk in three studies (Bailey et al., 2020; Farrow et al., 2024;
Nightingale et al., 2018), high risk in three studies (Froehlich-Grobe et al., 2022; Martinez et

al., 2025; Piira et al., 2020) and of some concern in one study (Nooijen et al., 2016).

Risk of bias domains

Nightingale et al.
(2017, 2018)

Nooijen et al.
(2016, 2017)

Piira et al.
(2020)
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Figure 5. Risk of bias of included studies.
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4.3.5 Study Outcomes
4.3.5.1 Sedentary Behaviour Qutcomes

Of the seven interventions that included a measurement of sedentary behaviour (Table 3)
(Farrow et al., 2024; Froehlich-Grobe et al., 2022; Martinez et al., 2025 [interventions A and
B; Nightingale et al., 2018; Nooijen et al., 2016; Piira et al., 2020), two led to improvements
(Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention A]). In one intervention where
there was an improvement (Froehlich-Grobe et al., 2022), self-reported daily sitting was the
sedentary behaviour outcome, measured using the International Physical Activity
Questionnaire (IPAQ) (Craig et al., 2003). The other intervention that led to a reduction in
sedentary behaviour used METs derived from heart rate zones (Martinez et al., 2025
[intervention A]). The remaining interventions, in which sedentary behaviour was not reduced,
employed accelerometry (Farrow et al., 2024; Nightingale et al., 2018; Nooijen et al., 2016),

heart rate zones (Martinez et al., 2025 [intervention B]) and the IPAQ (Piira et al., 2020).

4.3.5.2 Cardiovascular Disease Biomarker Qutcomes
Seven of eight interventions included a measurement of one or more CVD biomarkers. Thirty
CVD biomarkers were assessed, with improvements in eight of these (systolic blood pressure,
diastolic blood pressure, fasting insulin, postprandial glucose, insulin resistance, Matsuda
insulin sensitivity index, total cholesterol and LDL cholesterol) reported in five out of seven
interventions (Table 3) (Bailey et al.,, 2020; Farrow et al., 2024; Martinez et al., 2025
[intervention A]; Nightingale et al., 2017; Nooijen et al., 2017). In the other interventions that
included CVD biomarker outcomes, there were no improvements (Froehlich-Grobe et al., 2022;

Martinez et al., 2025 [intervention B]).

Nightingale et al. (2017, 2018) reported an improvement in insulin resistance and fasting
insulin, but with no reduction in sedentary behaviour. There were no improvements in these

biomarkers in one other intervention that also did not reduce sedentary behaviour (Farrow et
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al., 2024), but there was an improvement in insulin sensitivity (Farrow et al., 2024). Another
intervention found no improvements in fasting insulin, insulin resistance or insulin sensitivity,

despite reductions in sedentary behaviour (Martinez et al., 2025 [intervention A]).

In the two interventions where postprandial glucose was evaluated, one led to an improvement
following supervised breaks in sedentary behaviour (Bailey et al., 2020), whereas there was no
change in postprandial glucose or sedentary behaviour in response to the other intervention
(Farrow et al., 2024). One intervention led to an improvement in total cholesterol and LDL
cholesterol (Nooijen et al., 2017), but with no reduction in sedentary behaviour (Nooijen et al.,
2016). Lipid outcomes did not change in response to one intervention that reduced sedentary
behaviour (Martinez et al., 2025 [intervention A]), nor three interventions that did not affect
sedentary behaviour (Farrow et al., 2024; Martinez et al., 2025 [intervention B]; Nightingale et

al., 2018).

Diastolic blood pressure was reduced in one study (Nooijen et al., 2017) in which the
intervention did not affect sedentary behaviour (Nooijen et al., 2016). Six other interventions
had no effect on diastolic blood pressure (Bailey et al., 2020; Farrow et al., 2024; Froehlich-
Grobe et al., 2022; Martinez et al., 2025 [interventions A and B]; Nightingale et al., 2017),
despite two of these reporting reductions in sedentary behaviour (Froehlich-Grobe et al., 2022;
Martinez et al., 2025 [intervention A]), and one involving supervised breaks in sedentary
behaviour (Bailey et al., 2020). There was a reduction in systolic blood pressure and sedentary
behaviour in one (Martinez et al., 2025 [intervention A]) of the seven interventions measuring
this outcome (Bailey et al., 2020; Farrow et al., 2024; Froehlich-Grobe et al., 2022; Martinez et

al., 2025 [intervention B]; Nightingale et al., 2017; Nooijen et al., 2017).

Body composition outcomes (body mass, body fat, body mass index, waist circumference and

waist to hip ratio) did not improve in any of the four interventions that assessed these outcomes
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(Farrow et al., 2024; Froehlich-Grobe et al., 2022; Nightingale et al., 2017; Nooijen et al.,

2017).
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Table 3. Outcomes of included studies.

Study, country  Sedentary Sedentary behaviour Cardiovascular disease Cardiovascular disease biomarker outcomes
behaviour outcomes biomarker outcome
outcome measures
measures
Bailey et al. N/A N/A Capillary blood samples at Data presented as mean (95% confidence intervals) for
(2020), United baseline, 30, 60, 90, 120, Intervention vs. Control *denotes significant difference
Kingdom. 180, 210, 240, 300, and 330 between conditions (p < 0.05).

min. YSI analyser used to
analyse blood glucose
(mmol/L), Reflotron Plus
used to measure triglycerides
(mmol/L), ELISA used to
measure insulin (pU/mL).
Glucose, insulin and
triglycerides were reported as
total and incremental AUC.
Blood pressure measured at
baseline, 60, 120, 180, 240
and 300 min.

Total 5 h postprandial period:

- Mean arterial pressure (mmHg) 97.1 (96.7, 97.6) vs. 96.8
(96.4,97.3) p=10.310

- Systolic blood pressure (mmHg) 125.9 (121.5, 130.3) vs.
123.9(119.4, 128.3) p = 0.366

- Diastolic blood pressure (mmHg) 76.6 (74.4, 78.9) vs. 76.8
(74.5,79.0) p = 0.934

- Glucose iAUC (mmol/L-5.5 h) 5.1 (2.8, 7.4) vs. 6.5 (4.2, 8.8)
p=0.275

- Glucose tAUC (mmol/L-5.5 h) 33.7 (31.4, 36.0) vs. 35.1
(32.8,37.4) p=0.276

- Insulin iAUC (uU/mL-5.5 h) 217.1 (165.5, 268.8) vs. 202.9
(121.3,284.5) p=0.753

- Insulin tAUC (uU/mL-5.5 h) 285.4 (232.6, 338.1) vs. 262.7
(175.7, 349.8) p = 0.980

- Triglycerides iAUC (mmol/L-5.5 h) 3.5 (1.6, 5.4) vs. 2.1
(0.3,4.0)p=0.194

- Triglycerides tAUC (mmol/L-5.5 h) 16.2 (14.3, 18.1) 14.8
(13.0, 16.6) p = 0.194

Breakfast postprandial period:

- Glucose iAUC (mmol/L-3 h) 4.9 (2.3,7.5) vs. 5.0 (2.4,7.6) p
=0.905

- Glucose tAUC (mmol/L-3 h) 19.8 (17.2, 22.4) vs. 20.0 (17.4,
22.6) p =0.905

- Insulin iAUC (pU/mL-3 h) 129.0 (101.9, 156.3) vs. 115.8
(70.3,161.3) p =0.594
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- Insulin tAUC (pU/mL-3 h) 164.6 (136.4, 192.8) vs. 147.0
(98.1, 195.9) p = 0.509

- Triglycerides iAUC (mmol/L-3 h) 0.8 (-0.2, 1.7) vs. -0.01 (-
0.9,09)p=0.172

- Triglycerides tAUC (mmol/L-3 h) 7.4 (6.4, 8.3) vs. 6.6 (5.7,
7.5)p=0.172

Lunch postprandial period:

- *Glucose iAUC (mmol/L-2.5 h) 1.9 (1.0, 2.7) vs. 3.0 (2.1,
3.9) (p=0.015, f=0.34)

- *Glucose tAUC (mmol/L-2.5 h) 15.3 (14.4, 16.1) vs. 16.4
(15.5,17.2) (p = 0.015, f=0.34)

- Insulin iAUC (pU/mL-2.5 h) 38.0 (—8.9, 84.8) vs. 57.7 (10.8,
104.5) (p =0.122)

- Insulin tAUC (uU/mL-2.5 h) 128.5 (101.4, 155.5) vs. 127.7
(100.7, 154.7) (p = 0.949)

- Triglycerides iAUC (mmol/L-2.5 h) 1.1 (0.23,2.0) vs. 1.4
(0.6,2.3) (p =0.482)

- Triglycerides tAUC (mmol/L-2.5 h) 8.3 (7.4,9.2) vs. 8.6
(7.8,9.5) (p = 0.482).

Farrow et al.
(2024), United
Kingdom.

Participants
wore a physical
activity monitor
(ActiheartTM)
for 7-days after
the baseline
visit, and in the
final week of the
intervention
period. Defined
as <1.5 METs.
Measured as
min/day.

Data presented as mean (95%

CI) for Intervention and Control

groups pre- vs. post-
intervention.

Sedentary time (min/day):

Intervention 642 (598, 687) vs.

687 (595, 780)

Control 723 (628, 818) vs. 522
(404, 639)

(p = 0.040)

Body mass was measured
using platform wheelchair
scales. DEXA scan was used
to measure total fat mass
(kg), total fat free mass (kg),
and total body fat percentage.
Supine length was measured
using a non-elastic tape
measure. Waist and hip
circumferences were taken in
duplicate, using a non-
metallic tape measure.
Resting blood pressure was
measured in triplicate using
an automated blood pressure
monitor. Serum insulin,
leptin and adiponectin were
determined using ELISA.
Plasma glucose and serum

Data presented as means (95% CI) or percentage change (%)
for Intervention and Control groups pre- vs. post-
intervention. *denotes significant difference (p < 0.05).

- *Matsuda ISI:

Intervention 10.3 £29.7%

Control -12.6 +24.8%

(»=0.036)

- Systolic blood pressure (mmHg):
Intervention 125 (120, 129) vs. 118 (114, 123)
Control 114 (106, 123) vs. 117 (111, 124)
(»=0.774)

- Diastolic blood pressure (mmHg):
Intervention 81 (78, 84) vs. 78 (75, 81)
Control 77 (72, 82) vs. 78 (74, 82)

(»p =0.942)

- Body mass (kg):

Intervention 76.5 (67.7, 85.3) vs. 74.9 (74.1, 75.7)

Control 75.5 (60.8, 90.2) vs. 70.6 (59.6, 81.7)
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triglycerides, NEFA, total
cholesterol, HDL cholesterol,
LDL cholesterol
concentrations were
determined using an
automated analyser. Insulin
and glucose tAUC and iAUC
were determined using the
trapezoidal rule to
characterise responses to the
OGTT. The Matsuda C-ISI,
HOMA2-IR and HOMA-
were calculated to give
fasting measures of insulin
resistance, insulin sensitivity
and pancreatic B-cell
function.

(»=0.103)

- BMI (kg/m?):

Intervention 26.6 (23.9, 29.3) vs. 26.1 (25.8, 26.3)
Control 24.6 (21.6, 27.7) vs. 25.7 (25.2, 26.1)
(»=0.115)

- Waist circumference (cm):

Intervention 87.7 (79.7, 95.7) vs. 85.2 (83.8, 86.6)
Control 83.8 (76.2, 91.4) vs. 84.8 (82.8, 86.8)
(»p=0.778)

- Waist:hip ratio:

Intervention 0.85 (0.81, 0.89) vs. 0.85 (0.83, 0.86)
Control 0.86 (0.81, 0.92) vs. 0.82 (0.79, 0.84)
(» =0.089)

- Fat mass (kg):

Intervention 30.2 (24.5, 36.0) vs. 29.4 (28.4, 30.3)
Control 25.0 (19.7, 30.4) vs. 28.5 (27.1, 29.8)
(» =0.286)

- Body fat (%):

Intervention 39.5 (34.7, 44.2) vs. 39.3 (38.3, 40.3)
Control 36.4 (29.9, 42.9) vs. 38.5 (37.0, 40.0)
(»p =0.365)

- Fasting glucose (mmol/L)

Intervention 5.52 (4.23, 6.80) vs. 5.73 (5.27, 6.19)
Control 4.77 (4.14, 5.40) vs. 5.80 (5.19, 6.41)
(» =0.849)

- HOMA2-IR:

Intervention 1.07 (0.54, 1.60) vs. 0.85 (0.70, 1.00)
Control 0.71 (0.49, 0.94) vs. 1.00 (0.80, 1.21)
(»p=0.224)

- Glucose iAUC (mmol/L x 120 min):
Intervention 433 (320, 545) vs. 411 (319, 503)
Control 350 (192, 508) vs. 383 (221, 545)

(p =0.765)

- Glucose tAUC (mmol/L x 120 min):
Intervention 1096 (859, 1333) vs. 1053 (982, 1123)
Control 908 (787, 1029) vs. 1028 (903, 1153)
(»p=0.728)

- Insulin iAUC (pmol/L x 120 min):

Intervention 44.5 (27.1, 61.9) vs. 48.1 (40.7, 55.5)
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Control 69.4 (—5.4, 144.3) vs. 57.1 (44.0, 70.1)
(p =0.242)

- Insulin tAUC (pmol/L x 120 min):
Intervention 51.2 (33.8, 68.6) vs. 53.3 (45.7, 60.9)
Control 74.9 (—1.60, 151.3) vs. 63.3 (51.0, 77.7)
(»p=0.164)

- NEFA (mmol/L):

Intervention 0.61 (0.47, 0.76) vs. 0.56 (0.46, 0.66)
Control 0.58 (0.35, 0.81) vs. 0.55 (0.43, 0.69)
(p =0.953)

- Leptin (ng/L):

Intervention 10.7 (6.0, 15.4) vs. 15.0 (11.3, 16.9)
Control 11.4 (6.4,16.3) vs. 11.1 (5.3, 16.9)
(»=0.264)

- Adiponectin (pg/L):

Intervention 9.21 (6.89-11.5) 9.58 (8.69-10.5)
Control 10.6 (4.91-16.3) 10.1 (8.88-11.3)
(»=0.491)

- Fasting insulin (pmol/L):

(»p=0.415)

- Total cholesterol (mmol/L):

Intervention 4 5.03 (4.51, 5.56) vs. 5.47 (5.16, 5.77)
Control 5.47 (4.73, 6.21) vs. 5.13 (4.72, 5.54)
(»=10.193)

- HDL cholesterol (mmol/L):

Intervention 1.12 (0.91, 1.32) vs. 1.30 (1.21, 1.39)
Control 1.27 (0.99, 1.54) vs. 1.23 (1.11, 1.35)
(»=0.329)

- LDL cholesterol (mmol/L):

Intervention 3.46 (3.00, 3.92) vs. 3.71 (3.38, 4.05)
Control 3.65 (2.85, 4.44) vs. 3.33 (2.88, 3.78)
(»=0.173)

- Triglycerides (mmol/L):

Intervention 1.13 (0.80, 1.46) vs. 1.04 (0.87, 1.21)
Control 1.20 (0.70, 1.70) vs. 1.25 (1.02, 1.48)

(p=0.142)
Froehlich- IPAQ-SF Wait-list control: Resting blood pressure RCT:
Grobe et al. question to Data presented as mean + SD (mmHg) and heart rate were =~ Data presented as means = SD for Intervention and Control

assess sitting for Intervention and wait-list obtained before (0 months) groups pre- vs. post-intervention.




(2022), United
States.

time
(hours/day).

control combined pre-post
results between 0 m vs. 4 m,
and 0 m vs. 6 m. *denotes
significant group x time
interaction effect.

*Sit time (min/day):
0m 616.22 +£229.19 vs.
4 m 567.05 +264.86
(»=0.076)

0m 616.22 +229.19 vs.
6 m 555.13 +252.28
(p=0.017)

and after (4 month) the
exercise intervention. Body
weight (kg) measured using a
digital wheelchair scale.

- Systolic blood pressure (mmHg):
Intervention 114.1 + 19.6 vs. 115.5 + 18.0
Control 109.2 £ 21.5 vs. 114.4 + 20.1
Group x time interaction p = 0.374

- Diastolic blood pressure (mmHg):
Intervention 73.7 £ 12.8 vs. 71.8 + 12.9
Control 73.2 +11.2vs. 71.3 £ 11.3
Group x time interaction p = 0.644

- Body weight (kg):

Intervention 86.2 +£22.0 vs. 85.2 £23.8 kg
Control 81.6 £20.8 vs. 81 £ 21.8 kg
Group x time interaction p = 0.563

- BMI (kg/m?):

Intervention 28.3 £ 6.2 vs. 28.4 + 7.2
Control 27.2 + 6.5 vs. 26.7 £ 6.9
Group x time interaction p = 0.104

Wait-list control:
Data presented as means + SD for Intervention and wait-list
control combined pre-post results between 0 m vs. 4 m.

- Systolic blood pressure (mmHg):
Om 112.4 £20.3 vs.
4m115.0+18.7
(»=0.706)

- Diastolic blood pressure (mmHg):
Om73.5+12.1 vs.
4m71.6+12.0
(»=0.125)

- Body weight (kg):
0m 84.6 +£21.5 vs.
4m83.3+22.7
(»p=0.722)

- BMI (kg/m?):
0m27.9+6.3 vs.
4m27.6+7.0
(»p=0.475)
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Martinez et al.
(2025), United
States.

Participants
wore a Fitbit
device on the
wrist over 7
days to measure
baseline
sedentary
behaviour in
min/day based
on heart rate
zones (1 MET
for > 10 min in
duration). The
same device was
worn throughout
the whole
intervention,
with the average
daily sedentary
behaviour over
the final month
used to
determine post-
intervention
values.

Data presented as A mean

difference (95% CI) for pre- vs

post-intervention. * denotes
significant difference.

Sedentary behaviour

intervention (A):

*Sedentary behaviour
(min/day):
Intervention A A -118
(-222 to -14%)

Physical activity intervention

(B):

Sedentary behaviour
(min/day):
Intervention B A -47
(-109 to 15%)

Between group difference in

change p =n.s.

Diastolic and systolic blood
pressure (mmHg) were
measured after a 6-minute
push test. Fasted blood
samples were taken to
measure glucose, insulin,
HOMA-%B, HOMA-%S,
HOMA-IR, lipid profile and
triglycerides (mg/dL).

Data presented as A mean difference (95% CI) for diastolic
blood pressure and median (interquartile range) for
triglycerides, pre- vs. post-intervention. *denotes significant

difference.

Sedentary behaviour intervention (A):

- *Diastolic blood pressure (mmHg):
Intervention A -6 (-11 to -1%)

Between group difference in change p =0.019
- Systolic blood pressure (mmHg):
Between group difference in change p > 0.05.
- Glucose (mg/dL):

Between group difference in change p > 0.05
- Insulin (mg/dL):

Between group difference in change p > 0.05
- HOMA-%B:

Between group difference in change p > 0.05
- HOMA-%S:

Between group difference in change p > 0.05
- HOMA-IR:

Between group difference in change p > 0.05
- Lipid profile:

Between group difference in change p > 0.05
- Triglycerides (mg/dL):

Intervention A 7 (7, 46)

Between group difference in change p = 0.092

Physical activity intervention (B):

- Diastolic blood pressure (mmHg):
Intervention A 2 (-3 to 7%)
Between group difference in change p = 0.019
- Systolic blood pressure (mmHg):
Between group difference in change p > 0.05.
- Glucose (mg/dL):
Between group difference in change p > 0.05
- Insulin (mg/dL):
Between group difference in change p > 0.05
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- HOMA-%B:

Between group difference in change p > 0.05
- HOMA-%S:

Between group difference in change p > 0.05
- HOMA-IR:

Between group difference in change p > 0.05
- Lipid profile:

Between group difference in change p > 0.05
- Triglycerides (mg/dL):

Intervention A -5 (-29, 9)

Between group difference in change p = 0.092

Nightingale et
al. (2017,
2018), United
Kingdom.

