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Abstract

Cardiovascular disease (CVD) is a significant cause of death and disability,
especially in deprived areas. Most English Local Authorities provide harder-to-reach
populations with weight management interventions to reduce obesity, a risk factor for
CVD. This study examined whether the use of Fitness Trackers (FT) impacted the
outcomes of such interventions using the Healthy Hearts (HH) weight management
programme. Two theoretical frameworks were used as a backdrop to this research:
the Theory of Planned Behaviour (TPB) and the Capability, Opportunity, Motivation,
Behaviour framework (COM-B).

This research had four main objectives. First, it evaluated the effectiveness of
adding FTs to the HH intervention, comparing outcomes with and without FTs.
Second, it studied psychological factors linked to weight loss and assessed whether
these varied over time and across study conditions. Third, it examined whether
psychological factors could predict HH intervention outcomes. Lastly, it explored the
experiences of service users and health professionals involved in the HH weight
management programme utilising FTs.

A scoping review of seven studies looking at the use of FTs in weight
management was initially conducted to provide a broader context and position the
current research. The review partially supported the use of FTs to achieve better
weight outcomes and identified some research gaps, which are subsequently
addressed in the current study. Using mixed methods within a pragmatic framework,
57 participants who were taking part in the HH intervention were randomly assigned
to either the FT or control group. They completed questionnaires at three time points:

baseline (wave 1), after the 10-week intervention (wave 2), and at six months (wave



3). Data from the HH programme and FTs were also analysed. Additionally, nine FT
users and four health professionals were interviewed.

Overall, the results show that those wearing FTs had more favourable weight-
related results when compared with the control group. The FT group experienced
significant reductions in weight, waist circumference, and BMI at wave 3 and
achieved greater weight loss at wave 2. FT users also showed better Physical
Activity (PA) outcomes and more positive changes in psychological well-being than
non-FT users, including reduced anxiety and depression scores. Furthermore, FT
users attended 1.72 more HH sessions than those without FTs. While associations
between attitudes, anxiety, and pre-post-intervention weight changes were observed,
these factors did not predict the differences in weight loss. FT data revealed that
those who recorded more steps and physical activities had better weight outcomes
overall.

In general, service users and health professionals reported positive
experiences with the use of FTs in weight management interventions, particularly in
terms of motivation and self-monitoring of PA and other behaviours involved in
weight management. They also identified some drawbacks and barriers related to FT
use (e.g., personal or technical). While many participants used FTs effectively, these
devices were not suitable for everyone.

When considered collectively, the results have significant implications. It is
recommended that FTs should be provided as weight management intervention tools
as they could positively impact self-monitoring of PA, programme attendance and
outcomes. Nevertheless, more research is needed to identify the user groups that
could most benefit from these tools. Practical recommendations for FT

implementation are also provided. If offering FTs to individuals from harder-to-reach



backgrounds at increased risk of CVD can improve intervention outcomes, these
devices should be considered cost-effective in the long run. They can also serve as
additional resources for addressing health disparities when provided to individuals

with limited financial means.
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Overview of the thesis

Wrist-worn Fitness Trackers (FT) have been available to consumers since the
early 2010s and have become very popular. However, studies investigating their
impact on Cardiovascular Disease (CVD) prevention, especially within a structured
Local Authority-funded weight management intervention, remain rare. This thesis
investigated the utilisation of FTs as part of an established intervention programme.
The main aim of the work contained in this thesis was to investigate whether the use
of FTs impacted the outcomes of a weight management intervention in “harder-to-
reach” populations.

CVD is a significant cause of death and disability. Individuals from more
deprived areas and some ethnic minority groups are at a greater risk of CvD, and
tailoring interventions to help people from these population segments can be seen as
addressing health inequalities. This study offers insights into FT use for CVD
prevention within a tailored weight management programme called Healthy Hearts
(HH), operating in Central London, primarily targeting deprived communities and
ethnic minorities.

It was unclear whether people attending weight management programmes
would find FTs useful and whether these devices could enhance the service users’
experience and improve their self-monitoring of PA, programme attendance rates
and health outcomes. This study addressed these questions. The overarching goal
of this research was to enhance comprehension of how FTs can be utilised in weight
management interventions. This knowledge was intended to be applied practically to
guide the design and implementation of weight management strategies incorporating

FTs.
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Chapter 1 presents an introduction to the research. It provides the background to
CVD, its prevalence, aetiology, associated risk factors such as obesity and physical
inactivity, and its prevention. It also outlines theoretical frameworks of behaviour
change relevant to the field and the significance of Behaviour Change Techniques
(BCTs). FTs are also introduced and discussed in relation to these techniques,
weight management and theoretical frameworks. The chapter concludes by
presenting the rationale, research questions, aims and objectives that guided this

research and presents HH intervention, which was the setting of this study.

Chapter 2 contains a scoping review of studies that used FTs in weight
management interventions and compared them with control conditions. The chapter
presents the review’s background, aims, methodology, and key results. The
discussion section provides a summary of the main findings and implications for the

current thesis.

Chapter 3 presents the overall methodological approach used in the research. It
outlines the pragmatic paradigm and the rationale for employing a mixed methods
approach. It also provides the details of the research setting and the HH weight
management intervention, including its background, intervention methods, and
BCTs. The methods used for the quantitative phase are presented, encompassing
research design, sampling, materials, ethical considerations, and statistical analysis.
Finally, the methods for the qualitative phase are described, outlining the methods
employed in the exploration of service user and health professional participants’
experiences of weight management programmes utilising FTs. The data analysis

strategy for both participant cohorts is also outlined.
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Chapter 4 presents the findings of the quantitative phase of the research that
assessed the impact of FTs on weight management intervention outcomes. This
chapter presents the profile of the participants, study scale diagnostics and the
measures used to address the three quantitative research objectives. It subsequently
presents the quantitative results by looking at physical and psychological measures,
as well as weight management programme attendance rates. The analysis of the
data captured by the FTs (such as steps, activity and sleep) complements these
results. The discussion section provides a summary of the main findings of this

research phase, its strengths and limitations and the implications for the thesis.

Chapter 5 presents the findings of the qualitative research phase conducted with the
weight management service users and the health professionals delivering these
interventions. In addition to presenting results from the data analysis of each
participant cohort, the chapter also presents them in the context of the quantitative
findings, providing valuable triangulated insights. The strengths and limitations of this

research phase and its implications for the thesis are also discussed.

Chapter 6 synthesises the findings of both phases of the research and offers
interpretation in the context of existing literature and selected theoretical frameworks.
It highlights the novel contribution of this research to the current knowledge on the
use of FTs in the field of weight management. It discusses the study’s key
recommendations and practical implications for stakeholders and outlines the
strengths and limitations of this study. Future research directions are also provided,

and a conclusion is presented at the end of this chapter.
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Chapter 1 - Introduction to the thesis

This chapter introduces CVD, discussing its prevalence and aetiology,
associated risk factors, and prevention. Additionally, the chapter delves into
theoretical frameworks of behaviour change and the significance of Behaviour
Change Techniques (BCTs) that are relevant to this research. It then introduces
Fitness Trackers (FTs) and discusses them in relation to these BCTSs, weight
management and theoretical frameworks. Subsequently, it outlines the rationale,
research questions, aims and objectives guiding this research. The chapter
concludes by introducing "Healthy Hearts" (HH), the weight management

intervention which serves as the setting of this study.

1.1 Background

As highlighted in the ‘Fair Society, Healthy Lives’ — the Marmot review
(Marmot, 2010), health inequalities that can be prevented by reasonable means are
unfair and should be addressed as a matter of social justice. According to Marmot
and colleagues, the recommendation of putting health equity at the heart of the
government decision-making process and treating it as an indicator of societal well-
being has not been implemented in England (Marmot, Allen, Boyce, et al., 2020).
Ten years on from the initial Marmot review, as documented in ‘Health Equity in
England: The Marmot review 10 years on’ (Marmot, Allen, Boyce, et al., 2020),
health inequalities have widened. Particularly among women living in the most
deprived areas of England, life expectancy has declined by 0.3 years between 2012
and 2018; in men, the increase in life expectancy has been negligible (Marmot,
Allen, Boyce, et al., 2020). In the most deprived areas of England, life expectancy

was 77.9 and 81.7 for males and females, respectively, while in the least deprived
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areas, both groups lived on average 2.8 years more (Marmot, Allen, Boyce, et al.,
2020).

People who live in the most deprived areas of England, in addition to living
shorter lives, also live with limiting long-term ilinesses (Marmot, Allen, Boyce, et al.,
2020). These health inequalities were amplified by the COVID-19 pandemic, as
highlighted in the report ‘Build back fairer’ (Marmot, Allen, Goldblatt, et al., 2020).
The authors of the report emphasised that in order to reduce health inequalities,
action is needed, with more intense intervention targeted lower down the social
gradient.

The National Health Service's ‘Long-term Plan’ (NHS, 2019a) has
emphasised that people living in deprived areas and people from certain ethnic
minority groups should be prioritised in targeted interventions. For example, a
systematic review by Meeks and colleagues (2015) reported that the risk of
developing type 2 diabetes in ethnic minority groups residing in Europe is higher
than that of their host European populations and varies based on their geographical
origin. South Asian groups have a three to five times higher risk, Middle Eastern and
North African groups have a two to four times higher risk, and Sub-Saharan African
groups have a two to three times higher risk than their host European populations to
develop type 2 diabetes (Meeks et al., 2015). Expanding some interventions, such
as the United Kingdom (UK) National Diabetes Prevention Programme (NDPP), to
these communities is vital in tackling health inequalities, but NDPP has
demonstrated low participation and high attrition rates, particularly among socio-
economically disadvantaged and ethnically diverse populations (Howarth et al.,

2020; Whelan & Bell, 2022).
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1.1.1 Prevalence and aetiology of Cardiovascular Disease

CVD is a term used to describe a range of disorders of blood vessels and the
heart (World Health Organisation [WHO], 2021a). It includes conditions such as
coronary heart disease, stroke, atrial fibrillation, heart failure and vascular dementia
(British Heart Foundation, 2021a). Over the past few decades, there has been a
notable rise in the incidence of CVD. This increase can be attributed to various
factors, including the transition from physically demanding jobs to more sedentary
ones, busier lifestyles, lack of physical activity (PA), and the consumption of high-
calorie diets (Olvera Lopez et al., 2023). These factors can contribute to the
development of atherosclerosis, a condition characterised by the accumulation of
plague in the arteries. As a result, blood flow may become restricted, and the risk of
heart attacks or strokes may escalate (Olvera Lopez et al., 2023). These changes
typically occur gradually over an extended period and may initially show no
symptoms (Toth, 2008).

Globally, CVD is a leading cause of death, estimated to be 31% of all deaths
worldwide, with 85% of these accounted for by stroke and heart attack (WHO,
2021a). In 2021, 7.6 million people were living with CVD in the UK (British Heart
Foundation, 2021b), and 6.8 million lived with CVD in England, where CVD accounts
for one in four deaths (Raleigh et al., 2022). According to the Office for National
Statistics, CVD caused one in five preventable deaths and half of all treatable deaths
in 2020 (Office for National Statistics, 2022a). There was a 6% rise in premature
CVD mortality in England and Wales in 2020, marking the first increase of this kind in
fifty years (NHS Digital, 2022). According to Raleigh and colleagues (2022), there
are some early indications that CVD and diabetes have been major contributors to

the excess deaths in England and Wales since April 2022.

22



In a report published by Watt and colleagues (2023), a 2.5 million increase in
adults living with major illnesses, including CVD, is projected in England by 2040. In
a systematic review, Bae and colleagues (Bae et al., 2021) examined how CVD and
its risk factors impacted fatal outcomes in patients with COVID-19 and concluded
that fatal outcomes in those patients were closely associated with CVD risk factors
(hypertension and diabetes). CVD increased the risk of severe COVID-19 disease by
3.9 times and death resulting from COVID-19 by 2.7 times (Raleigh et al., 2022).
CVD can also negatively impact the quality of life and cause considerable disability
(Morys et al., 2016). In addition, CVD can cause a financial burden, and it is
estimated that CVD-related healthcare costs in England amount to £7.4 billion
annually (Public Health England [PHE], 2019a). For instance, hypertension
accounted for 12% of all GP appointments, costing at least £2 billion annually (PHE,
2019a).

CVD is one of the leading contributors to disparities in health (Raleigh et al.,
2022). In deprived areas, CVD is the most significant cause of premature death and
is strongly associated with health inequalities (PHE, 2019a). There is a life
expectancy gradient due to CVD between England's most deprived and most affluent
areas (Marmot, Allen, Boyce, et al., 2020), with people living in the most deprived
areas of England being almost four times more likely to die prematurely from CVD
than people living in the least deprived areas (Robson et al., 2016; PHE, 2019a).
CVD is also the most significant cause of premature mortality in people with serious
mental illness, whose life expectancy is 20 years lower when compared with the
general population (NHS, 2019b). CVD risk factors can vary according to ethnicity,
with people from South Asian and Black groups being at the highest risk of CVD

(Raleigh et al., 2022).
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Higher Body Mass Index (BMI; NHS, 2021) levels are also seen in individuals
living in the most deprived areas (Marmot, Allen, Boyce, et al., 2020). In a large-
scale observational study conducted in England (Lewer et al., 2020), where
premature mortality rates attributable to socioeconomic inequalities were looked at,
one in three premature deaths was attributable to deprivation, with inequalities being
most significant for respiratory, CVD, and infectious diseases.

According to the NHS ‘Long-term Plan’ (NHS, 2019a), broader action on the
prevention of CVD is needed to help people stay healthy and moderate demands on
NHS services. Preventing and effectively managing CVD holds substantial potential
for alleviating the societal burden and reducing overall morbidity and mortality costs
(Raleigh et al., 2022).

Approximately 90% of CVD incidence can be attributed to modifiable risk
factors, and as much as 80% of premature CVD-related deaths are avoidable
(Raleigh et al., 2022). Efforts to address CVD should commence by mitigating the
modifiable risk factors responsible for its development (Raleigh et al., 2022). CVD
risk factors include non-modifiable ones, for example, age, sex and ethnicity and
those that can be modified, such as lack of PA, smoking and obesity (World Heart
Federation, 2017). Modifiable risk factors are often behavioural and can be
addressed at population-wide and individual levels (WHO, 2021b). Smoking,
inadequate physical activity, obesity, unhealthy diet and excessive alcohol
consumption are the most important lifestyle factors to focus on in CVD prevention
(Raleigh et al., 2022). As Noble and colleagues highlighted in their systematic review
(Noble et al., 2015), many unhealthy behaviours such as smoking, physical inactivity,
poor nutrition and high alcohol intake tend to manifest themselves together. People

with more significant social disadvantage also show riskier health behaviour patterns
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(Noble et al., 2015). Therefore, addressing behavioural risk factors, especially

among people from disadvantaged areas, is essential in reducing health inequalities.

1.1.2 Cardiovascular disease risk factors relevant to this research

While several risk factors contribute to the development of CVD, obesity and
physical inactivity were focused on in the current thesis as they were most relevant
to the research and the study setting. It has been reported that the health
consequences of obesity can offset advancements in certain other risk factors (Watt
et al., 2023). Obesity and physical inactivity are considered behavioural risk factors
for CVD, and unlike other risk factors (e.g., age or ethnicity) can be modifiable
(WHO, 2021c). Maodifiable risk factors have been highlighted as important in weight
management interventions to reduce the risk of CVD (WHO, 2021b). As the decline
in PA contributes significantly to increases in obesity rates (Swift et al., 2014), itis
essential to consider them together. These two risk factors are of particular
importance as they are often targeted within structured weight management

interventions, including HH (2023), the intervention utilised in this study.

1.1.2.1. Obesity

Overweight and obesity refer to "abnormal or excessive fat accumulation that
presents a risk to health" (WHO, 2021b). BMI is a tool commonly used to assess
whether adults are overweight (BMI of 25 or over) or obese (BMI of 30 or over),
using height and weight in its calculation (NHS, BMI, 2021). A slight difference in
these BMI thresholds is applied to Asian ethnic groups, where a BMI of 23 for
overweight and 27.6 for obese thresholds are used in line with the current

recommendations (National Institute for Health and Care Excellence [NICE], 2013).
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This is due to the fact that Asian populations are susceptible to central fat
accumulation and experience cardiometabolic risks and a heightened chance of
developing type 2 diabetes at a lower BMI (NICE, 2013). It is thought that this
tendency to central fat accumulation is due to a combination of lifestyle factors and
genetics (NICE, 2013).

Obesity is considered a major public health problem in England as it is
associated with several chronic diseases (e.g., diabetes type 2, high blood pressure)
contributing to CVD-related morbidity (Guh et al., 2009). Obese people are up to 80
times more likely to develop type 2 diabetes when compared with those with a BMI
below 22 (Watts, 2022). Those with obesity are also over 2.5 times more likely to
develop high blood pressure (PHE, 2017a), with both conditions directly contributing
to CVD. This was patrticularly relevant in the context of the COVID-19 pandemic, as
obesity also puts people at high risk of mortality from COVID-19 (Tartof et al., 2020).

As highlighted in the recent report ‘Health in 2040’ (Watt et al., 2023), obesity
rates almost doubled in England between 1993 and 2023. According to the statistics
published by the Office for Health Improvement and Disparities (OHID, which
assumed the health improvement responsibilities previously held by PHE in 2021),
68.6% of men and 59% of women in England were overweight or obese in 2021
(OHID, 2023a). In 2019, 25.4% of men and 26.5% of women were classified as
obese (OHID, 2023a), an increase from 13% and 16%, respectively, from rates
reported in 1993 (NHS Digital, 2019). According to OHID, these rates are on the rise
(2023).

It was stressed that social deprivation, being from a minority ethnic group, and
low income increase the likelihood of becoming obese (Marmot, 2010). Longitudinal

data from three British cohorts spanning different generations showed that
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socioeconomic disadvantage was associated with higher BMI (Mayor, 2017). For
instance, in 2019, 22.4% of men and 21.9% of women from the least deprived areas
were obese, while in the most deprived areas, 39.5% of men and 30.2% of women
were classified as obese (OHID, 2023a). It is also known that obesity-linked
hospitalisation rates in the most impoverished areas of England are 2.4 times higher
compared to those in the least deprived regions (Noble et al., 2019).

