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Abstract

Background: Together, poor diet and obesity are the leading cause of chronic
disease in Australia. Digital interventions that can be delivered remotely and up-
scaled have the potential to improve diet quality and produce modest weight loss at
a population level. This thesis describes the studies undertaken to design and
evaluate a theory driven, digital, tailored weight loss intervention. The aim is to (1)
Investigate whether using technology and tailored feedback can improve dietary
behaviours and (2) Describe the studies undertaken to develop and evaluate a theory

driven digital tailored weight loss intervention.

Methods: A four-stage multi-method approach included (1) a systematic review of
the dietary assessment methods used in digital, tailored interventions for weight
loss. Next, (2) a process evaluation of the Connecting Health and Technology
(CHAT) study to determine the mediators of behaviour change and then (3) six
interviews and six focus groups with 56 potential users and health professionals to
inform the design and development of Tailored Diet and Activity (ToDAy). Finally,
(4) conduct a three armed randomised controlled trial to perform quantitative and
qualitative evaluation of ToDAy. Weight and dietary intake data collected at
baseline and 6-months were analysed. (5) Telephone interviews with 19 participants
who either gained, lost or maintained weight, were conducted to explore their

experience of the intervention features.

Results: (1) Systematic review: Out of 222 studies screened at the full text, 13 met
the inclusion criteria. Diet records where participants select food and beverage
items from an existing database were most commonly used. There was little
homogeneity for how the dietary assessment was used to inform tailored feedback,
and quality of dietary assessment ranged from brief and inadequate to
comprehensive and validated. (2) Process evaluation: Participants who agreed that
dietary feedback made them think about vegetables were more likely to increase
their intake by at least half a serve than those who disagreed [odds ratio (OR) =
4.28, 95% Confidence Interval (CI): 1.76 to 10.39]. Those who agreed that the text
messages made them think about how much ‘junk’ foods they ate, were twice as
likely to decrease their junk food by over half a serve (OR =2.39, 95% CI: 1.12 to
5.25) than those who disagreed. (3) ToDAy design and development: Thematic



analysis of qualitative results revealed dominant themes of misinformation, lack of
confidence, and ambivalence hindering weight loss efforts. Participants expressed a
preference for image-based dietary feedback with clear, actionable goals to help
weight loss and improve diet quality. (4) RCT findings: One-fifth of participants
receiving tailored feedback achieved clinically significant weight loss at 6-months
(>5%). (5) Exit interviews: Intervention participants attributed the weight loss to
increasing knowledge of their diet, self-monitoring of their behaviour, and feedback

on their behaviour.

Conclusion: Findings from this body of work present evidence regarding the
acceptability and feasibility of using technology to improve dietary intake among

adults with overweight and obesity.
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Chapter 1 Introduction

Statement of the problem

Poor diet is the leading modifiable cause of poor health in Australia (Melaku et al.,
2019). The consequences are seen across the population but are most prevalent in
those with social disadvantage. Related issues include the increasing prevalence of
overweight and obesity (Australian Bureau of Statistics, 2015) and chronic diseases
like type 2 diabetes, cardiovascular disease and several types of cancer (Afshin et
al., 2019; Australian Institute of Health and Welfare, 2016; World Health
Organization, 2005). The Australian Guide to Healthy Eating depicts proportions of
the five core food groups to be consumed daily (National Health and Medical
Research Council, 2013b). Adherence to these guidelines is poor and Australians
are consuming excess amounts of saturated fat, processed meat, sugar-sweetened
beverages, and sodium and inadequate amounts of fruits, vegetables, nuts, seeds and
wholegrains (Australian Institute of Health and Welfare, 2016). Wide-reaching
interventions to improve diet quality and reduce the trends in weight gain are
needed urgently, but there is limited evidence regarding strategies that are effective

and scalable.

Existing evidence suggests population-level interventions have the potential to
produce wide-reaching awareness of the link between poor diet and health, but the
messages need to be personalised to resonate with individuals and change behaviour
(Croker et al., 2012; King et al., 2013; Kite et al., 2018). Tailored interventions can
take generic messages and personalise them to reflect the unique characteristics of
the individual. For example, a generic dietary message is to “eat at least 2 serves of
fruit and 5 serves of vegetables every day”. A personalised message adapts this
advice based on an assessment of the individual, for example “Hello Sam, on
average you are eating 1 serve of fruit and 2 serves of vegetables. Almost half-way
to achieving the daily goal”. The feasibility of a tailored intervention at a population

level has not yet been fully explored in Australia.

Clinical interventions are delivered to individuals or small groups, offering
personally tailored dietary assessment, feedback on dietary behaviour and behaviour

change strategies like self-monitoring and goal setting (National Health and



Medical Research Council, 2013a). There is evidence to show this has some success
in achieving sustained and clinically significant weight loss (Cleo et al., 2019;
Douketis et al., 2005; Plotnikoff et al., 2015). However, offering this intervention to
those at risk would exhaust current health care services. A potential solution is the
use of digital, tailored interventions that can replicate the effective features of

clinical interventions on a larger scale.

LiveLighter® is a West Australian health education campaign, that aims to prevent
obesity. The campaign depicts graphic images of ‘toxic’ fat followed by messages
informing people how to reduce their risk, for example, by avoiding sugar-
sweetened beverages (SSB) (LiveLighter, 2019). There is an option to enroll online
to access a meal planner, recipes, weight-monitoring tools and newsletters. Cross-
sectional surveys with 1,500 adults, shows significant population awareness, with
overweight participants more likely to recall the campaign and report the messages
as personally relevant (Morley et al., 2013). The evaluation found similar levels of
campaign awareness and personal relevance between male and female respondents
(over 40% male) and across socio-economic status, (approximately one third of
participants reported low socio-economic status). Later campaigns targeting SSB
reported increased knowledge on their link with weight and modest decreases in
intake (Morley et al., 2019). Despite the successful engagement and awareness
raising, the ‘LiveLighter’ campaign has report limited change in behaviour. This is
likely due to the static nature of the information and the lack of tailored content. To
have any impact on actual behaviour and subsequently health outcomes, we need
more personalised and specific change messages. To date, there is limited evidence

about how this should be done at a population level.

Significance of this research

This thesis will examine the use of technology and tailored feedback to improve
dietary behaviours. The research will include design, development and evaluation of
a digitally tailored weight loss intervention, based on objective measures of diet.
Interventions utilising digital technologies have the potential to improve
engagement and reach but require further exploration. This body of research has the

potential to positively impact dietary behaviours and may inform the early



intervention and management of overweight and obesity, the aim of the WA

Healthy Weight Action Plan (WA Department of Health, 2019).

Aims

1.

This thesis will investigate if using technology and tailored feedback can

improve dietary behaviours

2. Describe the studies undertaken to design and evaluate a theory driven

Objectives

digital tailored weight loss intervention.

Chapter

Objectives

3

Systematically review the protocols for dietary assessment (DA) methods used
to inform tailored feedback in digital weight loss interventions, examining the
digital platforms used for data collection, type of DA and duration of the
assessment

Report on young adults’ experiences of receiving the dietary feedback in the
Connecting Health and Technology (CHAT) study and determine whether
those experiences were associated with positive improvements in dietary
intake.

Conduct a formative focus group study to inform the development of a digital,
tailored weight loss intervention and identify behaviour change techniques for
weight loss.

Explore preferences for digital intervention features that are proven to be
effective in changing dietary behaviours.

Protocol for ToDAYy: one year randomised controlled trial (RCT): Investigate
whether a tailored intervention using mobile technology can improve dietary
behaviours in adults with overweight or obesity.

Investigate whether ToDAYy can improve dietary behaviours in adults (aged 18-
65) with overweight or obesity

Conduct a qualitative study (exit interviews) to identify intervention features
influencing participants’ motivation, capability and opportunity to change their
dietary and activity behaviours

Explore participants’ preferences for intervention features and how the
intervention might be improved




The study design starts with the mobile food record (mFR), an image-based dietary
assessment app (Ahmad et al., 2016). The mFR was used to assess diet in the
Connecting Health and Technology Study (CHAT) (Kerr et al., 2012). This six-
month randomised controlled trial (RCT) provided participants with tailored dietary
feedback that resulted in reductions in junk food, increased intake of vegetables and
unintentional weight loss (Kerr et al., 2016). The results indicated the potential for
this approach to replicate features of face-to-face dietetic interventions — improving
diet quality, increasing nutritional knowledge and achieving moderate weight loss.
Further studies were needed to confirm these findings in older adults with

overweight or obesity.

At a similar time, LiveLighter® was developed in Western Australia — a public
health campaign using mass media to educate Australian adults about the link
between excess weight and health (LiveLighter, 2019). The messages focus on
encouraging people to eat less discretionary food, increase their physical activity
and increase their fruit and vegetable consumption. The Live Lighter website
includes healthy eating tips, recipe ideas and online support to maintain healthy
weight behaviours. To measure of the impact of the media campaign, a cross-
sectional survey with adults aged 25-49 was conducted pre-campaign (N=2012)
and after two media campaigns (N= 2005 and N= 2009) (Morley et al., 2016).
Results shows significant population awareness, with overweight adults more likely
to recall the campaign and report the messages as personally relevant to them
(Morley et al., 2016). A major strength of this evaluation is that it reveals that social
marketing is effective in engaging a target group with a clear health message, a
prerequisite for behaviour change (Wakefield et al., 2010). Evaluation of
LiveLighter® revealed wide-reaching awareness and relevance of the campaign
messages (Morley et al., 2013; Morley et al., 2014). The researchers highlighted the
need for more intensive and tailored intervention to change behaviour by exposing a

gap between clinical weight-loss interventions and public health campaigns.