Participants
wore a chest-
mounted
Actiheart device
to measure
sedentary
behaviour (< 1.5
METs) in
min/day.

Data presented as means = SD
for Intervention and Control
groups pre- vs. post-
intervention. *denotes
significant difference.

Sedentary time (min/day):
Intervention: 1232 + 118 vs.
1179 £ 124

(A-53,-126 to 20%)

Control: 1220+ 115vs. 1191 +
139
(A-29, -136 to 78%)

Blood pressure (mmHg),
supine height (m), body
mass, fat mass and lean mass
(kg) were measured fasted
OGTT to measure metabolic
regulation, glucose, insulin
(mmol/L), post-load glucose,
post-load insulin
(mmol/120min/L), NEFA,
triacylglycerol, HOMA-2f3
(%), HOMA2-IR, Matsuda
C-ISI and total cholesterol,
HDL cholesterol and LDL
cholesterol (mmol/L).

Data presented as A mean difference (95% CI) for Intervention
and Control groups pre- vs. post-intervention. *denotes

significant difference (p < 0.05).

- *Insulin (pmol/L):

Intervention A -12.7 (-24.0, -1.4) (p = 0.031)
Control A 3.1 (-5.9, 12.0) (N.S.)

Between group difference in change p < 0.044
- *HOMAZ2-IR:

Intervention A -0.24 (-0.45, -0.02) (p < 0.035)
Control A 0.06 (-0.10, 0.23) (N.S.)

Between group difference in change p < 0.044
- Systolic blood pressure (mmHg):
Intervention A -3 (-10, 5)

Control A -2 (-8, 2)

- Diastolic blood pressure (mmHg):
Intervention A -1 (-8, 6)

Control A -4 (-9, 2)

- Body mass (kg):

Intervention A -1.1 (-2.1, -0.0)

Control A -0.7 (-2.2, 1.0)
Between group difference in change p = 0.6

- Fat mass (kg):
Intervention A -0.6 (-1.4, 0.2)

Control A -0.0 (-0.7, 0.7)

- Glucose (mmol/L):
Intervention A 0.0 (-0.2, 0.2)

Control A 0.0 (-0.2, 0.2)
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Group x time interaction p > 0.3

- HOMA2-8 (%):

Intervention A -14 (-26, -2)
Control A 1 (-10, 13)

Group x time interaction p = 0.066
- Matsuda ISI:

Intervention A 0.3 (-0.7, 1.2)
Control A -0.7 (-2.6, 1.2)

Group x time interaction p > 0.3

- Glucose response (mmol/L-120 min):

Intervention A 19 (-48, 86)
Control A -25 (-153, 104)
Group x time interaction p > 0.3

- Insulin response (nmol/L-5.5 h):

Intervention A -4.4 (-19.0, 10.2)
Control A 2.2 (-11.6, 16.0)
Group x time interaction p > 0.3
- NEFA (mmol/L):
Intervention A 0.3 (-0.2, 0.8)
Control A -0.1 (-0.8, 0.6)
Group x time interaction p > 0.3
- Triacylglycerol (mmol/L):
Intervention A -0.1 (-0.2, 0.1)
Control A 0.5 (-2.0, 1.2)

Group x time interaction p = 0.054
- Total cholesterol (mmol/L):
Intervention A -0.1 (-0.5, 0.4)
Control A 0.1 (-0.5, 0.5)

Group x time interaction p > 0.3
- HDL cholesterol (mmol/L):
Intervention A 0.1 (-0.1, 0.1)
Control A -0.0 (-0.1, 0.1)
Group x time interaction p > 0.3
- LDL cholesterol (mmol/L):
Intervention A -0.0 (-0.4, 0.3)
Control A -0.2 (-0.6, 0.2)
Group x time interaction p > 0.3
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Nooijen et al.
(2016, 2017),
Netherlands.

Body-fixed
accelerometers
measured the
total duration of
sedentary
daytime bouts
longer than 30
minutes.
Defined as
sitting and lying
during the day
without
interruption by
physical activity
for a minimum
of 5 seconds
(min/day).

Data presented as mean
difference (95% CI) in change
from baseline to discharge,
baseline to month 6, baseline to
month 12 and overall change
between Intervention and
Control groups. Means are
adjusted for rehabilitation
centre, gender and age.

Sedentary daytime (min/day):

Baseline to discharge:
-14 (-69, 40)

Baseline to 6 m:
-50 (-134, 33)

Baseline to 12 m:
=21 (-119, 77)

Overall intervention vs. control:

-34 (97, 29)

BMI (kg/m2) was calculated
from height (m) and body
mass (kg). Resting diastolic
and systolic blood pressure
(mmHg) were measured by a
physician. Fasting blood
samples were taken for total
cholesterol, HDL cholesterol,
LDL cholesterol,
triglycerides and glucose
(mmol/L). Comparisons are
“baseline vs. discharge”,
“baseline vs. month 6”, and
“baseline vs. month 12”.

Data presented as mean + SD for Intervention vs. Control
groups at each timepoint: baseline, discharge, month 6 and
month 12. P values are adjusted for rehabilitation centre, sex
and age. *denotes significant between-group effect (p < 0.05).

- *Diastolic blood pressure (mmHg):
Baseline: 72 £ 9 vs. 77+ 13

Discharge: 73 £9 vs. 77+ 8 (p =0.52)

6m: 7413 vs. 8411 (p=0.04)

12m: 74+ 12 vs. 83+ 18 (p =0.01)

Overall model: (p =0.02)

- *Total cholesterol (mmol/L):

Baseline: 4.47 £ 0.84 vs. 4.96 + 1.19

Discharge: 4.47 £0.92 vs. 5.17 = 1.00 (p = 0.39)
6m:4.63+0.85vs. 555+ 1.29 (p=0.17)
12m:4.17+0.51 vs. 5.21 £ 0.83 (p = 0.01)
Overall model (p = 0.06)

- *LDL cholesterol (mmol/L):

Baseline: 2.76 + 0.85 vs. 3.22 + 0.91

Discharge: 2.63 £0.73 vs. 3.39 £ 0.86 (p = 0.34)
6m:2.95+0.54 vs. 3.46 £ 1.10 (p = 0.40)

12 m: 2.46 +0.75 vs. 3.13 £ 0.63 (p = 0.05)
Overall model (p = 0.08)

- Systolic blood pressure (mmHg):

Baseline: 123 £19 vs. 127 £ 21

Discharge: 120+ 15 vs. 124 £ 14 (p = 0.75)
6m: 128 +28 vs. 132 £ 14 (p = 0.62)

12m: 125+ 19 vs. 130+ 18 (p = 0.36)

Overall model (p = 0.46)

- BMI (kg/m?):

Baseline: 25.43 + 5.23 vs. 23.90 + 4.68
Discharge: 25.60 + 5.56 vs. 24.60 £ 5.18 (p = 0.56)
6 m: 25.66 + 5.53 vs. 26.00 + 5.53 (p = 0.41)

12 m: 25.36 £5.59 vs. 27.13 £ 5.20 (p = 0.36)
Overall model (p = 0.29)

- Glucose (mmol/L):
Baseline: 4.97 + 0.69 vs. 5.52 +2.20
Discharge: 5.16 + 1.28 vs. 6.61 = 3.02 (p = 0.06)
6 m: 5.00+0.57 vs. 6.25£1.27 (p = 0.58)
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12 m: 5.66+1.93 vs. 7.13 £ 3.55 (p = 0.38)
Overall model (p = 0.05)

- HDL cholesterol (mmol/L):

Baseline: 1.37 £ 1.21 vs. 1.23 + 1.02

Discharge: 1.02+0.31 vs. 1.01 £0.15 (p = 0.61)
6m: 1.08 £0.48 vs. 0.97 £ 0.15 (p = 0.80)

12m: 1.09+0.31 vs. 1.04 £ 0.31 (p = 0.23)
Overall model (p = 0.62)

- Triglycerides (mmol/L):

Baseline: 1.40 = 0.76 vs. 1.84 + 0.93

Discharge: 1.50£0.97 vs. 1.93 £0.93 (p =0.71)
6m: 1.80+1.71 vs. 224+ 1.23 (p =0.17)

12m: 1.12+0.65 vs. 2.37 £ 1.38 (p = 0.36)
Overall model (p =0.71)

Piira et al. Measured using

(2020), the IPAQ-SF

Norway. questionnaire
(with no
adaptation for
wheelchair
dependent
individuals),
reported in
min/day.

Data presented as means += SD N/A
for Intervention and Control

groups pre- vs. post-

intervention. * denotes

significant difference.

Sitting time (min/day):
Intervention:

553.1 £265.4 vs.
457.9+292.1

(A-95.2, -244.2 to 53.8%)

Control:

554.3 £323.6 vs.

504.0 £229.0

(A-50.3, -182.5 t0 81.9%)

N/A

BMI, body mass index; CI, confidence interval; C-ISI, composite insulin sensitivity index; DEXA, Dual-energy X-ray absorptiometry; ELISA, enzyme-linked immunoassay;

HDL, high density lipoprotein; HOMA-B, homeostatic model assessment for 8 cell function, HOMA-IR, homeostatic model assessment for insulin resistance; HOMA-%S,
homeostatic model assessment for insulin sensitivity; iAUC, incremental area under the curve; IPAQ, international physical activity questionnaire; ISI, insulin sensitivity

index; LDL, low density lipoprotein; MET, metabolic equivalent of task; NEFA, non-esterified fatty acids; N.S., non-significant; OGTT, oral glucose tolerance test; QUICKI,
quantitative insulin sensitivity check index; RCT, randomised controlled trial; SD, standard deviation; tAUC, total area under the curve.

a Within-group 95% confidence interval estimated from study data to determine statistical significance.
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4.3.5.3 Outcomes in the Context of Study Population
In the two interventions that led to reductions in sedentary behaviour, one included participants
with paraplegia and tetraplegia (Froehlich-Grobe et al., 2022), whereas the other included
participants with paraplegia only (Martinez et al., 2025 [intervention A]). Of the five
interventions that had no effect on sedentary behaviour, two included participants with
paraplegia and tetraplegia (Nooijen et al., 2016; Piira et al., 2020), and three included paraplegia
only (Farrow et al., 2024; Martinez et al., 2025 [intervention B]; Nightingale et al., 2018).
Overall, the proportion of individuals with paraplegia in the study sample did not appear to

influence sedentary behaviour outcomes.

Four interventions that led to improvements in CVD biomarkers included only individuals with
paraplegia (Bailey et al., 2020; Farrow et al., 2024; Martinez et al., 2025 [intervention A];
Nightingale et al., 2017), whilst one studied a sample comprising individuals with paraplegia
and tetraplegia (Nooijen et al., 2017). Of the two interventions that did not improve CVD
biomarkers, one included only individuals with paraplegia (Martinez et al., 2025 [intervention
B]) and the other included both people with paraplegia and tetraplegia (Froehlich-Grobe et al.,
2022). Intervention effects, therefore, appeared to be more consistent in studies that included

only participants with paraplegia.

4.3.5.4 Outcomes in the Context of Intervention Characteristics

4.3.5.4.1 Targeting Physical Activity or Sedentary Behaviour
Of the two interventions that reduced sedentary behaviour, one targeted reductions in sedentary
behaviour via a whole-day approach (Martinez et al., 2025 [intervention A]), whilst the other
targeted increased physical activity using an online programme (Froehlich-Grobe et al., 2022).
The five other interventions that targeted increases in physical activity (four using structured
exercise training and one using motivational interviewing) found no effect (Farrow et al., 2024;
Martinez et al., 2025 [intervention B]; Nightingale et al., 2018; Nooijen et al., 2016; Piira et al.,
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2020). The remaining intervention included supervised breaks in sedentary behaviour and,
therefore, reduced sedentary time but did not report sedentary behaviour as an outcome (Bailey
et al., 2020). It appears that interventions targeting physical activity are not effective for

reducing sedentary behaviour in participants with SCI.

Three of the five interventions that improved CVD biomarkers targeted increases in physical
activity, but did not reduce sedentary behaviour (Farrow et al., 2024; Nightingale et al., 2017,
Nooijen et al., 2016). Two interventions that reported biomarker improvements targeted
sedentary behaviour (Bailey et al., 2020; Martinez et al., 2025 [intervention A]); these studies
led to reduced sedentary behaviour (Martinez et al., 2025 [intervention A]) or were supervised
breaks in sedentary behaviour (Bailey et al., 2020). The two interventions that did not improve
any CVD biomarker both targeted physical activity (Froehlich-Grobe et al., 2022; Martinez et
al., 2025 [intervention B]); one reduced sedentary behaviour (Froehlich-Grobe et al., 2022) and
the other did not (Martinez et al., 2025 [intervention B]). One intervention that targeted physical
activity did not include any CVD biomarker outcomes (Piira et al., 2020). There appears to be
some evidence for CVD biomarkers being improved in interventions that target sedentary

behaviour.

4.3.5.4.2 Intervention Duration
The two interventions that led to reductions in sedentary behaviour were each 16 weeks
(Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention A]) in duration. The
interventions that had no effect on sedentary behaviour were six weeks (Farrow et al., 2024;
Nightingale et al., 2018), sixteen weeks (Martinez et al., 2025 [intervention B]), six months
(Piira et al., 2020) and eight months (Nooijen et al., 2016) in duration. It is unclear whether

intervention duration affects sedentary behaviour outcomes.
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One of the five interventions that improved CVD biomarkers lasted one day (Bailey et al.,
2020), two lasted six weeks (Farrow et al., 2024; Nightingale et al., 2017), one lasted sixteen
weeks (Martinez et al., 2025 [intervention A]) and one lasted eight months (Nooijen et al., 2017)
(Table 2). The two interventions that had no effect on any CVD biomarker were 16 weeks in
duration (Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention B]). It is unclear

whether intervention duration affects CVD biomarker outcomes.

4.3.5.4.3 Intervention Setting and Delivery Mode
One of the two interventions that reduced sedentary behaviour was a home-based online
programme (Froehlich-Grobe et al., 2022) and one was a home- and community-based
intervention targeting the whole day (Martinez et al., 2025 [intervention A]). Three of the five
interventions that did not reduce sedentary behaviour were home- and community-based
exercise training protocols (Farrow et al., 2024; Martinez et al., 2025 [intervention B];
Nightingale et al., 2018), whilst the others included motivational interviewing within a
rehabilitation centre (Nooijen et al., 2016) and a structured exercise training protocol in a
rehabilitation centre (Piira et al., 2020). It appears that structured exercise training protocols are

not effective for reducing sedentary behaviour.

Two of the five interventions that improved CVD biomarkers included home-based exercise
training protocols (Farrow et al., 2024; Nightingale et al., 2017), one involved a home- and
community-based intervention targeting the whole day (Martinez et al., 2025 [intervention A]),
one involved motivational interviewing within a rehabilitation centre (Nooijen et al., 2017) and
one involved supervised breaks in sedentary behaviour in a controlled laboratory setting (Bailey
et al., 2020). The two interventions that did not improve CVD biomarkers included a home-
based online programme (Froehlich-Grobe et al., 2022) and a home- and community-based

structured exercise training protocol (Martinez et al., 2025 [intervention B]). Cardiovascular
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disease biomarker outcomes appear to be improved across a range of intervention settings and

delivery modes.

4.3.5.4.4 Use of Behaviour Change Theory
Four interventions were either underpinned by, or employed, behaviour change theory
(Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention A]; Nooijen et al., 2016).
There was no mention of behaviour change theory in the other four interventions (Bailey et al.,
2020; Farrow et al., 2024; Nightingale et al., 2018; Piira et al., 2020). Both of the interventions
that reduced sedentary behaviour utilised behaviour change theory (Froehlich-Grobe et al.,
2022; Martinez et al., 2025). Two of the five interventions that did not affect sedentary
behaviour utilised behaviour change theory (Martinez et al., 2025 [intervention B]; Nooijen et
al., 2016). It is not clear whether the use of behaviour change theory was beneficial to sedentary

behaviour outcomes.

Two of the five interventions that led to improvements in CVD biomarkers were informed by
behaviour change theory (Martinez et al., 2025; Nooijen et al., 2017 [intervention A]), whereas
the remaining three interventions were not (Bailey et al., 2020; Farrow et al., 2024; Nightingale
et al., 2017). Behaviour change theory was included in both interventions that had no effect on
CVD biomarkers (Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention B]). It is not

clear whether use of behaviour change theory influenced CVD biomarker outcomes.

4.3.5.5 Outcomes in the Context of Measurement Methods
One of the two interventions that reduced sedentary behaviour measured this outcome via self-
report (Table 3) (Froehlich-Grobe et al., 2022). Metabolic equivalent of task derived from heart
rate zones was used in the other intervention that reduced sedentary behaviour (Martinez et al.,
2025 [intervention A]). Of the five interventions that had no effect on sedentary behaviour,

three measured this outcome using accelerometry (Farrow et al., 2024; Nightingale et al., 2018;
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Nooijen et al., 2016), one used the IPAQ (Piira et al., 2020) and one used heart rate zones
(Martinez et al., 2025 [intervention B]). Improvements in sedentary behaviour appear to occur

less consistently when measured via accelerometry.

One of the five interventions that improved CVD biomarkers found improvements in fasted
outcome measures (insulin and insulin resistance), despite also measuring postprandial
outcomes (Nightingale et al., 2017). Another study only measured biomarkers in a fasted state,
with the intervention leading to improvements in diastolic blood pressure, LDL cholesterol and
total cholesterol (Nooijen et al., 2016). One intervention reported improvements in postprandial
glucose (Bailey et al., 2020), whilst another reported improvement in the Matsuda index, which
is measured using fasted and postprandial measurements (Farrow et al., 2024). One intervention
led to improvements in systolic blood pressure, but blood pressure was measured after a six-
minute push test, not at rest (Martinez et al., 2025 [intervention A]). Other CVD biomarkers
were assessed similarly across studies, making it challenging to recognise differences in
outcomes according to the method of measurement. In summary, it appears that the method of

measurement does not affect CVD biomarker outcomes.

4.3.5.6 Outcomes in the Context of Risk of Bias
Both interventions that led to reductions in sedentary behaviour were in studies with high risk
of bias (Figure 2) (Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention A]). Two
of the five interventions that did not affect sedentary behaviour were in a study with low risk
of bias (Farrow et al., 2024; Nightingale et al., 2018), two were in studies with high risk of bias
(Martinez et al., 2025 [intervention B]; Piira et al., 2020), and one was in a study that raised
some concerns (Nooijen et al., 2016). It appears that sedentary behaviour reductions were

reported more frequently in studies with high risk of bias.
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Three of the five interventions that improved CVD biomarkers were in studies with low risk of
bias (Bailey et al., 2020; Farrow et al., 2024; Nightingale et al., 2017), one with high risk of
bias (Martinez et al., 2025 [intervention A]) and one that raised some concerns (Nooijen et al.,
2017). The interventions that did not report an improvement in any CVD biomarker were in
studies with high risk of bias (Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention
B]). CVD biomarker outcomes were, therefore, improved more consistently in studies with low

risk of bias.