To tackle obesity effectively, it is essential to make changes in both the
amount of consumed energy (energy intake) and the amount of burnt energy through
PA (energy expenditure). It is not sufficient to focus on just one aspect; both need
attention (Hill et al., 2012). For example, in a review of Randomised Controlled Trials
focusing on the role of PA in achieving and maintaining weight loss (Catenacci &
Wyatt, 2007), authors reported that the weight loss results observed in these studies
aligned with the prescribed exercise levels. The authors also reported that
successful maintenance of weight loss was linked to engaging in high levels of PA.

Depression and anxiety have also been linked to obesity (Nigatu et al., 2016).
The risk of obesity is doubled for those with severe mental iliness (Raleigh et al.,
2022). Brumpton and colleagues previously demonstrated that participants with high
depression and anxiety scores had an increased incidence of obesity (2013). It
seems that depression has a bi-directional relationship with obesity — in that
depression is associated with weight gain, and obesity is associated with the
development of depression (Fabricatore et al., 2011). Depression and anxiety have
been reported as frequently coexisting with obesity (McLean et al., 2016). In their
Glasgow-based study, McLean and colleagues found that among their 1838 weight
management programme attendees, the prevalence of anxiety was 33% and of

depression was 27%. They also reported lower programme completion and
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attendance rates among those with anxiety and depression. It is, therefore, crucial to
examine both anxiety and depression as they can potentially impact weight

management intervention engagement and outcomes.

1.1.2.2. Physical activity and inactivity

Caspersen and colleagues (1985) defined PA as any movement produced by
skeletal muscles that results in energy expenditure, which can be measured in
kilocalories. Daily PA can be divided into categories such as occupational, sports,
conditioning, household, or other activities. Exercise, according to Caspersen et al.
(1985), is a specific type of PA that is planned, structured, and repetitive, with the
goal of improving or maintaining physical fithess. Physical fitness itself is defined as
a set of health- or skill-related attributes (Caspersen et al., 1985). Physical inactivity
is characterised by an insufficient level of PA to meet current guidelines, while
sedentary behaviour refers to any waking activity with an energy expenditure of <1.5
metabolic equivalents (METS) carried out in a sitting, reclining, or lying posture

(Sedentary Behaviour Research Network, 2024).

The lack of PA is another major lifestyle factor linked to CVD (Raleigh et al.,
2022). According to the PA guidelines issued by the Department of Health and
Social Care (DH, 2019), to achieve health benefits, adults are recommended to do at
least 150 minutes of moderate activity per week or at least 75 minutes of vigorous
activity per week (or a combination of both) with strength building activities two days
a week. It is also recommended for adults to minimise sedentary time by breaking
periods of inactivity. To prevent obesity, the majority of individuals require engaging
in moderate-intensity PA for 45 to 60 minutes per day (NICE, 2006). In 2018, only

64% of women and 68% of men were classified as physically active per these
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government guidelines (NHS Digital, 2019). The UK population is now 20% less
active than in the 1960s (PHE, 2019b). As with obesity, activity levels vary by
deprivation levels - they decrease as deprivation rates increase. In 2018, 72% of
adults in the least deprived areas of England were classified as physically active,
whereas only 34% of adults in the most deprived areas met the same criteria (NHS
Digital, 2019). Worldwide, approximately 9% of premature deaths are caused by
inactivity (Lee et al., 2012). According to the DH, inactivity and sedentary behaviours
lead to poor health outcomes and should be reduced (DH, 2019). Strong evidence
suggests that regular PA is related to decreased incidence of many chronic
conditions, including CVD, depression (Warburton et al., 2006) and type 2 diabetes
(Aune et al., 2015). Engagement in PA is the focus of several interventions, including
the “WeAreUndefeatable” campaign (Sport England, 2019). Inactive adults at risk of
CVD living in areas of deprivation are an important target group for PA and
sedentary behaviour interventions (Chater et al., 2022). PA helps maintain a healthy
weight as it is the most effective way of increasing daily energy expenditure;
therefore, it plays a vital role in preventing weight gain and reducing body fat (DH,
2019). In severely obese individuals, weight loss is promoted by regular PA (Jakicic
& Davis, 2011). However, overweight or obese adults may find it challenging to attain
and maintain high levels of PA (Catenacci & Wyatt, 2007). Walking is expected to be
a more attainable and appropriate option for a significant portion of the at-risk
population, including those who are obese, inactive, and have a high risk of CVD,
especially when strenuous forms of exercise might not be suitable (Murtagh et al.,
2015).

A comprehensive review of guidance and literature on CVD prevention

(Stewart et al., 2017) showed that any increase in PA reduces CVD risk, with the
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most significant benefits seen in people newly starting to exercise. In their men-
focused study utilising pedometers, Andersen and colleagues (2021) reported that
the positive effects of enhancing PA and diet on CVD risks primarily seemed to result
from their impact on body weight alterations. Increased levels of PA are essential for
maintaining weight loss over an extended period (Catenacci & Wyatt, 2007; Elfhag &
Rossner, 2005; Wing & Phelan, 2005). Engaging in PA has also been linked to a
decreased risk of CVD mortality (Lee et al., 2014). The opposite of PA, sedentary
behaviour, has also been considered, independently of PA, in relation to obesity. In a
systematic review conducted by Ekelund and colleagues (2016), a connection
between prolonged sitting and the risk of death from all causes and CVD-related

causes was demonstrated, regardless of individuals’ level of PA.

1.1.3 CVD prevention

“Prevention is about helping people stay healthy, happy and independent for
as long as possible” (PHE, 2018a). Primary, secondary and tertiary types of
prevention are being used (Caplan, 1964), and NHS and OHID’s approach to CVD
prevention is spread across these. Primary prevention aims to reduce instances of
CVD in the population and, if they occur, reduce their duration. Initiatives include
social marketing campaigns, such as ‘Better Health’ (NHS, 2020), which encourages
healthy eating and exercising. Secondary prevention is designed to detect and treat
pre-symptomatic CVD, for example, atrial fibrillation, high blood pressure or high
cholesterol levels. Tertiary prevention is aimed at those with symptomatic CVD and
aims to reduce the incidence and/or recurrence of incapacity.

Many people live with undiagnosed or poorly treated conditions that fall within

the CVD umbrella. For instance, about 12.5 million adults in England are affected by
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high blood pressure, but half of them are not diagnosed or receiving treatment (PHE,
2017b). There are also 1.4 million people in England with atrial fibrillation, and
almost 500,000 of them have undiagnosed or untreated atrial fibrillation (National
Institute for Health and Care Excellence, 2023a). Approximately 5 million individuals
in the UK are diagnosed with diabetes, an additional 850,000 remain undiagnosed,
and a further 14 million are at risk of developing the condition (Diabetes UK, 2023).

These individuals can be targeted under a secondary prevention approach.
Thanks to improved detection and treatment of high-risk conditions such as atrial
fibrillation or high blood pressure (secondary prevention), 150,000 CVD events can
be prevented over a decade (NHS, 2019a). As 40% of preventable CVD deaths
happen in the three most deprived deciles, over 40% of the action on those
ambitions should be delivered in these most deprived areas of England; this should
help prevent health inequalities from widening further (PHE, 2019a).

In England, many prevention services addressing obesity are commissioned
by Local Authorities to deliver behavioural change weight management interventions
to their most disadvantaged residents. PHE argued that a comprehensive system
approach considering behavioural and social sciences, including psychology, is
needed to prevent poor health (PHE, 2018b). Obesity is complex, and a whole
system approach to tackling it across multiple levels and sectors is needed (Holmes,
2021). Coordinated efforts across healthcare, education, transport, and urban
planning are essential.

The whole systems approach can be used in prevention and it views obesity
as influenced by interconnected factors at various levels (Bagnall et al., 2019). This
approach can be beneficial by enabling the engagement of stakeholders across the

broader healthcare system to create a shared vision and implement actions
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addressing the upstream drivers of obesity, which lie beyond the scope of Public
Health (PHE, 2019c). Upstream determinants are defined as elements of the social
environment, including socioeconomic status and discrimination, that affect individual
behaviour, disease, and health status (Gehlert et al., 2008). Interventions can be
guided by the whole systems approach and range from individual counselling to
community programmes and national policies (Bagnall et al., 2019).

The Social Ecological Model (Stokols, 1992), which can also be used in
prevention, provides a framework for understanding health behaviours influenced by
individual, interpersonal, organisational, community, and policy-level factors.
Interpersonal involvement of family and social support is crucial. At the
organisational level, healthcare settings influence behaviours and should promote
healthy food options and wellness programmes. Community-level interventions
address environmental and social factors, with partnerships to improve access to
healthy foods and safe spaces for PA. Weight management interventions
commissioned by Local Authorities are often guided by the whole systems approach
and the Social Ecological Model.

In addition to these models, the format of intervention delivery is also
important to consider. To prevent CVD, weight management services are often
provided face-to-face, but digital interventions are increasingly popular due to
funding reductions and increases in demand. In 2021, NHS launched its digital
weight management programme to complement the face-to-face offering (NHS,
2021c). Community-based weight management programmes focusing on
behavioural change in relation to the reduction of energy intake and increase of

energy expenditure are also important to the weight management pathway.
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Behaviour change interventions can be described as organised activities
aimed at modifying specific patterns of behaviour (Michie et al., 2011). Behaviour
change is central to preventing, managing and treating obesity for individuals, groups
and entire populations (Chadwick et al., 2019). The current study focused on the use
of FTs as part of such community-based intervention (HH).

Addressing obesity and physical inactivity is complex as several factors play a
part in developing and maintaining unhealthy behaviours, for instance, environment,
employment and housing (Holmes, 2021). In terms of obesity and physical inactivity,
it is recommended that biological and social/environmental factors and psychological
evidence should be considered when trying to understand their causes (Chadwick et
al., 2019). Some health beliefs (e.g., about a degree of control over one’s health) are
particularly relevant in this context. The evidence on the role of psychological factors
in obesity and PA, for example, addressing unhelpful attitudes and behaviours,
should be incorporated into prevention interventions and treatments of obesity
(Chadwick et al., 2019). Some psychological factors may be better understood within
the context of organised theoretical frameworks. The following section presents two

frameworks that were particularly useful in the current study.

1.2 Theoretical frameworks of behaviour change

There are many theories and models that could be used to explain behaviour
change, but in the context of this thesis, two models were considered particularly
relevant: the Theory of Planned Behaviour (TPB; Schifter & Ajzen, 1985) and the
Capability, Opportunity, Motivation and Behaviour - COM-B model (Michie et al.,
2011). Other theories and models were carefully considered, including the Health
Belief Model (Becker, 1974; Rosenstock, 1974) and the Stages of Change model

[Trans-Theoretical Model, (Prochaska & Diclemente, 1982)]. As the Health Belief
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Model has predominantly been used to study healthcare-related matters, including
the acceptance of immunisations (including the COVID-19 vaccine) and adherence
to medical treatments (Wong et al., 2020) as well as cancer screening behaviours
(Lau et al., 2020), it was not the most suited to examine weight management related
behaviours. In addition, as the Health Belief Model was previously reported to have a
weak predictive power (Taylor et al., 2006), it was decided that it was not the most
appropriate model to utilise.

Similarly, the Stages of Change model was regarded as too focused on
attaining desired outcomes rather than explaining behavioural variance on reported
data, as previously highlighted by Taylor and colleagues (2006). TPB and COM-B

models, as well as BCTs, are discussed in the following sections.

1.2.1 The Theory of Planned Behaviour (TPB)

TPB considers intentions the key factor in behaviour change (Ajzen, 1991,
Schifter & Ajzen, 1985). The TPB is a prominent theory that has been extensively
used to predict, explain and alter health behaviours (Hagger et al., 2022). According
to the TPB model, intention is a central factor in performing a particular behaviour
(Ajzen, 1991). It is believed that three variables in combination lead to the formation
of this intention (Ajzen, 1991): attitudes, subjective norms and Perceived Behavioural

Control (PBC), as shown in Figure 1.1.
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Figure 1.1. Theory of Planned Behaviour model components (Ajzen, 1991)

Attitudes

Subjective Norms s Behaviour

Perceived
Behavioural
Control

According to Ajzen (2020), attitudes are linked to the evaluation of the
behaviour by individuals and their belief regarding the likely consequences/outcome
of the behaviour, for instance, that attending the weight management programme
(the behaviour) will lead to weight loss (outcome). Subjective norms are related to
the perception that significant others approve or disapprove of them performing the
behaviour, for instance, exercising to lose weight. PBC is the perception of how
much control individuals have over performing the behaviour, and it refers to
perceived difficulty or ease of performing behaviours (Ajzen, 1998). According to the
TPB, more positive attitudes, supportive subjective norms, and higher PBC will lead
to a stronger intention to perform the behaviour, and the likelihood of the behaviour
being performed will be greater.

There is a large body of evidence on TPB and its efficiency in predicting
behaviour change across different types of health behaviours, settings and
populations (e.g., Armitage & Conner, 2001; Dilekler et al., 2016; Gao et al., 2020;

Steinmetz et al., 2016). PBC has been frequently highlighted as the strongest
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predictor of intention to perform various behaviours. The utilisation of TPB in the
current research is supported by the evidence discussed below. The broader context
of TPB, focusing on its efficiency in predicting behaviours related to weight
management, is provided below.

In a review by McEachan and colleagues that looked at an array of health
behaviours, researchers found that TPB accounted for 19.3% of the variability in
behaviour and 44.3% of the variance in intention, which shows that the TPB model
had good predictive power. The TPB's effectiveness in prediction varied depending
on the type of behaviour, with PA and dietary behaviour being the most accurately
predicted (McEachan et al., 2011). This indicated that the TPB can be useful in the
weight-management domain. When looking at weight-related behaviours specifically,
Schifter and Ajzen’s original study focusing on TPB in weight loss (1985) found that
attitudes, subjective norms and PBC all predicted the intention to lose weight, while
PBC predicted actual weight loss. In a review looking at the application of TPB to
predict actual weight loss (Chung & Fong, 2015), PBC and intention were found to
be significant determinants of weight loss.

When it comes to predicting behaviours linked to weight management, e.g.,
regarding fruit and vegetable intake, Guillaumie and colleagues suggested that TPB
was the most appropriate model (2010). Conversely, in another study (Lash et al.,
2016), looking at overweight and obese participants mainly from ethnic minority
groups, it was found that while TPB predicted dietary intention, it did not predict
dietary behaviour. The current study aimed to examine the predictive power of TPB,
testing the predictors of actual weight loss.

When looking at the UK context, where the current research was based, in a

cross-sectional study by Payne and colleagues (2004), attitudes and subjective
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norms explained 14%, and PBC explained 10% of intention to exercise. They also
found that attitudes and subjective norms explained 27% of intention to eat healthily,
while PBC explained 2%. Intentions to perform both behaviours were, therefore,
successfully predicted by the TPB.

Psouni and colleagues (2016) also studied the application of TPB to exercise
and healthy eating. The authors examined the TPB across two samples -
overweight/obese adults and participants with average weight. Psouni et al. found
that relationships between TPB variables and both behaviours were more significant
in the average weight groups when compared with the overweight/obese group
(Psouni et al., 2016). This finding is important to consider as the current research
looked at the population of overweight/obese participants. Psouni and colleagues
(2016) also reported that in their study, PBC was the strongest predictor of
exercising and healthy eating. Hagger and colleagues also focused on PBC in their
meta-analysis and confirmed that PBC moderated the intention-behaviour
relationship (2022).

When examining PA, Cheng and associates found that PBC was associated
with the intention to conduct PA in their study, also using a sample of overweight and
obese participants (2019). However, attitudes were not associated with PA. Authors
speculated that weaker correlations in their study could have been due to the sample
being overweight/obese. This explanation was similar to the one provided by Psouni
and colleagues (2016).

The current research aimed to examine all TPB components as predictors of
weight loss, paying close attention to PBC, highlighted in previous research as a
strong predictor of weight-related intentions or behaviours. PBC predicted the

intention to exercise and eat healthily in a study conducted by Gardner and
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Hausenblas (2006) looking at a population of overweight women. However, while
PBC predicted intention, intention was not found to predict exercising and healthy
eating behaviours, and authors critiqued TPB as unviable for predicting these two
behaviours (Gardner & Hausenblas, 2006). This highlights that, while successful at
predicting intention, the TPB is not always successful at predicting actual
behaviours. Intentions hardly, if ever, completely account for the differences in
behaviour and this phenomenon is commonly referred to as the intention-behaviour
gap (Conner & Norman, 2022).

Aside from the application of the TPB model to PA, TPB has also been
applied to sedentary behaviours. For instance, intention within the TPB model was a
significant predictor of sitting behaviour, accounting for 11% of the variance, as
reported by Howlett and colleagues (2021). Authors of this study also reported that
PBC, attitudes and subjective norms were all highly predictive of intention.

In conclusion, the TPB is a versatile framework widely employed to examine
health behaviours related to weight management and PA. The TPB's utility lies in its
capacity to explain and predict behavioural intentions and outcomes, with PBC often
reported as the strongest predictor of intentions. McEachan and colleagues also
emphasised that TPB is clearly operationalised and provides measurement and
analysis guidelines (2011).

Overall, the TPB serves as a valuable tool for predicting health behaviour
change. Consequently, this model was chosen in the current study to enable the
exploration of which TPB components predict weight loss in a sample of obese
individuals where the evidence has been inconclusive. The TPB is one of the health
behaviour frameworks providing origins to the more recently developed COM-B

model (Michie et al., 2011), which is discussed next.
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1.2.2 The Capability, Opportunity, Motivation-Behaviour model (COM-B)

As mentioned earlier, the COM-B model is at the centre of the Behaviour
Change Wheel (Michie et al., 2011), a comprehensive framework used to
understand behaviour change and design effective interventions. COM-B is a
transdisciplinary model of human behaviour (West & Michie, 2023). The central tenet
of the COM-B model is that for a person to engage in a particular Behaviour (B) at a
specific time, they must have the Capability (C), the Opportunity (O) and the
Motivation (M) to do so, compared to any other potentially conflicting behaviours
(Michie et al., 2011).