This thesis describes the research undertaken to develop and evaluate a theory-
based and person-centred, tailored weight-loss intervention that can be delivered
digitally and up-scaled. The candidate’s role began with a systematic review to

explore the dietary assessment methods and protocols used in digital, tailored



interventions for weight loss was conducted. The aim of this study was to examine
the platform, duration, frequency and method of dietary assessment used to inform
tailored, dietary feedback. Chapter 3 is the draft manuscript submitted for
publication. Next, was a process evaluation of the connecting health and technology
(CHAT) study, using existing data to explore the characteristics and diet of
individuals who benefitted most from tailored feedback. This study reported
participants’ experiences of using the mobile food record, receiving dietary
feedback and the factors mediating improvements in dietary intake, following the 6-
month RCT (Kerr et al., 2016). The publication that comprises chapter 4 is the
published article describing this study (Halse et al., 2019).

Next, I recruited two consumer representatives, 18 health professionals and 56
participants to contribute to the design and development of the ToDAy intervention
protocol. Using my previous experience in qualitative research, I conducted 16
focus groups and interviews to explore the acceptability and preferences for
intervention features. The results of the user feedback from 56 participants comprise
the publication in Chapter 5 (Shoneye et al., 2020). The results of the qualitative
study were presented to a research steering committee to guide the development of
the intervention; this included representatives from LiveLighter® and researchers
with expertise in intervention development, behaviour science, dietetics, public
health and physical activity. I worked on the protocol for the intervention, including
the selection of assessment tools, recruitment, screening and assessment of
participants. Chapter 6 outlines the protocol for the dietary elements of the study,
adapted from the published protocol, which the candidate co-authored(Halse et al.,
2019). My role also included development of the dietary feedback templates used to
provide tailored feedback to participants taking part in the ToDAy intervention and

data collection both in person and online.

Chapter 7 provides a quantitative analysis of the results from ToDAy, outlining the
participants characteristics and outcomes measured at baseline and six-months. The
aim of the final study was to explore the experience of a range of users who
completed the ToDAYy intervention. I designed the script, protocol, recruited all
participants, collected and analysed all the data, and drafted the manuscript. Chapter

8 presents the study design and results. My supervisors, co-authors, and formal



training opportunities afforded by Curtin University guided my research and

academic writing throughout the thesis development.



Definitions
The following definitions are used throughout this thesis:

Body mass index — a measure used to indicate adiposity and the risk this poses to
chronic disease. The calculation is made by dividing a person’s weight in kilograms

by the square of the person’s height in metres (kg/m?).

Dietary feedback — an assessment of an individual’s food and beverage intake,

based on self-reported dietary behaviour.
Digital - electronic technology that generates, stores, and processes data

Food images — an image of food or beverage consumed, collected for the purpose

of dietary assessment, dietary analysis or dietary feedback.

Energy-dense nutrient-poor (EDNP) — referred to as ‘discretionary foods’ in the
Australian Dietary Guidelines (ADGs) and ‘junk foods’ in participant
communication. These foods and beverages contain minimal nutritional value and

are high in energy (kilojoules), saturated fat, added sugar, salt and/or alcohol.

Mobile food record™ — A mobile dietary assessment application that runs on a
mobile device that allows an individual to capture ‘before’ and ‘after eating’ images
of all foods and beverages consumed for a specified period of time (4-7 days),
which are then sent to a server for analysis by either a trained analyst or automated
method. Technology Assisted Dietary Assessment System (TADA) consists of two
parts: the mobile food record App (mFR™) and a dedicated cloud-based server for

storing food and beverage images.
Overweight — a body mass index between 25.0 and 29.9 kg/m?
Obesity — a body mass index of 30.0 kg/m? and above

Self-monitoring - a method used in behavioural management in which individuals

keep a record of their behaviour (e.g., type, quantity of food consumed)



Smartphone — a mobile phone with the capacity to install computer functions that
typically include internet access, text messaging, an operating system that can run

downloadable apps and an integrated camera.



Chapter 2 Literature review

Overview

This literature review will examine the role of diet and dietary behaviour and
critique five principal areas of relevance: diet and health, clinical weight loss
interventions, population interventions, using technology to improve dietary intake,
and tailoring dietary message. This review will identify the limitations of existing
literature as well as the gaps which need further research. Finally, the review will
explore the potential to merge the effective features from weight loss interventions

used in clinical, digital and tailored approaches.

Diet and health

Poor diet is the leading modifiable cause of ill health in Australia (Melaku et al.,
2019). Epidemiological data from observational studies provide evidence of the
likely causal link between dietary factors associated with a lower risk of disease
(fruit, vegetables) and those associated with an increased risk of disease (processed
meats, sodium and trans fats) (Micha, 2017;Fund, 2018 ). Global risk patterns show
that inadequate intakes of fruit, vegetables, nuts, seeds and whole grains, and excess
intakes of red meat and sodium, underpin the burden of diet-related disease
(Forouzanfar et al., 2016; Melaku et al., 2016). This is known as nutrient dilution,
when energy dense, nutrient poor food and beverages (EDNP) displaces essential
whole foods required for good health (Forshee & Storey, 2004). In Australia, a
national survey of over 400 adults found that higher diet quality was associated with
lower risk of excess weight for both men and women and higher risk of
hypertension for men (Livingstone & McNaughton, 2016). Poor diet quality is also
linked to the increased risk of developing type 2 diabetes, cardiovascular disease
and cancers of the bowel, uterus, gall bladder, cervix and liver on a global scale
(Afshin et al., 2019; Australian Institute of Health and Welfare, 2016; World Health
Organization, 2005).

This section will review the background for the dietary targets that form the basis of

interventions to improve diet quality and produce clinically significant weight loss.



Australian Dietary Guidelines

The nutrient reference values (NRV) for Australia prescribe intakes for energy,
protein, carbohydrates, fibre, fats, vitamins and minerals according to age, gender
and life stage (National Health and Medical Research Council 2017). The NRV
include intakes recommended to avoid deficiency, and dietary targets that have been
set to prevent or reduce the risk of chronic disease. For example, the target for fibre
was developed to reduce the risk of coronary heart disease, with suggestions to
achieve this by replacing EDNP with fruit, vegetables and wholegrain cereals
(National Health and Medical Research Council 2017). The Australian Dietary
Guidelines (ADG) provide advice on dietary patterns, types of foods and amounts
of food recommended to meet these energy and nutrient requirements. The five

guidelines in the 2013 revision of the ADG are listed below in Table 2-1.

Table 2-1The Australian Dietary Guidelines (National Health and Medical Research
Council (Australia), 2013)

Guideline 1  To achieve and Children and adolescents should eat sufficient
maintain a healthy  nutritious foods to grow and develop normally.
weight, be They should be physically active every day and
physically active their growth should be checked regularly
and choose Older people should eat nutritious foods and keep
amounts of physically active to help maintain muscle strength

nutritious food and  apd a healthy weight
drinks to meet your

energy needs.

Guideline 2 Enjoy a wide Plenty of vegetables of different types and
variety of colours, and legumes/beans
nutritious foods Fruit
grorg these five Grain (cereal) foods, mostly wholegrain and/or
d(;o. groups every high cereal fibre varieties, such as breads, cereals,
Y- rice, pasta, noodles, polenta, couscous, oats,
quinoa and barley
Lean meats and poultry, fish, eggs, tofu, nuts and
seeds, and legumes/beans
Milk, yoghurt, cheese and/or their alternatives,
mostly reduced fat
And drink plenty of water
Guideline 3 Limit intake of Limit intake of foods high in saturated fat such as
foods containing many biscuits, cakes, pastries, pies, processed

saturated fat, added meats, commercial burgers, pizza, fried foods,
salt, added sugars  potato chips, crisps and other savoury snacks

and alcohol. * Replace high fat foods that contain
predominately saturated fats such as butter, cream,
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Guideline 4 Encourage,

Guideline 5

support, promote
breastfeeding.