4.3.6 Quality of Evidence

Overall quality of evidence for sedentary behaviour was deemed very low (Table 4), with
quality downgraded due to risk of bias, inconsistency of results, indirectness of evidence and
imprecision. Overall quality of evidence for CVD biomarkers was deemed moderate, with

quality downgraded due to risk of bias and inadequate sample sizes.
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Table 4. Assessment of overall quality of evidence.

Outcome Risk of Inconsistency  Indirectness of  Imprecision Publication ~ Quality of
bias of results evidence bias® evidence
Sedentary Overall -2ab -1¢ -1¢ -1¢ 0 0 — very low
behaviour Device-measured 0 -1¢ 0 -1¢ 0 3 — moderate
Estimated from -1° 0 -14 -1¢ 0 2 —low
heart rate zone
Self-reported -2ab 0 -14 -1¢ 0 1 — very low
Cardiovascular  Overall -1° 0 0 -1¢ 0 3 — moderate
disease
biomarkers Blood pressure -1° 0 0 -1¢ 0 3 — moderate
Body composition ~ -1° 0 0 -1¢ 0 3 — moderate
Glycaemic -1° 0 0 -1¢ 0 3 —moderate
biomarkers
Lipid biomarkers -1° 0 0 -1¢ 0 3 — moderate

a — one study does not use a randomised controlled design for this outcome
b — one or more study has a high risk of bias
¢ — large differences in means between studies

d — one or more study uses surrogate measurements
e — one or more study has an inadequate sample size to ensure sufficient statistical power

f — Funnel plots not generated as < 10 studies included in the systematic review
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4.4 Discussion

The findings of this review indicate that interventions targeting increases in physical activity
are not effective for reducing sedentary behaviour in individuals with paraplegia, but show
some effectiveness for improving CVD biomarkers. There was a scarcity of interventions
targeting sedentary behaviour, but these interventions may have potential for improving CVD

biomarkers.

The majority of interventions targeted physical activity, as opposed to sedentary behaviour,
with only one leading to an improvement in the sedentary behaviour outcome. These findings
suggests that physical activity interventions may not be effective for reducing sedentary
behaviour in individuals with paraplegia. This is in disagreement with a meta-analysis that
found interventions targeting physical activity were effective for reducing sedentary behaviour
in the general population (Prince et al., 2014). The contrasting findings may be due to the
majority of physical activity interventions in the present review focusing on structured exercise
training, rather than non-exercise physical activity accumulated throughout the day (Prince et
al., 2014), which is more likely to displace sedentary behaviour (Manns et al., 2012) and
overcome physical impairments that may present a barrier to some exercise interventions in
individuals with disabilities (Dogra et al., 2022). The intervention in the present review that
targeted sedentary behaviour via a whole-day approach and measured sedentary behaviour as
an outcome was found to be effective (Martinez et al., 2025 [intervention A]). It could be
postulated that interventions targeting sedentary behaviour would be most effective as
interventions focusing on physical activity may not utilise the most appropriate behaviour
change techniques for sedentary behaviour (Martin et al., 2015) or appropriate activities for
individuals with paraplegia. Further interventions targeting sedentary behaviour, tailored for
individuals with paraplegia, require development and evaluation in order to determine their

effectiveness and inform public health and clinical care guidelines.
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The quality of evidence in the present review was deemed very low and, as a result, there is
very little confidence with respect to sedentary behaviour outcomes (Guyatt et al., 2011a). The
lack of quality is due to unexplained variability in sedentary behaviour changes across studies,
small sample sizes and the measurement techniques employed (Guyatt et al., 2011b). Sedentary
behaviour was assessed via self-report using the IPAQ ‘time spent sitting” question in one of
the two interventions that reduced sedentary behaviour. The validity of this IPAQ question has
not been evaluated in individuals with SCI and may not be appropriate for wheelchair-users.
One intervention that reduced sedentary behaviour measured this outcome using METs derived
from heart rate zones, which is not validated (Martinez et al., 2025 [intervention A]). In
addition, sample heterogeneity was high, with just one intervention that reduced sedentary
behaviour including a sample comprising only individuals with paraplegia. Studies may choose
to adopt broad inclusion criteria, such as including individuals with paraplegia and tetraplegia
in their sample, due to difficulty recruiting and retaining individuals with SCI (Blight et al.,
2019). As a result, the effects on sedentary behaviour cannot be isolated to individuals with
paraplegia. The findings with respect to interventions targeting sedentary behaviour potentially
being effective may, therefore, be generalisable to paraplegia and tetraplegia. However,
differences in upper-limb function between individuals with paraplegia and tetraplegia means
that the types of physical activities they are able to engage in differ. Interventions will,
therefore, need to be tailored to different injury levels. High-quality studies that address the
sources of bias and heterogeneity identified in this review are needed to inform definitive

conclusions regarding sedentary behaviour intervention effectiveness.

The influence of behaviour change theory on sedentary behaviour outcomes is unclear.
However, only half of included interventions employed behaviour change theory (Froehlich-
Grobe et al., 2022; Martinez et al., 2025 [interventions A and B]; Nooijen et al., 2016). Limited

use of behaviour change theory has been reported in reviews of sedentary behaviour
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interventions in the general population (Gardner et al., 2016; Peachey et al., 2020). The lack of
behaviour change theory is partly due to the nature of some included interventions, with half
employing prescribed exercise training protocols in which behaviour change theory may have
limited added value (Farrow et al., 2024; Martinez et al., 2025 [intervention B]; Nightingale et
al., 2018; Piira et al., 2020). Integration of theory within interventions may be important to
support behaviour change via identification of precursors to behaviour and causal factors of
change, which can be selectively targeted with specific behaviour change techniques (Davis et
al., 2015; Michie et al., 2008). Indeed, interventions grounded in behaviour change theory yield
greater improvements in physical activity in individuals with physical disabilities, such as SCI
(J. K. Ma & Martin Ginis, 2018). Time spent in sedentary behaviour was more strongly
correlated with engagement in light physical activity and activities of daily living than with
MVPA and structured exercise (Healy et al., 2008), which could explain why sedentary
behaviour was unaffected by the exercise training interventions in the current review.
Therefore, the effects of sedentary behaviour interventions grounded in behaviour change
theory, that utilise strategies to increase light physical activity and activities of daily living,

should be evaluated in individuals with paraplegia as they are likely to be more effective.

There were mixed effects for CVD biomarkers in response to interventions that reduced
sedentary behaviour. Interventions that reduced sedentary behaviour or involved supervised
breaks in sedentary behaviour led to improvements in systolic blood pressure and postprandial
glucose (Bailey et al., 2020; Martinez et al., 2025 [intervention A]). Previous reviews in non-
disabled individuals (Hadgraft et al., 2021) and clinical populations (Nieste et al., 2021) also
found that reducing sedentary behaviour improved CVD biomarkers. However, there was no
change in sedentary behaviour in three interventions that improved CVD biomarkers in the
present review (Farrow et al., 2024; Nightingale et al., 2017; Nooijen et al., 2017). This may

indicate that improvements in cardiovascular health in these studies were due to increases in
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physical activity (Farrow et al., 2024; Nightingale et al., 2018; Nooijen et al., 2016). A previous
meta-analysis found that physical activity interventions improved CVD biomarkers in
individuals with SCI (Itodo et al., 2022), supporting their inclusion in healthcare for this
population group. Two interventions reduced sedentary behaviour and increased physical
activity in the present review (Froehlich-Grobe et al., 2022; Martinez et al., 2025 [intervention
Al), but only one of these led to improvements in CVD biomarkers (Martinez et al., 2025
[intervention A]). A combination of changes in sedentary behaviour and physical activity may,
therefore, not always be necessary to achieve optimal effects (Yates et al., 2015). Targeting
physical activity or sedentary behaviour separately may, therefore, yield cardiovascular
benefits; this supports literature demonstrating that these are distinct behaviours related to CVD
risk (Bailey et al., 2019; Wilmot et al., 2012). The quality of evidence for CVD biomarker
outcomes was deemed moderate. Future studies that address limitations of the current literature
and evaluate interventions targeting sedentary behaviour are needed to provide stronger
evidence regarding the effects of such interventions on CVD biomarkers in individuals with

paraplegia.

The majority of interventions led to an improvement in at least one CVD biomarker.
Biomarkers related to glycaemia were often improved, including fasting insulin (Nightingale et
al., 2017), postprandial glucose (Bailey et al., 2020), insulin resistance (Nightingale et al., 2017)
and insulin sensitivity (Farrow et al., 2024). Studies with glycaemic outcomes had a moderate
quality of evidence, meaning there is some confidence in these findings. However, two of these
interventions had no effect on sedentary behaviour (Farrow et al., 2024; Nightingale et al.,
2017). Also, both interventions that reduced sedentary behaviour did not improve glycaemic
biomarkers, suggesting limited causality between these outcomes (Froehlich-Grobe et al., 2022;
Martinez et al., 2025 [intervention A]). The evidence for interventions improving blood

pressure and lipids in individuals with paraplegia was mixed, while there was consistent data
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that body composition was unaffected. These findings extend those of previous reviews and
meta-analyses in individuals with SCI, which found that physical activity interventions had no
effect on blood pressure or lipids (Itodo et al., 2022). Research has also shown exercise training
may not improve body composition in individuals with SCI (Bresnahan et al., 2018). Lack of
improvement in these biomarkers could be a result of changes in blood pressure and body
composition that occur because of SCI, limiting responsiveness to reduced sedentary behaviour
and/or increased physical activity (Buchholz & Bugaresti, 2005; Claydon et al., 2006). Another
plausible explanation is that intervention durations were too short (one day to sixteen weeks)
(Bailey et al., 2020; Farrow et al., 2024; Froehlich-Grobe et al., 2022; Martinez et al., 2025
[interventions A and B]; Nightingale et al., 2017). The one intervention, which increased
physical activity and improved lipids, was delivered over eight months (Nooijen et al., 2017).
Moreover, the magnitude of change in sedentary behaviour (ranging from 118 min/day decrease
to 45 min/day increase) or physical activity (8 to 97 min/day increase) across studies may have
been insufficient to bring about consistent changes in blood pressure, lipid profile or body
composition. Future research should assess whether interventions that target sedentary
behaviour over the long-term can produce greater changes in sedentary behaviour and,

subsequently, affect CVD biomarkers.

4.4.1 Strengths and Limitations

This is the first systematic review to assess the effectiveness of interventions to reduce
sedentary behaviour and improve CVD biomarkers in individuals with paraplegia. Key areas
for future research have been identified to improve the quality of evidence, which will benefit
the development of sedentary behaviour guidelines for this population group. Further strengths
include the application of frameworks to guide the reporting, risk of bias and grading of
evidence to ensure rigour within the review. Potential limitations include the one-dimensional

description of the use of behaviour change theory within included interventions, with no context
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as to how theory was utilised. Additionally, some eligible studies had a high risk of bias and
the overall quality of evidence was generally low. Three of the included studies comprised
samples of individuals with paraplegia and tetraplegia, which may influence conclusions being
made specifically for individuals with paraplegia. In addition, effectiveness being estimated by
P-value thresholds is potentially misleading, as no studies were powered to detect changes in
sedentary behaviour and only two studies were sufficiently powered to detect changes in CVD
biomarkers. Also, a combination of between- and within-group comparisons was used to
estimate effectiveness. It is, therefore, recommended that further high-quality studies in
individuals with paraplegia are conducted with sufficient power to detect changes in sedentary

behaviour and CVD biomarkers.
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4.5 Conclusion

In conclusion, interventions that target increases in physical activity appear to be ineffective
for reducing sedentary behaviour in individuals with paraplegia, but do have beneficial effects
on CVD biomarkers. The literature examining interventions that target reductions and breaks
in sedentary behaviour in individuals with paraplegia is limited, yet shows potential
effectiveness for improving CVD biomarkers. Investigating interventions that focus on
changing sedentary behaviour in individuals with paraplegia is an important avenue for future

research to inform recommendations for public health and clinical care.
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Chapter 5: Study 2. Using the Behaviour Change Wheel to Develop the REACH-SCI
(Reducing sedEntary Activities to improve Cardiovascular Health in individuals with

Spinal Cord Injury) Intervention

This co-design study manuscript is under review in a peer-reviewed journal:

Cooper, DL., Warland, A., Norris, E., Kilbride, C., Paddison, S., & Bailey, DP. (2025). Using
the Behaviour Change Wheel to co-design a sedentary behaviour intervention in individuals
with  spinal cord injury. Clinical Rehabilitation. Under review. Preprint:

https://doi.org/10.64898/2025.12.02.25338957

This study provides data around the needs, preferences and suggestions of co-design
participants, researcher group discussions to guide decision making, and input from Patient and
Public Involvement (PPI) into the design of the sedentary behaviour intervention. In
conjunction with findings from the systematic review (Chapter 4), this study informs the

development of the intervention protocol.

5.1 Introduction

A systematic review (see Chapter 4) found that interventions targeting increased physical
activity were not effective for reducing sedentary behaviour in individuals with SCI (Cooper
et al., 2025a). This may be due to inappropriate BCTs being used for targeting reductions in
sedentary behaviour (Martin et al., 2015). Alternatively, interventions may have failed to
increase non-exercise physical activity via a whole-day approach, which appears to be an
important factor in achieving regular breaks in sedentary behaviour (Manns et al., 2012). In
addition, there is a lack of behaviour change theory, such as the COM-B model, used in the
design of the sedentary behaviour interventions in individuals with SCI (see Chapter 4).

Theoretically-driven interventions are, therefore, needed in individuals with SCI to promote
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their effectiveness for reducing sedentary behaviour and improving CVD biomarkers across

the post-discharge rehabilitation pathway.

Embedding co-design within suitable behaviour change theory via a combined approach has
been recognised as an effective method to put this intervention development process into
practice (O’Cathain et al., 2019). A combination of co-production (a similar technique to co-
design, discussed in Chapter 2) and the BCW was employed to develop a sedentary behaviour
intervention for stroke survivors, leading to a feasible and replicable intervention (Hall et al.,
2020). Co-design, and similar participatory approaches such as co-production, can be used as
an adjunct to the BCW for developing interventions that are more acceptable to participants

and effective for changing behaviour.

It is important that interventions are designed to support individuals at different stages of the
rehabilitation journey, such as during initial inpatient rehabilitation, soon after initial discharge
(e.g. the first year) and over the longer term. Physical activity levels generally increase during
inpatient rehabilitation but decline after discharge into the community (van den Berg-Emons
et al., 2008). This decline is likely due to lack of access to appropriate exercise facilities and
the significant challenge of adapting to the home environment after SCI (Vissers et al., 2008).
Although sedentary behaviour improved one year after initial inpatient discharge, levels are
still significantly worse compared with non-disabled individuals (Postma et al., 2020). Thus, a
community-based sedentary behaviour intervention should be designed to support individuals

with SCI over the short and longer-term following inpatient rehabilitation.

This study aimed to co-design an intervention, using the BCW framework, to reduce and break
up sedentary behaviour in individuals with paraplegia across different stages of the SCI

rehabilitation pathway. The objectives were to (a) explore the lived experiences of people with
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paraplegia regarding barriers and facilitators for breaking up and reducing sedentary behaviour,

and (b) identify content and implementation options for the intervention.
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5.2 Methods

5.2.1 Study Design

A qualitative workshop approach was utilised to iteratively co-design the intervention,
grounded in behaviour change theory using the COM-B model, in context of the BCW
framework (Michie et al., 2011). The co-design approach was used in combination with other
methods to develop the intervention, which included findings from the systematic review in
Chapter 4, discussions between the research team following each co-design workshop, and
input from PPI. The co-design process is shown in Figure 6. A total of eight workshops were
undertaken separately with participants across three groups: individuals with paraplegia (n = 4
workshops), healthcare professionals (n = 2 workshops), and community caregivers (n = 2
workshops). Workshops were undertaken either online (n = 5 workshops), in-person at Brunel
University of London (n = 1 workshop) or at the Royal National Orthopaedic Hospital, London
(n =2 workshops). Activities employed in the workshops included group discussions, writing
ideas on post-it notes, visualising ideas using interactive whiteboards, and appraising ideas
using Likert rating scales. Figure 7 shows which aspects of the BCW were covered in each
workshop. Workshops were facilitated by the PhD Researcher (MSc; Male) and each supported
by one academic supervisor (n = 3; all PhD). All researchers had experience in qualitative
methods. The PhD Researcher communicated with participants via email prior to the
workshops to organise eligibility screening, consent, and workshop attendance. Introductions
were provided by facilitators to explain their role and background at the start of each workshop.
The study is reported following the COnsolidated criteria for REporting Qualitative studies

(COREQ; Appendix 5).

Ethical approval was granted from the College of Health, Medicine and Life Sciences Research

Ethics Committee, Brunel University of London (47898-NHS-Apr/2024-50821-2; Appendix
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6) and the London - Fulham NHS Research Ethics Committee (24/PR/0621; Appendix 7). All

participants provided informed consent.
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Figure 7. Data collection flowchart detailing the Behaviour Change Wheel stages addressed
at each stage of the study.

5.2.2 Study Sample

Individuals with self-reported complete or incomplete paraplegia, defined as an injury to the
spinal cord at T1 or below (Paddison & Hexter, 2018), were eligible. Participants also had to
predominantly use a manual wheelchair for mobility, as indicated by self-report. Eligible
healthcare professionals included those working full-time or part-time within a hospital or
clinic for which their work primarily involves providing care or services for individuals with
SCI. Community caregivers were eligible if they provided non-clinical care, services or support
to individuals with SCI in the community. This included friends, family, carers, or employees
or relevant organisations/charities, but did not include community healthcare professionals. All
participants also needed to be able to communicate in English, participate in-person and/or

online and have capacity to give full, informed consent.

5.2.3 Recruitment

Participants were recruited with the aim of achieving a sample which was representative of
individuals from across the SCI care pathway after discharge from initial inpatient
rehabilitation. This approach was adopted to ensure that the co-designed intervention was

tailored to the needs of a diverse range of individuals with paraplegia in the community. This
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included individuals at initial discharge from inpatient rehabilitation, within the first year of
discharge, or more than one year after initial discharge following SCI. Individuals with
paraplegia were recruited from the community via disability sport and SCI pages on social
media, partner charities who provide support to this population (e.g. Spinal Injuries Association
and Wheelpower), snowballing and individuals who had taken part in previous studies and had
agreed to be contacted regarding future research. This participant group was also recruited
through the London Spinal Cord Injury Centre, Royal National Orthopaedic Hospital NHS
Trust, by which potentially eligible participants were approached by a member of the care team
during routine appointments and inpatient care. Individuals were provided with a verbal
explanation of the study and provided with a participant information sheet (PIS; Appendix 8)
if they were interested. In addition, posters containing study information were displayed at the

Centre within clinics and wards (Appendix 9).

Healthcare professionals were also recruited from the London Spinal Cord Injury Centre.
Community caregivers were recruited from the community via partner charities who provide
support to individuals with paraplegia and snowballing (through individuals with paraplegia

who expressed interest in taking part in the study).

Individuals expressed their interest in taking part by contacting the research team via email or
scanning a QR code on study recruitment materials (Appendix 9) which directed them to an
online form (Jisc Online Surveys) to provide their contact details (Appendices 10 and 11).
Those who expressed interest were then provided with a PIS and a link to complete an online
screening questionnaire (Appendices 12 and 13). Eligibility was confirmed by the PhD
researcher. Individuals had the opportunity to ask any questions via telephone or email prior to
giving informed consent (form displayed in Appendices 14 and 15) to participate in the study

either in writing or electronically.
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Any travel expenses incurred for attendance at the workshops were reimbursed. Gift vouchers
were offered to individuals with paraplegia (£30) and community caregivers (£10) for each

workshop they attended as a token of appreciation.