By consolidating theories of behaviour, which may have overlapping
constructs, researchers synthesized 33 theories (including TPB) and 128 theoretical
constructs (Michie et al., 2005). This exercise enabled to overcome previous
theories’ limitations (Michie et al., 2011). The synthesis resulted in the development
of the Theoretical Domains Framework (TDF), comprising 14 domains of theoretical
constructs (Cane et al., 2012). The TDF provides a structure to understand and
analyse behaviour, encompassing a wide range of behavioural determinants and can
be directly aligned with the COM-B model (Cane et al., 2012). Closely linked with the
TDF and COM-B are also Behavioural Change Techniques (BCTs). BCTs are the
active ingredients of interventions designed to change behaviour, and they are
observable, irreducible (cannot be broken down further) and replicable (Michie et al.,
2013). The Behaviour Change Wheel integrates the TDF, the COM-B model, and
BCTs to offer a systematic approach to behaviour change. By considering these key
components and their interactions, interventions can be designed and implemented
in a way that maximises their effectiveness in promoting behaviour change (Michie et

al., 2013).
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Figure 1.2. COM-B model components (Michie et al., 2011)
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As West and Michie (2023) elaborated, capability includes both psychological
and physical capability. Psychological capability involves a person’s emotional,
social and intellectual understanding, self-regulation and reasoning abilities to
facilitate the behaviour. Physical capability, on the other hand, involves sensory and
physical abilities. Opportunity includes both physical and social opportunities.
Physical opportunity involves a person’s physical environment needed for the
behaviour to occur, while social opportunity relates to a person’s social environment.
Motivation is the third factor that must be present for any behaviour to occur within
the COM-B model (Michie et al., 2011). Motivation is considered a core part of the
COM-B model (West & Michie, 2020). Two types of motivation are distinguished:
reflective/conscious, involving intentions or plans and judgements, and
automatic/less conscious, including habit formation, subjective wants and needs

(Michie et al., 2011).
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Using PA as an example of behaviour to change, capability relates to the
psychological understanding of what safe exercise is, and the physical aspect of
capability might relate to, for example, being physically able to exercise. Opportunity
might relate to physical aspects of a person’s environment (e.g., having the financial
means or facilities to exercise) and/or social aspects of the environment (e.g., PA
being accepted by others). The environment surrounding individuals may affect their
ability to maintain PA (NICE, 2014a). In terms of motivation, the reflective type of
motivation may relate to, for example, goal-setting, monitoring and feedback around
PA and the automatic motivation to, for example, habits and routines around
exercising.

The COM-B model lays the groundwork for examining and influencing
particular behaviours among specific populations (Howlett et al., 2021). The
employment of COM-B in the current research is substantiated by the evidence
linked to the weight management context presented next.

When looking specifically at studies examining the application of COM-B to
the context of weight management, most studies published to date focused on
designing and developing weight management interventions using COM-B (e.qg.,
Coupe et al., 2021) or investigating barriers and facilitators in weight management
(Gu et al., 2022). Most studies also employed qualitative designs.

Willmott and colleagues looked at PA and eating behaviours by examining the
application of the COM-B model to successful weight gain prevention (2021). In the
context of the PA model, authors reported that capability and opportunity showed a
positive relationship with PA behaviour, and this was mediated by motivation. In the
eating behaviour context, capability was linked to behaviour through the mediating

effect of motivation, while capability played a mediating role in the association
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between opportunity and motivation. As seen, every component of the COM-B
framework contributed to these behaviours.

In another study that looked at the COM-B model and the Behaviour Change
Wheel applied to the design of a weight management intervention for people with low
socioeconomic status (Coupe et al., 2021), the authors concluded that changes
within the domains of psychological capability, physical opportunity and reflexive
motivation needed to occur to improve dietary behaviours. Coupe and colleagues
(2021) also reported low motivation, knowledge cost, time and social influences
among the barriers to adherence to lifestyle behaviours. The authors also highlighted
barriers related to literacy and language when working with individuals from low
socioeconomic communities, which would be classified under capability. As the
current study focuses on participants from harder-to-reach backgrounds, these
findings are particularly important to consider because similar barriers that can be
mapped around the COM-B model could be present.

The application of COM-B to PA and sedentary behaviours has also been
explored. In the first study testing the predictive validity of the COM-B model
components applied to the examination of Moderate to Vigorous Physical Activity
(MVPA), Howlett and colleagues reported that the most important drivers of PA were
psychological capability followed by reflexive motivation (Howlett, Schulz et al.,
2019). The authors used Cane and colleagues’ mapping of the TDF onto COM-B
(Cane et al., 2012). They reported that psychological capability was characterised by
self-monitoring of PA, action planning and habits, opportunities related to social
support from family, social support from non-family, and subjective norms (Howlett,
Schulz et al., 2019). Reflective motivation included exercising self-identity, intentions

and self-efficacy. Capability strongly predicted motivation, while opportunity had a
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weaker association with motivation. Capability and motivation together accounted for
50% of the variance in MVPA (Howlett, Schulz et al., 2019). The amount of variance
explained was comparable to other psychological models of PA, like the TPB
(Howlett, Schulz, et al., 2019).

In the second study conducted by the same group of researchers but focusing
on sitting behaviour (Howlett et al., 2021), the COM-B model explained 27% of the
variance in sitting behaviour. Capability was shaped by self-monitoring of sitting
behaviour, while the subjective norms influenced opportunity. Motivation, on the
other hand, was constituted by intention, positive affect and PBC. While the current
research was not designed to utilise the TDF or test the predictive qualities of COM-
B, the mapping of themes identified in the qualitative phase of the research against
COM-B was planned to check whether similar links between capability, opportunity,
motivation and behaviour could be established.

In summary, studies looking at the utilisation of COM-B within a weight
management context, including PA, showed that the model has been successfully
applied in a variety of ways. Previous research found that capability, opportunity and
motivation all played important roles in weight-related behaviours and PA. Studies
mainly had qualitative designs, while those testing the predictive power of COM-B
were rare. The COM-B model and Behaviour Change Wheel were deliberately
designed as practical tools for developing behaviour change interventions rather
than explanatory theories (Pinder et al., 2018). With this in mind, COM-B was not
intended to be used in the current research as a model to test predictions or explain
causes of weight-related behaviours. Instead, the model was intended to be used to

map out psychological factors implicated in weight loss behaviours.
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The following section focuses on BCTs that are often utilised in weight
management programmes. Some of them can also be mapped directly against the

TPB and COM-B models.

1.2.3 Behavioural Change Techniques (BCTs)

BCTs such as self-monitoring of weight, PA or sedentary behaviour can be
seen as essential ingredients of both models outlined above. BCTs should be
embedded in weight management interventions (NICE, 2014c). The BCT Taxonomy
lists 93 BCTs grouped into 19 clusters (Michie et al., 2013). These techniques form a
tool that can be used to design and evaluate behavioural change interventions,
including weight management programmes as recommended by PHE (2017c). Itis
advised that only techniques that are effective in existing interventions should be
used in weight management programmes (NICE, 2014c). These techniques can be
used alone or with other BCTs (NICE, 2014c). PHE (2017d) emphasised that
specific BCTs make weight management programmes more effective. As
Dombrowski and colleagues pointed out in their large-scale systematic review
(Dombrowski et al., 2012), complex weight management interventions are
heterogeneous and consist of many ingredients; there is no standard set of
behavioural techniques that are systematically utilised in weight management
interventions. The researchers highlighted, however, that some BCTs, such as self-
monitoring of dietary behaviour and feedback, were found to have significant
moderating effects on weight loss (Dombrowski et al., 2012). This is covered in the

next section.
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1.2.3.1 Self-monitoring and feedback techniques

Self-monitoring involves the observation and recording of behaviours in a
systematic way (Kanfer, 1970) and is sometimes considered the centrepiece of
weight management programmes (Burke et al., 2011). Self-monitoring e.g., keeping
food and activity records helps to increase awareness of one's actions and their
consequences (Foster et al., 2005) and is thought to facilitate greater accountability
through diet and activity changes, which may lead to weight loss (Khaylis et al.,
2010). It is thought that tools leading to improved self-monitoring, for instance,
dietary intake or PA, are necessary to improve weight loss outcomes (Borg et al.,
2004). The provision of feedback and self-monitoring of weight and behaviours that
may affect weight are crucial components of weight management interventions
(NICE, 2014b). Self-monitoring of behaviour is the most commonly used BCT in
effective PA and diet interventions (Michie et al., 2009). Self-monitoring of behaviour
has also been assessed in chronic health conditions. For instance, McDonald and
colleagues looked at the effects of self-monitoring in the context of glaucoma. They
reported that participants found the web-based diary tool for self-monitoring to be of
high value. While the majority found self-monitoring of their behaviour to be a
positive experience, one patient reported negative feelings arising from a constant
focus on monitoring symptoms (McDonald et al., 2017).

Self-monitoring can refer to a specific behaviour (e.g., keeping a diary) or an
outcome (e.g., weight changes). It can be seen as central to the self-regulation
process as deliberate attention to specific behaviours is paid. As a result, self-
evaluation of progress and self-reinforcement can occur (Burke et al., 2011). PHE
(2017d) recommends that weight management programme attendees receive

regular feedback on their behaviour and its outcomes. Regular feedback seems to
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be beneficial, especially within the context of the negative feedback loop described
by Carver and Scheier (1998). Technology, particularly portable devices, enable
individuals to self-monitor their behaviours and provide feedback, presenting the
potential for enhancing weight management programme outcomes (Lewis et al.,
2015). In a large meta-analysis conducted by Michie and colleagues (2009), self-
monitoring of behaviour was a successful moderator in healthy eating and PA
studies. In a review looking at BCTs incorporated into FTs specifically, it was found
that the majority of techniques focused on self-monitoring (of activity levels) and self-

control, both of which have been linked to enhanced PA (Mercer et al., 2016).

1.2.3.2 Self-regulation techniques

It was pointed out previously that the use of techniques associated with self-
regulation or control theory (Carver & Scheier, 1998) leads to higher weight loss
(Dombrowski et al., 2012). According to the control theory, behaviour is regulated by
a negative feedback loop where the individual’s state is compared to their goal,
which explains people’s actions, behavioural change and maintenance of health
behaviour (Carver & Scheier, 1998). The techniques linked to self-regulation and
control theory include goal-setting, intention formation, providing feedback on
performance, self-monitoring of behaviour, and review of behavioural goals (Carver
& Scheier, 1998). Dombrowski and colleagues found in their systematic review that
BCTs associated with control theory were linked to significant increases in weight
loss and suggested that including these techniques (specifically goal-setting, self-
monitoring of dietary behaviour, and review of behavioural goals) might lead to
increases in the intervention effectiveness (Dombrowski et al., 2012). Michie and

colleagues (2009) reported that interventions that integrated self-monitoring of
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behaviour with at least one additional technique based on control theory (e.g., goal-
setting) demonstrated significantly greater effectiveness compared to other
interventions.

Three concepts are seen as patrticularly linked to the degree of control over
one’s health: Locus of Control (LOC), Patient Activation and Self-Determination.
According to LOC, individuals interpret events differently and attribute them to
factors such as luck, chance, fate or powerful others (external LOC), while others
see actions as dependent on their behaviour [internal LOC, (Rotter, 1966)]. LOC is a
concept that refers to the degree to which individuals believe that they have control
over events in their lives (Rotter, 1966), related to weight in this case. Adolfsson and
colleagues reported that internal LOC orientation was associated with more
significant weight loss in participants in weight management programmes (2005). In
a study on behavioural and psychological pre-treatment predictors of short and long-
term weight loss (Jorge et al., 2020), Weight LOC (WLOC) appeared to be among
the key factors for long-term success in a population of women.

When looking specifically at LOC and self-monitoring, Bennett and colleagues
(2017) explored digital interventions focused on self-monitoring tools for health-
related behaviours (e.g., diet, exercise and sleep) and emphasised that there is a
lack of research exploring LOC and its impact on the willingness to use digital
interventions (apps and mHealth applications), which might affect individuals’
engagement. In their study, internal LOC predicted willingness to use health apps
and online trackers while external LOC did not. The authors concluded that
individuals with internal LOC were more willing than those with external LOC to use

a form of technology to monitor or change health behaviours.
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Patient Activation is a behavioural concept capturing the core components of
people’s involvement in their health and health care, each important for individuals’
active engagement and participation (Hibbard & Gilburt, 2014). Patient Activation is
viewed as an evidence-based mechanism for establishing the capacity of individuals
to manage their health (Hibbard & Gilburt, 2014). It is defined as an individual's
knowledge, skill, and confidence in managing their health and health care, and it
indicates an individual’s ability to self-manage (Hibbard & Gilburt, 2014); therefore, it
can be seen as closely linked to the concept of self-monitoring of behaviour.

Individuals who display higher Patient Activation scores are considerably
more inclined to engage in preventive behaviours compared to those who score
lower (Hibbard & Gilburt, 2014). People with a low Patient Activation level have a
greater need to self-monitor their current behaviours and how they feel. This is
because they need to build self-awareness around key health behaviours and gain
an understanding of their vital role in their health and healthcare process and that it
is not the responsibility of other people (this can also be linked to the concept of
LOC). Previous research found that increases in activation coincide with increases in
self-management behaviours (Hibbard et al., 2007).

The BCT of self-monitoring of behaviour is crucial when assisting people to
move to a higher activation level. Individuals can be assisted to take responsibility for
their health and be more accountable for health-related behaviours. This can be
achieved by helping individuals with goal-setting and feedback, and helping them to
see connections between lifestyle choices and their effect on the individual's
condition or onset of symptoms. When individuals are helped to increase their

activation level, their health outcomes improve as increasing activation levels
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supports enhancements in both specific and broader aspects of health and
healthcare engagement (Hibbard & Gilburt, 2014).

Multiple studies showed that Patient Activation scores are predictive of most
health behaviours, including preventive behaviours, healthy behaviours, self-
management behaviours and health information seeking (Hibbard & Gilburt, 2014).
Patient Activation can be used to predict future activity, reduce health inequalities
and deliver improved outcomes (Hibbard & Gilburt, 2014). It is frequently used in
prevention, for example, in weight loss, smoking cessation and willingness to
exercise (Hibbard et al., 2007). It is also important to note that individuals
experiencing depressive symptoms showed a notably lower tendency to increase
activation and enhance their self-management behaviours. It seems that the
presence of ongoing depressive symptoms hinders the likelihood of activation taking
place (Hibbard et al., 2007).

There is a general agreement that Patient Activation plays a vital role in
enhancing healthcare outcomes and reducing healthcare expenses (Golubinski et
al., 2020). Utilising Patient Activation can reduce health disparities and achieve
enhanced results, improved healthcare quality, and reduced costs (Hibbard &
Gilburt, 2014). The correlation between Patient Activation scores and costs of
intervention revealed that individuals with lower activation levels have healthcare
costs around 8 - 21 % higher than those with higher activation levels. Research on
interventions aimed at enhancing activation indicated that patients with the lowest
activation scores tend to experience the greatest improvements. This suggests that
effective interventions have the potential to engage even the most disengaged

individuals (Hibbard & Gilburt, 2014).
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The Self Determination Theory approach (Deci & Ryan, 1985; Deci & Ryan,
2000) can be also linked to self-regulation techniques. The Self-determination theory
focuses on the motivation behind choices people make without external influence
and interference. Autonomous motivation relates to intrinsic goals and outcomes
where the behaviour is self-determined, for instance, the involvement in an activity
for the sheer pleasure and satisfaction it offers (Hartmann et al., 2015). Introjected
and external motivation are forms of extrinsic motivation where behaviours are
performed to avoid the feeling of guilt (introjected) or in response to external
punishment or incentives (external/controlled) (Deci & Ryan, 1985; Deci & Ryan,
2000). Understanding what encourages positive shifts in weight-related behaviours
involves exploring personal psychological aspects, such as individuals' underlying
reasons for aiming towards a healthy body weight (Hartmann, Dohle & Siegrist,
2015). Looking at Self Determination Theory tenets was therefore considered

important in the current research.

1.2.3.3 Goal-setting and planning techniques

Goal-setting and planning techniques are also closely linked to self-monitoring
of behaviour and self-regulation and can also be viewed within the control theory
(Carver & Scheier, 1998). Goal-setting and planning have been outlined as some of
the main BCTs in weight management (NICE, 2014c). Goal-setting and planning
involve a group of techniques that help to set goals for both the behaviour itself (e.g.,
being more active) and the behaviour outcome (e.g., weight loss), involving steps to
ensure that the goals can be met. A clear description of what needs to happen is
required to formulate action plans; this should include information on how often the

action will take place (e.g., exercising twice a week), for how long (e.g., 45 min per
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exercise session) and where (e.g., at the gym/park) (NICE, 2014b). In a UK-based
study analysing weight management intervention outcomes of 24,447 obese
Slimming World service users (Avery et al., 2016), the goal-setting BCT was
examined. Authors reported that at 12 months, the weight loss was greater among
service users who set goals, with those who set four goals or more having the
greatest weight loss. In a systematic review conducted by Howlett and colleagues
(Howlett, Trivedi, et al., 2019), goal-setting was identified as the most frequently
used BCT in PA interventions. Goal-setting was also considered an effective BCT to
improve PA (McEwan et al., 2016).

A regular review of behavioural goals in light of experience is needed as
further plans can be developed according to progress made towards achieving goals
(PHE, 2018b). This links to the negative feedback loop described by Carver and
Scheier (1998), which states that individuals make assessments of current
behaviours, potential external influences and the progress towards an established
goal. If any discrepancies are detected, the behaviour is performed in order to
reduce those discrepancies (Carver & Scheier, 1998).

A key recommendation made by PHE (2017d) was to assist weight
management programmes’ service users in setting goals that are Specific,
Measurable, Attainable and Time-Bound (SMART). The use of SMART goals was
also recommended to healthcare professionals within NHS settings (Michie et al.,
2008). PHE also suggested that setting individual energy intake and activity goals
may be helpful. Intention formation (forming the basis of the intention) is another
example of the techniques identified as a successful ingredient of weight
management interventions (2017d), and it links to goal formation closely. While

SMART goals are recommended to be set in weight management programmes, it
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does not always translate into practice. A UK-based study looking at weight loss
among groups in low socioeconomic areas reported that while health professionals
were trained to set SMART goals with service users, the latter struggled to
understand and set them (Coupe et al., 2021). Additionally, in a recent review
published by Swann and colleagues (2023), the SMART goal-setting approach has
been criticised. Authors argued that SMART goals are not applied consistently and
lack detailed guidelines, potentially leading to suboptimal outcomes, concluding that
better goal-setting strategies are needed.

Having reviewed the BCTs used in weight management programmes, the
following section concentrates on FTs, the specific BCTs they utilise, their
effectiveness in weight management and how they fit within the key theoretical

models.