Care for your food,;
prepare and store it
safely.

cooking margarine, coconut and palm oil with
foods, which contain predominately
polyunsaturated and monounsaturated fats such as
oils, spreads, nut butters/pastes, and avocado

» Low-fat diets are not suitable for children under
the age of 2 years

Limit intake of foods and drinks containing added
salt

* Read labels to choose lower sodium options
among similar foods

* Do not add salt to foods in cooking or at the
table

Limit intake of foods and drinks containing added
sugars such as confectionery, sugar-sweetened
soft drinks, and cordials, fruit drinks, vitamin
waters, energy and sports drinks

If you choose to drink alcohol, limit intake. For
women who are pregnant, planning a pregnancy or
breastfeeding, not drinking alcohol is the safest
option

The guidelines include five core food groups: 1) vegetables, legumes and beans; 2)

fruit; 3) grain and cereal foods; 4) lean meat, poultry, fish and alternatives and 5)

milk, yoghurt, cheese and alternatives. EDNP or ‘discretionary’ food and beverages

and spreads and oils are identified as having a role in the diet but are not included in

the core groups. The ADG explicitly describes the importance of energy intake with

a dedicated guideline encouraging individuals to ‘limit’ intake of discretionary

foods, which are energy dense and nutrient poor (National Health and Medical

Research Council, 2013b). However, the ADG acknowledge that people enjoy

EDNP food and beverages, and its cultural and celebratory functions. The guideline

suggests that those wanting to lose weight will not be able to “fit these in’ their

energy target while people with a healthy weight can consume these in ‘occasional,

small amounts’. This advice is also similar in Canada, the United States and the

United Kingdom which all provide qualitative guidance to consume these foods and

beverages ‘sometimes’, ‘in small amounts’ and ‘occasionally’ (Bush et al., 2007;

Buttriss, 2016; Committee, 2015).
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Nonetheless, these guidelines are problematic for several reasons. While the advice
is consistent and evidence based, the language is broad and open to interpretation.
Secondly, the advice is reliant on people accurately identifying their weight status,
but we know that under-perception of weight is widespread (Feng, 2019;Langellier,
2015;Hernan, 2014;Salcedo, 2010). Data from UK surveys found that almost one-
third of women and about half of the men with overweight or obesity, identified as
being a healthy weight (Johnson et al., 2008; Robinson & Oldham, 2016). Thirdly,
while examples of discretionary foods and beverages are provided, there is not a
definitive criterion of what constitutes these foods or beverages. A serve of EDNP
is defined as the amount providing 600 kJ, and consumers are advised to use the
nutrition information panel to calculate this. Low levels of literacy, food insecurity,
and health claims on food packaging can make this difficult and confusing
(Cowburn, 2016). For example, evidence from Australian data found that terms like
‘low fat’, ‘no added sugar’ and ‘wholegrains’ appear on discretionary foods such as

cakes, biscuits and deserts (Pulker et al., 2018).

Surveys with Australian consumers reveal the term ‘discretionary food’ is not
understood, and there is confusion over which foods are considered healthy or
unhealthy (Pettigrew et al., 2017). Furthermore, there is a disconnect between what
people perceive they are eating and what they are actually eating. One study found
that young adults who reported trying to limit their junk food consumed less than
their peers but significantly more than recommended — almost three servings of
EDNP and SSB per day (Harray et al., 2017). Moving forward, the ADG needs to
either develop strategies to educate the public on discretionary foods or amend the

language, so the content is more easily understood.

Trends in dietary intake

The intake of EDNP foods and beverages is associated with poor diet quality,
increased risk of obesity, and chronic disease (Smith et al., 2012; World Health
Organization, 2003). Specifically, consuming takeaway foods is associated with
abdominal obesity in Australian young adults (Rangan, Schindeler, Hector, Gill, &
Webb, 2009; Smith et al., 2009). EDNP are typically high in energy, saturated fat,
added sugar and/or added salt or alcohol but low in nutrients and deemed

unnecessary for a healthy diet (National Health and Medical Research Council,
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2013a). Since 1995, the portion size of seven popular EDNP foods has increased
significantly: pizza, cake, sausages, cereal bars, processed meat, ice cream and wine
(Zheng et al., 2017). These foods are consumed frequently, with Australians
spending almost 40% of their weekly food budget on takeaways and alcoholic
drinks, three times the amount spent on fruit, nuts and vegetables (Australian

Institute of Health and Welfare, 2019).

Between 1995 and 2012 data from the National Nutrition and Physical Activity
Survey show that energy intake from lean meat and poultry, fish, eggs, nuts and
seeds and legumes/beans increased while decreasing for vegetables and
legumes/beans, and discretionary foods (Australian Institute of Health and Welfare,
2019). Issues with participants under reporting food intake and the length of time
between surveys makes it difficult to quantify this trend accurately so it is not
possible to identify the cause. A later study assessing diet quality in over 9,000
adults from the 2011-2012 National Nutrition and Physical Activity Survey used
the Healthy Eating Index for Australians with a maximum score of 100(Grech,
2017). Results revealed scores (SD) were lower in men 43.3 (14.7), young-adults
41.6 (14.2) people with obesity 44.1 (14.3), smokers 40.0 (14.2) and low socio-
economic status 43.7 (14.9). Inadequate intakes of intakes of vegetables, fruit,
grains, dairy and high intakes of added sugar, sodium and discretionary foods were
key factors in creating the mean score of 45.5 (Grech, 2017). The study concluded
that overall diet quality of the Australian population is poor, recommending
interventions specially aimed at engaging young-adults, males and people with

obesity.

Figure 2-3 Recommended serves versus actual average serves for male and
female adults in Australia shows the recommended serves against the actual
serves for men and women in Australia. Australian men are consuming an average
of 6.4 serves of discretionary foods per day contributing to over one third of their
total energy intake but only eating about half the number of recommended serves
of vegetables and fruit. For Australian women the results are slightly better with
less discretionary food (4.2 serves per day) but similarly low intakes of fruit and
vegetables. As well as environmental concerns about the packaging and
processing of these foods, there is evidence of their negative impact on health
(Gakidou, 2017). With the growing prevalence of diet-related iliness, strategies to
both improve diet quality and reduce the consumption of EDNP are urgently
needed.
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Figure 2-1 Recommended serves versus actual average serves for male and
female adults in Australia

AUSTRALIAN MALES AGED 19-50 YEARS

Recommended serves Actual average serves
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AUSTRALIAN FEMALES AGED 19-50 YEARS
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Vic. Health. (2016). Obesity and Healthy Eating in Australia.

While we acknowledge the role of diet, the causes of obesity are complicated and
multifaceted with evidence for environmental, biological, social, economic and
genetic causes (Mullan et al., 2017). There is clear evidence linking poor diet,
social-economic factors and weight gain with the places in which we live and work:
the obesogenic environment (Malik, 2013;Lakerveld, 2018). It is also important to
note the individual variability in how people respond to the obesogenic
environment, with some people more vulnerable to weight gain than others
(Whitaker, 2011). A systematic review and meta-analysis on a pooled population of
over 200,000 adults found individuals with obesity-associated gene (FTO) had a
higher intakes of dietary fat and protein, which may be due to higher intakes of
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high-fat processed meat products (Livingstone, 2015).However, the issues of
dietary mis-reporting is profound and must be considered when interpreted such
small effects. The authors call for future studies to invest in and report more
accurate methods of dietary assessment to further understand factors influencing
individual differences in the dietary intake and health (Livingstone, 2015). While
this is a complex area, it is becoming clear that some people are genetically
predisposed to weight gain and vulnerable to the impact of the obesogenic
environment (Llewellyn, 2015). Efforts to create an environment where the healthy
choice is the easy choice include taxation of SSB, smaller packets of confectionery
and social marketing strategies (Fisberg, 2016;Looijmans, 2017). Notwithstanding
the need to improve the environment, there is also an immediate need to support
people who already have obesity to navigate their food environment and reduce

their risk of chronic disease.

Achieve and maintain a healthy weight

The effects of poor diet combined with an increasingly sedentary lifestyle have
resulted in a positive energy balance and the accumulation of excess body fat,
leading to weight gain. Although physical activity has a crucial role in the
prevention of weight gain and weight loss, this thesis will focus on the effects of
dietary behaviour. In adults, excess weight is assessed using the body mass index
(BMI) calculated by dividing a person’s weight in kilograms by the square of their
height in metres. Although BMI is not an accurate indicator of body fat or body fat
distribution, it is a practical and useful measure for identifying overweight and
obesity at a population level, and is an internationally accepted measure (Yumuk et
al., 2015). Using the BMI, the Australian Institute of Health and Welfare and the
World Health Organization report a steady increase in the prevalence of children
and adults with obesity and severe obesity both in Australia and internationally
(WHO, 2020). As seen in Figure 2-2 Age-standardised proportion of overweight
and obese adults aged 18 and over, 1995-2017/18 , the prevalence of obesity
increased from 19% in 1995 to 31% in 2017-18.
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Figure 2-2 Age-standardised proportion of overweight and obese adults aged
18 and over, 1995-2017/18
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Australian Bureau of Statistics. (2019). National Health Survey: First Results, 2017-18.
Clinical weight loss interventions

In 2013 The National Health and Medical Research Council of Australia released
the clinical practice guidelines for the management of overweight and obesity in
adults, adolescents and children (NHMRC, 2013). Although these have since been
rescinded, the contents align with more recent clinical guidelines from Europe and
New Zealand (NZ Ministry of Health, 2016; Yumuk et al., 2015). Designed for
health professionals in primary care, they describe the diagnosis, management, risk
and medical interventions available to manage excess weight. The guidelines are
based on the evidence drawn from the National Institute of Clinical Excellence
(NICE., 2006), the Scottish Intercollegiate Guidelines Network (Thompson, 2010)
and extensive literature reviews with specific consideration of the Australian
population and health system. In brief, they promote the Australian guide to healthy
eating, increased physical activity and behaviour change techniques, such as self-
monitoring of behaviour and problem solving, as the first line of treatment for
adults with overweight and existing comorbidity and those with obesity. More
intensive options are recommended if this approach fails and for those with severe
or complicated obesity. This includes the use of very low-calorie diets, weight loss

medication and bariatric surgery. In practice this requires a multidisciplinary team
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with expertise in dietetics, psychology, exercise physiology and medical

supervision to assess and advise clients to explore these treatment options.