5.2.4 Sample Size

A systematic review of studies that utilised co-design methodology in healthcare knowledge
mobilisation found that sample sizes for workshops ranged from 5-18 participants (Grindell et
al., 2022). Other research has suggested that 6-10 participants per group across 3-12 workshops
is sufficient to consider a diverse range of viewpoints and achieve data saturation, whilst still
allowing for in-depth discussion (Krueger, 2015). In keeping with both papers, a sample size

of 6-8 individuals from each of the three participant groups was targeted for each workshop.

5.2.5 Intervention Development

This study followed the three stages of intervention design outlined in the BCW framework
(Figure 3; page 26). Stage 1 (understanding the behaviour) was undertaken by the research
team before the workshops (define the problem in behavioural terms, select and specify the
target behaviour) and in the initial workshops (identify what needs to change) (Appendices 16,
17 and 18). Stage 2 (identify intervention options) and Stage 3 (identify content and
implementation options) were investigated in both the initial and follow-up workshops

(Appendices 19, 20 and 21).

5.2.5.1 Stage 1: Understand the Behaviour
The problem in behavioural terms (Step 1) was defined as “high volume of sedentary
behaviour” by the research team before the workshops. This was based on evidence of high
sedentary behaviour in individuals with SCI (Postma et al., 2020) and this behaviour being an
independent risk factor for CVD (Bailey et al., 2019; Wilmot et al., 2012). The behavioural

problem was discussed with participants at the start of the initial workshops in context of their
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experiences around sedentary behaviour. The target behaviour was selected and specified
(Steps 2 and 3) as “to reduce and break up sedentary behaviour”. This target behaviour was
chosen as a result of physical activity interventions not improving sedentary behaviour
outcomes and sedentary behaviour interventions showing some promise in the systematic

review (see Chapter 4).

Identification of what needed to change (Step 4) was achieved by exploring barriers and
facilitators to achieving the target behaviour in the initial workshops using the COM-B model
(See Chapter 2 for an overview) as a guide. Barriers and facilitators were mapped to the COM-
B model and TDF by the PhD researcher after the initial workshops. The decision to use the
COM-B model to guide this process was made because the systematic review found that
interventions that improved sedentary behaviour included some form of behaviour change
theory, suggesting that interventions grounded in theory could be more effective for improving

this target behaviour.

5.2.5.2 Stage 2: Identify Intervention Options
Potential intervention options to address identified barriers and facilitators were proposed by
participants during the initial workshops. In line with the BCW framework, each intervention
option was then subsequently mapped to intervention functions (Step 5) and policy categories

(Step 6) by the PhD Researcher.

5.2.5.3 Stage 3: Identify Content and Implementation Options
Proposed intervention options were mapped to the most relevant BCTs from the BCTTv1
(Michie et al., 2013) (Step 7) and modes of delivery (Step 8) by the PhD Researcher after the
initial workshops. This informed the first iteration of the intervention concepts. The
appropriateness of each concept was appraised against the APEASE criteria in follow-up

workshops, as per BCW recommendations (Michie et al., 2014).
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The content and/or delivery mode of intervention concepts were then refined through appraisal
by the research team in group discussions. In these discussions, each concept was appraised for
its appropriateness according to the APEASE criteria and triangulated with APEASE appraisal
data gathered from participants. In addition, meetings with PPI members were carried out to

finalise intervention content and develop participant-facing intervention materials.

5.2.6 Data Analysis
In-person and online workshops were audio recorded and automatically transcribed using
Microsoft Teams (Microsoft Corporation, Redmond, WA, USA). Transcripts were checked for

accuracy and participant ID numbers were assigned by the PhD Researcher.

Data from the initial workshops were analysed by the PhD Researcher in the context of the
BCW using Framework Analysis (Gale et al., 2013). Inductive coding was undertaken using
NVivo 12 (Lumivero, Burlington, MA, USA) to identify barriers, facilitators and intervention
options. An inductive theme was considered as such when two or more participants mentioned
it. Deductive coding followed to map the inductive codes to domains of the BCW and TDF.
Credibility in the data was achieved with approximately 20% of initial workshop transcripts
being deductively coded by a member of the supervisory team. As levels of agreement were
generally high, and coding decisions were well-justified during discussion, the remaining
transcripts were coded by the PhD Researcher. Based on the APEASE appraisal, the research
team assessed whether each concept was appropriate for inclusion in the intervention via a
rating matrix that determined whether intervention concepts fulfilled each individual APEASE

criterion.

Peer debriefing was undertaken between the PhD researcher and PhD supervisors who were

not involved in data analysis, to challenge assumptions and maintain rigour.
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5.2.7 Patient and Public Involvement

Two individuals with paraplegia and a healthcare professional contributed to the development
of the workshop guides, recruitment methods and the PIS for this study. After the workshops,
the public contributors reviewed and provided feedback on the appropriateness of proposed
intervention materials drafted by the PhD researcher. Further iterations were reviewed by PPI
members to ensure that the final versions were appropriate and effective for the target

population.

5.2.8 Data Management

All identifiable data collected during the study was kept strictly confidential. Electronic data
were stored securely on password-protected laptops. After transcription, audio recordings were
deleted. Participant screening and demographic data were collected using Jisc Online Surveys,
which is a secure, password-protected platform. Paper-based documents were stored in a
locked filing cabinet accessible only by the research team at Brunel University of London. Any
information which leaves the University (e.g. publication of findings in an academic paper)
will have any identifiable information removed, and participants will be referred to by an ID
number unknown to the participant. With participant permission (as indicated via an optional
question on the consent form), anonymised data were stored for use in future research studies.
All research undertaken complied with the Data Protection Act (2018) and European Union

General Data Protection Regulations.
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5.3 Findings

5.3.1 Participant Characteristics

Twenty-seven participants took part across the workshops. This included 10 participants with
paraplegia (PwP; four female), for whom descriptive statistics are shown in Table 5. There
were 13 healthcare professionals (HCP; 11 female) and four community caregivers (CCG; two

female). Demographic details were not given for HCPs or CCGs to maintain anonymity.

Table 5. Characteristics of individuals with paraplegia (n = 10).

Characteristic Data is mean = SD or n (%)
Sex Female 4 (40%)
Male 6 (60%)
Ethnicity White British 9 (90%)
White European 1 (10%)
Age 50 + 10 years
Time since injury 14 + 10 years
Lesion level Thoracic Total 8 (80%)
T1 1
T4 2
T5 1
T6 1
T9 1
T11 1
T12 1
Lumbar Total 2 (20%)
L1 2
Completeness Complete 5 (50%)
Incomplete 5 (50%)

L, lumbar; T, thoracic.

5.3.2 Intervention Development

Eight workshops were undertaken in total lasting 1 hour 34 minutes on average (range 1-3
hours). The co-design workshop approach employed was acceptable to participants, with high
levels of engagement and retention during the study. Furthermore, individuals with paraplegia
shared that the opportunity to speak with peers about common problems and potential options

to overcome them within the workshops was a positive experience.
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The intervention development process did not follow the BCW stages and steps linearly,
instead opting for a flexible approach, but is presented as such in this section to aid
interpretation. Exemplar quotes are used throughout this section to illustrate each major theme,

with further quotes provided in Table 6 and Appendix 22.

5.3.2.1 BCW Stage 1: Understand the Behaviour
Barriers and facilitators to reducing and breaking up sedentary behaviour are categorised and

reported according to each component of the COM-B model (Table 6).
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Table 6. Barriers and facilitators for reducing and breaking up sedentary behaviour.

COM-B COM-B micro- TDF domain Barrier or facilitator identified Illustrative quotes
construct construct (n = number of participants
that identified it)
Capability  Physical Skills Fatigue (barrier) (n = 10) PwP (T4 complete, male): “The other spinal cord patients I've
capability talked to, people tend to get tired more quickly than you would

be if you were not in a wheelchair”.

PwP (T12 incomplete, male): “I'm deliberately trying not to
cram too much in, as I know it makes me tired”.
Personal care routine (barrier) CCG (Charity worker, male): “When you're newly injured,
(n=10) predominantly a lot of your time is spent on personal care and
just getting the day to day done. That can be hugely, hugely
physically demanding as well as psychologically”.

HCP (Physiotherapist, female) “there’s less flex in their day,
they've got less free time available if they're also a working
person to fit that in because, yeah, they're, potentially some of
them [have] got longer morning routines”.

Pain (barrier) (n = 7) PwP (T6 complete, male): “I would say the only thing that's
increased my sedentary behaviour is pain”.

PwP (T4 complete, male): “If you sit still and don't move, then
when you do move, it bloody hurts. Simple. You sit there and
don't do nothing [anything] all day”.

Comorbidities (barrier) (n = 4) HCP (Physiotherapist, female): “People have comorbidities and
it's an aging population. And so you run into all the same
problems with physical activity you do with anybody else”.

CCG (Charity worker, male): “There might be, you know,
underlying health issues that are going on or which might be
spinal or non- spinal... your general health can have quite a big
impact on your ability to be, you know, sedentary”.
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Injury (barrier) (n=4)

PwP (L1 incomplete, male): “that happens quite frequently, you
pick up injuries or stuff happens, you know, that knocks you
back”.

PwP (T12 incomplete, male): “When I broke my leg, that's six
months in bed”.

Pressure ulcers (barrier) (n = 4)

PwP (L1 incomplete, male): “You know, if you’re on bed rest
for six months... you know, you had a sore or something”

PwP (T4 complete, male): “You could be bedridden for long
periods of time [if you got a pressure ulcer]. We heal a lots
more slowly than able-bodied people”.

Lack of physical function
(barrier) (n =4)

PwP (T4 complete, male): “A T12, she will have core muscles
and be able to put both arms out in front of her... Whereas me,
I'm at 5. If I do that, I'll fall out [of] my wheelchair”.

CCQG (charity worker, male): “The higher your level of injury,
then obviously the lower the amount of muscle groups that
you've got to use”.

Transfers (barrier) (n = 4)

PwP (T11 incomplete, female) “I used to go the gym before my
accident. I think the barrier for me mainly is the amount of
transfers that you would have to do”.

HCP (Physiotherapist, female): “Transfers are more difficult.
All of these things, because the first chair that they get from
their wheelchair service is rubbish”.

Psychological
capability

Knowledge

Lack of knowledge about
sedentary behaviour (barrier)
(n=15)

HCP (Physiotherapist, female): “There isn't specific guidance
on sedentary behaviour. So there, if there isn't specific
guidance, it's hard for people to have knowledge”.

PwP (T4 complete, male): “I don’t think the word sedentary
was ever said [during inpatient rehabilitation]”.

Knowledge of pressure relief
(facilitator) (n = 6)

CCG (Charity worker, male): “Something that all wheelchair
users are told to do is a huge part of their education when
they're in hospital is to do pressure relief to make sure every
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hour or so that they make sure they shift in their chair and lean
forward in order to avoid pressure sores”.

PwP (T4 complete, male): “Part of my routine would then be
well, I need to do pressure relief... And therefore, you know,
that's exertion”

Memory, Reminders to be active PwP (T12 incomplete, male): “The prompts, you know, to the
attention, and (facilitator) (n =5) alerts to say. “get moving, get moving”... alerts to say, “come
decision on, keep going. You’re nearly there”, so sort of motivating
processes alerts [would help me be less sedentary]”.

CCG (Family member, female): “Definitely that thing of having
some kind of prompt I think would definitely be helpful for him
[father with paraplegia]”.
Do not think about sedentary PwP (T6 complete, male): “I don’t think about it [sedentary
behaviour (barrier) (n = 4) behaviour] during the day”.

CCG (Charity worker, male): “It's not really the first thing that's
on their mind, you know, they've got other issues to think

about”.
Behavioural Getting feedback on progress PwP (L1 incomplete, male): “It’d be good to like, keep a log of
regulation (facilitator) (n = 6) say, whatever activities you're doing. And having like your

personal best”.

PwP (T6 complete, male): “You can get an app for your phone,
so you can actually see what [activities] you've done”.
Creating schedules around CCG (Charity worker, male): “Trying to get a bit of a timetable
activity (facilitator) (n = 6) even into your normal daily living and to and to incorporate the
activity in into that”.

PwP (L1 incomplete, male): “Yeah, prioritising your schedule
to accommodate [for physical activity and sedentary
behaviour”.
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Opportunity Physical
opportunity

Environmental
context and
resources

Provision of information and/or
opportunities for physical
activity and exercise (facilitator)
(n=12)

HCP (Physiotherapist, female): “They'll sometimes tap into the
charities as well. So they're going out and about and doing a bit
more activity with some of the charities, so again, they'll start to
overcome some of those barriers and see how they can plan
things with the help of external sources”.

CCG (Charity worker, male): “Wheelpower has probably got
the best examples at the moment of showing they they've,
they've got yoga, they've got people doing fitness classes and
people doing different exercise activities”.

Lack of wheelchair accessibility
in and outside of the home
(barrier) (n = 10)

PwP (L1 incomplete, male): “Non-accessible space, I guess. Or
non-adapted space [is a barrier]”.

CCG (Charity worker, male): “When they're discharged from
hospital now aren't always going home because their home
environments aren't accessible... So it's certainly stuff like that
is going to affect their ability to be active”.

Cost and lack of access to
equipment to do physical
activity or exercise (barrier)
(n=10)

CCG (Charity worker, male): “There's not a lot that you can get
that is complimentary. You know, a lot of this stuff now you've
got to pay for, and it's not cheap”.

HCP (Physiotherapist, female): “They haven't got any finances
available to purchase any extra equipment and that might be
what's needed to be active”.

Wheelchair being inappropriate
for physical activity (barrier)
(n=7)

HCP (Physiotherapist, female): “They get given much heavier
chairs. Harder to propel and definitely harder to do wheelchair
skills in”.

PwP (T4 complete, male): “At the moment kind of just moving
around the house is more difficult in this wheelchair”.

Geographical inequalities of
services or opportunities relating
to physical activity and exercise
(barrier) (n =5)

PwP (T11 incomplete, female): “The availability. Yeah, just the
availability to services really or like the access, you know.
Somebody might not live in an area that has an accessible

gym,"
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PwP (L1 incomplete, female): “Yeah, there's no accessible gym
where I live”.

Support from the workplace
(facilitator) (n = 4)

PwP (T4 complete, male): “I adapted my workspace and my
work were very good with me in providing that sort of stuff”.

PwP (T11 incomplete, female): “I think it's the type of job that
you do really. I mean, I'm a nurse at a nursing home. That's my
job, so I'm constantly moving”.

Excessive planning and inability
to be spontaneous (barrier)
(n=3)

PwP (T9 complete, female): “You’ve got to go through the
rigmarole of, you know, what assistance do you need [when
going out and about]”.

PwP (T6 complete, male): “The amount of planning you have
to do just to go out the door is sometimes unbelievable”.

Social
opportunity

Social influences

Support from family or friends
(facilitator) (n=11)

PwP (T4 complete, male): “There's a thing, isn't there? About
community, right? So doing things in a solitary capacity is often
quite hard. A lot of barriers to it”.

PwP (L1 incomplete, male): “Having two daughters and a wife,
sedentary behaviour is just not allowed, which is good, which is
good. They never allow me to wallow myself in self-pity or lay
on the sofa”.

Being deterred by family or
friends (barrier) (n = 8)

CCG (Family member, female): “I find my mum does a lot for
him and maybe that stops him from doing things himself”.

PwP (T12 incomplete, male): “Family can put barriers up for
you. But if you got your own barriers, so it's two fences to get
over’.

Peer support network
(facilitator) (n = 7)

PwP (T4 complete, male): “Yeah, you know, then again, that
community aspect is so encouraging, finding ways for people to
connect”.

CCG (Charity worker, male): “If in some way it can involve
contact with others, I think that that's one of the best
motivational things out there”.
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Motivation  Reflective Beliefs about Low self-esteem or self- HCP (Physiotherapist, female): “People don't like being seen in
motivation capabilities conscious (barrier) (n = 8) a wheelchair”.

CCG (Charity worker, male): “Psychological components
around motivation and confidence and self-esteem, body image.
That that can all contribute to just not finding that 5 minutes [to
be active per day]”.

Intentions Building habits around activities PwP (T1 incomplete, male): “Building [activity] into things
of daily living (facilitator) you've got to do in the house, it gives you a sense of worth, not
m=17) just for exercise and fitness”.

PwP (T4 complete, male): “If you can make doing something
part of your routine a habit, a good habit. Then you're more
motivated to keep it up”.

Boredom, being a chore or lack ~ PwP (L1 incomplete, male): “It [physical activity] being a

of enjoyment (barrier) (n = 6) chore and that might break your motivation cause because it's.
It’s not enjoyable”.

PwP (T12 incomplete, male): “They want you in it [standing
frame] for like 3 or 4 hours a day. What can you do, stood?
What can you do? It’s boring”.

Goals Goal setting (facilitator) (n=8)  PwP (L1 incomplete, male): “Realistic goals I guess, that's the
one I mean. Because you know, if you start out thinking “Why
am I not at the top of the Mount Everest, yet?’”.

PwP (T11 incomplete, female): “When I say objectives and
goals, I mean personally I like to work towards goals and

objectives”.

Reinforcement Rewards (facilitator) (n = 5) PwP (L1 incomplete, female): “If I could earn a badge for doing
a 5-minute exercise on a bad day that might incentivise me for
doing it”.

PwP (T11 incomplete, female): “The reward itself would be me
completing the goal”.
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Automatic Emotions Low mood (barrier) (n = 3) PwP (L1 incomplete, female): “I have good days and bad days

motivation and on a good day I'm fine. I can do stuff. It's not a problem,
but on a bad day it can vary between not getting out of bed or
getting out of bed but not going out the house”.

HCP (Physiotherapist, female): “The biggest barrier to general
levels of physical activity is how you're thinking and feeling
and that comes down to psychology”.
CCG, community caregiver; COM-B, Capability, Opportunity and Motivation to change Behaviour; HCP, healthcare professional; PwP,
participant with paraplegia; TDF, Theoretical Domains Framework.
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5.3.2.1.1 Capability
Common capability-related barriers included lack of knowledge about sedentary behaviour
(“There isn’t specific guidance on sedentary behaviour [in SCI centres]. So, if there isn’t
specific guidance, it’s hard for people to have knowledge” [HCP, Physiotherapist]) and fatigue
(“A lot of your time is spent on personal care and just getting the day-to-days done. That can
be hugely, hugely physically demanding” [CCG, Charity worker]). Personal care routines,
pain, comorbidities, injury, pressure ulcers, lack of physical function and necessity to transfer
to do physical activity were also common barriers. Facilitators included knowledge of pressure
relief, feedback on progress, creating schedules around activity and reminders to be
active: “The text message, with the ‘get up, do something’. Yeah, it works.” (PwP, T12

incomplete, male).

5.3.2.1.2 Opportunity
Frequent opportunity-related barriers were lack of wheelchair-accessible space in and outside
of the home (“Non-adapted space is a barrier” [PwP, L1 incomplete]), cost and lack of access
to equipment to do physical activity or exercise (“There’s not a lot that you can get that is
complimentary. You know, a lot of this stuff you've got to pay for and it’s not cheap” [CCQG,
Charity worker]), being deterred by family and friends, wheelchairs being inappropriate for
physical activity, and geographical inequalities of services or opportunities relating to physical
activity and exercise. Facilitators included provision of information and/or opportunities for
physical activity and exercise, support from family or friends, and a peer support
network: “There’s a thing, isn’t there? About community, right? So doing things in a solitary

capacity is often quite hard. A lot of barriers to it” (PwP, T4 complete).
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5.3.2.1.3 Motivation
Motivation-related barriers included low self-esteem or self-consciousness ( “People don't like
being seen in a wheelchair” [HCP, Physiotherapist]), boredom, being a chore or lack of
enjoyment, and low mood. Facilitators included goal setting ( ““I like to work towards goals and
objectives. The reward itself would be me completing the goal” [PwP, T11 incomplete]),
building habits around activities of daily living ( “If you can make doing something part of your
routine a habit, a good habit, then you're more motivated to keep it up” [PwP, T4 complete])

and rewards.