1.3 Fitness trackers

1.3.1 Fitness trackers overview

FTs are wearable devices that are usually worn as wristbands like watches
(see Figure 1.3 for an example). From simple pedometers to advanced
smartwatches and health apps, these tools are now widely used for personal health
management. '2.0 technologies' refer to the advanced features and capabilities that
have significantly enhanced FTs’ functionality and user experience. Key components
of 2.0 technologies include advance sensors and tracking capabilities (e.g., motion
sensors, heart rate monitoring), health monitoring features (e.g., sleep tracking,
blood oxygen levels monitoring) and greater connectivity with smartphones and
improved personalisation (e.g., tailoring goals and plans). M-health (mobile health)
involves using mobile devices like smartphones, tablets, and wearables to support

medical and public health practices, including fitness tracking apps, telemedicine
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services, and health monitoring devices. E-health (electronic health) covers the
broader use of electronic processes and communication technologies in healthcare,
such as the Internet, telehealth services and digital health platforms.

2.0 FTs are upgraded versions of pedometers that traditionally measured
steps only. Pedometers were reported to be successful at increasing PA (Bravata et
al., 2007). In Bravata and colleagues’ systematic review, it was reported that
individuals using pedometers increased their PA (steps per day) by 27% compared
to baseline (2007). The authors of this review concluded that the use of a pedometer
is linked to substantial increases in PA as well as notable reductions in BMI and
blood pressure. In 2011, Tudor-Locke and colleagues reported that simple and
inexpensive pedometers, although less sensitive to very slow walking and limited,
are popular in real-world applications, including direct use by the general public.

In addition to counting steps, FTs also measure many other fithess-related
metrics such as heart rate, cardio fitness levels, hours of sleep and sleep quality, the
number of calories burnt and daily PA/active minutes. Most modern FT varieties now
provide these options and are available as consumer products. FTs have
significantly evolved since they were first introduced in the early 2010s and are now
very popular, especially among populations choosing to improve their health and
well-being (Ryan et al., 2019). The global market for FTs has grown immensely over
the past decade (Ferguson et al., 2022). FTs can be seen as part of the ‘Quantified
self movement, where aspects of lives are being regularly measured so individuals

can find ways to improve them (Hoy, 2016).
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Figure 1.3. Fitbit Charge 2 Fitness Tracker

Note. The image obtained from Fitbit.com

It was stated that in the future, the data held by the NHS in conjunction with
the data generated by smart devices worn by individuals (such as FTs) would start a
new wave of ‘intelligent public health’ where interventions will be personalised and
individuals will have access to their health information (NHS, 2019a). FTs seem to
successfully promote higher levels of PA across diverse age groups and clinical and
non-clinical populations (Ferguson et al., 2022). The significant clinical advantage of
this effect remains consistent over an extended period, and there is substantial
evidence to recommend FTs’ use as an addition to interventions focusing on
increasing PA (Ferguson et al., 2022).

Most FTs provide real-life feedback data displayed on the device’s screen
summarising the last 24 hours of activity. However, they also work in conjunction
with a cloud-based data storage system where data are regularly uploaded (via Wi-
Fi) and stored. This external storage enables users to view patterns of their activity
data over more extended periods. This can be accessed through a
smartphone/tablet or a computer, providing data sets in an accessible format that is
easy to interpret. While some devices rely on users’ own data analysis, others

contextualise and present data more analytically (Hansel et al., 2015), for example,
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by presenting breakdowns and daily comparisons in an accessible format. This
makes data easy to understand for users and enables them to self-monitor their
activity in real-time and assess how active they have been over a more extended
period, for example, a week/month.

Applications connected to sensors and FTs are now being recommended as
digital therapies for self-monitoring of PA and self-care. Simultaneously, the concept
of patients using health apps, such as monitoring heart rhythms through
smartwatches, is gaining momentum. A challenge for integrating digital health in the
NHS lies in effectively combining these two evolving trends (NHS Health Education
England, 2019).

1.3.2 Fitness trackers and behavioural change techniques

FTs provide an opportunity for goal-setting, feedback and self-monitoring of
behaviour and outcomes of behaviour (Chia et al., 2019), enabling their users to set
behavioural goals by, for instance, setting daily targets of steps and monitoring
progress against them. As mentioned above, FTs provide real-life feedback,
displayed directly on the device and visible as weekly/monthly breakdowns when
accessed through cloud-based data storage. Self-monitoring of behaviour is
therefore available around the clock, and users can self-regulate their behaviours in
real-time, for instance, by keeping exercise intensity in an appropriate heart rate
zone (which may help users learn how to exercise safely).

Some devices also provide nudges by enabling reminders to move when a
sedentary period is detected. A gamification component is available where FT users
earn points for reaching goals or appearing in various rankings (social sharing and
social competing). Many FTs provide a platform for users to compare and share their

achievements with their family or friends, obtaining additional support and positive
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reinforcement. In a cross-sectional study looking at the experiences of FT users
(Maher et al., 2017), 65% of participants reported that they did not use their devices’
social features, but among participants who did use them, competing with friends
was their primary motivation for data sharing. In a content analysis of BCTs utilised
in FTs (Duking et al., 2020), authors reported that the most common BCTs were
goal-setting, devising action plans, evaluating behaviour goals, highlighting
disparities between current behaviour and goals, providing feedback, self-monitoring
behaviour, social support and comparison, prompts/cues and utilising biofeedback.

Self-monitoring of behaviour, a key BCT in weight management, when
enabled through FTs, can play an essential role in the behavioural change process.
Commercially accessible FTs can be used for self-tracking behaviour (Lewis et al.,
2015). These technologies offer an objective assessment of PA in one's daily routine
and can deliver feedback beyond merely displaying basic activity count data (Lewis
et al., 2015). This feedback is provided either on the monitor's display or through a
complementary application, encouraging consistent self-monitoring of PA. When
accessing online accounts (in addition to what is displayed directly on the devices),
several other functions are available; these include a food or water intake diary,
which some users might find helpful. The evidence supports FTs as reliable and
effective health behaviour change tools (Ryan et al., 2019). It was also reported that
FTs provide a valid method for data collection that is more accurate than self-
reporting (Bolyard et al., 2015).

Individuals’ awareness can be significantly enhanced by seeing key metrics
thanks to the tracker. For instance, in a Scottish study focusing on the use of
pedometers to increase PA in men in a football-focused weight management setting

(Donnachie et al., 2017), participants stated that pedometers gave them a clear
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understanding of how active or inactive they were, and they could not contest the PA
information they obtained. The study by Donnachie and colleagues also
demonstrated how some men having started using pedometers were motivated to
use other self-tracking technologies (including FTs) post-intervention because they
enjoyed self-monitoring PA-related metrics (2017). In another qualitative study
exploring the perceptions of FTs, many participants reported that the feedback the
devices provided gave them a sense of achievement and validation (Burford et al.,
2021). In a study by Henriksen and colleagues (2021), participants reported being
more conscious about their PA, and it was concluded that their understanding of
different activity types and their effects improved.

FTs incorporate evidence-based BCTSs that align with self-management
strategies, known to enhance PA levels and decrease sedentary behaviour. These
devices present an opportunity for cost-effective and readily accessible PA
interventions, catering to a broad population (Chia et al., 2019).

1.3.3 Effectiveness of fitness trackers in weight management

Previous systematic reviews reported that FTs can increase PA levels and
significantly decrease weight (Ferguson et al., 2022). In their large-scale review of 39
systematic reviews, the data from 163,992 participants showed that FTs were
effective in increasing PA and, on average, led to reductions of 1 kg in body weight.
Some individual studies, however, produced contrasting results. A study by Jakicic
and colleagues (Jakicic et al., 2016) concluded that FTs did not help people lose
weight following a weight management intervention when participants were given
wearable devices six months into the programme. Similar results were found in a
study conducted by Finkelstein and colleagues, in which healthy participants were

randomly assigned into experimental (with FTs) or control groups. Each group was
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also further divided into either receiving or not receiving a financial incentive (no
structured weight management intervention was offered), with weight and blood
pressure used as study outcomes (Finkelstein et al., 2016). The study found no

benefits of the devices worn, either in the incentive or the non-incentive group.

In a systematic review of interventions that utilised FTs, it was reported that
when experimental (a group with FTs) and control conditions had access to the
same intervention components, e.g., counselling or group interaction, the addition of
the FT for self-monitoring of PA behaviour within the experimental group did not lead
to more favourable results (Sypes et al., 2019). In 22 studies examined, only seven
studies found significantly improved intervention results in the FT condition when
compared with control groups (Sypes et al., 2019). The authors added that
interventions seemed to achieve better results when participants were directed to
utilise various functions of the FT, like setting goals or engaging with fellow users in
a virtual setting. Sypes and colleagues also pointed out that combining the use of
FTs with other types of support, such as coaching or social support, was an effective

way to increase PA and weight loss.

In 2019, Brickwood and colleagues conducted a separate meta-analysis,
examining 16 studies employing multifaceted interventions and seven studies solely
utilising FTs. Their findings revealed that the multifaceted interventions produced
outcomes approximately 50% greater in magnitude compared to those relying solely

on FTs (Brickwood et al., 2019).

Conflicting results into FTs’ effectiveness in weight management programmes
might be explained by the use of different methodologies, such as introducing a FT

six months into the intervention or providing incentives with no face-to-face
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behavioural support. The heterogeneity of studied populations might also explain
differences in results. One of the core limitations of early FT studies was that they
mainly recruited White female participants (Lewis et al., 2015). While more recent
studies focused on the use of FTs in specific populations, for instance, breast and
colorectal cancer survivors (Cadmus-Bertram et al., 2019), people with severe
mental health illness (Aschbrenner et al., 2022), older adults with chronic conditions
(Brickwood et al., 2020), there was still a need to investigate how different
demographic groups could benefit from these interventions, especially people from
more disadvantaged backgrounds. Conducting research in this area was also
desired as many studies published so far were not conducted with real-life

interventions and hence lacked ecological validity.

Weight management programme attrition rates and how FTs can affect them
are also important to explore. PHE recommended that, where possible, self-
monitoring and feedback on behaviour should be provided as part of weight
management interventions (PHE, 2017d). This includes biofeedback, for instance,
heart rate monitoring devices during exercise (PHE, 2018b). This is especially
recommended in relation to the uptake and retention of group-based weight-
management services (PHE, 2018b). According to NICE guidance (NICE, 2014b),
attrition and completion rates, as well as the initial engagement levels, are essential
process measures to consider to assess the effectiveness of weight management
programmes. It is thought that weight management programmes can be affected by
attrition. Some of the previous studies utilising FT in weight management
interventions reported reduced attrition rates in participants from study conditions
utilising FTs. For instance, Ashe et al. (2015), Jakicic et al. (2016) and Peyer et al.

(2017) all reported better attendance in FT conditions when compared with control
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conditions. Other research, however, e.g., Bender et al. (2017) and Kozey Keadle et

al. (2014), did not find a more favourable pattern among those using FTs.

When looking at commercial weight management programmes (such as
Slimming World or Weight Watchers), it was reported that service users who drop
out usually provide reasons that fall into three categories: practical/physical
difficulties, barriers related to the programme and psychological barriers (Miller &
Brennan, 2015). Predictors of dropping out from weight management interventions
identified in previous research included younger age, higher weight loss and
maintenance expectations, lower levels of PA, personality factors and greater body
dissatisfaction (Moroshko et al., 2011). PHE recommended that technology such as
pedometers may be considered to sustain service users' motivation on weight

management programmes (2017d).

In conclusion, self-monitoring of behaviour is seen as a technique used to
promote weight management programme compliance (Teixeira et al., 2004), and
since FTs enable self-monitoring of PA and other metrics e.g., sleep, they can be
viewed as potentially helpful tools to reduce attrition rates, increase PA and enhance

weight loss.

1.3.4 Fitness trackers and theoretical frameworks (TPB and COM-B)

When looking specifically at the TPB and the use of FTs, several studies
reported using the TPB to explain intention within weight management and exercise
interventions context. In a study that looked at the TPB and FTs in the context of PA,
the authors found that intention to exercise was mediated by individuals’ evaluation

of exercise, belief about significant others’ approval of exercise, and PBC upon
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exercise (Zhu et al., 2017). Specifically, there was a strong relationship between
exercise intention, social sharing and competing (enabled through the FT device).
The study authors concluded that sharing the exercise data significantly influenced
exercise intention (Zhu et al., 2017). In another study that looked into FTs and e-
coaching applications (such as apps and websites promoting healthy lifestyles) in
healthy people with low socioeconomic status in Greece and the Netherlands, the
components of TPB were also explored in relation to exercise intention (Spelt et al.,
2019). Spelt and colleagues found that participants in the FT condition were
significantly more active and reported increased levels of PBC and well-being
(2019). In another study looking at the application of TPB to changing PA, a group of
participants using FTs showed a significant rise in activity with a moderate effect size
(O’Shea & Frazer, 2018). However, the results of this study showed that the TPB
was not a significant predictor of PA in a technology-driven intervention setting. In
another study by Chen and colleagues (2023), the TPB was used in the context of
FT utilisation. The authors of the study found that attitudes, subjective norms and
PBC all predicted the willingness to use FTs.

When it comes to the COM-B model, digital technology, such as FTs, when
utilised as part of weight management programmes, can potentially enhance the
effectiveness of many BCTs. In terms of capability, FTs can greatly increase
knowledge and understanding of physical health and lifestyle choices and increase
cognitive ability by self-monitoring of behaviour (psychological capability).
Additionally, FTs can help develop skills, such as guided breathing exercises to
manage stress or provide an opportunity for behavioural practice and rehearsal
(physical capability). The provision of the FT can be seen as an opportunity when

individuals from deprived backgrounds are provided with one (physical opportunity).

61



FTs can also enable social opportunities such as buddying up with other people with
the same devices and receiving social support (social opportunity).

It was previously reported (Friel & Garber, 2020) that in a 12-week study
using FTs in older adults, the social interaction enabled through FT increased
participants’ adherence to wearing their devices. This can be viewed as a social
opportunity that FTs provided. In a review of 20 studies focused on PA among older
adults or individuals at risk of chronic conditions in rural healthcare settings by
Pelletier and colleagues (Pelletier et al., 2022), the intervention components were
mapped against the COM-B framework. Authors of the review found that effective
strategies for boosting PA behaviour encompassed the utilisation of FTs, along with
regular check-ins or reminders from trusted sources. Interventions classified under
physical opportunity, automatic motivation, and psychological capability within the
COM-B model demonstrated higher success rates compared to other factors.
Successful intervention approaches involved progress tracking, counselling
provision, and follow-up reminders to facilitate behaviour change.

Behaviour change can also be encouraged via incentivisation techniques
provided by the FT (Jarrahi et al., 2017). FTs can also aid motivation; for instance,
Fritz and colleagues (2014) found in their study that the data and the feedback
provided by FTs motivated participants to improve their physical fitness. While the
novelty of FTs began to wear off for some participants, they still had motivational
effects and helped them to create routines (Fritz et al., 2014).

To the researcher’s knowledge, no studies looking specifically at the
application of COM-B to FT utilisation within the weight management context in

adults have been published at the time of writing (2023). The COM-B model applied
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in relation to the use of FTs has been examined previously using the TDF; however,
it was in relation to children and adolescents in a general context of PA.

In conclusion, based on the literature reviewed above, the TPB and COM-B
can be viewed as models within which the use of FTs can be considered. The
integration of FTs in weight management and exercise interventions can be informed
by the TPB and COM-B models and their components, ultimately contributing to
more effective behaviour change strategies. The following section outlines the

rationale for the current study, research questions, aims and objectives.

1.4 Research rationale, questions, aims and objectives

1.4.1 Study rationale

It is evident that a gap existed in the understanding of how self-monitoring
devices such as FTs work when incorporated into real-life weight management
programmes in the CVD prevention context. It was also not clear whether people
from more disadvantaged populations benefit from them, as many previous studies
concentrated on their use in groups of privileged users already focused on fithess
and interested in activity tracking. Although some recommendations for the use of
pedometers in weight management interventions were given for the purpose of self-
monitoring of PA behaviour and enhancing motivation, especially in relation to
programme uptake and retention (PHE, 2018b), there was still plenty to learn about
the use of FTs in England, specifically within a structured weight management
intervention offered as part of a more comprehensive obesity management pathway.
Understanding why some populations respond to wearable technology well and
utilise it to enhance their weight loss or improve other health outcomes is crucial,

alongside understanding why others do not and what factors influence the outcome.

63



The current study focused on overweight and obese people from less
privileged backgrounds where the purchase of FTs might be a barrier and where the
prevalence and the negative impact of CVD are greater (as explained in section
1.1.1). A better understanding was to be achieved of how FTs impact weight
management programme outcomes and what part BCTs play in addressing
modifiable CVD risk factors, specifically in the context of self-monitoring of
behaviour. As presented above, several factors might contribute to different weight
management intervention outcomes, and these were also explored. Experiences of
service users and health professionals seeing the intervention that utilises FTs from
different standpoints were also considered important to explore as these might help
gain a new perspective and influence CVD prevention programme retention rates.

The current study also explored whether the variables within the TPB could
predict weight management programme outcomes in both the population using FTs
and those in the control group. Furthermore, as the COM-B model can also be used
as a framework to promote uptake and retention in group-based weight management
programmes (PHE, 2018b), it was also used in the current study to help map out
weight-related factors. Additionally, as highlighted earlier, self-monitoring of PA
behaviour was linked to FTs, TPB and COM-B; therefore, exploring weight
management programme outcomes and attrition rates and seeing how these
variables relate was considered important in the current study.

The current study was not restricted to one of these models; instead, it aimed
to make use of various concepts within them. The main models' variables were
examined in combination with WLOC, Patient Activation, anxiety and depression
data. Participants’ engagement within programmes and attrition rates were also

considered. As motivation was linked to weight loss, self-monitoring of PA behaviour
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and many psychological factors such as those discussed above, this research also
aimed to explore motivation in greater detail. It was felt that since obesity is very
complex, it would be beneficial to look at various factors that potentially play a role in
addressing it.

This study focused on FTs utilised as part of a CVD prevention intervention
for weight management (HH). Similarly to many other weight management
interventions, this intervention used several BCTs that emphasised goal-setting,
feedback and self-monitoring of behaviour. FTs can potentially assist with these
BCTs; therefore, the main focus in the current study was on FTs and their impact on

programme outcomes when incorporated as part of the chosen intervention.

1.4.2 Research questions, aims, objectives and hypotheses
The primary research questions that were addressed in this research are as
follows:

1. Does the use of FTs impact upon the weight management intervention
outcomes in those at risk of CVD disease?

2. Would health beliefs as defined by the TPB, WLOC, Anxiety, Depression,
Patient Activation levels and Motivation differ between FTs and the
intervention as usual (control) conditions and change over time?