As seen in Figure 2.3 the pathway for treatment is linear with participants
encouraged to attempt lifestyle interventions in a community setting, progressing to

specialists specialist services only if this is unsuccessful.

Figure 2-3 Australian weight management pathway (NHMRC, 2013)
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There are several important limitations to the application of these clinical guidelines
for weight management. While the inclusion criteria for the evidence review is
rigorous, nearly all of the included studies have been conducted on largely
Caucasian, female populations with a BMI of less than 40 (Wadden, 1986 5;Pavlou,
1989 ;Dale, 2009 ;Ilanne-Parikka, 2008 ). The scientific evidence for achieving a
negative energy balance for weight loss is universal, the availability of food, the
cultural role of food and access to health care mean the results may not be
generalisable. As a result, the small effects sizes referred to in the guidelines are
likely to be even smaller in a community sample, who may not be as motivated and
supported as research participants (Sturgiss et al., 2018). Digital platforms could
make this significant weight loss support more accessible prior to specialist

interventions; a gap in the current guidelines and services.



Current clinical treatment of obesity focuses on high-risk individuals: those with a
BMI >35 and comorbidities or those with a BMI >40 (National Health and Medical
Research Council, 2013a). While this approach aims to ensure treatment is available
to the most vulnerable, it offers no support to prevent weight gain among people
with overweight (Yumuk, 2015). Another problem is that treatment pathways start
with a clinical assessment of those already visiting a health practitioner but men,
those on low incomes, and those living in rural areas are less likely to seek help or
access health services (Metzgar et al., 2015). Also, effective treatment is intensive,
costly and not available at the scale required to address the current demand.
Population-based approaches that utilise the effective aspects of clinical
interventions may be more economical and sustainable than the current focus on
clinical treatments (Murray et al., 2016). Given the benefits of modest weight loss,
future interventions need to consider achieving weight loss of lower magnitude but
among larger cohorts. Digital interventions have the potential to deliver effective

weight management support to with overweight and moderate obesity.

Clinically significant weight loss

In 2013 an expert panel reviewed the literature to determine the amount of weight
loss associated with a reduction in risk factors for CVD, mortality and morbidity
(Jensen, 2014 ). The results suggest 2.5% loss of total body weight can have
clinically significant benefits for type 2 diabetes, systolic blood pressure, long-term
glycaemic control (HbA1 C) and triglyceride levels (Cannon et al., 2016; Pi-Sunyer,
1993; Wing et al., 2011). There is consensus that 5% of baseline weight lost during
12 months is a single valid criterion to determine weight loss as clinically
significant, and achievable as an initial target (Ryan & Yockey, 2017; Williamson
et al., 2015). Observed benefits include the delay in the development of type 2
diabetes with improved metabolic function of beta-cells of the pancreas and insulin
sensitivity; increasing the uptake of glucose by approximately 25% (Magkos, 2016).
Other benefits include improved lipid profile and decreased markers of
inflammation associated with adverse cardiovascular health (Fayh, 2013 ;Ryan,

2017). Greater weight loss is associated with further benefits with weight loss of at
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least 10% required for improvements in non-alcoholic fatty liver disease and

obstructive sleep apnoea (Cefalu, 2015).

Population health approaches for obesity

This section will describe the strategies used in population health campaigns and
explore the available evidence on the effectiveness of these approaches to address
overweight and obesity. A population-level intervention has the distinct advantage
of a wide scope, which is essential to reach the proportion of the population affected
by obesity and poor diet. Strategies can include national, federal and local
government organisations to disseminate consistent strategies and messages. The
publicly funded campaigns usually raise awareness about health risk and encourage

action to reduce that risk.

Mass media campaigns reach a large proportion of the population through a range
of media including television, billboards, social media and online. Internationally,
several public health campaigns have targeted adults with obesity, using mass
media as a strategy (Kornfield, 2014;Grunseit, 2015 ;George, 2016 ;Cismaru, 2007
). In these studies, the reporting of the process, implementation and effectiveness is
reported infrequently or lacks detail. A recent systematic review assessed 14 mass
media campaigns against best practice principles (Kite et al., 2018). The results
reveal a lack of formative research with the target audience and varying quality of
evaluation methodologies. While 12 campaigns reported improvements in
awareness or intention to change behaviour, only one study reported a reduction in
BMI, and this was based on self-reported data. Most campaigns (n=12) used a
theory base such as the health belief model, theory of planned behaviour or social
marketing model. Overall, evaluations focussed on the reach and frequency of
television advertising, limiting the available evidence on the other strategies used.
Four of the interventions assessed will be reviewed in greater detail to explore

features and strategies that are most relevant to this thesis.

The “Change 4 Life” mass media campaign in the United Kingdom combined both
upstream and downstream strategies, attempting to influence dietary and physical
activity behaviour at a population level. 3, 744 families were recruited via 40

primary schools across England; randomised to control or intervention. Families in
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intervention schools were mailed “Change 4 Life” questionnaire followed by
personalised feedback and follow up questionnaires at 6-months. The evaluation
showed a raised awareness of the campaign with a message recall of up to 90% in
the target group (n=532). However, no effects on attitudes and behaviour were
found with most families reporting no intention to change their family’s diet or
activity behaviour (Croker et al., 2012). The researchers conducting the evaluation
faced several challenges. Firstly, they were not involved in the development of the
intervention so there was limited knowledge of the theory base and the authors
suggest this lack of theory was responsible for the unfavourable results. Secondly,
the response rate to the follow up evaluation was only 30% (4,419 children out of
16,029) and respondents were predominantly well-educated parents and therefore

less likely to need this support, and not representative of the target group.

The study concludes with recommendations that future healthy weight campaigns
focus on a small range of target behaviours and conduct formative evaluations using

behaviour change theories (Croker et al., 2012).

A similar campaign in the Netherlands aimed to prevent weight gain with a series of
television advertisements and supporting online resources to educate young people
on the need to prevent weight gain, and the health risks of excess weight (Wammes
et al., 2005). “Maak je niet dik” (in English “Do not worry”) was developed
systematically using formative evaluation processes and health psychology theory.
The evaluation of 1,949 adults aged between 25 and 35 years was conducted via
telephone. The results revealed high levels of awareness of strategies to prevent
weight gain with small, but statistically significant, increases in motivation,
perceived social support and attitudes to weight management (Wammes et al.,
2007). The results also indicate the campaign reduced the perceived risk of
overweight among the target group. These authors suggest this may be because the
mass media messages oversimplified the need to prevent weight gain and portrayed
risk factors that the audience did not identify with (Wammes et al., 2007). The
authors conclude that future studies should offer a more personally tailored

approach to ensure the messages are salient.
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In 2008, the Australian Government launched the ‘measure up campaign’, the first
nationwide mass media campaign designed to educate the public on the link
between waist circumference, physical activity, healthy eating and obesity risk. An
evaluation with 1006 adults, pre and post campaign, revealed high awareness (89%)
and personal relevance of the link between waist circumference and chronic disease
but no significant change in behaviour (King et al., 2013). The authors conclude
that mass media campaigns need to be implemented as part of an integrated
multifaceted approach, including comprehensive evaluation. Another issue was the
focus on imparting declarative knowledge: for example ‘eat 5 vegetables per day’;
while this is important for improving the capability for dietary change, it lacks the
procedural knowledge that pertains to how to perform the behaviours (Worsley,
2002). In this example, procedures for food budgeting, purchasing and preparing the
vegetables are required to eat the recommended 5 vegetables a day (Chapman, 2016
). Behaviour change at a population level will likely need long-term investments in
public education campaigns, alongside personalised support to help individuals

implement the new information.

LiveLighter® social marketing campaign

LiveLighter® is a Western Australian public health education and social marketing
campaign that aims to encourage people to eat well, be physically active, and
maintain a healthy weight. The campaign engages with the community through paid
and unpaid social media, web-based and printed resources, and retailers
(http://LiveLighter.com.au/). The website includes healthy eating tips, recipe ideas
and online support to maintain healthy weight behaviours. To measure of the impact
of the media campaign, a cross-sectional survey with adults aged 25-49 was
conducted pre-campaign (N=2012) and after two media campaigns (N= 2005 and
N=2009) (Morley et al., 2016). Results shows significant population awareness,
with overweight adults more likely to recall the campaign and report the messages
as personally relevant (Morley et al., 2016). A major strength of this evaluation is
that it reveals that social marketing is effective in engaging a target group with a
clear health message, a prerequisite for behaviour change (Wakefield et al., 2010).
While this is promising, further studies to assess the impact of implementing the

message, reducing consumption of SSB, found only small, short-term changes
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(Morley et al., 2019). However, in the 2019 study, the pre- and post-campaign
intake of SSB was self-reported and hence subject to social desirability bias. As
there was no control group it is also possible that the reduced SSB intake reflects
national trends in the decline of SSB (Australian Bureau of Statistics, 2015).
Approximately 1/3 of adults surveyed consumed 3 or more SSB per week but other
surveys report that half of Australia adults never consumer SSB (Miller et al.,
2019). A more personalised and specific change-message is needed to help

individuals identify sources of EDNP in their diet.