5.3.2.2 BCW Stage 2: Identify Intervention Options
Ten different intervention options were identified (Table 7). Although an attempt was made to
identify an intervention option for every barrier and facilitator, participants could not suggest
options for some. This included injury (barrier), lack of physical function (barrier), support
from work (facilitator) and being deterred by family or friends (barrier). The intervention

development, therefore, focused on those for which suitable options were identified.

Intervention options that were identified include (1) receiving feedback on sedentary behaviour
and physical activity, to help facilitate feedback on progress: “/It would] be good to like, keep
a log of say yeah, whatever activities you 're doing. And having, like, your personal best” (PwP,
L1 incomplete). Reminders to break up sedentary behaviour (2) was commonly proposed to
address not thinking about sedentary behaviour (barrier): “Having some kind of prompt [to get
moving] I think would definitely be helpful for him” (CCG, Family member). Education (3)
was suggested to address lack of knowledge about sedentary behaviour (barrier): “People
really need to be made aware of what that [reducing sedentary behaviour] looks like, what that
could be, and also and also what the benefits are physiologically and psychologically” (CCG,
Charity worker). To address cost and lack of access to equipment to do physical activity or

exercise (barrier), having physical activity equipment (4) was identified as an option: “They
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haven’t got any finances available to purchase any extra [exercise] equipment and that might

be what’s needed to be active” (HCP, Physiotherapist).

A peer support network was suggested as an option to facilitate peer support (5): “If you're
feeling a little bit demotivated, you know, maybe there’s like a chat or a forum or
something” (PwP, T6 complete). Getting support from family and friends (6) was also
suggested to facilitate peer support: “I think it’s good to involve family and friends. If they 're
up for doing it like people have already said, I think it’s a good motivation” (CCG, Charity
Worker). Goal setting (7) came through as an intervention option: “Could there be like a
mentoring or coaching? It could be part of the creating targets. Maybe you can check
back?” (PwP, L1 incomplete). Creating schedules (8) was an option to support planning around
activity (facilitator): “Trying to get a bit of a timetable even into your normal daily living and
to and to incorporate the activity in into that” (CCG, Charity Worker). Signposting to relevant
organisations (9) would facilitate the provision of information and/or opportunities for physical
activity and exercise: “If you have a website, you can link it to the local sports groups” (PwP,
T1 incomplete). Gaining rewards for reducing sedentary behaviour (10) could address low
confidence or self-esteem (barrier): “If I could earn a badge for doing a 5-minute exercise on

a bad day that might incentivise me for doing it” (PwP, L1 incomplete).
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Table 7. Intervention options mapped to the COM-B, TDF and BCW constructs.

COM-B micro- TDF domain Barrier / facilitator What needs to change  Proposed Intervention Policy category Behaviour change Delivery mode
construct being targeted intervention function techniques
option
Psychological Behavioural Getting feedback on  Individual becomes Feedback on Enablement, Guidelines, 2.2: Feedback on Wearable tracker,
capability regulation progress (facilitator) aware of their sedentary  sedentary Education Communication/ behaviour health and fitness app,
behaviour and physical ~ behaviour and marketing feedback from an
activity physical activity 2.3: Self-monitoring individual trained in
of behaviour motivational support
Knowledge Lack of knowledge
about sedentary 12.5: Adding objects
behaviour (barrier) to the environment
Psychological Memory, Reminders to be Individuals are Reminders to Environmental Environmental/ 7.1: Prompts/Cues Notifications or
capability attention and active (facilitator) regularly prompted to break up restructuring, social planning prompts via a
decision break up their sedentary ~ sedentary Enablement wearable activity
processes behaviour behaviour tracker or app
Do not think about
sedentary behaviour
(barrier)
Automatic Emotions Low mood (barrier)  Individuals are given a Rewards for Incentivisation,  Fiscal measures 10.1: Material Streaks, badges,
motivation reward for breaking up reducing and/or persuasion incentive (behaviour)  praise via an app or
and/or reducing breaking up wearable activity
Reflective Beliefs about Low self-esteem or  sedentary behaviour and  sedentary 10.2: Material reward  tracker and praise
motivation capabilities self-conscious increasing physical behaviour and (behaviour) from an individual
(barrier) activity engaging in trained in
Reinforcement Rewards physical activity 10.7: Self-incentive motivational support
(facilitator)
10.9: Self-reward
Psychological Knowledge Lack of knowledge  Individuals being made  Education around  Education, Guidelines, 4.1: Instruction on Online and physical
capability about sedentary aware of what sedentary  sedentary Persuasion Communication/ how to perform a educational booklet,
behaviour (barrier) behaviour is and how to  behaviour marketing behaviour role models, integrate
Knowledge of reduce and/or break it into existing pressure
pressure relief up, drawing similarities 5.1: Information about  relief advice, integrate
(facilitator) to existing pressure health consequences into activities of daily
Physical Skills Fatigue (barrier) relief advice , living
capability 5.6: Information about

emotional
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Pain (barrier)

Individuals being made
aware of the physical,
psychological and

consequences

8.2: Behaviour

Comorbidities emotional benefits of substitution
(barrier) reducing and breaking
up sedentary behaviour 8.3: Habit formation
Reflective Intentions Building habits
motivation around activities of 9.1: Credible source
daily living
(facilitator)
Social Social Support from family ~ Family members, carers ~ Support from Environmental Environmental/ 3.1: Social support Within educational
opportunity influences or friends and/or friends providing  family and friends  restructuring social planning (unspecified) resource, suggesting
(facilitator) support to reduce to reduce that participants do
Reflective Intentions Boredom, being a sedentary behaviour sedentary 3.2: Social support physical activity with
motivation chore and lack of behaviour (practical) family and friends,
enjoyment (barrier) explaining the
12.2: Restructuring benefits of doing so
the social and including
environment examples of how to
involve them
Physical Environmental Provision of Being signposted to Signposting to Enablement, Service provision,  3.1: Social support Virtual or physical
opportunity context and information and/or national and local charities, Education Communication/ (unspecified) resource containing a
resources opportunities for charities, organisations organisations and marketing list of links to and
physical activity and websites that websites contact details of
and exercise provide equipment, relevant charities,
(facilitator) information and/or organisations and
Lack of wheelchair ~ opportunities relating to websites
accessibility inand ~ physical activity or
outside of the home  exercise
(barrier)
Cost and lack of
access to equipment
to do physical
activity or exercise
(barrier)
Reflective Goals Goal setting Individuals setting and Goal setting Training, Regulation, 1.1: Goal setting Self-selection and
motivation (facilitator) monitoring personalised Enablement Guidelines, (behaviour) review of goals with
goals related to Communication/ support from an
sedentary behaviour and Marketing 1.4: Action planning individual trained in

physical activity

1.5: Review
behaviour goals

motivational support,
goal setting and
monitoring using a
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wearable activity
tracker and/or app

Psychological Behavioural Creating schedules Creating schedules to Scheduling Environmental Service provision,  1.1: Goal setting Physical or virtual
capability regulation around activity reduce sedentary restructuring, Regulation (behaviour) calendar, support with
(facilitator) behaviour and increase Enablement creating schedules
physical activity that fit 1.4: Action planning from an individual
around fatigue, pain, trained in
personal care and other 1.8: Behavioural motivational support
Physical Skills Pain (barrier) commitments contract
capability
1.9: Commitment
Fatigue (barrier)
Personal care
routine (barrier)
Pressure ulcers
(barrier)
Comorbidities
(barrier)
Reflective Goals Goal setting
motivation (facilitator)
Intentions Building habits
around activities of
daily living
(facilitator)
Social Social Peer support Having access to a Peer support Enablement, Service provision,  3.1: Social support A group chat in a
opportunity influences network (facilitator)  network of peers witha  network Environmental Environmental/ (unspecified) messaging app
spinal cord injury to restructuring social planning
Reflective Intentions Boredom, being a share experiences of 3.2: Social support
motivation chore or lack of participating in the (practical)
enjoyment (barrier)  programme, ideas to
reduce sedentary 6.2: Social
behaviour and comparison

opportunities to do
physical activity
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12.2: Restructuring
the social
environment

Physical Skills Transfers (barrier) Individuals being Providing access Enablement, Service provision,  12.1: Restructuring An equipment pack
capability provided access to to activity tools Environmental Environmental/ the physical including exercise

activity tools to use at restructuring social planning environment bands and a portable
home, regardless of hand cycle to use at
geographical location 12.5: Adding objects home

to the environment

Physical Environmental Cost and lack of
opportunity context and access to equipment
resources to do physical

activity or exercise
(barrier)
Geographical
inequalities of
services or
opportunities
relating to physical
activity and exercise
(barrier)
Excessive planning
and inability to be
spontaneous
(barrier)
Wheelchair being
inappropriate for
activity(barrier)

Data are presented in order of final intervention components. Columns include COM-B micro-construct to provide broad categories of barriers
and facilitators, TDF to provide context as to the nature of each barrier or facilitator, followed by the specific barrier or facilitator in question. The
intervention option that targets each barrier/facilitator and how it maps to each BCW construct is provided in sequential order in the subsequent
columns. COM-B, Capability, Opportunity and Motivation to change Behaviour; TDF, Theoretical Domains Framework.
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5.3.2.2.1 Identification of Intervention Functions and Policy Categories
Six of nine BCW intervention functions were identified as relevant to the intervention options
(Table 7). These were Education (n = 3 intervention options were mapped to this function),
Enablement (n = 7), Environmental Restructuring (n = 5), Incentivisation (n = 1), Persuasion
(n =2) and Training (n = 1). Six of seven policy categories in the BCW guide were identified
as relevant (Table 7), namely Communication/Marketing (n = 4), Environmental/Social
Planning (n = 4), Fiscal Measures (n = 1), Guidelines (n = 3), Regulation (n = 2) and Service

Provision (n = 4).

5.3.2.3 BCW Stage 3: Identify Content and Implementation Options
Twenty-four BCTs were mapped to the proposed intervention options (Table 7) from the
BCTTvl, including Goal setting (behaviour) (1.1), Action planning (1.4), Review behaviour
goals (1.5), Behavioural contract (1.8), Commitment (1.9), Feedback on behaviour (2.2), Self-
monitoring of behaviour (2.3), Social support (unspecified) (3.1), Social support (practical)
(3.2), Instruction on how to perform a behaviour (4.1), Information about health consequences
(5.1), Information about emotional consequences (5.6), Social comparison (6.2), Prompts/Cues
(7.1), Behaviour substitution (8.2), Habit formation (8.3), Credible source (9.1), Material
incentive (behaviour) (10.1), Material reward (behaviour) (10.2), Self-incentive (10.7), Self-
reward (10.9), Restructuring the physical environment (12.1), Restructuring the social

environment (12.2) and Adding objects to the environment (12.5).

A wearable activity tracker with messaging relevant to wheelchair-users was suggested for
providing feedback on physical activity, reminders to break up sedentary behaviour and virtual
rewards for breaking up sedentary behaviour and engaging in physical activity. It was proposed
that education around sedentary behaviour, signposting to relevant organisations, and
information on support from family and friends could be delivered via an educational booklet.

Proposed delivery modes for goal setting and creating schedules were a goal-setting worksheet
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and one-to-one support from a person trained in motivational interviewing. A social messaging
app group chat was proposed to facilitate peer support. A pack of activity tools comprising
exercise bands and a portable hand cycle was proposed (access to physical activity equipment).
Intervention options with overlapping modes of delivery were merged into six intervention
components by the research team after the initial workshops and subsequently discussed with

participants in follow-up workshops to assess appropriateness and inform refinements.

5.3.2.3.1 APEASE Assessment
A wearable activity tracker was deemed likely to be effective, with no concerns raised around
acceptability, practicability, or safety (Table 8). Concerns were raised around affordability if
participants were required to self-purchase the device. Equitability was questioned in relation
to individuals less proficient with this type of technology, but participants indicated that this
could be overcome if guidance was provided. Researcher discussion led to the Apple Watch
Series 7 (Apple Inc., Cupertino, California, USA) and the Garmin Vivoactive 5 (Garmin,
Olathe, Kansas, USA) being considered as potential devices, as they both have a wheelchair
mode. This setting includes wheelchair-specific language and tracks daily pushes, which
participants expressed a preference for over daily step count. The Garmin Vivoactive 5 was
selected by researchers for inclusion in the intervention as it is compatible with both i0OS and

Android smartphones, therefore providing greater accessibility.

An educational booklet was deemed likely to be effective. No concerns were raised regarding
practicality, affordability or safety. Printed and electronic formats were recommended for ease
of access. The term ‘sedentary’ was not deemed acceptable due to the stigma attached to
wheelchair use: “Sedentary means you sit on your bum all day. We don’t have a choice. So, 1
would say ‘inactivity’, ‘improve activity’ or something more positive, rather than leaning on

the negative” (PwP, T1 incomplete). Therefore, the term ‘inactive’ was suggested. It was
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suggested that positive messaging should be used where possible, (e.g. “break up inactivity”,

“do more activity breaks”) rather than limiting sedentary behaviour (e.g. “reduce inactivity”).

Participant feedback on goal setting was generally positive with acceptability, effectiveness,
affordability and safety not raising any concerns. Regarding practicability and equity, it was
proposed that some participants may require more support than others. This led to the
suggestion that motivational support sessions with a trained person could support goal setting
through accountability and social support. Discussion between the research team led to the
decision that, for pragmatic and resource-based reasons, this trained person should be the PhD
Researcher for the feasibility study (Chapter 6). It was also considered that three sessions would

be practicable and effective to achieve the purpose of this intervention component.

Peer support was generally deemed acceptable, practicable, effective, safe and equitable. Most
participants noted a widely used app (i.e. WhatsApp) would be unlikely to exclude many
participants. However, concerns about the privacy of a group chat were raised in addition to
concerns about the effectiveness of such a group as some participants did not feel that they
needed peer support. Social comparison of progress with the intervention was deemed less
acceptable. Healthcare professionals raised concerns around the risk of undesirable behaviour
in the group. To address these acceptability concerns, it was agreed amongst the research team
that this component of the intervention should be optional, have ground rules for using the

chosen app and social comparison should not be advocated.

The activity tools were generally considered to be effective. Some participants suggested tools
could be difficult to use due to a lack of knowledge for their use or risk of injury. Therefore,
subsequent researcher discussion led to a guidance document being added to this component
alongside links to demonstrative videos in the educational booklet. Exercise bands, a portable

hand cycle and hand weights were suggested as potential tools. Researcher discussion led to
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the conclusion that hand weights would not be practicable due to issues accessing weights of
multiple heaviness and transportation problems. The exercise bands and portable hand cycle

were considered feasible.

Overall, there were no dissenters to the intervention components proposed in follow-up
workshops. The appropriateness of particular aspects were questioned, but reasonable

suggestions were made to overcome those issues identified (see Table 8).

5.3.3 Intervention Components

This study led to the development of an intervention comprising six components. The first
component is a wrist-worn wearable activity tracker, the Garmin Vivoactive 5, to provide
reminders to break up sedentary behaviour and feedback on physical activity with a wheelchair-
mode option. The device counts the consecutive days the wearer achieves a self-directed
wheelchair push count goal, as well as providing virtual badges for reaching milestones of

consecutive days achieving the daily push goal and doing guided exercises.

An educational booklet will also be included in the intervention. This will include a definition
of sedentary behaviour, benefits of reducing sedentary behaviour, ideas for reducing sedentary
behaviour (including how to involve family and friends) and how to set and work towards
goals. The booklet will also contain signposting to websites, videos, charities and opportunities
related to physical activity and/or exercise. Participants will be offered the booklet in both

paper and digital format.

A goal setting worksheet will also be included, in which the participants will set short- and
long-term goals related to sedentary behaviour and, if they wish, physical activity. The
worksheet will also involve ideas and prompts for how to strengthen commitment towards their
goals. In addition, the worksheet will prompt participants to estimate their current inactivity

level in the first and final week of the intervention to self-monitor progress.
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Participants will receive three one-to-one motivational support sessions from an individual
trained in motivational interviewing, via video call or telephone, depending on participant
preference. These sessions will involve guidance around setting and working towards sedentary

behaviour goals, reviewing progress and creating action plans.

A peer support group will be set up on WhatsApp for participants to join, if they wish and agree
to the group rules sent by email. Participants who join the group will be encouraged to provide
peer support and share ideas and advice with other participants. The PhD Researcher will send

weekly messages to encourage regular interaction.

Lastly, participants will be provided activity tools to facilitate regular breaks in sedentary
behaviour throughout the day. The tools include a set of exercise bands of varying intensity
and a portable hand cycle. A guidance sheet around maintaining proper form, when to rest or
stop and seek support, will be provided with the activity tools. In addition, links to videos
providing demonstrations and ideas for using the activity tools will be provided within the

educational booklet.
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Table 8. Assessment of intervention components using the APEASE criteria.

Intervention
component

Acceptability  Practicability

Effectiveness

Affordability

Safety/side
effects

Equity

Comments

Wearable activity
tracker

Educational booklet

Goal setting

Motivational
support

Peer support group

Activity tools

v

v

v

X

v

v

It may not be affordable if participants were
required to purchase wearable trackers with
wheelchair mode. Concerns around the
technological proficiency required are
overcome by researchers providing guidance.

Concerns around accessibility of the format
are overcome by offering both printed and
electronic versions. Concerns around
acceptability of terminology overcome by
using inclusive and positive wording in the
materials.

Concerns around lack of support with creating
and working towards goals are overcome by
the inclusion of motivational support.

Concerns around the practicability of access
to a medically qualified individual are
overcome through delivery by an individual
with suitable motivational support training.

Concerns around acceptability of social
comparison are overcome by not sharing
activity data between participants. Concerns
around privacy are overcome by this
component being optional and setting clear
ground rules.

Safety concerns around injury are overcome
by providing guidance for using the tools
safely.
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5.4 Discussion

This study has led to the development of a novel intervention targeting sedentary behaviour in
individuals with paraplegia. A rigorous co-design approach embedded within the COM-B and
BCW was adopted to maximise the intervention’s effectiveness, feasibility and acceptability.
The rigorous combined approach and the novelty of the intervention advances knowledge
related to developing behavioural interventions and addressing sedentary behaviour in

individuals with paraplegia.

The use of co-design may have generated greater participant engagement than traditional
researcher-led methods due to a sense of ownership brought about by equal partnership in the
design process. Additionally, participants expressed that taking part in the workshops was
acceptable, noting that the opportunity to share their experiences was a positive aspect (Jagosh
et al., 2012; Kapiszewski & Wood, 2022). Combining co-design with a workshop-based
approach may have stimulated greater peer discussion and support, as well as building trust
and openness between participants (Kapiszewski & Wood, 2022). These factors are integral to
sharing richer and more honest insights (Kapiszewski & Wood, 2022). The co-design
workshop approach, therefore, led to a rich dataset and targeted intervention components

appropriate for individuals with paraplegia.