3. Can health beliefs as defined by the TPB, WLOC, Anxiety, Depression,
Patient Activation levels and Motivation predict weight loss outcomes in the
weight management intervention?

4. What are service user participants' and health professional participants’

experiences of the weight management intervention utilising FTs?
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The aim of this research was to provide further insights into the use of FTs in
weight management intervention in the context of CVD prevention in a harder-to-
reach population and examine whether these could be used as an addition to
programmes. It had four research objectives:

1) The first objective was to assess the effectiveness of FTs when used in addition
to the standard weight management intervention. It assessed whether the
‘intervention with FTs condition’ and the ‘intervention as usual condition’ (control)
had different weight management intervention outcomes (primary outcome —
weight and secondary outcomes - waist circumference, BMI, PA and programme
attendance).

2) The second objective was to assess the psychological factors associated with
successful weight loss and tested whether they differ across the study conditions
(FTs versus control) over time.

3) The third objective was to examine the psychological factors associated with
successful weight loss and other intervention outcomes.

4) The fourth and final objective was to explore service users' experiences taking
part in the weight management programme utilising FTs. Additionally, it aimed to
explore the subjective experiences and perceptions of health professionals

delivering weight management interventions utilising FTs.

This research had three hypotheses:
1: FTs will impact the weight management intervention outcomes in those at

risk of CVD disease.
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2: Health beliefs (TPB), WLOC, Anxiety, Depression, Patient Activation levels
and Motivation will differ between FTs and the intervention as usual conditions
and change over time.

3: Health beliefs (TPB), WLOC, Anxiety, Depression, Patient Activation levels
and Motivation will predict weight loss outcomes in the weight management

intervention.

The first three research objectives (and hypotheses) are addressed in
Chapter 4, while the fourth objective is addressed in Chapter 5. In order to provide
the context for the current research, a scoping review is presented in Chapter 2. The

following section describes the setting of the current study.

1.5 Healthy Hearts - the study setting

HH (‘Healthy Hearts’, 2023) was a CVD prevention intervention offered to
residents of Central London’s most deprived areas (the reasons for the
discontinuation of the service are provided in section 3.2.1). The development of the
HH programme was informed by various sources of evidence and guidance,
including the NICE guidance on the Prevention of Cardiovascular Disease (NICE,
2010). Additionally, evidence from Skender et al. (1996) was considered as it
highlighted the effectiveness of combining diet and exercise for both initial weight
loss and maintenance. Consistent with this research, the HH programme integrated
sustainable nutritional education with appropriate PA, aiming to support individuals in
achieving and maintaining a healthy weight.

Furthermore, the HH programme was underpinned by behaviour change
principles, as outlined in several pieces of evidence from NICE guidance on

"Managing overweight and obesity in adults" (NICE, 2014b). These principles
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included goal setting, action planning, and barrier identification, which were
incorporated into the programme to enhance its effectiveness in promoting healthy
behaviours and supporting long-term behaviour change.

Residents identified as at risk of CVD due to being overweight or obese and
other risk factors were recruited through the Local Authority-commissioned service.
In general, HH delivered primary and secondary prevention activities (primary
prevention through campaign activities and identification of obese patients;
secondary prevention through its dedicated weight management programme). HH
weight management programme was an example of a tier-two secondary prevention
intervention within a broader approach to preventing and treating obesity (NICE,
2014b). HH met the NICE recommendation for tier-two weight management
interventions (NICE, 2014b), delivering evidence-based sessions concentrating on
diet, PA and incorporating behavioural change components. In addition to
addressing weight, a reduction in sedentary behaviour and an increase in PA was
also aimed at as part of HH, which aligned with the PA guidelines (DH, 2019). As
PHE (2017d) recommended, the HH intervention was tailored to the targeted
population, considering the needs of disadvantaged communities and populations
such as Black, Asian and Minority Ethnic groups and people with low socioeconomic
status. The HH intervention was selected as a part of the current research as it
followed the recommendations outlined above, i.e., had diet, PA and behavioural
change components and was tailored to the needs of disadvantaged communities.
The details of HH intervention are provided within the methodology chapter of this
thesis (Chapter 3).

The next chapter presents a scoping review and synthesis of the quantitative

evidence on the use of FTs in weight management.
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Chapter 2 - Scoping review

This chapter presents a comprehensive literature review on the use of FTs in
weight management that was conducted to identify articles published between
01/01/2013 and 31/01/2018. The information about the methodology employed in the
review and the steps involved in the data analysis are provided. The search criteria
encompassed primary research studies examining weight management programmes
for obese and overweight adults, which incorporated commercially available FTs as
an intervention component in at least one of the study groups. Both peer-reviewed
Randomised Controlled Trials (RCTs) and non-RCTs (provided there was a control
condition) were included. Only studies published in English were included in the
review. The results, including outcome measures reported in seven studies and
overall findings, are subsequently presented. Relevant findings to the current study
are outlined and examined. This chapter offers insight into the incorporation of FTs in
weight management interventions found in previous studies. It contributes to the
current thesis by setting the context for the empirical research presented in

subsequent chapters.

2.1 Background and aims of the review

This scoping review aimed to answer the question, ‘How effective are FTs
when used as part of a weight management programme for overweight and obese
people?’ The review also explored whether FTs lead to different weight management
programme outcomes, for instance, weight loss, compared with the intervention as
usual (control). Additionally, the review intended to investigate whether FTs affect

participation rates of weight management interventions. This review provided a
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broader context for the current study and looked explicitly at face-to-face

interventions with control conditions.

At the time of conducting the present scoping review (2018), the state of the
literature was assessed, and systematic reviews looking at FT use in weight
management interventions were identified. Cai and colleagues, for instance,
examined wearable technology used as intervention components in adults with type
2 diabetes in 11 studies and reported decreased weight and BMI across
interventions using pedometers when compared with control conditions (2016).
However, the devices used in the reviewed studies were basic pedometers, and the
reviewed interventions were delivered in different formats (e.g., providing written
content, telephone support, and receiving diabetes education). In another systematic
review (Cheatham et al., 2018), 25 studies were investigated, and in 20 of them,
weight management interventions using FTs were reported to be a better option than
a standard intervention. The weight management interventions in Cheatham and
colleagues’ review varied considerably; for instance, some delivered support to

clients via texts, websites and apps (2018).

In another systematic review by Lewis and colleagues (2015), 11 studies were
evaluated, and the authors concluded that FTs could lead to significant increases in
PA and reductions in weight. However, their effectiveness compared to other
interventions could not be established. The reviewed studies also encompassed

mainly remote interventions.

In summary, some systematic reviews on FTs within weight management
were available before the current scoping review was carried out. However, none

provided the information sought for the research (using FTs instead of pedometers
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and face-to-face weight management community-based interventions). Therefore,
the current scoping review aimed to review the literature and provide the context for
the empirical research comprised in this thesis. The following section focuses on the

methodology employed in the current review.

2.2 Method

2.2.1 Search strategy

Searches were conducted to retrieve articles published between 01/01/2013
and 31/01/2018. The start date was selected to ensure that only contemporary
studies utilising consumer-rated FTs providing real-time feedback were considered.
The end date corresponded to the start of the research programme. The following
databases were selected as they were the most related to the disciplines of interest
(health and social sciences) and used in previous systematic reviews in the field:
SPORTDiscus, PubMed, PsychAtrticles, CINAHL, CENTRAL via Cochrane Library
and Web of Science. Databases were searched individually to identify studies that
met the search criteria. Broad search terms included phrases related to FTs, weight
intervention and population-related terms. The complete list of search terms is

provided below:

("activity monitor" OR "activity track*" OR "Commercial wearable*" OR "electronic
activity monitor*" OR Fitbit OR "fitness band" OR "fithess device" OR "fithess
monitor*" OR "Fitness Track*' OR "fitness watch" OR smartwatch OR "wearable
activity track*" OR "wearable device*' OR "wearable electronic device" OR "wearable
monitor*" OR "wearable track*' OR "Wearable Sensor*" OR "Wearable technolog*"
OR "Smart wearable*") AND ("weight loss" OR "weight reduction” OR "lose weight"
OR "weight manag*" OR "weight program** OR "weight counsel*" OR "weight

intervention” OR "overweight" OR obes*)
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A manual search was also conducted on references of key articles to check
whether any additional studies met the inclusion criteria. The researcher conducted
the initial search and the screening of articles while the researcher’s supervisors
performed an independent review of 10% of the retrieved articles’ titles and
abstracts. Full-text articles were reviewed independently. Articles were allocated to
supervisory team members to review and/or resolve discrepancies between the
researcher and members of the supervisory team. A different member of the
supervisory team reviewed articles when any discrepancies arose. The search

process is illustrated in Figure 2.1.

2.2.2 Study inclusion and exclusion criteria

A set of inclusion and exclusion criteria was applied to define articles of
interest that addressed the review's research question. Primary research studies
aiming to provide insights into weight management programmes for obese and
overweight adults utilising FTs as part of an intervention (as opposed to assessment
purposes only) were included. Articles describing research conducted with
participants under 18 years old, pregnant women, and people with certain debilitating
conditions, e.g., diagnosed CVD, terminal cancer, eating disorders, and severe

mental health conditions, were excluded.

Additionally, the review looked only at studies describing structured weight
management interventions with a comparison condition/conditions and utilising a FT
device as an intervention component in at least one of the study groups. FT was
defined as an external wearable device/activity tracker (worn on the body) linked to
an app/website platform (not merely an app/website platform tracking fitness). The

FT had to be commercially available and provide feedback directly to the user to
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enable self-monitoring of PA metrics and sleep (either on a display screen or through

the associated app/website).

Peer-reviewed Randomised Controlled Trials (RCTs), as well as non-RCTs
(providing that there was a control condition), were included, while any grey literature
articles were excluded. Only studies published in the English language were
considered. In terms of outcome measures, studies that reported weight outcomes
(i.e., weight, BMI, % weight loss, waist circumference, body composition, muscle and
fat mass) as one of the primary outcomes were included. Changes in PA levels were
also of interest (i.e., daily step count, distance walked, stairs climbed, Moderate to
Vigorous PA [MVPA], MET [Metabolic Equivalent of Tasks], sedentary minutes, peak
oxygen uptake and energy expenditure), but studies reporting these were only
included if they also reported weight outcomes. Additionally, as weight management
programmes’ attrition rates were to be examined, studies had to report these to be
included. A summary of the inclusion and exclusion criteria is provided in Table 2.1

below.
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Table 2.1. A summary of the scoping review’s inclusion and exclusion criteria

Criteria

Inclusion

Exclusion

Design

¢ Primary research involving weight
management interventions utilising FTs

¢ RCTs and non-RCTs (providing that there
was a control condition)

¢ Weight reported as the primary study

outcome

e Grey literature articles
e Review articles
¢ Studies with no control condition

¢ Non-English studies

Participants

e Obese and overweight adults attending

structured weight management interventions

e Participants under 18 years old
e Pregnant women
¢ People with certain debilitating

conditions

Setting e Community and research ¢ Studies reporting remote
¢ Face-to-face interventions only
¢ 1:1 or group format

FTs e FTs utilised as part of the intervention in at ¢ FT used for assessment

least one of the study groups
e Commercially available FTs enabling self-
monitoring of PA behaviour, linked to an

app/website platform

purposes only
¢ Studies using only apps/websites

for tracking fitness

Key. FT=Fitness Trackers; RCT=Randomised Controlled Trail

2.2.3 Screening and selection process

Duplicates were removed, and study titles and abstracts (n=824) were

examined. After the elimination of articles that were not suitable, full texts were

retrieved (n=29) and thoroughly examined. A list of articles included in the review

was finalised (n=7). See Figure 2.1.
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The data extraction was piloted to map out all the essential information and to
design the extraction table. The supervisory team members reviewed this, and the
final layout was decided. The extraction table summarised the study's goals,
methods, participants, interventions, outcomes, and limitations. The table was
subsequently populated following a thorough examination of each paper. The
appraisal of the papers and the review of the data extraction table were conducted
by supervisors, their feedback was incorporated, and the table was finalised (Table

2.2).

The ‘Effective Public Health Practice Project Quality Assessment Tool’
(EPHPP) was utilised to assess the quality of the studies in the current review
(Thomas et al., 2004). This tool was selected as it enabled the assessment of
various types of research designs (e.g., RCTs and non-RCTSs). It was also relatively
easy to use and appropriate for studies published in the Public Health domain. This
guality assessment tool was also suitable for reviews assessing intervention
effectiveness (Armijo-Olivo et al., 2012). EPHPP has six components: selection
bias, the study design and randomisation, confounders, blinding, data collection
methods and withdrawals and drop-outs. The potential outcomes in these areas
were weak, moderate, and strong. The tool enabled the calculation of a global rating
based on the individual components. The dictionary for the EPHPP was used in
conjunction with the tool. The researcher and the supervisors conducted the quality
assessment exercise independently. Results were subsequently discussed, and a
different supervisor looked at any discrepancies. The quality assessment results are

displayed in Table 2.3.
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2.2.4 Data analysis

Meta-analysis was not conducted as it was thought to be an inappropriate
method for this review. The reasons for this included the heterogeneity of studies
(e.g., not all studies being classified as RCTSs), the majority being pilot studies
(hence a small sample size) and broad variation in protocols — for example, study
designs, participant samples and additional elements such as financial incentives.

Instead, the review results are presented using the narrative synthesis approach.
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2.3 Results

2.3.1 Search results

The search process and results are illustrated in Figure 2.1 below.

Figure 2.1. A PRISMA flow chart including searches of databases and the process
of study identification

[ Identification of studies via databases
)
Records identified from:
- SportDiscus (n = 379)
2 PubMed (n = 185)
5 PsychARTICLES (n = 33) Duplicate records removed
= CINAHL (n = 174) > (n =167)
S Cochrane Central (n = 3)
o° Web of Science (n = 213)
Manual search (n = 4)
Total records (n = 991)
N’
— \4
. Records excluded after title and
Titl :
it ES and abstracts screened | abstracts screening
(n=824) (n = 795)
- I
=
5 Records excluded:
) Full text articles assessed for Study protocol (n = 3)
3 eligibility ’ Remote intervention (n = 3)
(n=29) Sample with debilitating
condition (n = 4)
Irrelevant (n = 7)
No control condition (n = 5)
Total records excluded (n =
—_ 22)
2 Studies included in the narrative
E synthesis
E (n=7)
N’/
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2.3.2 Included studies

Seven studies met the inclusion criteria. Five studies were conducted in the
USA (Bender et al., 2017; Jakicic et al., 2016; Kozey Keadle et al., 2014; Peyer et
al., 2017 and Rogers et al., 2016), one in Canada (Ashe et al., 2015) and one in
South Korea (Shin et al., 2017). A summary of these studies and the main findings
are included in Table 2.2. For the remainder of this chapter, studies will be referred

to by the number allocated to them in Table 2.2.
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Table 2.2. Summary of studies included in the scoping review

Study Aim, design  Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures
1. Asheet al. e Testing e N=25 e Intervention length: 6 o Fitbit One (Fitbit * Weight * Weight loss at 3 months: e Small sample size
(2015); Canada study ¢ Healthy, inactive, months Inc., San Francisco, e Blood -1.76 kg in Group 1 « No formal sample
feasibility and community-dwelling * The intervention CA); immediate pressure - 0.13 kg in Group 2 size calculation
determining overweight/obese consisted of 4 weekly feedback on « PA patterns ¢ Weight change at 6 months: e Limited recruitment
the effect of women at retirement education group sessions activities provided (daily step -2.36 kg in Group 1 time (3 weeks),
the EASY age followed by 5 monthly (daily step counts, count, +1.41 kg in Group 2 which limited the
(Everyday ¢ 100% female ones in Group 1, distance walked, distance « An average between-group difference in weight number of
Activity e Age range: 55-70 participants in Group 2 and stairs climbed);  walked, stairs  loss of —4.3 kg (p<.001) in favour of Group 1 at 6 participants
Supports (mean age 64.1, SD= only met monthly for 6 an online tool to climbed, months recruited
You) model 4.6 years) months; assessments monitor sleep and Moderate to « A between-group difference in diastolic blood o Groups slightly
on physical « BMI: 26.9 (SD=6.8) in done at baseline, 3and 6  nutrition and Vigorous PA pressure, a reduction of -8.54 mmHg (p<.05), in different at baseline
activity (PA), Group 1, 32.9 (SD=6.8) months facilitate social [MVPA] and favour of Group 1 (weight, BMI, and
sedentary in Group 2 e Group 1 (N=13): The networking and/or sedentary « A significant group difference in step count; Group ~ step count) in
behaviour, « Participants had a intervention group friendly minutes) 1 had, on average 2,080 steps more than Group 2 favour of Group 1
and health- median of 2 consisting of education competitions e Psychosocial  at the final assessment (p<.05) « Differences in
related comorbidities (assessed ~ and social support, e Participants not variables o At the 3- and 6-month follow-up, Group 1 outcomes reported
outcomes by the Functional individualised PA required to share (social participants increased their daily step counts and at 6 months may
¢ RCT pilot Comorbidity Index) prescription (called Fitbit data with the connectednes  MVPA and decreased sedentary time; there was a not be presentin a
e Community « All participants Activity 4-1-1), and use of research team s, self-rated larger increase at 3 months compared with 6 scaled-up version
setting completed secondary a FT, 10 transit tickets e ActiGraph GT3X+ health, self- months of the intervention
school; some also also provided to accelerometer, efficacy, and e Group 2 decreased step counts and MVPA over « Differences are

completed further
education

* 30% were employed
e Ethnicity breakdown
not provided

o Participants were
recruited between May
2013 and December
2013 through
advertisements in local
community
newspapers, posters in
local libraries and
emails sent to relevant
groups

encourage the use of
public transportation
e Group 2 (N=12): The
control group - provided
with health-related
information only,
receiving a $20 gift
certificate at 1 and 4
months

Pensacola, FL;
worn on the hip for
7 days (at baseline,
3 and 6 months) to
assess activity
patterns, i.e.,
moderate to
vigorous PA
(MVPA), steps and
sedentary
behaviours

intentions for
PA)

the 6 months and increased sitting time

* No significant differences between groups for other
variables except unadjusted behavioural intentions
for PA, where there was a 0.82 difference in favour
of Group 1 (p<.05), meaning that they had greater
intentions to perform PA

e The attrition rate was 20% (8% in Group 1 and
23% in Group 2) at 6 months

» Session attendance was 10 (median) for Group 1
and 6.5 for Group 2

» The study supports the feasibility of using Fitbit
and online resources to support women to be more
active

likely conservative
due to the lower
number of control
participants




Study Aim, design  Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures

2. Bender et al. e Assessing o N=45 e Intervention length: 6 o Fitbit Zip (Fitbit * Weight and * Weight loss at 3 months: e Small sample size;