Implications

Few mass media campaigns targeting adults with obesity have been assessed with
an evaluation of outcomes, making it challenging to measure the effect of the
multiple strategies employed. Although most campaigns cited theories or
frameworks, these focused on individual behaviours whereas the process of
evaluation was focussed on reach and awareness of the messages. This limits our
understanding of how these theories were translated into design and implementation
of these campaigns. In conclusion, it appears that mass media campaigns have the
potential to change knowledge and beliefs — precursors for behaviour change — but
insufficient to change behaviour and halt the trends in weight gain (Wakefield et al.,
2010). Robust evaluation of the outcomes and impact are needed to further

understand this potential.

Limitation of public health education

Knowledge and education on nutrition is essential but not sufficient for improving
dietary behaviours (Wardle, 2000 ;Downs, 2009;Dickson-Spillmann, 2011 ). Some
evidence suggests this is because of other behavioural influences such as motivation
and self-efficacy (Anderson, 2015 ;Bogers, 2004;Curtis, 2015;Dove, 2009). In
simple terms, declarative knowledge or factual information can form the basis for
making every day dietary choices, for example, milk is a good source of calcium or
chocolate contains too much sugar. However, this is complicated with we consider
the role of procedural knowledge which includes information about how; for

example, which type of milk to choose or how much to consume. So, if chocolate
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milk is advertised as being a good source of calcium, how does one decide if they

should purchase this and if so, how often and how much to consume?

A study assessing the nutrition knowledge of people attending an obesity clinic
found high levels of nutritional knowledge and strategies for weight loss but this
was not reflected in their dietary intake (Kaufer-Horwitz, 2015). Barriers to
implementing this knowledge included: lack of routine, time, motivation, money;
large portion sizes and temptations when eating outside of the home. With the
increasing media attention on the health risks associated with obesity, a lack of
knowledge about the health risks is not likely to be the only limiting factor for
behaviour change. This thesis aims to explore alternative approaches to providing

the skills and support to implement nutritional knowledge.

Using technology to improve dietary intake

Digital tools have the potential to automate aspects of dietary assessment and
feedback, making tailored dietary interventions available at a larger scale. If entirely
automated, digital interventions can be simultaneously used by millions of people,
span any geographic area and allow autonomous participation as seen with mobile
apps available for weight loss (Chen et al., 2015). Australian Clinical Practice
Guidelines for the Management of Overweight and Obesity made limited references
to the use of technology or digital interventions. Still, they did suggest: “Delivery of
evidence-based weight management programs via the internet should be considered
as part of a range of options for people with overweight and obesity” (National

Health and Medical Research Council, 2013a).

Since then, the variety and availability of technology for digital behaviour change
interventions has developed rapidly. In 2016, the United States Academy of
Nutrition and Dietetics proposed that digital interventions with no face-to-face
contact can deliver effective weight loss solutions with greater reach and lower
costs (Raynor & Champagne, 2016). Evidence specifically related to digital

interventions is now available and should be examined.
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Digital interventions

Digital intervention is a broad term that includes the internet, smartphones, apps and
emerging technologies to facilitate behaviour change (Hutchesson et al., 2015). The
scope of digital interventions is evolving rapidly to utilise new technologies and
competing to engage users. The approach can offer intervention options for varying
stages of weight management: prevention of weight gain, weight loss and weight
loss maintenance. Two systematic reviews of digital weight loss interventions
report a sustained weight loss of up to 3.3 kg, compared to controls (Hutchesson et
al., 2015; Wieland et al., 2012). While both reviews support the use of digital
weight loss interventions using behaviour change techniques, they are not able to
identify which features are most effective (i.e. dietary self-monitoring or goal
setting) or the optimum dose (i.e. frequency and duration of dietary self-
monitoring). Hutchesson et al., (2015) found interventions lasting less than 6-
months were more effective compared with longer interventions, which they
propose is due to declining engagement. Additional components such as interactive
features and games can further increase engagement, retention and weight loss but

the improvements are small and not clinically significant (Wieland et al., 2012).

A study exploring motives for taking part in an online nutrition program revealed
that being online was a key motivator for most participants; online assessments
were viewed as convenient, motivating and preferred by men and participants with
severe obesity, groups that are often hard to reach (Mejean et al., 2014). One reason
for this could be their anonymous nature, reducing concerns about judgement or
feeling awkward. Combining the internet with available technology in smartphones
and tablets can also offer dynamic and fun tools for engaging in evidence-based
strategies such as self-monitoring, goal setting and social support. From a research
perspective, online assessments have several advantages — participants can be
recruited from a wide geographic area, and eligibility and consent can be done
online so only suitable candidates are selected for further assessment, saving time
and money (Khaylis et al., 2010). Further qualitative studies are required to
understand the participant’s experience of digital interventions, specifically which

intervention features led to behaviour change and what mediates this change.
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RCTs have reported that, compared to a mean weight loss of about 10 kg achieved
through face-to-face delivery (group or individual), online interventions are at best,
half as effective, achieving weight loss of approximately 5 kg over 12 months
(Johns et al., 2014). Other studies have demonstrated comparable weight loss in
face-to-face interventions compared with digital (10.8% vs 7.6%, P <0.05)
(Sullivan et al., 2013). Understanding the range of reported effectiveness of digital
interventions is made difficult by the variety of study designs and comparators. For
example, Chambliss et al. compared daily web-based self-monitoring, weekly email
feedback and face-to-face sessions with an enhanced intervention that added
monthly telephone counselling and group counselling (Chambliss et al., 2011). The
results suggest that digital self-monitoring and tailored dietary feedback were key in
achieving significant weight loss after 12 weeks but the additional enhanced

behavioural component did not improve the effectiveness of the program

A meta-analysis of 88 digital interventions targeting weight loss or weight
maintenance reported modest weight-loss compared with no treatment (mean
difference: —2.70 [-3.33, —2.08], p <0.001; nine studies pooled in meta-analysis) or
minimal treatment (mean difference: —1.40 [-1.98, —0.82], p <0.001; 16
interventions grouped for meta-analysis) (Hutchesson et al., 2015). This study
reported that interventions with digital features to support behaviour change were
most effective, for example, self-monitoring of behaviour or goal setting features of
the app. Almost a quarter of the studies reviewed used additional digital tools such
as activity monitors, podcasts, text messages or mobile applications. This was
shown to enhance weight loss further (mean difference: 1.46 [0.80, 2.13],
p<0.001). While a total of 88 studies were included, the studies were not
homogenous with sample sizes varying from 20 to 2,862 participants and studies
using a range of digital tools combined with non-digital features (telephone calls,
group meetings). This makes it difficult to make direct comparisons between digital

interventions and quantity which features are most effective.

Another meta-analysis of 84 digital weight loss interventions found that a quarter
compared a basic digital intervention to the same intervention with extra features or
technology (Ryan et al., 2019). This included the addition of personalised weight

loss goals, motivational interviewing, online group meetings, reminders to perform
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a behaviour, or a smart scale that connects to a smartphone via blue tooth (Collins et
al., 2012; Steinberg et al., 2013; Webber et al., 2008). Overall, the review found that
interventions with a digital component led to greater weight loss at 6-months but
digital interventions with a face-to-face component were more effective at 12-
months and beyond (Ryan et al., 2019). As these interventions are complex and
multifaceted, it is unknown which intervention features contributed to which
behaviour change, limiting our understanding of which features were most

impactful (Michie et al., 2017).

From the findings to date, it is unclear if digital interventions can achieve clinically
significant weight loss on a large scale. Of the studies reviewed, the largest sample
size was 2,862 participants in a study comparing weight loss between a tailored,
online intervention and an information only intervention (Rothert, 2006). The scale
of the study is significant, spanning a large geographical area and population from
various minority groups. Results revealed participants receiving tailored content lost
a mean of 3 kg + 0.3% of their baseline weight, compared to 1.2 kg + 0.4% (p <
0.0004) receiving information only. The tailored group reported a more positive
experience citing the content as personally relevant, helpful and easy to understand.
The scale and reach of this intervention shows the potential for delivering modest
but significant weight loss at a population level. While the results are positive, the
attrition rate in the intervention group was 70% and in the control 80%. Although
the remaining sample is still adequately powered, it highlights the challenge of
retention. Similar to results from other studies, male users and young adults were
least likely to complete the intervention (Van der Mispel et al., 2017). Another issue
across the studies included in these reviews is that the protocols for tailoring dietary
content are not fully described, limiting the understanding of the rationale and

procedure for how the tailored feedback was developed.

Guidelines and standards for developing digital interventions

The methodology used to develop a digital intervention in this thesis are in line with
published reporting standards for tailored interventions (Harrington & Noar, 2012).
This 7-item checklist was designed to ensure tailored interventions were consistent
in reported methodologies, implementation and evaluation as summarised in Table

2-2. Guidelines include providing a description of the tailored messages, the
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tailoring algorithm, format and dose of tailored messages, as well as any additional
intervention components. A scientific approach to developing a digital program is to
develop a prototype based on the theory and content identified as relevant in recent
literature. A sample of the target group will test the program to determine if the
features are usable and acceptable to the users (Anderson & Wallace, 2015). The
intervention development process should include three stages: (1) understanding the
problem and user preferences, (2) translating research findings into program

features, and (3) pre-testing the features for further refinement.