The BCW was adopted in this co-design study due to its comprehensive, theory-driven
approach to intervention development (Michie et al., 2011). While the co-design workshops
allowed exploration of participant insights regarding barriers and facilitators for achieving the
target behaviour, the BCW facilitated a coherent behavioural diagnosis using the COM-B
model (Michie et al., 2011). This facilitates the selection of appropriate BCTs that can target
the behaviour more precisely. As the co-design approach facilitated discussion of preferred
intervention options, the BCW allowed systematic mapping of these options to the identified
barriers and facilitators, intervention functions, policy categories and BCTs (Michie et al.,
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2014). This systematic mapping provides a transparent step-by-step process where decision-
making can be traced. Assessing the appropriateness of the intervention options using the
APEASE criteria provided a rigorous approach to ensure intervention concepts are feasible,
acceptable and safe before resources are spent on testing them. An APEASE assessment also
enables intervention concepts to be optimised prior to testing, meaning they are more likely to
be effective for achieving the target behaviour. Indeed, use of appropriate behaviour change
theory has been shown to bring about greater physical activity behaviour change in individuals
with physical disabilities (Ma & Martin Ginis, 2018). Therefore, it is likely that the rigorous
combined co-design and BCW approach will result in an intervention that is more acceptable

and effective for reducing and breaking up sedentary behaviour.

The co-design process led to the need for a multi-component intervention to address a range of
unique barriers and facilitators for individuals with paraplegia. This is in line with research
demonstrating the superiority of multi-component interventions for reducing sedentary
behaviour compared to single-component interventions in clinical populations (e.g. educational
materials, motivational sessions, smartphone apps, reminders to break up sedentary behaviour)
(Nieste et al., 2021). With regards to each intervention component, the inclusion of a wrist-
worn, wearable activity tracker is consistent with interventions that have reduced sedentary
behaviour in non-disabled individuals (Direito et al., 2017; Stephenson et al., 2017) and clinical
populations (Nieste et al., 2021). Several BCTs identified in the present study, such as self-
monitoring, social support, feedback, prompts and cues, have been effective in previous
sedentary behaviour interventions (Direito et al., 2017; Nieste et al., 2021; Stephenson et al.,
2017). Smartphone apps and wrist-worn activity trackers have increased physical activity in
individuals with SCI, but these interventions did not target or measure sedentary behaviour
(Hiremath et al., 2019; Lawrason & Martin Ginis, 2023). Therefore, previous interventions

may not target appropriate BCTs to effectively reduce sedentary behaviour in individuals with
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SCI (Martin et al., 2015). The technology-based component in the current study has been co-
designed with a specific focus on sedentary behaviour, which is likely to lead to greater

acceptability and effectiveness of the intervention.

Education is included in the present intervention, in line with an intervention co-produced with
stroke survivors using the BCW (Hall et al., 2020). This highlights the importance of education
around sedentary behaviour in individuals with neurological conditions, such as paraplegia
(Hall et al., 2020). A systematic review found that interventions implementing education
around physical activity were effective for increasing leisure-time physical activity in this
population (Tomasone et al., 2018), although effects on sedentary behaviour have not been
examined. Interventions utilising education have shown promise for reducing sedentary
behaviour in the general population (Curran et al., 2021; Gardner et al., 2016). The present
study provides novel findings that an intervention targeting reductions and breaks in sedentary

behaviour should include an educational component.

Goal setting is an important intervention component for targeting sedentary behaviour in
individuals with neurological conditions, as found in a co-produced intervention in stroke
survivors (Hall et al., 2020). Reviews have demonstrated the effectiveness of goal setting for
reducing sedentary behaviour in non-disabled individuals in workplace (Brierley et al., 2019)
and non-workplace settings (Curran et al., 2021) hence it being likely that goal setting will be
effective in the present intervention. Motivational support was included in the present study to
aid goal setting and working towards goals. The inclusion of motivational support is backed by
a meta-analysis demonstrating that motivational counselling is effective for reducing sedentary
behaviour in clinical population (Nieste et al., 2021). In line with findings regarding facilitators
for physical activity in individuals with SCI (Kehn & Kroll, 2009), peer support was also
considered a potential strategy for reducing sedentary behaviour in the present study.
Therefore, motivational support sessions and peer support may be effective for addressing
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barriers and facilitators to reducing sedentary behaviour in individuals with paraplegia.
Therefore, motivational support and peer support may both be effective for reducing sedentary

behaviour in individuals with paraplegia.

Consistent with physical activity research, providing activity tools was identified to help
overcome barriers related to affordability and access in individuals with SCI (Kehn & Kroll,
2009). Adding objects to the physical environment, such as wearable devices, sit-stand desks
and exercise equipment, is an effective intervention strategy to reduce sedentary behaviour in
non-SCI populations (Booth et al., 2022; Curran et al., 2021; Gardner et al., 2016). However,
there is limited evidence evaluating the use of activity tools to enable regular ‘activity breaks’
throughout the day. The inclusion of activity tools is, therefore, a novel component for reducing

sedentary behaviour.

Some participants with paraplegia raised concerns with the term “sedentary behaviour” due to
the stigma attached around wheelchair use. Instead, these participants suggested referring to
“Inactivity”, in line with findings in stroke survivors (Hall et al., 2020). This suggests that
alternative terminology and/or definitions relating to sedentary behaviour should be developed
for individuals with physical disabilities. Some participants with paraplegia also
preferred positive messaging in relation to the target behaviour (e.g. doing more activity,
instead of engaging in /ess sedentary behaviour), as was also expressed by stroke survivors
(Hall et al., 2020). Therefore, this intervention will use positive messaging, where possible, to

ensure greater acceptability.

5.4.1 Strengths and Limitations
Strengths of this study include the use of co-design methodology combined with the BCW to
undertake a rigorous and systematic approach to intervention development. This combined

approach of participatory methodology and behaviour change theory helps to maximise
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acceptability and effectiveness of the intervention. The intervention is generalisable to a diverse
range of individuals with paraplegia due to the varied sample of participants at different stages
of the SCI healthcare pathway, inclusion of multiple key stakeholders and PPI. Also, the
appropriateness of the intervention components as determined using the APEASE criteria was
undertaken with end-users and key stakeholders, which helps to increase acceptability and

relevance of the intervention.

Limitations of the study include the sample size being smaller than planned and comprising
predominantly White British participants. A representative view from these participants may,
therefore, have not been achieved, potentially limiting generalisability of the intervention. Not
all participants were available to participate in both workshops, which is inconsistent with a
traditional co-design approach (Vargas et al., 2022). However, this approach provided the
opportunity to understand acceptability of intervention options from individuals who were not
involved with developing the initial concepts. Additionally, stakeholder data only represents
what these individuals expect to be effective for changing behaviour, rather than their actual
experiences. Despite this approach potentially enhancing acceptability of the components, it is

not definite that this will lead to an effective intervention.
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5.5 Conclusion

This study reports on the development of a novel intervention targeting sedentary behaviour in
individuals with paraplegia. The intervention was co-designed using the BCW, with input from
multiple stakeholders, meaning that the developed intervention is likely to be feasible,
acceptable and effective for end-users. It is recommended that future interventions are
developed utilising a combined approach of participatory methodology and behaviour change
theory to optimise acceptability and potential effectiveness. The feasibility, acceptability and
effectiveness of the intervention is being evaluated in a further study (Chapter 6). This research
could inform public health and clinical care guidelines with a focus on sedentary behaviour in

individuals with paraplegia.
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Chapter 6: Study 3. Acceptability, Safety, Feasibility and Preliminary Efficacy of the
REACH-SCI (Reducing sedEntary Activities to improve Cardiovascular Health in

individuals with Spinal Cord Injury) Intervention

The feasibility study manuscript is in preparation for submission to a peer-reviewed journal.

This study provides data around the experiences of individuals with paraplegia taking part in
the developed intervention, which can inform amendments to improve acceptability, safety

and feasibility in a future effectiveness trial.

6.1 Introduction

The systematic review presented in Chapter 4 found that interventions targeting physical
activity in individuals with paraplegia were not effective for reducing sedentary behaviour
(Cooper et al., 2025a). Although there was a lack of interventions targeting sedentary
behaviour, those that did target this behaviour showed promise for improving CVD biomarkers
(Bailey et al., 2020; Martinez et al., 2025). Interventions targeting sedentary behaviour require
investigation to elucidate their effectiveness and consideration for management of

cardiovascular health in individuals with paraplegia.

To address key gaps in the evidence, a sedentary behaviour intervention for individuals with
paraplegia was developed using co-design with end-users and key stakeholders (Chapter 5)

(Cooper et al., 2025b).

The primary aim of this study was to assess the acceptability, safety and feasibility of the
Reducing sedEntary Activities to improve Cardiovascular Health in individuals with Spinal

Cord Injury (REACH-SCI) intervention in individuals with paraplegia.

The main objectives were to (1) explore participant acceptability of the intervention by
ascertaining agreement between qualitative and quantitative data using a combined mixed-

methods approach, (2) assess safety of the intervention via adverse events, pain and fatigue
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questionnaires, and (3) explore feasibility of the intervention in the context of intervention
components being delivered as planned, as well as participant adherence and dosage. The
secondary objectives were to (4) evaluate participant engagement with the intervention
components, (5) explore the acceptability of data collection procedures, (6) assess the
feasibility of recruiting and retaining participants in the study and (7) evaluate preliminary
efficacy in the context of pre-post changes in sedentary behaviour, physical activity, CVD

biomarkers, and psychosocial outcomes.
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6.2 Methods

6.2.1 Study Design

This study used a mixed-methods, single-arm, pre-post design. After baseline measurements,
all participants received the intervention. Measurements were repeated at eight weeks (end of
intervention) following the start of the intervention period (Figure 8). Eight weeks was selected
in line with sedentary behaviour interventions evaluated in individuals with other neurological
conditions, in which this duration was an appropriate time period to address acceptability,
safety and feasibility outcomes (English et al., 2016; Ezeugwu & Manns, 2018). Semi-
structured interviews were undertaken with all participants post-intervention. Ethical approval
was granted from Brunel University of London College of Health, Medicine and Life Sciences
Research Ethics Committee (50038-NHS-Mar/2025- 54084-2; Appendix 23) and the National
Health Service East of England - Cambridge South Research Ethics Committee (25/EE/0090;
Appendix 24). The study adhered to the principles of the Declaration of Helsinki and was
conducted and reported in accordance with the Consolidated Standards of Reporting Trials
guidelines for feasibility and pilot trials (CONSORT; Appendix 25) (Eldridge et al., 2016). In
addition, the study was reported in accordance with the Good Reporting of A Mixed-Methods
Study (GRAMMSY) guidelines (Appendix 26) (O’Cathain et al., 2008). The study protocol was

prospectively registered with clinicaltrials.gov (NCT06957483).

6.2.2 Study Setting

The intervention was delivered remotely to individuals with paraplegia living in the
community. Outcome measurements and interviews were conducted within a laboratory and
private room, respectively, in the Department of Sport, Health and Exercise Sciences at Brunel

University of London.
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6.2.3 Participant Eligibility Criteria

Participant inclusion criteria were adults (> 18 years) with self-reported paraplegia regardless
of lesion completeness or cause, who use a manual wheelchair as their primary mode of
mobility inside and outside of the home. Participants needed to be able to travel to Brunel
University of London to undertake study measurements, have access to regular use of a
smartphone or tablet with internet access, and be able to communicate in English at a level
sufficient to participate in the study. Additionally, participants needed to be able to provide
informed consent, willing and able to provide fingertip blood samples and fast prior to
measurement sessions, and able to independently transfer to a treatment couch and lay supine

to undertake anthropometric and body composition measurements.

Exclusion criteria were self-reported heart conditions, chest pain, dizziness, bone or joint
problem, or any other condition that may be exacerbated by doing physical activity, as
indicated via responses to the Physical Activity Readiness Questionnaire Plus (PAR-Q+;
Appendices 27 and 28) (Warburton et al., 2021), history of uncontrolled autonomic dysreflexia

in the past 12 months, pregnancy, or participation in another intervention study.

6.2.4 Participant Recruitment

Recruitment took place in the community via disability sport and SCI support pages on social
media (e.g. X and Facebook), communication through SCI charities (e.g. Spinal Injuries
Association and Back-Up Trust), snowballing and participants from previous studies
(including individuals from Chapter 5) who provided consent for being contacted about future
research. Recruitment also took place through the London Spinal Cord Injury Centre, Royal
National Orthopaedic Hospital NHS Trust; potentially eligible patients received study
information from a member of the care team during routine appointments, inpatient care and/or
mail-out. Posters and leaflets containing study information were also displayed within clinics
and wards (Appendix 29).
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Individuals were asked to express their interest in participating by contacting the research team
by email or scanning a QR code provided on study materials. The QR code took individuals to
an online form (Jisc Online Surveys; Appendix 30) where they provided their contact details
and consent to be contacted. For individuals who expressed an interest in taking part to a
clinician, the clinician asked for verbal consent to share the individual’s name and contact
details (phone number and email) with the research team so they could be followed up
regarding potential participation. Individuals who registered their interest were provided with
a PIS (Appendix 31) if they did not already have one, and separate links to both an online
screening questionnaire and the PAR-Q+ (both using Jisc Online Surveys; Appendices 32, 27
and 28, respectively). The screening questionnaire and PAR-Q+ were reviewed by the PhD
researcher who followed up with individuals via email or telephone call for any clarifications
regarding eligibility, if required. Individuals had the opportunity to ask the research team any
questions via email or telephone call prior to giving informed consent (Appendices 33 and 34).
Participants were given at least 24 hours after receiving study information to decide whether

they wished to participate before choosing to provide consent either electronically or by hand.

The study aimed to include participants from across the SCI care pathway post-discharge from
inpatient rehabilitation, including at initial discharge, within the first year of discharge and
more than one year after initial discharge. This was operationalised by clinicians at the London
Spinal Cord Injury Centre specifically identifying and providing study information to
individuals who were recently discharged or soon to be discharged from inpatient

rehabilitation.

6.2.5 Participant Incentives
Upon completion of eight-week study measurements, a £50 Amazon gift voucher was offered
to participants as a token of appreciation. Any expenses incurred when travelling to Brunel

University of London for study measurements were reimbursed.
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6.2.6 Sample Size
The target sample size was 20 participants. This is greater than a previous recommendation of
at least 12 participants per arm in pilot and feasibility studies (Julious, 2005) to account for
difficulty recruiting and retaining individuals with SCI in clinical trials (Blight et al., 2019). A
power calculation was not undertaken to inform sample size in line with recommendations for
feasibility studies (Teresi et al., 2022). Instead, sample size was guided by the primary aims of
the study regarding intervention acceptability, safety and feasibility (Teresi et al., 2022).
6.2.7 The REACH-SCI (Reducing sedEntary Activities to improve Cardiovascular Health in
individuals with Spinal Cord Injury) Intervention

6.2.7.1 Intervention Development
The REACH-SCI intervention was developed in accordance with the MRC framework for
developing complex interventions (Skivington et al., 2021) and co-designed with key

stakeholders using the BCW (as described in Chapter 5).

6.2.7.2 The REACH-SCI Intervention
The REACH-SCI intervention involved a wearable activity tracker, educational resources, goal
setting, motivational support from a trained researcher, peer support and activity tools. The
intervention period lasted for eight weeks following baseline measures. Participants were
provided with all intervention materials and given the opportunity to ask any questions
regarding the intervention at the end of their baseline visit. Within the intervention materials
(educational booklet and goal setting worksheet), sedentary behaviour was referred to as
‘inactivity’ in line with findings through the co-design work to reduce perceived stigma
attached to wheelchair use. The term ‘sedentary behaviour’ was used to describe the
intervention protocol for clarity and consistency with the aims of the study. The intervention is
reported following the Template for Intervention Description and Replication checklist

(Appendix 35) (Hoffmann et al., 2014).
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6.2.7.2.1 Wearable Activity Tracker
Participants were provided with a Garmin Vivoactive 5 (Garmin, Olathe, Kansas, USA) to be
worn on the wrist during the intervention (Figure 9). The device was set up in Wheelchair
Mode, which tracks pushes instead of steps and uses wheelchair-appropriate language. Verbal
guidance on how to set up, wear and use the device was provided during the baseline
measurement visit. The Garmin Vivoactive 5 provides reminders to break up sedentary
behaviour with a haptic alert and notification to prompt movement every hour (“Time to shift
your weight”). Feedback on the number of pushes, heart rate, calories burned and minutes spent
in MVPA is also provided through the wearable activity tracker interface and/or accompanying
Garmin Connect smartphone app. Virtual badges are awarded to the participant for achieving
personal push goals, sharing activities with friends in the app, completing challenges and doing
different types of exercise. The number of consecutive days in which the personal push goal is
achieved (daily streak) is also recorded within the app. Participants had the opportunity to use
their own wearable activity tracker if it had wheelchair mode, inactivity prompts, physical

activity tracking and rewards to ensure all planned BCTs could be delivered.

100% =
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Figure 9. Garmin Vivoactive 5 wearable
activity tracker (Garmin, 2023)
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6.2.7.2.2 Educational Booklet
Participants were provided with an educational booklet in both electronic and hard copy format
(Appendix 36). The booklet provided (1) a modified, lay version of the consensus statement
definition of sedentary behaviour (Tremblay et al., 2017) with examples of sedentary activities,
(2) potential health benefits of reducing and breaking up sedentary behaviour, (3) ideas and
suggestions to support reducing and breaking up sedentary behaviour including examples of
how to involve family and friends, (4) how to set and review sedentary behaviour and physical
activity goals, and (5) a list of different charities, organisations and websites (with weblinks
and contact information) who provide free or discounted exercise equipment, information

and/or opportunities relating to physical activity and exercise.

6.2.7.2.3 Goal Setting
Participants set short- and long-term goals related to sedentary behaviour and physical activity
using a goal-setting worksheet (Appendix 37) and guidance from a trained researcher, as
described below. Goals were individualised, reflecting the amount and frequency at which
participants aimed to reduce or break up sedentary behaviour and, optionally, increase physical
activity. Participants were prompted and guided to estimate their sedentary behaviour during
the first and final week of the intervention within the goal-setting worksheet. This was intended
to aid with reviewing progress. Participants were also encouraged to set physical activity goals
(e.g. daily pushes, intensity exercise minutes) within their wearable activity tracker that could

help contribute to reductions in sedentary behaviour.

6.2.7.2.4 Motivational Support Sessions
The PhD researcher, who was trained in motivational interviewing, supported each participant
in making behavioural changes. This included support with setting individualised goals relating

to sedentary behaviour and physical activity, reviewing goals and progress, and creating action
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plans. The one-to-one support sessions took place via online video call or by phone, depending

on participant preference. Three sessions took place at approximately weeks 1, 3, and 5.

6.2.7.2.5 Peer Support
A peer support group was set up by the PhD researcher in WhatsApp for those participating in
the study to join if they wished. Participants who opted into this component were encouraged
to provide peer support and advice relating to sedentary behaviour and physical activity, in
addition to sharing experiences with the intervention. The PhD researcher sent an initial email
outlining the purpose of the group, ground rules and examples of what information could be
shared to each participant, prior to being added to the group. When a new participant was
added, the PhD researcher introduced them to the group. The PhD researcher did not monitor
the group but did access the group once per week to post reminder messages to encourage use

of the chat (Appendix 38 for example posts).

6.2.7.2.6 Activity Tools
Participants were provided with a pack of activity tools to use at home, which included exercise
bands of varying resistance (HPY GN, Shenzhen, Guangdong, China) and a portable hand cycle
(AGM, Shenzhen, Guangdong, China). Printed guidance around how and when to use the
bands and hand cycle (including short, frequent bouts spread across the day to encourage breaks
in sedentary behaviour) was provided within the educational booklet (Appendix 36).
Additional guidance around safety precautions for maintaining good shoulder health, such as
proper form and scheduling breaks, with advice to stop exercising and contacting their general
practitioner if new pain or spasticity arose, or if existing pain or spasticity worsened, was

provided in a separate printed document (Appendix 39).
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Table 9. Study measurements at each timepoint.