(2017); USA feasibility and e Obese Filipino months (3 months San Francisco, % weight -2.1 kg in Group 1 mainly highly
efficacy of a Americans, mainly intervention and 3-month USA) used to self- e BMI -0.12 kg in Group 2 educated
culturally immigrants follow-up period for Group monitor real-time o Waist ¢ Weight loss at 6 months: immigrants from the
adapted * 62% female 1; 3 months waitlist and PA steps; an circumference - 1.8 kg in Group 1 specific geographic
mHealth « Age range not 3-month intervention for associated app with o Blood - 2.4 kg in Group 2 area, limiting the
weight loss provided (mean age 58,  Group 2) adiary used to self-  glucose « Group 1 and Group 2 had significantly greater internal validity and
lifestyle SD=10 years) ¢ PilAm Go4Health report daily « Dietary weight loss (p value not specified), d=.53 and .37, generalisability
intervention « BMI: 30.1 (SD=4.6) incorporated a FT, mobile  food/calorie intake intake respectively, compared with the non-intervention e During Phase 1,
(Pilipino [i.e., o All participants had app with a diary for health  and weekly weight « Steps group the waitlist group
Filipino] type 2 diabetes behaviour tracking (steps, e The device used (measured « 18% of Group 1 achieved a 5% weight loss in self-monitored PA
Americans « 80% were college- food/calories, and weight) during the continuously phase 1; 82% maintained or lost 2% to 5% of the steps using the
Go4Health educated, and 20% and social media intervention and the iz the Fitbit) weight and maintained this weight loss in the 3- Fitbit app; this prior
[PilAm completed graduate (Facebook) for virtual waitlist/follow-up month follow-up PA tracking
Go4Health]) school social support period « In Phase 1, over 83% of Group 2 maintained or behaviour may
promoting PA | 590, were employed e 7 in-person monthly gained 2% to 5% more weight; a reversal of his have contributed to
and healthy ¢ 100% Asian (Filipino) visits in both groups but pattern was seen in Phase 2, with 70% of Group 2 the greater number
eating to « Participants recruited schedgleq ina d|ffere.nt receiving PilAm Go4Health having maintained or of V\{al_t||5t
reduce between December order (individual sessions, lost between 2% and 5% of their weight; 30% of participants
subsequent 2014 and December family members attending Group 2 achieved the 5% weight loss goal in phase ~ achieving the 5%
CVD risks 2015 from the San some sessions); 2, almost twice that of phase 1 in Group 1 (chi- weight loss goal in
o RCT pilot Francisco Bay Area assessments done at square, p<.001 in each phase) Phase 2 compared
e Research baseline, 3 and 6 months with the intervention

office setting
with
recruitment
and study
administration
delivered as
part of the
community
health worker
model

through word of mouth,
community events,
snowball methods,
using Facebook and
paid local ads

e Group 1 (N=22):
received the PilAm
Go4Health in phase 1
followed by a 3-month
follow-up maintenance
phase

e Group 2 (N=23):
Control/waitlist in Phase 1
and PilAm Go4Health
intervention in Phase 2

* Waist circumference and BMI improved when each
arm received the PilAm Go4Health, blood glucose
outcomes were non-significant

» Overall step counts significantly increased for each
group that received the PilAm Go4Health compared
with the non-intervention group (statistically
significant [p value not specified], d=1.74 and 1.44,
respectively)

* 0% attrition rate at 6 months in both groups
(everyone completed the study)

* Near-perfect attendance at all 7 sessions (95% in
Group 1 and 100% in Group 2)

* Technology-enhanced, culturally adapted lifestyle
intervention was feasible and potentially efficacious
in weight reduction in this population

Group
¢ Short intervention
duration, potentially
influencing
participants’ ability
to achieve 5%
weight loss
o Study limited to
English-literate
participants who
owned
smartphones with
Internet access
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Study Aim, design  Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures
3. Jakicic et al. e Testing the e N=470 e Intervention length: 24- e Commercially e Weight and ¢ Weight loss at 6 months (ns): ¢ Study sample
(2016); USA change in » Overweight/obese months available FT % weight -8.6 kg in Group 1 restricted to young
weight adults o Both groups received a (not specified) o Body -8 kg in Group 2 adults, results
between two ® 77.2% female behavioural weight loss that included a composition * Weight loss at 12 months (p<.05): cannot be
groups and e Age range: 18-35 intervention for 6 months web-based (fat mass, -8.3 kg in Group 1 generalized to other
testing the (median age 31) (low-calorie diet, prescribed interface lean mass, % -6.7 kg in Group 2 ages
hypothesis  BMI: 31.2 (range 25- PA and group counselling (BodyMedia Fit,  body fat, « Weight loss at 18 months (p<.05): e Absence of ‘a no
that, 40) sessions); subsequently, both  Pittsburgh, PA) tissue % body  -7.3 kg in Group 1 treatment’ control
compared o 2.7% had depressive groups received different e This multi- fat, Bone -5.4 kg in Group 2 condition
with a symptoms, no other interventions until month 24 sensor device mass) » Weight loss at 24 months (p<.01): e The FT device
standard health conditions were (phone support, text worn on the o PA (METs -5.9 kg in Group 1 worn on the upper
behavioural reported messaging and website upper arm and MVPA) -3.5 kg in Group 2 arm, potentially not
weight loss o 24.9% completed high ~ access added to both groups ~ provided e Cardiorespir e % weight loss was significantly greater in Group 1 reflecting the
intervention, school, and 75.1% were and participants randomised feedback to the atory fitness compared to Group 2 at 12, 18 and 24 months effectiveness of
a technology- college-educated or to Group 1 or Group 2) participant on o Dietary (p<.01) more
enhanced higher » Weekly group sessions were  energy intake « Both groups improved their body composition, PA contemporary,
intervention * 90.2% were employed  delivered (first 6 months), expenditure and diet but no significant differences between wrist-worn FTs
would result e 71.1% White then monthly between months ~ and PA through groups were found e The use of FT was
in greater « Participants recruited 7 and 24, with assessments a small display * 25.5% attrition rate at 24 months (27.5% in Group not initiated at the
weight loss between October 2010 at 6-month intervals (0, 6, 12, or web-based 1 and 23.6% in Group 2) onset of the
* RCT and October 2012, data -8 and 24 months); software « Session attendance rate not provided intervention,
* Research collection completed by participants received $100 for  developed by « A programme with FTs did not offer any advantage ~ Potentially
setting (the December 2014; all completing each of the the over the standard intervention influencing how the
University of recruited using direct assessments manufacturer participants
Pittsburgh) mail, mass media e Group 1 (N=233): Standard adopted and
advertisements, or intervention using the website utilised them
referrals from clinical to self-monitor diet and PA as o Assessment staff
research registries well as text messaging aware that
prompts participants were
e Group 2 (N=237): Enhanced engaged in a
intervention, FTs (191 weight-loss study,
participants used devices) potentially
and access to the introducing

accompanying website and
educational materials (not for
self-monitoring purposes)

additional bias
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Study Aim, design  Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures
4. Kozey e Examining * N=58, 68 randomised « Intervention length: 12 weeks e Omron * Weight * Weight loss at 12 weeks: e The sample size
Keadle et al. whether the (after the initial 12 e Group 1 & 3: 1:1 exercise device e BMI -2.3 kg in Group 1 (p<.01) small, potentially
(2014); USA combination weeks in the control session 5 days a week for 12 (HJ720-ITC, e Total % fat & 0 kg in Group 2 underpowered for
of exercise group, these weeks; Group 2: had weekly Healthcare, fat mass -3.4 kg in Group 3 (p<.01) detecting between-
training and participants were meetings with researchers to Bannockburn, e Blood -0.4 kg in Group 4 (ns) group differences in
reducing randomised into other discuss successful strategies, Ill., USA) pressure The differences between groups were not significant metabolic outcomes
sedentary conditions and were barriers, challenging times and used daily to o Fasting lipids  * Significant reductions in % BMI seen only in e The measure of
time can therefore counted twice)  how to overcome them; Group facilitate « Systolic and Groups 1 and 3 (2.2% and 3.3% respectively, both diet used a 24-hour
result in » Overweight/obese 4: no structured sessions, compliance Diastolic at p<.01); between-group differences non- recall method,
greater adults participants asked to maintain and blood significant which is associated
changes to * 67% female their current activity levels; encourage pressure « Insulin concentration significantly decreased in with recall errors
health « Age range: 20-60 assessments done at baseline self- « Peak oxygen  Group 3 only (p<.01) « Possibly, variations
markersthan  (mean age 43.6, 3,6, 9, and 12 weeks monitoring of | niaKe « Groups 2 and 3 decreased sedentary time by 7% in the menstrual
either SD=9.9 years) e Group 1 (N=20): exercised behaviour « 2-h oral and 10%, respectively (p<. 05), no significant cycle were present
intervention e BMI: 35.1 (SD=4.6) using gym equipment; sessions (measuring glucose differences between the groups present that may have
alone « All participants were supervised and PA monitored steps only) tolerance o Systolic Blood pressure decreased in all affected the
e Aclinical trial  non-exercising and at using Polar heart monitor o ActivPAL « Dietary intervention groups except Group 4 (all at p<.05) metabolic outcomes
pilot study risk of CVD; e Group 2 (N=18): strategies to activity intake « Diastolic Blood pressure decreased only in Group for the females
(not comorbidities were not increase non-exercise PA and monitor worn 2 (p<.05)
randomised provided but those with ~ decrease sedentary time on the mid- « Groups 1 and 3 improved peak oxygen uptake
as control conditions preventing provided (to encourage self- right thigh (p<.01)
participants exercise were excluded ~ monitoring of behaviour, they used by all « 21% attrition rate (54/68 completed the study) at 3
were ableto 4 Eqycation level not wore Omron device daily), participants months (20% in group 1, 22% in group 2, 20% in
re-enrol), no reported targets and progress reviewed ~ for 7 days at group 3 and 20% in group 4)
further RCT « All employed in an weekly with researchers baseline and « Participants completed over 99% of exercise
was inactive/sedentary * Group 3 (N=20): a weeks 3, 6, 9, sessions (Groups 1 & 3)
conducted occupation combination of the two groups and 12 « Exercising and reducing sitting time may result in
* Research « Ethnicity breakdown described above * HR; Polar improvements in metabolic biomarkers that are not
setting/ not provided « Group 4 (N=10): Control RS400, Polar, seen with exercise alone
University « Participants recruited group participants asked to USA was also
between March 2010 to maintain their current level of used to
May 2011 from PA for the 12-week study monitor heart
Amherst, period, PA measurements rate during
exercise

Massachusetts, USA,
through fliers and
emails to the campus
community

completed in line with other
groups
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Study Aim, Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
design and study groups (FT) device measures
setting
5. Peyer et al. e Comparing o N=89; 78 completed e Intervention length: 8 e SenseWear® * Weight * Weight loss at 8 weeks: o A small, relatively
(2017); USA the the study; 53 weeks armband, Jawbone e Metabolic -3.69 kg in Group 1 homogeneous
effectiveness participants returned for e Weekly 1:1 contact with (San Francisco, risk -4.05 kg in Group 2 sample consisting
ofaFT,a follow-up coaches for 8 weeks; CA, USA) and (computed -4.88 kg in Group 3 of generally well-
guided weight  measurements assessments conducted associated online from waist * Weight loss at 4 months: educated, White
loss e Adults with obesity at baseline, 8 weeks (i.e., weight circumference  -3.94 kg in Group 1 adults
programme * 59% female end of intervention) and 4 management BMI, blood -5.2 kg in Group 2 e The need to recruit
and the « Age range: 18-72 months after the system designed pressure and -5.57 kg in Group 3 participants in two
combination (mean age 38.6, intervention ended for self-monitoring lipids) The reductions in weight significant at 8 weeks in all waves may have
of these SD=14.6 years) e Group 1 (N=31): Guided applications 3 groups (p<.001) but not at 4 months; Group 3 lost influenced the
approaches « BMI: 36.7 (SD=5.5) weight loss programme e Worn on the back the most weight but there were no group differences outcomes
on weight o 24% met the criteria of (structured 1:1 weekly of the left triceps, at 8 weeks or 4 months e The lack of an
loss and metabolic syndrome meetings with the health used daily and « All groups showed significant improvements over actual control group
metabolic risk Well-educated (69% coach) provided with a time when clustered together (weight: —-4.16kg
*A with 24-year degree) e Group 2 (N=29): FT wristwatch [p<.001], BMI: —1.37 [p<.001], waist circumference:
randomised « Employment provision (weekly displaying real-time -4.25cm [p<.001], body fat: -0.96% [p<.001])
pilot study information not provided ~ Meetings with coaches minutes of PA, « Group 3 had significantly larger changes in
e The study « 94% White solely focused on calories and steps metabolic risk score than other groups (p<.05)
setting was « Participants recruited addressing technical e 12% attrition rate during intervention (16% in
not specified, between Autumn 2010 issues) Group 1, 10% in Group 2 and 10% in Group 3)
but likely to and Spring 2011 e Group 3 (N=29): a e Participants dropping out were significantly
be a research through advertisements combination of the two younger and had lower body fat than the
setting/ in newspapers and groups above completers (data not provided)
University o The use of FTs yielded improvements in weight

radio, posted flyers and
word of mouth

and metabolic risk that were similar to those
achieved through a standard guided weight loss
programme; however, the combination of FTs with
the guided weight loss programme resulted in
significantly larger reductions in metabolic
syndrome score than either approach alone
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Study Aim, design  Sample Interventions and Fitness Tracker =~ Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures

6. Rogers et al. e Comparing e N=39 e Intervention length: 6 e Jawbone-Body e Weight * Weight loss at 3 months: « Small sample size

(2016); USA anin-person, e Adults with obesity months _ _ Media FIT system « Body Mass -3.39 kg in Group 1 limiting the ability to
group-based e 79% female * Energy-restricted diet and with the LINK « Body -5.06 kg in Group 2 make definitive
behavioural « Age range: 21-55 oPVCeperIflscnzid Igei”s%rr?:ps activity monitor composition -4.76 kg in Group 3 conclusions
yveight Io§s (mean age 39.9, attende{ngy Gproup 1 worn on the upper « BMI ¢ Weight loss at 6 months: e Limited statistical
intervention SD=11.5 years) participants (Groups 2 and arm o Waist -6.57 kg in Group 1 power to determine
with « BMI: 39.5 (SD=2.8) 3 had session content * No real-time circumference  -5.18 kg in Group 2 with certainty that
technology- « Comorbidities not emailed to them weekly, feedback was « PA (energy -6.25 kg in Group 3 the weight loss
based provided, but those complemented by monthly provided on the expenditure)  All changes in weight across time were significant achieved was not
interventions,  ith some conditions (€ €PNONe sessions); device (only « Dietary (p<.001), no significant differences between groups different between
participants (e.g., preventing zzzﬁz?e;t;nzogigmhs available through intake and e A similar pattern for change in BMI, waist the intervention
randomised exercise, chronic « Group 1 (N=14): control the app); the device eating circumference and % body fat (all at p<.001) group
to one of diseases or condition-standard worn throughout the  penaviours e A decrease in total energy intake (p<.001) and per e The participants
three groups medicated behavioural weight loss intervention measuring cent dietary intake (p<.05) across time may not reflect the
* RCT psychological including behavioural self- « PA (energy expenditure) increased across the 6- demographic
e The study conditions) were counselling, weekly monitoring, month intervention (p<.001) characteristics of
setting was excluded weighing, self-monitoring of shoppi « An increase in eating behaviour inventor r the general

o diet and written material pping g behaviou entory scores . .

not specified, ¢ Education « Group 2 (N=12): a practices and  (p<.001) indicating improvement in successful population seeking
but likely to information not technology-based emotional weight management strategies weight loss
be aresearch  provided intervention including FT eating « 13% attrition rate at 3 months (7% in Group 1, 0%  treatment
setting/ « Employment and access to in Group 2 and 31% in Group 3) and 31% at 6 * Participants had to
University information not accompanying website to months (29% in Group 1, 25% in Group 2 and 38%  have accessto a

provided
® 71.8% White
¢ Recruitment took
place between
February 2012 and
July 2013;
participants were
recruited from
respondents to the
advertisement

record and track
information (participants
had to transfer the data to a
web-based portal using
their computer)

e Group 3 (N=13): an
enhanced technology-
based intervention, FT and
Bluetooth capability to
automatically transfer data
to a smartphone application
(which also allowed for self-
monitoring of dietary
behaviours and self-report
of body weight)

in Group 3)

e Group 1 completed 74% (SD=26.8%) of
intervention contacts; Group 2 completed 83.3%
(SD=22.5%) of the telephone calls compared with
62.8% (SD=34.1%) of the telephone calls in Group
3

¢ Findings provide initial information on the use of
technology-based interventions that include FTs
combined with brief monthly telephone calls for
weight loss in adults with obesity

e FTs providing feedback on PA or energy
expenditure may provide an additional intervention
option

computer, the
Internet and a
compatible mobile
device, which may
have impacted the
findings
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Study Aim, design  Sample Interventions and Fitness Tracker Outcome Results, outcomes and comments Limitations
and setting study groups (FT) device measures
7. Shin et al. ® Assessing e N=105 e Intervention length: 12 o Fitmeter * Weight * Weight loss at 12 weeks: e Small sample size,
(2017); South the feasibility =~ e Overweight and obese weeks accelerometer * Weight loss -0.4 kg in Group 1 as this was a pilot
Korea and university students e Each participant (Fit.LifeTM, Suwon, goals -1.1 kg in Group 2 study
effectiveness ¢ 100% male received a 1:1 education Korea) used to achieved (3%, -3.1 kg in Group 3 (significantly greater when e The selected
of an e Age range: 19-45 session from a trained monitor PA, 5%, and 7%) compared with Groups 1 & 2, p<.01) population of male
intervention (mean age 27.8, SD=5 nurse for 5 minutes per calories and * BMI « The final weight loss goal was achieved by 0, 2, university students,
combining years) session (4 pre-specified exercise; the device o Waist and 10 participants in Groups 1, 2 and 3, not including female
Smartcare « BMI: 29.8 (SD=2.7) appointments during the did not have a circumference  respectively participants, made
(FT with a « Comorbidities not study period); diet, display to show « Muscle and e Reductions in BMI (p<.01 and p<.05) and waist results harder to
smartphone provided exercise, and PA feedback; this was fat mass circumference (p<.01) were higher in Group 3 generalise
application) « All participants were education materials were available through « Blood relative to Groups 1 and 2
and financial current higher provided to all the associated pressure « No significant changes seen in anthropometric
incentives education students participants; assessments ~ website and app « Fasting measurements between Groups 1 and 2
* RCT pilot (27.6% undergraduate, done at baseline and 4, 8, glucose « Levels of PA were significantly higher in group 3
* The study 58.1% Master level and ~ and 12 weeks « Cholesterol (relative to Groups 1 and 2, p<.01)
setting was 14.3% PhD) e Group 1 (N=35): « PA (energy * 7% attrition rate (9% in Group 1, 3% in Group 2
not specified, o Fy|I-time students (not Traditional education expenditure) and 9% in Group 3)
but likely to employed) e Group 2 (N=35): « Dietary « The results provide promise for implementing non-
be aresearch , Etnnicity breakdown Traditional education and intake surgical or non-pharmacological interventions
setting/ not provided but likely Smartcare (FT with a focused on lifestyle modification
University to be 100% South smartphone app)

Korean
¢ The recruitment took
place between June
and July 2015 at Seoul
National University

e Group 3 (N=35):
Traditional education,
smartcare and financial
incentives (received
depending on the
achievement of daily PA
goals and weight loss
targets

Key. PA=Physical Activity; RCT=Randomised Controlled Trial; FT=Fitness Tracker; BMI=Body Mass Index; MVPA= Moderate to
Vigorous Physical Activity
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2.3.3 Quality assessment

The results of the quality assessment exercise are shown in Table 2.3.