The UK Medical Research Council (MRC) published important advice detailing the
four steps for researchers developing and evaluating interventions with multiple
components: development, feasibility/piloting, evaluation and implementation
(Craig et al., 2008). The first phase of development includes the review of academic
evidence, identification of theoretical frameworks and constructing intervention
features that can be explored in the piloting stage. The details on how to conduct
this step was brief, leading to extended guidance with specific steps on how to use
iterative cycles of development with ongoing input from consumers and

stakeholders (Cathain, 2019).
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Table 2-2 Reporting standards for studies of tailored interventions: pre-
publication checklist (Harrington and Noar 2012)

Recommendation Description

Title, abstract, Include some variation of ‘tailor’ in the title, abstract and
keywords keywords

Variables/constructs Specify variables/constructs used for participant assessment

in relation to intervention development

Theoretical foundation Describe how theory guided intervention message design
(selection of constructs and intended outcomes)

Tailored messages Describe the type of the tailored messages participants
receive using contemporary terminology

Tailoring system Describe the tailoring system algorithms

Intervention channel, Describe intervention channel, format and ‘dosage’ of

format, dosage and tailoring; describe content (e.g. standard care) that

context control/comparison group received (if applicable); describe
extent to which the tailored intervention was part of a
multi-component program (if applicable)

Intervention Describe how frequently participants received intervention
implementation and content and when they received it in relation to assessment
assessment

Noar et al. describe tailoring in three steps: 1) assessment of individual-level
characteristics, for example, weight, dietary intake; 2) processing of this
information by a human or computer; 3) using an algorithm or protocol to select
specific content for each participant, for example, text message with tailored
feedback on diet (Harrington & Noar, 2012). Few studies have reported on the
quality, frequency or duration of data collected during step 1 and hence there is
little evidence on the optimum frequency or duration of dietary feedback. The Food
4 Me study is a web-based tailored nutrition intervention, providing tailored dietary
feedback developed by nutritionists and dietitians. The published results have been
notable in advancing the science of digital tailored dietary intervention. In a RCT
with a sample of 1,125, participants were randomised to receive feedback at low

frequency or high-frequency (Celis-Morales, 2019). At 3 months, 14.7% in the high
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frequency group lost >10% body weight, compared to 8.2% for in the low-
frequency group. The effects were not sustained at 6-months, falling to 2.8% in the
low frequency and 3.6% in the low frequency groups. Importantly, attrition was
greater in the high frequency group, but overall retention was comparable with
other online interventions (Van der Mispel et al., 2017). The finding from this large
and robust tailored digital intervention indicate that the optimum frequency for

feedback is likely to be somewhere between 4 and 12 weeks.

Tailoring dietary messages

Targeting messages at segments of the population can increase the engagement with
that group, while tailoring the message to the individual enhances the relevance and
impact on behaviour even further (Noar et al., 2007; Resnicow et al., 2008). The
example in Figure 2-1 shows the Australian dietary guidelines adapted to a visual
eating guide for the general population. Acknowledging that Indigenous Australians
are more vulnerable to poor diet, a version of the image is fargeted through
consultation with Indigenous communities and health workers. Tailoring goes a step
further by assessing the individual, allowing the advice to be personalised with
redundant information excluded. This section will explore the published studies on

tailored weight loss interventions.
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Figure 2-4  Levels of tailoring and intervention efficacy

Tailored

advice
Targeted Hi hick, we have developeda
advice program just for you. Did you

realise that vou are eating

only half the recommended
. Rt el Ty Sl ey 4 amaount of vegetables?
Population fuskn o g =

advice

Efficacy

Relevance

Developed for this thesis using information from Kreuter, M. W., & Wray, R. J. (2003). Tailored and
targeted health communication: strategies for enhancing information relevance. American journal of
health behaviour, 27(1), S227-S232.

While evidence for tailoring in weight loss is still emerging, randomised controlled
trials comparing a tailored approach with a control have shown sustained
improvements in a range of other behaviours. Lustria et al. (2009) conducted a
meta-analysis of 40 studies to assess the impact of tailored online interventions for
nutrition, smoking, alcohol, PA, medication adherence, stress management and
faecal soiling (Lustria et al., 2009). Results revealed that tailored interventions were
more effective compared with controls post-treatment, d =0.139 (95% CI=0.111,
0.166, p<0.001, k=40) and at follow-up, d=0.158 (95% CI=0.124, 0.192,
p<0.001, k=21). The results are positive but the quality of the studies and

procedures for tailoring were variable, making it difficult to generalise the impact of

this small effect size.
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Tailoring for weight loss

In health education tailoring has been defined as “any combination of information
or change strategies intended to reach one specific person, based on characteristics
that are unique to that person, related to the outcome of interest, and have been
derived from an individual assessment” (Kreuter MW, 2000). In practice, Brug et
al. suggested interpreting this as a combination of nutrition information or dietary
change strategies, aimed at a specific person, based on this person’s dietary habits
and/or stage of change and the determinants of these behaviours (Brug et al., 1998).
Studies have shown that such tailoring creates a personal relevance, avoids useless
information and produces a greater influence on attitudes and behaviour (Hawkins

et al., 2008).

To determine the efficacy of upscaling tailored interventions we need to understand
how tailoring was implemented and assess the impact on weight loss. Among three
recent systematic reviews of tailored weight loss interventions, there is little
homogeneity in the search criteria, sear terms and aims. As a result, between 6 and
15 studies were included with little overlap in the RCTs selected (Lau et al., 2020;
Ryan et al., 2019; Sherrington et al., 2016). Ryan et al. (2019) conducted a meta-
analysis of eight articles, relating to six digital, tailored interventions (Ryan et al.,
2019). Characteristics used to inform tailored feedback included measures of target
behaviour (diet and PA), personal data (previous weight loss, gender), physical
measurements (weight, height) and psychological aspects (health-related habits,
confidence in weight management). Digital platforms used to acquire this data
included online questionnaires, mobile applications and social media. Four of the
six articles reported that tailoring was more effective when compared to a control or

a wait-list.

Lau et al conducted a systematic review to synthesise the evidence on the
effectiveness of digital interventions for weight loss and determine factors
associated with this success (Lau et al., 2020). The results confirm previous
findings that tailoring is effective, reducing body weight, waist circumference and
blood pressure. An important contribution to the field is the result of a meta-
regression analysis revealing that increasing age is associated with increased weight

loss (Lau et al., 2020). The results show that mean weight loss increased from 19 to

31



54 years, suggesting that tailoring was most effective among middle-aged
populations. However, assessing the age of the participants revealed only two of the
15 studies included young adults, and neither were designed for weight loss, but
focussed on dietary change (Kerr et al., 2016) and preventing weight gain (Nikolaou
et al., 2015). It could be that middle-aged adults are just more engaged with weight
loss as they experience more obesity and diet-related chronic disease (Australian
Bureau of Statistics, 2015; Saint Onge & Krueger, 2017). Even so, digital
interventions have been viewed as particularly appealing to young adults, with some
concern that technology may exclude or deter older adults. In Australia, a national
survey of 3,600 adults >50 years, found 90% had access to the internet with the
majority accessing the internet via a smartphone (Australian Institute of Health and
Welfare, 2018). This finding provides a rationale for assessing the suitability of
digital intervention features with users, reflecting the demographics of the target

group, during the development of the intervention.

There are some significant limitations in studies assessing the effectiveness of
tailored interventions for weight loss. Firstly, the algorithm used to assign tailored
feedback to a particular behaviour is often not fully described (Foley et al., 2016;
Luley et al., 2014; Shuger et al., 2011). This prohibits a meta-analysis to compare
the results between methods, and limits future researchers from replicating the
protocol. Another problem is that most tailored feedback is not based on objective
measures of the behaviour they are trying to change. Self-reported dietary behaviour
is particularly problematic and subject to significant under-reporting (Gemming &
Mhurchu, 2016; Moran et al., 2018), influenced by social desirability, and limited
by the participant’s knowledge of the ingredients and cooking methods (Mete et al.,
2017). Improving reporting standards for tailored interventions may help mitigate

these problems and improve the design of future digital interventions.

Behaviour change theory

Guidance for the development of complex interventions state the need to embed

theory into the design, implementation and evaluation stages (Agarwal et al., 2016;
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Brendryen et al., 2013; Lewin et al., 2009). For digital interventions this also
requires special consideration as to how theories are translated using technology. In
practice most digital interventions are developed without a specific theory base.
This may be because most theories do not fit the dynamic and evolving approach to
digital interventions. Also, existing guidelines lack instructions on how to embed
theory into digital interventions, which often include multiple components, for
example, an app with text message support, and monthly telephone support
(Beleigoli et al., 2019). Another obstacle to embedding theory in digital
interventions is the large number of available theoretical models, which makes it

challenging to identify which theory is suitable for the behaviour and intervention.