Study measure

Measurement method

Measurement timepoint

Baseline Collected 8 weeks
throughout
intervention
period

Participant Self-report questionnaire v
characteristics
Intervention Semi-structured N4
acceptability interview, intervention

acceptability

questionnaire
Intervention feasibility Intervention component v

delivery checklist
Safety (adverse events) Ad-hoc self-report v
Safety (pain and MPQ and MFIS v v
fatigue) questionnaires
Intervention Intervention engagement v
engagement questionnaire
Acceptability of data Semi-structured v
collection procedures interview
Study feasibility Recruitment, retention v v
and data completion rates

Sedentary behaviour Accelerometry v v
and physical activity
CVD biomarkers Laboratory measurement Vv v
Psychosocial health GAD-7, PHQ-9, ONS-4, v v

SF-36ww questionnaire

CVD, cardiovascular disease; GAD-7, Generalized Anxiety Disorder 7-item; MFIS, Modified
Fatigue Impact Scale; MPQ, McGill Pain Questionnaire; ONS-4, Office for National Statistics
4-item; PHQ-9, Patient Health Questionnaire 9-item; SF-36ww, Short Form 36-item walk-

wheel.

6.2.8 Data Collection

Study measurements were collected at different timepoints and summarised in Table 9.

6.2.8.1 Demographic Data

At baseline, demographic information including participant age, sex, ethnicity, comorbidities

and SCI characteristics (i.e. neurological level, completeness, years since injury) was collected

via an online questionnaire (Jisc Online Surveys; Appendix 32).
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6.2.8.2 Intervention Acceptability
Following completion of the intervention, acceptability was assessed via a questionnaire
(Appendix 40) comprising 5-point Likert scales (Sekhon et al., 2022) and individual semi-
structured interviews (Appendix 41) to explore constructs from the Theoretical Framework of
Acceptability (TFA) (Sekhon et al., 2017). The TFA assesses acceptability in the context of
seven components: affective attitude (how an individual feels about the intervention), burden
(perceived effort required to participate in the intervention), ethicality (the extent to which the
intervention fits with the individual’s value system), intervention coherence (the extent to
which the individual understands the intervention and how it works), opportunity costs (the
extent to which the individual must give up other benefits, value or profits to engage with the
intervention), perceived effectiveness (the extent to which the individual perceives the
intervention as likely to achieve its purpose), and self-efficacy (the individual’s confidence that
they can perform the behaviour required to participate in the intervention), as well as overall

intervention acceptability (Sekhon et al., 2017).

The acceptability of each intervention component was assessed in the context of perceived
effectiveness from the TFA. This was ascertained via questionnaire and the aforementioned

semi-structured interview.

Progression criteria for advancing to the next stage of the intervention development process
were positive responses outweighing negative responses for each question within the
intervention acceptability questionnaire (e.g. more participants agree or strongly agree than

disagree or strongly disagree).

6.2.8.3 Intervention Safety
Safety of the intervention was evaluated through collation of adverse events experienced during

the study. These were self-reported at each data collection point, during contact with the PhD
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Researcher as part of the intervention, and ad-hoc throughout the study by participants
contacting a member of the research team via phone or email. Safety was also evaluated via
self-report of pain using the McGill Pain Questionnaire (MPQ; Appendix 44) (Melzack, 1975)
and fatigue using the Modified Fatigue Impact Scale (MFIS; Appendix 45) (Fisk et al., 1994)
via online questionnaires (Jisc Online Surveys) at baseline and post-intervention. Both the
MPQ and MFIS are validated in individuals with SCI (Imam et al., 2012; Sawatzky et al.,

2008).

6.2.8.4 Intervention Feasibility
Intervention feasibility was assessed by a researcher using a checklist (Appendix 42) to record
each component being delivered as planned for each participant throughout the intervention
period. This checklist included participants being provided with the wearable activity tracker,
educational booklet, goal setting worksheet, exercise bands and portable hand cycle.
Attendance at each motivational support session and the duration of these sessions was also
recorded. This was in addition to a checklist for all planned aspects of the motivational support

sessions being covered by the researcher (Appendix 43)

6.2.8.5 Intervention Engagement
Intervention engagement was assessed using an online questionnaire (Jisc Online Surveys) for
participants to self-report how many days per week they used the wearable activity tracker,
their use of the educational booklet, completion of the goal-setting worksheets, frequency of
engagement with the peer support group chat, and frequency and average duration (min/day)
of using the activity tools (Appendix 46). Open text responses in the acceptability questionnaire
around reasons for engagement and non-engagement were used to contextualise quantitative

engagement data.
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6.2.8.6 Acceptability of Data Collection Procedures

Participant acceptability of the data collection procedures was also assessed in the semi-

structured interviews (Appendix 41).

6.2.8.7 Study Feasibility
Study feasibility was determined in the context of participant recruitment and retention rates
and the proportion of missing data for daily sedentary time (proposed primary outcome for a

definitive trial) and secondary outcomes.

6.2.8.8 Sedentary Behaviour and Physical Activity
At baseline and during the final week of the intervention period, each participant wore an
ActiGraph GT9X Link accelerometer (ActiGraph LLC, Pensacola, FL, USA) on their non-
dominant wrist. The device was posted to the participant prior to each wear period and returned
to the researcher during their study measurement visit. The ActiGraph GT9X Link has been
validated for estimating sedentary behaviour and physical activity in manual wheelchair-users
with SCI (Bailey et al., 2025). Participants were asked to wear the ActiGraph for nine
consecutive days, providing seven full days of recording at each time point. The ActiGraph
GT9X Link was used to provide estimates of sedentary time (min/day; proposed primary
outcome for a definitive trial), number of breaks in sedentary behaviour, percentage of day
spent in sedentary behaviour, number of and time spent in sedentary bouts (min/day), number
of and time spent in prolonged sedentary bouts (min/day), total time spent in physical activity
(min/day), time spent in light physical activity (min/day) and time spent in MVPA (min/day).
The PhD researcher provided verbal guidance on proper placement of the device via telephone
and in writing via a guidance sheet (Appendix 47). Participants were asked to record any non-

wear periods in a diary (Appendix 48).
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Raw accelerometry data were downloaded using ActiLife software v6.13.4 (ActiGraph,
Pensacola, USA). Criteria for a valid day were > 10 hours of waking wear time on at least four
days (Migueles et al., 2017; Troiano et al., 2008; Trost et al., 2005). Raw tri-axial accelerometry
data (g) across x, y and z axes at a sampling rate of 30 Hz was exported to the open-source R

package GGIR (version 3.1-5; available at: www.github.com/wadpac/GGIR). Data were

processed in GGIR via the inbuilt functions for sensor autocalibration using local gravity as a
reference (Van Hees et al., 2014), identification of non-wear time and detection of abnormally
high values. Raw signal data were aggregated into 5 second epochs and categorised as time
spent in different intensities according to published cut-points for manual wheelchair-users

with SCI (< 37 g/min for sedentary behaviour; > 222 g/min for MVPA) (Bailey et al., 2025).

6.2.8.9 Cardiovascular Disease Biomarkers
After an overnight fast and being asked to only drink small sips of water, blood pressure, body
composition and blood biomarker measurements were taken. Participants were asked to abstain

from exercise for 24 hours prior to measurements.

6.2.8.9.1 Blood Pressure
Following five minutes of rest after first entering the laboratory, systolic and diastolic blood
pressure (mmHg) of the brachial artery was measured using an automatic blood pressure
monitor (A&D UA-611, Tokyo, Japan), whilst the participant sat upright in their wheelchair.
This measurement was repeated three times with intervals of at least one minute between each,
and the average of the two lowest readings was recorded. Mean arterial pressure (mmHg) was

calculated as follows:

(2 X Diastolic blood pressure) + Systolic blood pressure
3
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6.2.8.9.2 Anthropometry and Body Composition
After measurement of blood pressure, body mass (kg) was calculated by measuring the mass
of the participant in their wheelchair and the wheelchair alone (after the participant transferred
to a treatment couch) using Marsden M-610 double-beam wheelchair scales (Marsden,
Rotherham, UK). Supine height and waist circumference were then each measured a single
time to the nearest 0.1 cm using an anatomical tape measure whilst the participant lay supine
on a treatment couch. Supine height was measured in three segments and combined to attain a
total value: the highest point of the skull to the great trochanter of the femur, the great trochanter
of the femur to the lateral epicondyle of the knee, and the lateral epicondyle of the knee to the
base of the heel (Walters et al., 2009). The circumference of the waist was measured at the
centre point between the lower margin of the last rib and the top of the left iliac crest (WHO,
2000). Body mass index was calculated as: kg / m?. Body fat mass (kg) and percentage body
fat were then estimated while the participant lay supine using bioelectrical impedance analysis
(Bodystat 1500; Bodystat Ltd, Isle of Man, UK), which had excellent and moderate relative
agreement to dual-energy x-ray absorptiometry in individuals with SCI, respectively (Ma et al.,

2022).

6.2.8.9.3 Blood Biomarkers
After measurement of body composition, participants transferred back to their wheelchair and
capillary blood was drawn from the fingertip using a lancet. After wiping away the first drop
of blood, 40 puL blood samples were collected into a self-wicking, non-coated capillary tube.
Fasting blood glucose, total cholesterol, and HDL cholesterol (mmol/L) were measured from
capillary blood samples using an automated analyser (CardioChek PA; PTS Diagnostics,
Indianapolis, IN, USA), which was frequently tested for accuracy using reference solutions of

a known concentration. Total cholesterol:HDL cholesterol ratio was calculated as: total
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cholesterol + HDL cholesterol. Non-HDL cholesterol (mmol/L) was calculated as: total

cholesterol - HDL cholesterol.

6.2.8.10 Psychosocial Health Qutcomes
Questionnaires were completed in a private room at Brunel University of London via Jisc
Online Surveys, using a laptop. Subjective well-being was measured using the Office for
National Statistics (2011) 4-item scale (ONS-4; Appendix 49). A higher score (out of 10)
indicated worse wellbeing in the first three domains (life satisfaction, feel life is worthwhile,
happiness), and better wellbeing in the final domain (anxiety). Anxiety and depression were
measured using the Generalized Anxiety Disorder (GAD-7; Appendix 50) questionnaire
(Spitzer et al., 2006) and Patient Health Questionnaire (PHQ-9; Appendix 51) (Kroenke et al.,
2001), respectively. The GAD-7 is scored out of 21 and PHQ-9 out of 27. Higher scores
indicate higher anxiety and depression. Health-related quality of life was measured using a
modified version of the 36-item Short-Form Health Survey (Ware & Sherbourne, 1992), the
SF-36 walk wheel (Appendix 52), which has been validated in individuals with SCI (Lee et al.,
2009). A higher score indicates better quality of life across each of the eight domains (physical
functioning, role affected by physical functioning, bodily pain, general health, vitality, social
functioning, role affected by emotional functioning, and mental health), and for the physical

and mental component summary scores.

6.2.9 Data Analysis

6.2.9.1 Quantitative Data
Questionnaire rating scale data relating to intervention acceptability was analysed
descriptively. Trial and intervention safety were assessed via the number and type of adverse
events reported during the study and change in pain and fatigue. Intervention feasibility was

analysed by calculating the rate at which each intervention component was delivered to
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participants as planned (e.g. number of participants provided an educational booklet / number

of participants enrolled in the intervention x 100).

Self-reported questionnaire data related to intervention engagement was analysed descriptively
for each intervention component. Study feasibility outcomes were analysed by calculating
eligibility rate (number of eligible participants / number of participants assessed for eligibility
x 100), recruitment rate (number of participants randomised / number of eligible participants
screened x 100), retention rate (number of participants who completed follow up measures /
number enrolled into the study x 100) and study measurement completion rate (number of

complete datasets for each outcome measure / number of participants enrolled into the study x

100).

Changes from baseline to eight weeks in sedentary behaviour, physical activity, CVD
biomarkers and psychosocial health outcomes were explored using descriptive statistics. Data

were expressed as mean + SD.

6.2.9.2 Qualitative Data
Semi-structured interviews were recorded and transcribed using the transcription function
within Microsoft Teams. Transcripts were reviewed for accuracy and corrected where
necessary, at which stage the PhD Researcher also undertook familiarisation of the data.
Intervention acceptability data were analysed deductively within the context of the TFA
constructs using Framework Analysis (Gale et al., 2013). Within the TFA framework, inductive
coding was also undertaken to attain more detailed insights into each specific construct of
acceptability. Data coding was conducted by the PhD Researcher, using NVivo 12 software to
organise the data (Lumivero, Denver, CO). Data credibility was achieved via empirical and

methodological triangulation by supplementing semi-structured interview data with
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quantitative rating scale data. Discussions took place among the research team regarding data

interpretation to challenge assumptions and ensure rigour within the analysis.

6.2.9.3 Mixed-Methods Data
Qualitative and quantitative data were collected for intervention acceptability. Via a
convergent, mixed-methods approach, both data types were integrated and presented within
combined tables, using a side-by-side display (Creswell, 2021). Combined tables comprised
qualitative semi-structured interview data, quantitative acceptability questionnaire data, and
the level of agreement between the two data types, as recommended by Creswell (2021). The
qualitative data were analysed first, followed by quantitative data. Qualitative and quantitative
data around intervention acceptability were reported together in the results section, with

separate qualitative data available in a thematic framework (Appendix 53).

6.2.10 Data Management

All identifiable data collected during the study was treated as strictly confidential. Electronic
data were kept secure on password-protected laptops. Questionnaire data were collected using
Jisc Online Surveys, which is a secure, password-protected platform. Paper-based documents
were and will continue to be stored in a locked filing cabinet accessible only by the research
team at Brunel University of London. Any information which leaves the University (e.g.
publishing the findings in a scientific paper) will have any identifiable information removed,
and participants will be referred to by an ID number unknown to the participant. With
participant permission (as indicated via an optional question on the consent form), anonymised
data were stored for use in future research studies. All research was compliant with the Data

Protection Act (2018) and European Union General Data Protection Regulations.
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6.3 Results

6.3.1 Recruitment

Eighteen participants were recruited and enrolled into the study between April 2025 and
September 2025. Baseline measurements were conducted between June and September 2025.
Eight-week measurements took place between August and November 2025. Baseline
characteristics of included participants are displayed in Table 10. Study participant flow is

displayed in Figure 10.

Table 10. Participant characteristics at baseline (n = 18).

Characteristic Data is mean £ SD or n (%)
Sex Female 9 (50%)
Male 9 (50%)
Ethnicity Black British 1 (6%)
White British 16 (88%)
White European 1 (6%)
Age 51+ 11 years
Time since injury 18 £+ 13 years
Lesion level Thoracic Total 15 (83%)
T3 3
T4 1
T4 1
T5 2
T8 2
T9 3
T10 1
T11 1
T12 1
Lumbar Total 3 (17%)
L1 3
Completeness Complete 9 (50%)
Incomplete 9 (50%)
Stage of SCI <1 year since initial discharge 2 (11%)
rehabilitation > 1 year since initial discharge 16 (89%)

L, lumbar; SCI, spinal cord injury; T, thoracic.
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n=230
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Figure 10. Study participant flow diagram
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6.3.2 Intervention Acceptability

6.3.2.1 Overall Intervention Acceptability

6.3.2.1.1 Affective Attitude
There was agreement between quantitative and qualitative data that participants mostly had a
positive affective attitude towards the intervention. In line with 94% of participants liking or
strongly liking the intervention, participants felt that the intervention was enjoyable, they liked
being made aware of inactivity and the intervention was a good challenge (Table 11).
However, some participants felt there was too much paperwork, such as the educational booklet

and goal setting worksheet.

6.3.2.1.2 Burden
Findings regarding the burden of participating in REACH-SCI were mixed, with both
quantitative and qualitative data showing wide variation in the perceived level of effort
required. Around half (47%) of participants felt that little to no effort was required to
participate. Some participants felt that a low amount of effort was required to participate and
that it became easier to participate over time, suggesting low burden (Table 11). However, 41%
of participant felt it required a lot or a huge amount of effort to participate, with some
expressing that they were too busy to engage with the intervention and that the wearable

activity tracker band caused skin irritation.

6.3.2.1.3 Perceived Effectiveness
There was agreement between quantitative and qualitative data that REACH-SCI was
perceived to be effective for reducing and breaking up sedentary behaviour. Consistent with
83% of participants agreeing or strongly agreeing that the intervention was effective, the
qualitative data showed that the intervention increased knowledge of sedentary behaviour,
helped with formation of new habits and participants felt their activity levels increased (Table

11). Another opinion identified from qualitative data was that REACH-SCI was useful for
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newly injured individuals. However, some participants expressed that the intervention is less

useful for individuals who are already active.

6.3.2.1.4 Ethicality
In relation to ethicality, quantitative and qualitative data were unanimous that the intervention
did not raise any ethical concerns. Quantitative data found that 88% of participants felt
REACH-SCI was fair for individuals with paraplegia (Table 11). As such, qualitative analysis

identified that there were no ethical concerns.

6.3.2.1.5 Intervention Coherence
Both data types suggested that participants felt it was clear how the intervention was intended
to reduce sedentary behaviour. Nearly all (94%) participants agreed or strongly agreed that it
was clear how the intervention was intended to reduce inactivity (Table 11). This is explained
by qualitative findings highlighting that there were clear explanations in the educational
booklet, clear explanations by researchers and that the educational booklet improved

coherence.

6.3.2.1.6 Opportunity Costs
Quantitative and qualitative data highlighted that taking part in REACH-SCI did not generally
interfere with participants’ other priorities or commitments. It was identified that 65% of
participants disagreed or strongly disagreed that REACH-SCI interfered with other priorities
or commitments (Table 11). As such, the qualitative data identified there was no interference
with other commitments. However, participants’ other commitments interfered with their
participation in the intervention. The opposite was also true, in that the intervention interfered
with their other commitments as participants could not implement activity breaks at work.

These two findings suggest disagreement in the qualitative data.
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6.3.2.1.7 Self-efficacy
Both quantitative and qualitative data suggested that participants felt confident participating in
REACH-SCI. Quantitative data showed that 88% of participants agreed or strongly agreed that
they felt confident in participating (Table 11), which was also found in the qualitative data.
High levels of self-efficacy may be explained by the qualitative finding that the motivational
support sessions increased confidence in participation. Although some participants noted lower

self-efficacy at the beginning of the intervention, their confidence increased over time.
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Table 11. Integrated mixed-methods intervention acceptability findings.

TFA domain  Acceptability questionnaire Illustrative quotes from semi-structured interviews Agreement
between
quantitative and
qualitative data

Affective Did you like or dislike “Yeah, really good... So I didn't get bored. It makes me want to carry it ~ Agreement of

attitude REACH-SCI? on even after the eight weeks” (Female, L1 Incomplete) participants’
positive affective

0% strongly dislike “Yes, yes [it was enjoyable]... I think being more aware of my levels of  attitude towards
0% dislike activity and kind of forcing myself to take accountability on it [was my  the intervention.
6% no opinion favourite part of REACH-SCI]” (Female, T3 Incomplete)
59% like
35% strongly like “Yes [I enjoyed doing the intervention]. The challenge was good and
pushing yourself to reach those goals” (Female, TS Complete)
“It was like, “here’s a watch. Just read that read that”. It's like, I don't do
reading, and I don't do reading, I don’t do form filling. But I do like
doing the practical parts” (Male, T12 Incomplete)
Burden How much effort did it take to  “Not a great amount [of effort], really. It's, it's more just restructuring Quantitative and

engage in REACH-SCI?