Table 2.3. The summary of quality assessment ratings for the seven studies

included in the review

Study
s < 2 5 3 =y
m % ) o 5 < £ =
c ] -g = [} -8 2 3 &U
o a S ° S < s 8 —
Z > o £ S8 T o T
ko E 5 o s E E48 ©
A 7 O S = o
Asheetal., weak strong weak moderate weak moderate weak
2015
Bender et weak strong weak weak strong  strong weak
al., 2017
Jakicic et weak strong moderate moderate weak moderate weak
al., 2016
Kozey moderate moderate weak weak strong moderate weak
Keadle et
al., 2014
Peyer et moderate strong weak weak strong  weak weak
al., 2017
Rogers et weak strong strong weak strong moderate weak
al., 2016
Shin etal.,, weak strong strong weak strong  strong weak
2017

All studies received a global rating of ‘weak’ as, according to the EPHPP

tool, studies with two or more components classified as weak have to receive the

same global rating. The selection bias component assessed whether participants
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were likely to be representative of the target population and whether they agreed to
participate in the study. As seen above, ratings ranged between weak and
moderate, mainly due to the representation issue (studies recruited limited
populations, making it difficult for the results to be generalised). The second
component looked at the way the study was designed and whether participants
were randomised to study conditions. Most studies received a strong rating here as
they were either RCTs or randomised studies, except for study 4, where
participants from the control condition were allocated to other conditions following
their initial intervention period. Another quality component assessed confounders,
such as the differences between groups prior to the intervention. Ratings here
ranged from weak to strong as some studies had important differences between

groups (e.g., weight or PA) before the intervention started.

The blinding component looked at the assessors’ awareness of the
intervention status of participants and whether participants were aware of the
research question. Ratings varied between weak and moderate, as in most cases,
assessors were aware of which condition participants were allocated to. This would
have been hard to avoid as wearing FTs makes participants stand out from those
who do not. Regarding the data collection methods, most studies were assessed
using valid and reliable measures (e.g., objective measures such as weight loss or
using a validated questionnaire). The final component (withdrawals and drop-outs)
looked at the number of participants dropping out, the reasons behind this, and the
percentage of participants completing the study. Ratings ranged from weak to
strong as studies explained the reasons for participants’ drop-outs to various

degrees and met various thresholds of study completers.
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This scoping review, while including studies rated as ‘weak’, highlighted the
state of literature in 2018. It is important to note that the presence of weak studies
in this review does not invalidate the overall review’s findings and allows for a
comprehensive assessment of the available evidence at the time of writing, helping
to provide a more balanced understanding of FTs used in weight management

programmes.

2.3.4 Description of the studies

Five selected studies were described as pilot studies, and the remaining two
(studies 3 and 6) were described as actual RCTs. While all studies tested
differences in weight outcomes between study groups, three studies (1, 2 and 7)
also aimed to test the feasibility of the described interventions. Six studies were
thought to be delivered in a university setting (in some articles, this is firmly stated,
while in others, it is inferred, e.g., in study 7, the setting is not explicitly stated, but
the recruitment of participants takes place at the university campus) and one in a

community setting (1).

All studies looked at weight management interventions, but these varied in
duration between eight weeks and 24 months. Participants were required to attend
a different number of sessions ranging from four (7) to 60 (4), and in some studies,
face-to-face attendance was only required in certain study conditions. Four studies
offered sessions in a one-to-one format (2, 4, 5 and 7), while three offered group
sessions (1, 3 and 6). In terms of assessments, all studies had a baseline
assessment followed by at least two other assessments (the majority at either 3 or
6 months). However, there was no pattern to this, as assessment intervals

depended on the duration of interventions.
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In summary, studies considered in this review were very heterogeneous;
they varied in their design and delivered interventions, duration, format, and

assessment intervals.

2.3.4.1 Sample information

Across all studies, there was a total of 831 participants taking part. The pilot
studies had the smallest sample sizes, for instance, 25 participants (1), while the
largest sample (n=470) was reported in an RCT study by Jakicic and colleagues
(3). All study participants were overweight or obese, with an average BMI of 33.2
(average BMI ranging from 29.8 to 39.5). 61% of all participants were females.

One study (1) recruited females exclusively, while another (7) recruited only males.

Two studies recruited solely participants representing non-White
populations: South Korean students (7) and Filipino immigrants living in the USA
(2). In study 3, 71.1% of the participants were classified as White. In study 5, this
percentage was 94%, while in study 6, it was 71.8%. Two studies (1 and 4) did not

provide any ethnicity breakdown.

The age range between all participants across seven studies was 18-72.
The average age of participants was 43.3 years, with the youngest sample (mean
age 27.8) reported in study 7, in a population of South Korean University students,
while the oldest sample was reported in study 1, in a population of community-

dwelling women who had a mean age of 64.1 years.

In studies that reported employment information, the percentage of
employed participants ranged from 30% to 100%. Participants were generally well-
educated in studies that reported the education breakdown (5/7). Most study

participants were at increased risk of CVD due to their weight. It was reported that
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participants in some studies had underlying health conditions: type 2 diabetes (2),
24% of the sample met the criteria of metabolic syndrome (5), 2.7% met the criteria
of depressive symptoms (3), while a median of two comorbidities was reported in
another study (1). No information about comorbidities was provided in other
studies. Participants were recruited between March 2010 and December 2015,

mainly utilising advertisements in different formats and by word of mouth.

In summary, studies varied in sample size and participants’ ethnicity
breakdowns. Age ranges were also varied, and while some studies used a mixture
of different ages, other studies concentrated on either younger or older
populations. Participants were mainly female and well-educated. The information
regarding comorbidities was patchy, but most participants were at increased risk of

CVD due to being overweight or obese.

2.3.4.2 Intervention groups

In study 1, researchers reported using an intervention condition that utilised
FTs and a control condition with a different structure of sessions and an incentive
payment. In study 2, two conditions were used where one group received an active
intervention with FTs in the first phase while the control condition was on the
waitlist; this was reversed in the second phase, which meant that both groups
utilised FTs in different phases of the study. In study 3, participants in both study
groups received the same intervention during the initial six months, and this was
followed by the randomisation of participants to two groups where, subsequently,
one received a standard intervention and the other an enhanced one with FTs. In
study 4, there were four study conditions; the first one focused on supervised

exercise, the second on the FTs use, strategies to increase PA and reduce
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sedentary behaviour, the third one was the combination of these two groups, and

the fourth group was a control condition where no intervention was applied.

In study 5, three intervention groups were examined. The first group
received the guided weight intervention programme. Participants in the second
group utilised FTs on top of the guided weight intervention, complemented by
meetings with study coaches focusing mainly on providing technical support
related to FTs. The third group was a combination of the first two groups. In study
6 (an RCT study), three groups were also utilised. Participants in the first group
received a standard weight intervention involving face-to-face session attendance
(authors called this group the control condition), while the other two groups
received FTs. Group 2 (technology-based intervention) received access to an
accompanying website to record and track information in addition to the FT, while
group 3 (enhanced technology-based intervention) could transfer their data to a
smartphone application. Participants in groups two and three had the session

content emailed to them, and monthly telephone sessions complemented this.

In study 7, a similar set-up to study 6 was utilised, and participants in the
first group received an intervention consisting of traditional education. Participants
in the second group utilised FTs and the related smartphone app in addition to the
traditional education, while participants in the third group also received financial
incentives in addition to these components (traditional education, FTs and access

to the smartphone app).

To summarise, intervention groups across studies were also very

heterogeneous, and while each study had a condition with FTs and at least one
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other comparison condition, no pattern of how intervention groups were set up was

observed.

2.3.4.3 Fitness tracker devices

All FT devices were commercially available and varied considerably
between the studies in terms of their functions. The devices manufactured by Fitbit
(Fitbit One and Fitbit Zip) were utilised in two studies (1 and 2). Both FTs were clip-
on devices that provided real-time feedback on the built-in screen to enable self-
monitoring of various PA aspects. Both devices had an accompanying website and
an app to enable users to view and record more detailed information (e.g., daily
food/calorie intake and weekly weight). Another study (4) utilised a clip-on device
(Omron HJ720-ITC) with a display screen providing participants with real-time
feedback. Fitmeter FT device (Fit.Life TM) was used in another study (7); this
device could be worn as a clip-on or wristband. This FT did not provide immediate

feedback on the device; this was available through the associated website or the
app.

The other three studies (3, 5 and 6) used devices worn on the upper arm. A
commercially available FT device (brand not specified) was utilised in study 3.
They were multi-sensor devices with a display screen to provide real-time energy
expenditure and PA feedback. Additionally, a web-based interface was available to
participants. The SenseWear armband by Jawbone was used in study 5. This
device was worn on the back of the left triceps and displayed real-time feedback
on a linked wristwatch. Additionally, the device was connected to an online weight
management system. In study 6, a device by Jawbone was used; it was worn in

the same place, but it was a different model (Body Media FIT system), which did
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not have a display of real-time feedback. Participants were able to monitor their

activity on the accompanying app.

Two studies (1 and 4), in addition to the FTs described above, also utilised
research-grade devices to measure activity patterns at assessment points (usually
worn for 7 days). As researchers used these for assessment purposes only (as
opposed to enabling participants to self-monitor their PA), these are not described

further in this review.

In summary, the devices utilised in the included studies varied considerably.
While devices used across five studies (1-5) provided real-time feedback on the
display screen, enabling immediate self-monitoring of PA-related metrics (and the
additional option to view the data presented on the website and an app), two
devices used in other studies (6 and 7) did not offer inmediate feedback and
instead, relied on an associated website and app to enable participants to monitor
their activity. Most FTs were either clip-on devices or devices worn on the upper
arm. The device utilised in study 7 was universal and could be worn as a clip-on or

wristband.

2.3.5 Outcome measures

All studies reported weight in kg as the primary study outcome, and three
studies (2, 3 and 7) also reported percentage weight loss. In the latter study, the
results were only reported as numbers of participants achieving goal percentage
weight loss. Participants’ initial BMI was reported in all studies, but only five studies
reported BMI as an outcome measure (2, 4, 5, 6 and 7). Most studies also reported
PA outcomes, but these were reported in various formats. Some studies reported

other physiological measures, for instance, glucose, blood pressure and

93



cholesterol, but again, there was no consistency in reporting these between
studies (see Table 2.2 for the details). Five studies also reported dietary intake (2,
3, 4, 6 & 7). Attrition rates were reported directly or calculated based on available
study results. Two studies (1 and 6) also measured psychological outcomes.
Social connectedness, self-rated health, self-efficacy, and intentions for PA were
looked at in study 1, while study 6 examined eating behaviours measuring self-
monitoring, shopping practices and emotional eating. Other studies did not report

psychological outcomes.

2.3.6 Overall results of studies
2.3.6.1 Weight outcomes

Study 1 reported more significant weight loss in the group of participants
utilising FTs compared to the control condition at six months (-4.3 kg difference, p
<.001). In this study, participants in the control condition (group 2) initially lost
some weight (reduced from 90.2 kg at baseline to 90.1 kg at the 3-month follow-
up) but subsequently gained it (91.6 kg at six months). As a result, control
condition participants concluded the intervention with a higher weight (+1.4 kg)
than when they started. Participants in group 1 (using FTs) decreased their weight
from 69.7 kg at baseline to 67.9 kg at three months. This subsequently decreased
to 67.3 kg at the 6-month follow-up (-2.4 kg). No significance levels were provided
for the differences between time points (only the between-group difference p value

was reported).

In study 2, both groups received an active intervention but at different
stages. Group 1 received the intervention with FTs in the first three months,
followed by the 3-month follow-up period. This was reversed in group 2, where
participants were initially on the waitlist for three months, subsequently receiving
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the 3-month intervention in phase two. Group 1 started with a baseline weight of
72.6 kg, which reduced to 70.5 kg at three months (-2.1 kg) and then increased
slightly to 70.8 kg at six months (-1.8 kg from baseline and +0.3 kg from the end of
the active intervention). In the second group, participants had a baseline weight of
78.8 kg, which reduced slightly to 78.6 kg (-0.2 kg) at the end of the waitlist period
and then reduced to 76.4 kg (-2.4 kg from baseline and -2.2 kg since the start of
the active intervention). This means that both groups receiving the active
intervention (whether at phase 1 or 2) had significantly greater weight loss
compared with the non-intervention group (the authors stated that the difference
was statistically significant, but the p-value not specified, d=.53 and .37,

respectively, compared with the non-intervention group).

Researchers in study 3 reported that their study participants in group 1
(attending the standard intervention without FTs) had a greater weight loss than
those in group 2 (attending the standard intervention with FT) at 24 months.
Participants in group 1 started with a mean weight of 95.2 kg at baseline, which
decreased by -8.6, -8.3, -7.3 and -5.9 kg at 6, 12, 18 and 24 months, respectively.
In group 2, on the other hand, participants had a mean baseline weight of 96.3 kg,
which decreased by -8, -6.7, -5.4 and -3.5 kg at 6, 12, 18 and 24 months,
respectively. The difference between groups was significant (p < .01) at 12, 18 and
24 months (not at 6 months). The intervention utilising FT technology (group 2) in
this study was found to be less effective than the standard intervention (group 1).
Study authors suggested that people utilising FTs were fixated on exercise goals
and perhaps forgot to follow the diet advice. The authors also suggested that
further investigation was needed and emphasised that since FT devices were

introduced at the 6-month point (after the main behavioural change intervention),
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this might have negatively influenced how the participants adopted and utilised
them. Additionally, as devices were worn on the upper arm, the authors highlighted

that they may not have reflected more contemporary devices.

Study 4 reported that the weight of participants decreased from the average
weight of 97.7 to 95.4 kg (-2.3 kg) in group 1 (exercise-focused condition), stayed
the same (101.2 kg) in group 2 (FTs and strategies provided to increase PA and
reduce sedentary behaviour), decreased from the average of 100.1 to 96.7 kg (-3.4
kg) in group 3 (a group that combined approaches from group 1 & 2) and
decreased from the average of 96.3 to 95.9 kg (-0.4 kg) in group 4 (control
condition) at post-intervention (12 weeks). Therefore, the greatest weight loss was
seen in group 3, where FT was combined with a structured exercise intervention.
Only the differences in groups one and three were significant (p < .01). Differences

between study groups did not reach statistical significance.

In study 5, there were no group differences for weight loss at the end of the
8-week intervention, but each group had a significant weight loss difference (p <
.001) between baseline and the 8-week assessment point (weight loss was -3.7 kg,
-4.1 kg, and -4.9 kg respectively). When all participants were clustered together,
the weight reduction was —-4.2 kg. The mean weight continued to decline modestly
during follow-up, with an average weight loss of 4.8 kg from baseline for all
participants at four months, broken down into 3.9 kg, 5.2 kg, and 5.6 kg for each
group, respectively. Differences at four months were not significant. The third
group (two interventions combined) had the greatest weight loss at eight weeks
and four months, but as highlighted earlier, only the difference at eight weeks was

significant.
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Study 6 reported a weight loss of -3.4 kg, -5.1 kg, and -4.8 kg at three
months (in groups 1, 2 and 3, respectively) and a weight loss of -6.6 kg, -5.2 kg
and -6.3 kg across the same groups at six months. All changes in weight across
time were significant (p < .001), but there were no significant differences between
groups. The initial mean weight in group 1 decreased from 110.9 kg at baseline to
107.5 kg (-3.4 kg) and 104.4 kg (-3.1 kg) at three and six months, respectively. In
group 2, the mean weight decreased from 112.2 kg at baseline to 107.2 (-5kg) and
107.1 kg (-0.1 kg) at three and six months, respectively and in the third group, the
baseline mean weight of 111.6 kg decreased to 106.8 kg (-4.8 kg) and 105.3 kg (-

1.5 kg) at three and six months respectively.

In study 7, the average weight loss in groups one, two and three was -0.4
kg, -1.1 kg, and -3.1 kg, respectively, with significantly greater (p < .01) weight loss
in the third group (FTs with financial incentives) relative to that observed in groups
one and two. The weight change difference between groups one and three
(standard intervention versus smart care with FTs and financial incentives) was
seen from the second appointment onward and was greater at the final

appointment.

In summary, studies reported mixed results in terms of weight outcomes. In
studies 1 and 2, weight loss was significantly greater in FT conditions. Similarly, in
study 7, significant weight differences were observed in favour of the group where
FT usage was coupled with financial incentives. In contrast, study 3 reported an
opposite trend where significant differences were found but favouring the control
condition (not the condition utilising FTs). Group differences were not significant in

studies 4-6.