A behaviour change technique (BCT) is a component of the intervention that
changes behaviour (Michie et al., 2013). Weight loss is unique in that it requires
change in multiple behaviours and, although they need to be personalised for each
individual, they often include reducing intake of alcohol and EDNP, self-monitoring
of diet, increasing PA and reducing sedentary time. It is important to identify each
BCT and the possible mechanism for its action. Michie et al. hypothesised the five
BCTs that would be key components of effective physical activity and healthy
eating interventions: goal setting, self-monitoring, feedback on performance,
prompt intention formation and goal reviews (Michie, 2009). They examined 26
behaviour change techniques from 122 physical activity and healthy eating
evaluations in a meta-analysis to identify which techniques were most effective.
Healthy eating interventions including self-monitoring were most effective but the
effect size doubled with self-monitoring plus one other technique (0.54 self-
monitoring plus one other vs 0.24 without self-monitoring). The review concludes
that self-monitoring is the single most effective behaviour change strategy and

should be a key feature of future interventions.

COM-B model

The COM-B model is based on the premise that an individual’s capability,
opportunity (O) and motivation (M) are all required to perform the desired
behaviour (B). Figure 2.8 shows how all three elements of the models are work
together to influence behaviour. Examining each behaviour with the COM-B model

helps researchers to select suitable intervention functions (or strategies) that are
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most likely to achieve behaviour change. Additionally, there is guidance on how to
match these intervention functions to a taxonomy of 93 replicable behaviour change
techniques. The process provides a transparent process as to how to develop and
evaluate interventions (Michie et al., 2013). Of the three components, the capability
is often the focus of interventions aiming to improve diet quality. For example, the
ability to identify EDNP food and beverages, or correctly interpret food serving
sizes for fruit and vegetables, are crucial determinants of diet quality (Harray et al.,
2017; Pettigrew et al., 2017). Opportunity relates to the broader environment
(advertising of junk food and product placement) as well as food purchased for the
home. Motivation includes beliefs, plans and habits. In the current environment,
with an excess of poor quality weight loss information, motivation is often to
achieve the desired goal but not to follow the dietary guidelines for good health.
The COM-B model suggests exploring each of the three components to identify

which are hindering the progress to achieving the desired behaviour.

Figure 2-5 The COM-B System — a framework for understanding behaviour
(Michie, van Stralen, et al., 2011)

Is a meat pie
junk food?

S Reduce intake of
Capabilit
Is this a habit?
Is there a plan to ' W

change? ‘
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Alternative '

available?

Cost difference? Opportunity
Social influences?

Adapted from Michie et al. (2011). The behaviour change wheel: a new method for characterising
and designing behaviour change interventions. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/21513547
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Behavioural Interventions Technology model

Models used to develop face-to-face interventions have limited application to digital
interventions, which are susceptible to software updates, technical problems, being
quickly superseded by new technology and requiring the ability to work on different
platforms (e.g. android and Apple). The behavioural interventions technology (BIT)
model uses a technological framework that assimilates clinical aims, behaviour
change techniques and user preferences into a functional intervention feature (Mohr
et al., 2014). Acknowledging the evolution of digital intervention features, the BIT
model allows for the methods to change during the intervention period. While this
may deviate from the published protocols, it allows flexibility in using the
technology as well as evolving to meet the expectation of the user. For example, the
POUNDS Lost study initially sent dietary feedback at the end of the day, then one
year into the study changed to providing feedback immediately after each entry
(Anton et al., 2012). The change was made to improve intervention use following
user engagement in the development and preliminary testing (Yardley et al., 2015).
Using the BIT model to design a digital intervention allows the researcher to
modify the protocol or intervention design while maintaining the fidelity of the

evaluation.

Self-determination theory

Self-determination theory (SDT) is a framework for exploring and understanding
human motivation (Deci & Ryan, 1985b, 2000; Ryan & Deci, 2000). SDT

comprises three core psychological needs.

1. Competence — is feeling confidence or effective in their ability to achieve a

specific goal.

2. Autonomy — having control over their behaviour and choices; for example, an

individual deciding to lose weight without any external pressure or reward.

3. Relatedness — is feeling connected or belonging to other people. For example

joining a weight loss group that provides peer support.

Evidence suggests that interventions that support these three essential needs are

more likely to result in positive behaviour change with examples from PA

35



(Markland & Tobin, 2010; Rahman, Thagersen-Ntoumani, Thatcher, & Doust,
2011), diet (Schiiler & Kuster, 2011) and psychological wellbeing (e.g., Edmunds et
al., 2007; McDonough & Crocker, 2007; Rahman et al., 2011). Within the context
of weight loss, autonomy is supported by a model where the client is given
information and support to make their own choice about behaviour change,
acknowledging the potential challenges and tailoring the information to their
personal circumstances. Competence is promoted through actionable feedback and
developing the individual’s capability of behaviour, for example with nutrition
education. Relatedness is fostered with empathy, good interpersonal skills and a

non-judgemental environment.

Self-determination theory differs from other motivational theories by considering
the quality of motivation, in addition to the quantity. Autonomous types of
motivations are intrinsic and associated with more positive outcomes, and
adherence to new behaviours. This theory is often used to explain why a weight loss
intervention might produce more weight loss among research participants compared
with those referred from a health service (P. J. Teixeira et al., 2012). The act of
making an independent decision to join a weight loss intervention may be a sign of
existing autonomy and intrinsic motivation. According to SDT, long-lasting
behaviour change is most likely to occur when behaviour change is autonomously
motivated with intrinsic drivers and when individuals feel confident and capable of
change. Internal reasons for weight loss behaviours may be: (a) activities are fun,
interesting and satisfactory (intrinsic regulation); (b) the behaviours are viewed as
important and personally valued (identified regulation); or (c) health behaviours
have been adopted as part of their identity (integrated regulation) (Pedro J. Teixeira
et al., 2012). In contrast, those with a lack of autonomous motivation engage in
healthy activities for external reasons — often experiencing a sense of pressure — and
the behaviour is driven by reasons such as (a) potential of a reward or to conform
with social expectations (external regulation), or (b) to avoid guilt or shame

(introjected regulation) (Coumans, 2020).

In the context of weight management, evidence suggests that perceived autonomy
support is associated with weight loss (e.g., Powers, Koestner, & Gorin, 2008; Silva

et al., 2011). One of the earliest studies was conducted by Williams et al. (1996). In
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the study, 128 adults with severe obesity (mean BMI = 41) entered into a 26-week
weight loss program, with weekly group meetings. Williams et al. showed that
participants’ perceived autonomy support predicted their autonomous motivation
for weight loss, which in turn predicted higher attendance and greater weight loss
(Williamson et al., 2015). A 2018 study of 1,433 adults with type 2 diabetes who
had tried to lose weight in the last 2 years found autonomous motivation and self-
care competence were predictors of success in weight management (Koponen,
2018). The study made recommendations for health care professionals to help
clients to internalise the value of behaviour change and weight loss. The results
suggest this that males and adults under 50 years are most likely to have this
internal value of behaviour change. Including these participants in the development
of a digital intervention may give more accurate insight into factors that may

motivate ongoing participation in weight loss behaviours.

Summary of the literature review

Adherence to the Australian Dietary Guidelines in low across all sectors of the
population in Australia. Most notably, vegetables and fruits have been displaced
by energy-dense and nutrient-poor food and beverages. The resulting impact on
weight gain and risk of chronic disease has prompted a surge in digital interventions
that could potentially reach more people that traditional face-to-face approaches.
The evidence suggests that digital interventions that provide tailored feedback and
based on theoretical constructs of behaviour change are most likely to be effective.
The emerging studies in this area have prompted some international clinical
guidance on how to develop and implement digital interventions. In Australia, there
are no current guidelines for face-to-face or digital weight loss interventions,
leaving a gap in treatment options and support for those with moderate and

uncomplicated obesity.
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Studies trialling digital interventions suggest that tailoring the content to the
specific preferences and characteristics of the individual increases the engagement
and effectiveness. Current digital interventions providing feedback have shown
varying results, ranging from clinically significant weight loss to no observed
difference in weight. The studies reviewed highlight the heterogeneity of these
interventions, specifically the range of digital platforms used for disseminations, the
method used to collect behavioural data and the duration and frequency of self-
monitoring. Although some studies have examined some of these factors, it is not
clear which approach is most effective and which approach is most acceptable to

the participant.
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Chapter 3 Systematic review (submitted for
publication)

Introduction

(Objective 1) Systematically review the protocols for DA methods used to inform
tailored feedback in digital weight loss interventions, examining the digital

platforms used for data collection, type of DA and duration of the assessment

This chapter provides the final manuscript submitted for publication. The candidate
was responsible for designing the study protocol, search terms, inclusion criteria
and creating the data tables; for screening the studies and writing the draft
manuscript. The candidate registered the review with PROSPERO, an international

database of prospectively registered systematic reviews.

Abstract

Digital tailored interventions have shown small to modest effects on weight loss and
diet quality. The effectiveness of the tailored feedback may be limited by the quality
of the dietary assessment (DA) upon which it is based. This study aimed to
systematically review the protocols for DA methods used to inform tailored
feedback in digital weight loss interventions, examining the digital platforms used
for data collection, the type of DA and duration of the assessment. The search
strategy included five databases PubMed — National Library of Medicine database,
MEDLINE, Cochrane Library of Systematic Reviews, Web of Science and
ProQuest. It used the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) approach. Searches used a combination of terms related to five
groups: dietary assessment, weight loss, clinical trials, technology and tailoring.
Thirteen articles were eligible for the systematic review. The majority of studies
(n=10) used a dietary record linked to a food database providing instant feedback on
energy intake. The duration of dietary assessment ranged from 12 weeks to 30
months, and dietary feedback was provided using text messages, email, mobile
applications and intervention websites. This review highlights the inconsistency in
DA methods used in tailored weight loss interventions, which may account for the

range of results reported. Most digital dietary feedback focussed on reducing energy
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intake without providing feedback to enhance diet quality. Future interventions
should publish the protocol describing how dietary intake data was used to inform

dietary feedback.