6% no effort at all
41% a little effort
12% no opinion
35% a lot of effort
6% huge effort

my hours and getting on with my life. You know” (Male, T4 Complete)

“Some days a lot [of effort]. Other days, not so much and it was easier.
Yeah, and it got easier as the weeks went on. I found it easier to get into
the routine of get up and do it set for the days” (Female, L1 Incomplete)

“I felt again, I just me personally, that I was letting you and the
programme down and felt a bit guilty that I couldn't or wasn't giving the
program, my full dedication. Because I just just was, yeah, too busy”
(Female, T10 Complete)

qualitative data
show perceived
level of burden is
inconsistent
between
participants.
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“I actually had to buy a different band because the band that was with it,
I was allergic to” (Female, L4 Incomplete)

Perceived
effectiveness

REACH-SCI is effective for
reducing and breaking up
inactivity

6% strongly disagree
0% disagree

12% no opinion
65% agree

18% strongly agree

“Yeah, and it makes you think more about the inactivity, you know,
having talked about, I'd never have thought about that in a in a negative
sense. You don't think about periods of inactivity, do you? Until
someone actually talks to you about it” (Male, TS Incomplete)

“Yes [intervention was effective]. Erm, definitely the idea of watching
TV for 30 minutes, then doing something. Within like the first two
weeks, | really got into it. But I got so into it, I went to the cinema in
week 6, and without me even realising, I was kind of just wheeling
around. And the person I was with was kind of like “what?”, and I was
like, “oh I’ll sit back down”. So yeah, I got so into it that” (Female, L4
Incomplete)

“So, you know, so I think it's, but it's yeah, but I'm definitely, I'm
definitely more active now than I was. And I've definitely got more
energy now than I had when I came out when [ first came onto the
programme” (Female, T3 Incomplete)

“It's come at the right time, because if, if you don't start now, you’re just
going to get lazier and lazier... remember, most of the time you're
homebound, so it's good to be doing it now, so that you’re not lazy... I
want to be active now, rather than later” (Male, T3 Complete)

“I think I think where this programme is more useful is for somebody
who is perhaps not coping with their disability, or they have a lot more
problems with their disability... And maybe they do spend a lot of time
just sitting and watching telly or playing games on the computer or not
doing very much” (Female, T10 Complete)

Agreement that
the intervention
is generally
perceived to be
effective.

Ethicality

How fair is REACH-SCI for
individuals with paraplegia?

“No [ethical concerns], I think everything was well-organised” (Female,
T5 Complete)

Agreement that
the intervention
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0% very unfair
0% unfair
12% no opinion

“No concerns” (Male, T9 Incomplete)

did not raise any
ethical concerns.

41% fair
47% very fair
Intervention It is clear to me how REACH- “Yes. I mean, the leaflet is fairly clear on, or the booklet rather, is very Agreement that
coherence SCI helps to reduce inactivity ~ clear on how it's supposed to work” (Female, T3 Incomplete) participants
understood the
0% strongly disagree “Yeah, well you explained it initially. And then when we came for the mechanism
0% disagree initial testing upstairs. Yeah, erm, you said this is what this is for. And behind the
6% no opinion then we went away with tools that you gave us, and you explained these intervention
76% agree are what we can be using in different times each day. What we can use
18% strongly agree and more in different situations” (Male, T8 Incomplete)
“Yeah [it is clear how intervention is intended to work], and it makes
you think more about the inactivity, you know, I'd never have thought
about that in a in a negative sense. You don't think about periods of
inactivity, do you? Until someone actually talks to you about it” (Male,
T5 Incomplete)
Opportunity Taking part in REACH-SCI “No, I think it was fine and fair, to be fair. I feel like it was, it was a Agreement that
costs interfered with my other clinical study being done in the background of my day-to-day life. It the intervention
priorities or commitments wasn't. It didn't feel like I was actually doing anything over and out of generally did not
the way of my normal routines” (Female, T11 Incomplete) interfere with
24% strongly disagree participants’
41% disagree “I didn’t give it 100%, I didn't. I should have but I didn't. But I've got priorities or
29% no opinion other commitments. That had to come first as that’s life. This is, like, commitments.
6% agree you've got other participants that are gonna give you the data you need.

0% strongly disagree

I'm not the only one, so it’s like, well, you know” (Male, T12
Incomplete)
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Yes [taking part interfered with other priorities or commitments]. Yeah,
and I did put that it did on the survey. But just because sometimes I have
to focus quite hard at work. And I mean, obviously I wasn't working as
much at the moment, but still trying to do things along the lines of that
and it, it did make it quite tricky (Female, T3 Incomplete)

Self-efficacy How confident did you feel
about engaging with the
REACH-SCI programme?

0% very unconfident
0% not confident
12% no opinion
53% confident

35% very confident

“Yeah, yeah, it's pretty straightforward, and it gives you the confidence
you need, and yeah” (Male, T3 Complete)

Mm reasonably confident reasonably. I was a bit worried I wouldn't
stick with it, but I think having that those one-to-ones during the
programme gave me that accountability to say “I must do it because I'm
going to talk to ”, and I can't turn round and say I haven't done anything
(Female, L1 Incomplete)

“I wasn't sure at first, but in the end, I enjoyed it. So if you need me
again, give me a shout... First week was difficult. Yeah, and then you
just kind of learn what you can do, and as the weeks went, it was easier.
Yeah, yeah, the first week was harder” (Female, TS Complete)

Agreement that
participants felt
confident in
engaging with
the intervention.

L, lumbar; TFA, Theoretical Framework of Acceptability; T, thoracic.
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6.3.2.2 Acceptability/Perceived Effectiveness of Each Intervention Component

6.3.2.2.1 Wearable Activity Tracker
Quantitative and qualitative data suggested that participants perceived the wearable activity
tracker to be effective for reducing and breaking up sedentary behaviour. Participants rated the
wearable activity tracker highly useful for breaking up sedentary behaviour (Table 12). There
were findings in the qualitative data that may explain this perceived effectiveness, such as the
inactivity reminders being useful and that tracking activity levels was motivational. Despite
this, the accuracy of some of the wearable activity tracker’s functions was questioned, with
some participants suggesting that the inactivity reminders and daily push count data were

inaccurate.

6.3.2.2.2 Educational Booklet
Both quantitative and qualitative data agreed that the educational booklet was generally more
effective than not for reducing sedentary behaviour. The educational booklet was rated 3.8 +
1.0 out of 5 for usefulness in reducing sedentary behaviour (Table 12). The qualitative data
may explain the reasons behind the perceived effectiveness of this component, with participants
expressing that the booklet contained useful ideas and information and signposted them to
helpful resources. However, it was also found that some participants already knew the

information.

6.3.2.2.3 Goal Setting
Goal setting was perceived to be effective for reducing sedentary behaviour, as shown in the
quantitative and qualitative data. Goal setting was rated 3.5 £ 1.0 out of 5 for its usefulness
(Table 12). Opinions were identified in the qualitative data that may explain this rating,
including goal setting improving awareness of inactivity and that goal setting kept participants
focused and on track with the intervention. Despite the positive nature of these findings, some

participants expressed that the rigidity of the worksheet prevented the personalisation of goals.
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6.3.2.2.4 Motivational Support
Both quantitative and qualitative data were in agreement that motivational support was
perceived as highly effective for reducing sedentary behaviour. Motivational support was
perceived as highly useful (4.2 + 0.6 out of 5) (Table 12) and can be explained by qualitative
findings that the motivational support sessions kept participants focused and on track, kept

participants accountable and the motivational interviewer gave useful information and ideas.

6.3.2.2.5 Peer Support
It was clear from the quantitative and qualitative data that the peer support group was not
perceived to be effective for reducing sedentary behaviour. This component was rated lower
than the other components (2.5 £ 0.9 out of 5) (Table 12). Such a low rating is explained by
qualitative findings that some individuals do not need peer support, felt uncomfortable sharing

with strangers and that there was not enough engagement from others in the group chat.

6.3.2.2.6 Activity Tools
Both data types were in agreement that the activity tools were perceived to be effective.
Participants rated the exercise bands as useful and the portable hand cycle slightly less (4.1 +
1.1 and 3.4 £+ 1.4, respectively) for reducing sedentary behaviour (Table 12). The relatively
high rating is explained by participants expressing that it was easy to use and integrate the
activity tools. Perceived effectiveness was lower for some participants who already owned
similar activity tools. The lower rating for the portable hand cycle is explained by some

participants having nowhere suitable to use the equipment.
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Table 12. Integrated mixed-methods acceptability/perceived effectiveness findings for each intervention component, with example quotes.

Intervention Perceived Ilustrative quotes from semi-structured interviews Agreement between
component effectiveness rating quantitative and
scale data from qualitative data
intervention
engagement
questionnaire
Wearable On a scale of 1-5, “The Garmin was very good. It was very good at reminding and prompting”  Agreement that
activity how useful was the (Female, T11 Incomplete) wearable was largely
tracker wearable for effective. Qualitative
reminding you to “Tracking pushes is very interesting... Yeah, it's motivational because you data helps explains
break up your want to do it. You know you want to you want to try and hit those targets so  quantitative data.
inactivity? absolutely” (Male, TS5 Complete)
40+1.0 “No, the watch wasn’t working properly and had to start with a
reprogramme, and then it started working...then went wrong again” (Male,
T12 Incomplete)
Educational On a scale of 1-5, “Yeah, very useful yeah, it [educational booklet] was really... I really found  Agreement that
booklet how useful was the it erm, informative about what I'm not actually doing and what I could be education was more

booklet for reducing
inactivity?

3.8+1.0

doing without having to go “I must go to the gym”, “I must go for a walk”.
Small changes are good as well” (Female, L1 Incomplete)

“Yeah, the links to the wheelchair workouts was also very useful for me”
(Female, T3 Incomplete)

“I mean, I think it's. To be honest with you, most of the information that was
in there, we had already discussed prior to the booklet” (Female, T11
Incomplete)

effective than not.
Qualitative data
helps explains
quantitative data.
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Goal setting

On a scale of 1-5,
how useful did you
find goal setting for
reducing levels of
inactivity?

3.5+1.0

“I think initially [the goal setting worksheet was] really useful to work out
where my sedentary spots were. So it was useful to see the parts of the day
that need to be broken up (Female, T11 Incomplete)

“Yeah, it was useful ['my daily inactive time' section], again, yes, just to
know where you’re at, what your aims are, and where you aim to be at the
end, so yeah, it's just giving an aim and staying focused” (Male, T3
Complete)

“But that [my goal] doesn't fit into your goal setting, you know?” (Male, T5
Complete)

Agreement that goal
setting was largely
useful. Qualitative
data helps explain
quantitative data.

Motivational
support

On a scale of 1-5,
how useful did you
find the motivational
support sessions for
reducing levels of
inactivity?

42+0.6

“Yes, it [motivational support] was useful yeah, to make sure everything was
on track and going well” (Male, T9 Incomplete)

“I found them [motivational support sessions] really useful having the
accountability and knowing that I needed to have achieved something at least
by such a such a date” (Female, L1 Incomplete)

I’'m like “What do I write?”. Then when after speaking to you [motivational
interviewer], you were like “you could put this on the form [goal setting
worksheet]”, and I was like “oh, yeah” (Male, T12 Incomplete)

Agreement that
motivational support
sessions were
effective. Qualitative
data help explain
quantitative data.

Peer support

On a scale of 1-5,
how useful did you
find the peer support
group chat for
reducing levels of
inactivity?

25+£09

“I saw a few things on there, but for me, I was quite happy to motivate
myself... So I didn't need to refer to a third party” (Male, T8 Incomplete)

“I just didn't feel like I wanted to engage with a bunch of people that don't
know me and what I'm doing... I just didn't feel like sharing my information
with people who I don't know” (Female, T10 Complete)

“I didn't think the group chat was particularly useful. I didn't think they had
enough uptake on that. Yeah, and then that, yeah, wasn't very motivational”
(Female, T11 Incomplete)

Agreement that peer
support was not very
effective. Qualitative
data help explain
quantitative data.
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Activity tools  On a scale of 1-5, “You can incorporate the bands easily, like I said” (Male, T5 Complete) Agreement that

how useful did you activity tools were

find the exercise “The hand cycle is, I think, was just easy, and it was right there. And I didn't  effective, although

bands for reducing have to think about what I was doing. It was very obvious to what you do. So  exercise bands more

levels of inactivity? I think that helps” (Female, T8 Complete) so than hand cycle.

Qualitative data

41+1.1 “I was lucky enough to have another piece of equipment I can use instead [of explains quantitative
the activity tools]” (Female, TS Complete) data.

On a scale of 1-5,

how useful did you “Yeah, no doubt it [portable hand cycle] would have been brilliant, it's just

find the portable hand that sort of it's just the way it was positioned on the table at home. It just

cycle for reducing wasn't comfortable” (Female, T3 Incomplete)

levels of inactivity?

34+14
L, lumbar; TFA, Theoretical Framework of Acceptability; T, thoracic.
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6.3.3 Intervention Safety

An adverse event was reported by seven participants, who reported one each. These were skin
irritation from the wearable activity tracker (n = 5, 29%) and shoulder pain (n = 2, 12%).
Participants with skin irritation were advised to swap the wearable activity tracker to the
opposite wrist until irritation cleared, and to regularly remove and clean the wrist strap
thereafter. Participants with shoulder pain were advised to stop physical activity if new pain
occurred or existing pain worsened, and to follow the advice provided in the activity tools
guidance sheet regarding this (Appendix 39). These adverse events were considered mild in
nature, as irritation cleared when participants swapped wrists and pain settled on rest from
physical activity. Therefore, these participants continued with the intervention as planned. No
serious adverse events were reported. There was a small increase in generalised pain measured
using the MPQ (3.4 + 17.9). There was a decrease in fatigue (-9.5 £ 15.4) measured using the

MFIS

6.3.4 Intervention Feasibility

Intervention feasibility, in the context of each component being delivered as planned, was high,
with all 17 participants who completed baseline measurements being provided with a wearable
activity tracker (or given instruction on how to use necessary features on their own device; n =
3, 18%), the educational booklet, goal setting worksheet and exercise bands. One participant
(6%) opted out of being provided with a portable hand cycle due to already owning and using
a comparable device. One participant (6%) attended one motivational support session, four

(24%) attended two sessions, and 12 participants (71%) attended all three sessions.

6.3.5 Intervention Engagement
All participants self-reported that they used the wearable activity tracker during the
intervention, with 16 (94%) and 15 (88%) participants having used it 6-7 days per week in the

first and second month, respectively (Table 13). The majority of participants read the whole
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educational booklet (n = 15, 88%), and just one did not read it at all. Engagement with each of
the booklet sections was high, but less than half of participants used the links to relevant
resources. Lack of engagement with the links to relevant resources may have been due to the
burden of reading the final section of the booklet (Appendix 36), with one participant noting
“[1t takes too much] Time and I don’t like reading” (T12 Incomplete, Male). Despite this, those
that did use the links reported finding these useful: “Wheelchair workouts were especially
useful” (T3 Incomplete, Female). All participants used the goal setting worksheet to set goals
and most participants referred back to the worksheet during REACH-SCI to review their
progress. Reasons for not referring back to the worksheet included “/ didn't set long term goals”

(T9 Complete, Female) and “/¢ is repetitive and does not need repeating” (T5 Complete, Male).

Engagement with the motivational support sessions was generally high, with the vast majority
of participants attending two or more sessions (n = 16, 94%). Reasons for not completing all
three sessions included “I felt able to self-motivate” (L1 Incomplete, Male) and “I forgot about
it” (T9 Incomplete, Male). Less than half of participants opted into the peer support group chat,
with reasons for non-use of this component including “I prefer to work on my own and wasn't
interested in sharing my regime with other people” (T10 Complete, Female). Low levels of
engagement amongst those that did opt into the group chat included “Not much input from
other users” (T5 Complete, Male). All participants used the activity tools to some degree. Over
half of participants used the exercise bands and portable hand cycle at least a few times per
week, respectively, with the remaining participants using them once per week or less

frequently.

6.3.6 Acceptability of Data Collection Procedures
Participants generally had a positive view of the data collection procedures. The burden of data
collection was deemed low: “Minimal really, there’s not really a lot of effort involved [in the

measurements]” (Male, T9 Complete). Additionally, the flexibility of data collection sessions
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around participants’ routines was noted: “You know, you work with me, on trying to fit it into
the best time of day” (Male, T5 Incomplete). Another positive finding identified was the
accessibility of the facilities where the measurements took place: “You 've got a good set up...
This height adjustable bed... it was really helpful” (Female, T5 Complete). Some participants
found that taking part in the measurements was interesting: ““/ find it fascinating coming here

and 1 like being around the academia” (Male, L1 Incomplete).

Qualitative findings that reflected a negative view of data collection were also identified. For
example, concern was raised around the burden of travel requirements: “Only coming here and
coming back [was an effort]” (Male, T8 Incomplete). Concerns were also raised around the
safety of a particular data collection procedure: “I would say, getting on to those scales can be
very yeah, a bit risky” (Female, L4 Incomplete). In addition, some participants highlighted
concerns around the sensitive nature of questions in some questionnaires: “The PHQ and GAD
I can imagine if someone were struggling with their mood, that might be tricky, because it

might be difficult to, in this context, to be really honest about that stuff” (Female, T8 Complete).
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Table 13. Questionnaire responses for participant engagement with intervention components.

Intervention  Intervention engagement Answer 8 weeks
component n %
Wearable Which wearable did you use? Garmin Vivoactive 5 14 82%
activity tracker Own device 3 18%
In the first month, how often did you use the wearable? 6-7 days per week 16 94%
3-5 days per week 1 6%
1-2 days per week 0 0%
Less frequently 0 0%
In the second month, how often did you use the wearable? 6-7 days per week 15 88%
3-5 days per week 2 12%
1-2 days per week 0 0%
Less frequently 0 0%
Educational Did you read through the booklet? Yes, all of it 15 88%
booklet Yes, some of it 1 6%
No 1 6%
Did you read the “Inactivity?” section? Yes, all of it 15 94%
Yes, some of it 1 6%
No 0 0%
Did you read the “Benefits of reducing and breaking up Yes, all of it 16 100%
inactivity” section? Yes, some of it 0 0%
No 0 0%
Did you read the “Ideas to reduce and break up inactivity” Yes, all of it 15 94%
section? Yes, some of it 1 6%
No 0 0%
Did you read the “How to set and work towards goals” Yes, all of it 13 81%
section? Yes, some of it 3 19%
No 0 0%
Did you follow the links to relevant resources? Yes, all of it 1 6%
Yes, some of it 6 38%
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No 9 56%
Goal setting Did you complete the worksheet? Yes, all of it 11 65%
Yes, some of it 6 35%
No 0 0%
Did you use the worksheet during the programme to review  Yes 12 71%
your progress? No 5 29%
Motivational Number of one-to-one motivational support sessions 3 sessions 12 71%
support attended 2 sessions 4 24%
1 session 1 6%
Average length of each session (minutes) 16 (mean) (range 9 (SD)
6-48)
Peer support Opted into peer support group chat Yes 8 47%
group No 9 53%
Did you make use of the peer support group chat? Yes 4 24%
No 13 76%
How often did you communicate with others in the group Everyday 0 0%
(those who made use of it)? A few days per week 0 0%
Once per week 0 0%
A few times per month 1 25%
Once per month 1 25%
Less frequently 2 50%
Activity tools  Did you make use of the activity tools? Yes 17 100%
No 0 0%
Did you read the “Activity tools guidance” document? Yes 15 88%
No 2 12%
How often did you use the exercis