97



2.3.6.2 Physical activity outcomes

As highlighted earlier, PA outcomes were reported in different formats
across the studies, for instance, steps, energy expenditure and moderate to
vigorous PA (MVPAS). In the first study, steps and MVPA were reported, and it
was found that group 1 (the intervention with FTs) had, on average, 2,080 more
steps per day at six months than participants in group 2 (control group). This
difference was significant (p < .05). MVPA increased at three and six months while
sedentary time decreased in group 1 (with a more considerable increase at 3
months). A reversed trend was seen in group 2, where participants decreased both
step counts and MVPA while sitting time increased over six months. However,

these differences were not significant.

In study 2, improvements in step counts were observed in both intervention
groups when the active intervention was received in phase one or two. Overall,
step counts increased significantly for each group that received the PilAm
Go4Health compared with the non-intervention group. The differences were
reported as statistically significant, but the p-value was not specified (d = 1.74 and

1.44, respectively).

In study 3, the differences between intervention groups for PA (MVPA and
sedentary time) were not significant. However, regardless of the study condition,
there was a significant change in MVPA (an increase in 10-minute sessions of

MVPA) and a reduction in sedentary time across 24 months (p < .001 for all).

In study 4, at 12 weeks, participants in group 1 (exercise condition)
increased MVPA (p<.05). In group 2 (the group utilising FTs and sedentary time

reduction strategies), there was an increase in MVPA and a reduction in sedentary
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time by 7% (p < .05). Group 3 increased MVPA significantly (p < .05) and
decreased sedentary time by 10.3% (p < .05). In group 4 (control group),
sedentary time increased significantly by 6.5% (p < .05). All between-group

differences were non-significant.

In study 5, PA was not reported, while in study 6, PA was reported as
energy expenditure (calories per week) that significantly increased across the 6-
month intervention (p < .001). Group 1 (the standard intervention) more than
doubled the number of calories burnt per week between the baseline and the 3-
month assessment (from 530.2 to 1294.9) and then increased it further to 1407.7
at the 6-month assessment. Group 2 (technology intervention incorporating FTs)
increased calorie expenditure per week from 913.6 at baseline to 1135.2 at three
months and then reduced it to 1048.7 at six months. The final group (an enhanced
technology-based intervention with FTs and Bluetooth) more than doubled the
same outcome measure from 444.5 to 1188.9 between the baseline and 3-month
assessment and subsequently increased it to 1933.3 at six months. There were no
significant differences between these three study conditions. The authors pointed
out, however, that participants in study conditions utilising FTs (groups 2 and 3)
monitored their PA more often than participants in group 1 (standard intervention),

even though it did not result in greater changes in PA.

Lastly, in study 7, levels of PA were significantly higher in group 3, where
smart care with FTs and incentives were utilised (relative to groups 1 and 2; p <
.01). The PA (calorie expenditure per day) at 12 weeks increased by 76 in group 1
(traditional education group), by 43.5 in group 2 (smart care with FTs) and by

535.4 in group 3 (smart care, FTs and incentives).
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In summary, most studies reported PA outcomes (6/7), but these were
reported in different formats. In the first two studies, steps were reported, and
these increased significantly in conditions utilising FTs. MVPA outcomes were
reported in three studies (1, 3 and 4), and sedentary time was reported in two
studies (3 and 4). While some differences in measurements across time were
present, there were no differences in PA between the study groups. Studies 6 and
7 reported PA in calorie expenditure. While this measure increased significantly
across time in study 6, there were no differences between study groups. In the final
study, however, a significant difference in energy expenditure was reported
favouring the study group (smart care and FTs), which also utilised financial

incentives.

The studies presented above reported PA outcomes with varying
measurement formats. While some changes were observed in PA over time, there
were no significant differences in PA between the study groups in most cases.
Only some studies (1, 2 and 7) reported significant PA differences between study

groups.

2.3.6.3 Attrition rates

When reported attrition rates were examined, it was revealed that in some
studies, attrition rates were lower in groups where FTs were utilised. The first study
reported an 8% attrition rate in group 1 that utilised FTs and 23% in group 2
(standard intervention). Similarly, in the third study, the attrition rate in group 2
(utilising FTs) was 23.6%, while in group 1 (standard intervention), it was 27.5%.
Study 5 also reported slightly lower attrition rates in conditions where FTs were
utilised. A 10% attrition rate was seen in groups two and three, while in group 1
(standard intervention without FTs), the rate was 16%. Another study (6) reported
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7% and 29% attrition rates in group 1 (standard intervention) at three and six
months, respectively, while in group 2 (technology-based intervention utilising
FTs), there were 0% and 25% attrition rates at the same assessment times.
Interestingly, attrition rates were comparatively higher in the third study group
(enhanced technology-based intervention utilising Bluetooth to transfer FT data
automatically to an associated app). Similar patterns were seen in study 7, where
group 1 (traditional education) had a 9% attrition rate, group 2 (smart care) had a
3% attrition rate, and group 3 (smart care with incentives) had an attrition rate of

9%.

In two other studies, attrition rates were very similar across conditions.
Study 2 reported 5% attrition in group 1 (receiving FTs in phase 1) and 0% in the
second group (receiving FTs in phase 2 following the waitlist period). Study 4, on
the other hand, reported 20% attrition rates in group 1 (exercise), group 3
(exercise, sedentary time reduction and FTs) and group 4 (control group). In
comparison, group 2 (sedentary time reduction and FTs) had a slightly higher

attrition rate of 22%.

In summary, while some studies reported lower attrition rates in conditions
with FTs (studies 1, 3 and 5), other studies (2 and 4) had similar attrition rates
between conditions. In studies 6 and 7, where two study conditions utilised FTs,
attrition rates were varied (the highest in the enhanced technology condition in
study 6 and mixed in study 7, where the FT condition with financial incentives had
higher attrition rates than the FT condition without incentives). It must be pointed
out that it is difficult to compare those attrition rates as the duration of

interventions, study conditions, and intervention delivery methods differed.
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2.3.6.4 Other outcomes

As no universal pattern of reporting other measures was observed (blood
pressure, BMI, waist circumference, dietary intake, blood glucose, lipids, body
composition and peak oxygen uptake), no comparisons were made as not enough
studies reported these. It is, however, essential to point out that in addition to
reporting weight loss, PA, and anthropological measures (e.g., BMI and waist
circumference), two studies (1 and 6) also reported psychological outcomes. In
study 1, where social connectedness, self-rated health, self-efficacy, and intentions
for PA were looked at, the only significant difference between groups was found in
intentions to perform PA (in favour of group 1 utilising FTs; p < .05). Study 6
examined eating behaviours (measuring self-monitoring, shopping practices and
emotional eating) but no differences between study conditions were identified.
There was, however, an increase in eating behaviour inventory scores across time
for all participants clustered together (p < .001), indicating an improvement in
successful weight management strategies. Other studies did not report

psychological outcomes.

2.3.7 Limitations of the studies

As studies in this review were mainly pilot studies (5/7), their sample size
was small, highlighted as a limitation by almost all researchers. The third study
was the only exception, as the number of participants in this RCT study was larger
(n=470). However, the main limitation of this study was related to the sample being
restricted to young adults, making results impossible to generalise to other age
groups. The problem of generalisability was also highlighted by the authors of the
second study, where mainly highly educated immigrants from a specific geographic

area were recruited, making results hard to generalise to other groups and other
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areas. Similarly, study 5 emphasised that a relatively homogenous sample of well-
educated, White adults might make results difficult to generalise. Authors of study
6 also pointed out that their study participants might not have reflected the
demographic characteristics of the general population seeking weight loss
treatment. Authors of study 7 also highlighted this study limitation as their study

recruited only male university students.

Authors of studies 2 and 6 also highlighted that their studies were limited to
participants who owned smartphones with Internet access. While this was explicitly
highlighted only in those two studies, it can be said that this applies to all reviewed
studies. However, mitigating this issue in studies utilising FTs that rely on modern

technology and internet access is difficult.

The authors of the first study stressed that their research had a limited
recruitment period (3 weeks), which led to low participant numbers. Study 5
pointed out that recruiting participants in two waves may have influenced study
outcomes as these cohorts started their interventions in two different seasons. The
duration of interventions was also listed as a potential limitation; for instance,
authors of the second study highlighted that their intervention (3 months and an
additional waitlist/follow-up period of 3 months) could have influenced participants’

ability to achieve 5% weight loss due to the short intervention duration.

Other limitations highlighted the design of the study conditions. Researchers
in the third study flagged that they had no control condition (a group receiving no
treatment). Similarly, the authors of study 5 listed having no control group as a
study limitation. None of the studies offered a design solution where two groups

would have received the same weight management intervention while one group
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would have used FT on top of the standard intervention. It is believed that this
solution would have made the comparisons of groups easier and enabled an actual

assessment of the FTs' efficacy.

Regarding FTs, most studies used upper-arm worn or clip-on FT devices,
and these might not accurately represent the efficacy of more modern devices
worn on the wrist (Jakicic et al., 2016). Authors of study 3 pointed out that the
device used in their study did not potentially reflect the effectiveness of more
modern, wrist-worn FT devices. As devices were generally cumbersome, this could

have led participants to experience barriers to wearing them.

2.4 Discussion

This scoping review aimed to answer the main review question, ‘How
effective are FTs when used as part of a weight management programme for
overweight and obese people?’ The review also explored whether FTs lead to
different weight management programme outcomes, e.g., weight loss, compared
with the intervention as usual (control). Additionally, the review intended to
investigate whether FTs affect participation rates of weight management
interventions. Finally, the review aimed to provide a broader context for the current

thesis.

2.4.1 Summary of findings

Studies considered in this scoping review were highly heterogeneous in
many respects. Participant samples varied greatly in terms of age, ethnicity, and
education/employment status. Since some studies were designed as pilots and
others as RCTSs, the numbers of participants across these also varied greatly.

There were no common patterns regarding the intervention design, duration, and
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assessment intervals. Aside from weight outcomes, PA and attrition rates, other
measures were not reported across enough studies to enable comparisons
between the studies. Only two studies reported psychological outcomes.
Additionally, studies were mainly Western (North America), with only one study

conducted in South Korea.

Across the studies, mixed results were reported regarding weight loss and
PA outcomes, as well as attrition rates in relation to the use of FT. Three studies
(1, 2 and 7) reported significantly greater weight loss outcomes in conditions
utilising FTs than other groups. In three other studies (4, 5 and 6), while no
significant differences in weight outcomes between the study groups were found,
the direction of the results was in line with the other studies (the interventions that
included FT tended to report more prominent weight loss in comparison to other
interventions). One study (3) reported an opposite trend where significant
differences were found but favouring the control condition (the condition without

FTs).

These trends are broadly in line with the results presented by Cheatham
and colleagues (2018). In their systematic review, 20 out of 25 studies reported
more significant weight loss when FTs were used with the weight management
intervention. The authors of this review also concluded that weight management
interventions shorter than six months that utilise FTs might be more effective than
programmes longer than six months. The current review presents similar results
while looking at a more up-to-date evidence base — most studies with a duration
shorter than six months had more prominent weight loss in conditions with FTs (but

some were not significant).
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Due to PA outcomes being reported in various formats (steps, MVPA,
sedentary time or calorie expenditure), results were difficult to compare. Studies
reporting steps as PA outcome (1 and 2) found significant differences between
study conditions favouring those utilising FTs. Studies reporting MVPA (1, 3 and 4)
and sedentary time (3 and 4) found no significant differences between study
groups. One study (5) did not report any PA outcomes, while the latter two (6 and
7) used calorie expenditure as the PA outcome measure. There were no significant
differences between the study groups in PA in study 6. In study 7, however, a
significant difference in energy expenditure was reported favouring the FTs study
group that also utilised financial incentives (when compared with the traditional

education and FTs-only groups).

The inconsistency in PA reporting was also highlighted previously. For
instance, Lewis and colleagues (2015) stressed that the heterogeneity in reporting
PA makes it challenging to compare PA changes across studies. While this group
of researchers concluded that FTs could increase PA and decrease weight (Lewis
et al., 2015), other reviews concluded that adding FTs may not confer more

favourable results (Sypes et al., 2019).

Reported attrition rates were also mixed. Some studies reported lower
attrition rates in conditions with FTs (studies 1, 3 and 5). In other studies (2 and 4),
attrition rates were fairly similar between conditions. In the other two studies (6 and
7), attrition rates were varied between conditions. Due to the various durations of
studies and intervention delivery methods, comparing attrition rates was also
difficult. In the studies considered in the current review, the attrition rates ranged
from 0% to 38% (4 studies below 10% and 3 studies between 23.6% and 38%) in
study conditions that utilised FTs. In Lewis and colleagues' (2015) review, 7 of 11
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studies reported 20% or lower attrition rates. Another review (Cheatham et al.,

2018) reported that attrition rates ranged from 2% to 32%.

2.4.2 Limitations of the review

One of the key limitations of this review is the heterogeneity of the included
studies. As each study employed a different methodology, participants' samples,
and various devices, no direct comparison nor a meta-analysis could have been
conducted. Each study concentrated on a different age group of participants
ranging from male students to women of retirement age. Due to this, direct
comparisons between studies were difficult, while results cannot be generalised to
wider populations. Apart from one study (7) where participants were male only,
most were females. This can also be seen as a limitation, as studies cannot be
generalised to both sexes. Similarly, except for two studies where participant
cohorts consisted of non-White populations (2 and 7), the ethnicity breakdown in
other studies was either unknown or the sample mainly consisted of White
participants. Thus, results should be treated cautiously as they might not be
generalisable to wider populations, including people from ethnic minority

backgrounds.

Additionally, due to the time frame the papers were searched within, devices
used in the studies were primitive (arm-worn/clip-on as opposed to a more modern
wrist-worn device), and this could also have been seen as a limitation as more
modern versions of FTs may be possibly more attractive and easier to use, and
that in turn could lead to different results. Only two studies took into account
psychological factors. Due to only English language publications being considered,

the review was limited to a particular pool of evidence, perhaps omitting evidence
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from non-English studies. Finally, all but one of the studies (7) were based in North

America, and none were UK-based.

2.4.3 Implications for the thesis

Studies considered in this scoping review have provided a valuable context
for the thesis, but several limitations were also highlighted in the review process.
Due to the heterogeneity of the included studies, a direct comparison of results
was not conducted, and instead, findings were presented in a narrative synthesis
format describing observed trends. In summary, the results were mixed; three
studies reported significantly greater weight loss in groups using FTs, and the
other three reported the same trend, but it did not reach a significance level. Only
one study out of seven reported greater weight loss in their control condition

compared to the FT condition.

The attrition rates on programmes utilising FTs appeared to be lower in
three studies or relatively equal to other conditions in two studies, while the
remaining two reported varied attrition rates. All studies included in the review used
study conditions that received different intervention components, making it hard to
isolate the effect of FTs. The review highlighted the need to conduct a study
designed in a format that allowed a direct comparison of groups that received the
same intervention except for one group receiving the FT as an addition. A study
design including a true control condition (with a standard weight management
programme and no FT), such as the one proposed in this thesis, was believed to
be more appropriate to assess the effect of FT devices and test whether they
influence participants’ outcomes. A need to conduct more research looking at
psychological factors associated with FT usage and weight management
programme outcomes was also identified.
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The reviewed studies utilised female participants in a larger proportion;
participants were mainly well-educated and largely came from White ethnic
backgrounds. It was felt that studies considering participants from less-represented

backgrounds were needed to build on the existing research.

FT devices used across the studies were considered dated as more modern
wrist-worn devices became available in this rapidly evolving field of wearables. The
review highlighted the need to undertake studies that utilised more modern FTs
providing real-time feedback in an accessible format to enable self-monitoring of

behaviours that can have an impact on weight management e.g., PA.

As none of the studies was based in the UK, it was felt that conducting
research that investigates the use of FTs as part of the UK-specific weight
management intervention was crucial to examine whether similar trends could be

observed.

Overall, the results of these studies suggested that FTs may be effective in
promoting weight loss. However, more research was needed to confirm these
findings, determine the optimal usage of FTs for weight loss and examine which
populations respond well to these devices. The results of this scoping review
strengthened the argument for conducting the empirical study included in this

thesis.

2.4.4 Scoping review search update

Since the initial search was conducted in February 2018 (retrieving articles
published between 01/01/2013 and 31/01/2018), several studies on FTs in weight
management have been published. A new search was conducted in July 2023

using the same search terms as before and applying 01/02/2018-30/06/2023
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timeframes. PubMed, PsychArticles, CINAHL and CENTRAL via Cochrane Library
were searched. Access to SPORTDiscus and Web of Science was no longer

available.

A total of 657 articles were identified; 103 of these were duplicates. After
their removal, titles and abstracts of the remaining articles (554) were screened,
and 540 were excluded. Full texts of the remaining 14 articles were retrieved and
assessed for eligibility. Subsequently, 12 studies were excluded. Reasons for
excluding records were as follows: study protocols (2), interventions being digital
(3), having no control condition (5), using a device for tracking bites (a wrist-worn
device that detects food/beverage consumption) as opposed to PA (1) and
focusing on FT use discontinuation (1). Two studies were identified as suitable to
be included in a potential update of the scoping review (Clemes et al., 2022; Rosas
et al., 2020). The first one was UK-based - Clemes and colleagues (2022) — and it
reported a significant increase in daily steps taken by participants (truck drivers
with a mean BMI of 30.4) utilising FTs when compared with the control group at six
months (1008 steps per day more). Participants in the FT condition also spent
significantly less time sitting (-24 minutes per day) and spent more time on MVPA
(6 minutes per day) than those in the control condition. No significant differences in
weight between conditions were observed but the authors highlighted that the
utilised weight management programme should be revised to put a greater

emphasis on diet.

In the second study, which was US-based, obese Latino adults at high risk
of diabetes were focused upon (Rosas et al., 2020). The authors found that weight
management intervention with FTs led to greater weight loss within 12 months
compared with the control condition (-2.6 versus -0.3 kg). Weight did not
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significantly differ between the two study groups at 24 months, suggesting that the

intervention’s effectiveness diminished over time.

It is also important to note that two key differences were observed when
comparing the recent and original database searches. Firstly, the results of the
second, more recent search included mainly digital weight management
interventions, likely influenced by the pandemic-related restrictions on face-to-face
group sessions in various countries. Secondly, there was a notable rise in the
number of studies showcasing the implementation of Artificial Intelligence and
Machine Learning techniques for analyzing FT data. These results highlight the
emphasis on digital approaches for weight management and growing interest in

advanced technologies for gaining insights from FT data.

In 2022, an extensive umbrella review (a review of systematic reviews and
meta-analyses) of the effectiveness of FTs for increasing PA and affecting
physiological outcomes (including weight) was published (Ferguson et al., 2022).
In this large-scale review, 39 systematic re