Keywords: dietary assessment; digital; intervention; tailored; weight loss; clinical

trial; obesity; systematic review

Background

The Global Burden of Disease Study has identified poor diet and obesity as major
contributors to the high burden of non-communicable chronic diseases (NCD)
(Collaborators, 2019). Therefore improving dietary behaviours of the population is
a public health priority (Aune et al., 2017; Collaborators, 2019; Reedy et al., 2014).
The complex interaction between environmental, biological, economic and
individual factors associated with obesity provides challenges and opportunities for
preventative strategies. Interventions targeting NCDs, including obesity, should aim
to improve dietary behaviours of individuals and populations, with digital
technologies a possible avenue to achieve this outcome (Melaku et al., 2019). There
is an urgent need to identify effective and scalable weight loss interventions to
support the increasing number of people living with overweight and obesity. Digital
tailored interventions have the potential to be scalable but to date have shown small
to modest effects on weight loss and diet quality (Springvloet et al., 2015; Teasdale
et al., 2018). A key component of these interventions is personalised or tailored
dietary feedback. In Europe and the United States, clinical guidelines for the
management of overweight and obesity recommend personally tailored dietary
feedback, with behaviour change techniques (BCT) such as self-monitoring diet and
personalised feedback to reduce energy intake and improve diet quality (Stegenga et
al., 2014; Yumuk et al., 2015). One factor that may limit the effectiveness of the
tailored feedback, and therefore the intervention effectiveness, may be the quality of

the dietary assessment (DA) upon which the feedback was based.

Still, there is concern that lengthy assessment tools used to generate tailored
feedback may increase attrition if applied to digital platforms where engagement is

already problematic (Van der Mispel et al., 2017).
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The most commonly used DA methods for dietary feedback are dietary screeners,
food frequency questionnaires (FFQ) and dietary records. Although these methods
are used to provide tailored dietary feedback, there are large differences in the type
and quality of feedback that is possible. For example, screeners typically use one to
two questions for a specific behaviour such as fruit and vegetable intake, whereas
dietary records ask participants to keep a detailed record of all food and beverages
consumed over a set time frame (usually 4 to 7 days). Through advances in
technology there are now digital and image-based DA methods available for
researchers (Ahmad et al., 2016; Bathgate et al., 2017; Gemming et al., 2015).
Digital food records use either a website or app to record food and beverage intake.
These are referred to as ‘open’, where the participant records their intake with free
text (Hageman et al., 2017), or ‘closed’ where the participant chooses from a pre-
determined list of foods and beverages and enters the amount consumed (M. C.
Carter et al., 2013; Chen et al., 2015; Patel et al., 2019). With image-based methods,
images of food and beverages are captured using a mobile device and automatically
uploaded to a secure server where they are reviewed either by a trained analyst or
automated algorithm (Boushey et al., 2017; Doumit et al., 2016; Gemming et al.,
2015; O'Loughlin et al., 2013).

A systematic review to examine it how digital health has been used for self-
monitoring of diet and physical activity included thirty-nine studies from 2009 to
2019. Sixty-seven interventions with digital self-monitoring were included, weight
was tracked in 72% of them, diet in 81%, and physical activity in 82%. However,
only one passive intervention feature recorded dietary behaviour and this was a bite
counter. The Bite Counter is a wrist-worn device that detects when the wearer has
taken a bite of food. The device is linked to an app which uses an algorithm to
estimated calorie intake, based in the number of bites. During eating, it displays bite
count for the current eating activity and allows users to review total bites consumed.
While this feature was coded as wearable and passive, the device must be turned on
at the start of eating and off at the end, thus still having the limitation of an active
method. In addition, liquid calories such a sugar-sweetened beverages, smoothies
and alcohol are not counted. The review highlights that passive methods had higher

engagement rates than active self-monitoring methods. However, passive methods
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for self-monitoring of dietary behaviours are not practical or easy to implement at

this time, particularly for the provision of feedback.

Image-based approaches are dependent on the captured images as the main source
of information and only supplemented with input from the user as to clarify details
such as the type of food or if missing items. Alternatively, the image capturing can
be passive (for example, wearable cameras), meaning that the participants does not
need to actively capture the image. This passive assessment of dietary intake
includes a camera, worn around the neck of the individual that continually collects
data on food and beverage intake. The main advantage of this technology is the
continuous collection of real-time image data which can capture unconscious eating
and food consumption that may be difficult to monitor (social events, eating while
driving). Despite these advantages, wearable devices pose challenges in content
analysis of the image, which each participant’s camera capturing up to 4,000 images
per day (Davies, 2021). The benefit of passive monitoring high portability,
facilitates real-time self-monitoring, reducing errors. Passive methods may also be
well suited to those who are reluctant to self-monitor their behaviour in certain
scenarios which may cause embarrassment; for example at a social function or
while at work. Moreover, passive approaches lessen barriers around health literacy

and ability to utilise technology.
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Previous reviews have explored various factors that affect digital tailored weight
loss including how tailoring is implemented (Ryan et al., 2019), adherence to self-
monitoring (Cavero-Redondo, 2020) and the specific BCTs used (Sherrington et al.,
2016) but none have yet examined the role of DA. This study aimed to
systematically review the protocols for DA methods used to inform tailored
feedback in digital weight loss interventions, examining the digital platforms used
for data collection, type of DA and duration of the assessment. Table 3-1 provides a
list of definitions for standard terms to describe procedures for assessing dietary

intake.
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Figure 3-1 Definition of dietary assessment methods

Dietary
assessment

Self-
monitoring

Method

Food
Frequency
Questionnaire
(FFQ)

Dietary record
(open)

Dietary record
(closed)

Image-based
dietary record

The collection of data on food and beverages consumed over a
specified time that is coded and processed to compute intakes of energy
and other nutrients (Dao et al., 2019).

Self-monitoring requires a person to deliberately observe and record
their behaviour or behavioural outcome e.g. self-monitoring weight or
diet (Michie et al., 2013).

In the current paper, the term ‘method’ refers to the different dietary
assessment methods (e.g., diet record or FFQ as the dietary assessment
method).

Questionnaire to assess habitual dietary intake, based on a defined list
of foods and beverages. Participants are asked to indicate their typical
frequency of consumption over a specified period in the past, usually
with multiple-choice questions with options ranging from ‘several
times per day’ to ‘never’ (Thompson et al., 2015)

Intake of food and beverages completed at the time of consumption
where the participant details his/her intake with free text (Dao et al.,
2019).

Intake of food and beverages completed at the time of consumption
where the participant chooses from a pre-existing list of foods and
beverages, and enters the amount consumed (Dao et al., 2019), e.g.
MyFitnessPal

Images of food and beverages are captured using a mobile device and
automatically uploaded to a secure server where they are reviewed by a
trained analyst or automated algorithm (Boushey et al., 2017).

Dietary A short questionnaire to collect basic information about dietary intake.

screener This can be a short food frequency questionnaire or questions on
dietary behaviours (Thompson et al., 2015)

Methods

The methodology for this review follows the guidelines of the Cochrane handbook

for systematic reviews of interventions (Furlan, Pennick, Bombardier, & Van

Tulder, 2009). The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) were used to report findings (Moher, Liberati, Tetzlaff, &
Altman, 2009). The review was registered with PROSPERO (CRD42017065795).

Search strategy

Electronic databases searched were: PubMed — National Library of Medicine

database, MEDLINE, Cochrane Library of Systematic Reviews, Web of Science
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and ProQuest for studies published in English between January 1990 and December
2019. Databases were searched with a combination of the following search terms
and synonyms. We searched each database using a combination of five groups of
search terms: (1) dietary assessment: dietary record, food record*, food intake*,
diet record*, dietary record*, dietary assessment*, dietary intake*, dietary
measurement®, energy intake*, caloric intake*, nutrient intake*, nutritional intake*
and nutrition* assessment*; (2) weight loss: "weight loss", "Weight maintenance",
"obesity"; (3) clinical trials: Randomised controlled trial, clinical trial; (4)
technology: Internet, web, computer, online, telemedicine; and (5) tailoring:
eHealth, mHealth, personalised, tailored, individualised. Consultation with an
experienced Health Sciences librarian was sought to verify the search terms,
strategies and results. The references of included articles were hand searched for
further studies. Authors were not contacted for further details as the aim of the

review was to examine the protocols described in published articles.

Eligibility criteria

Eligibility criteria for included studies are detailed in Table 3-2. Only weight loss
studies that used a digital method for dietary assessment were included. For this
review, ‘digital’ was defined as including the use of email, internet, mobile
telephone, mobile device, online or mobile phone application, tablet or text
message. Included studies must involve weight-loss interventions targeting changes
in diet, or physical activity and diet, include technology in the dietary assessment
(email, internet, mobile telephone, mobile device, app, tablet or text message) and
be published in peer-reviewed journals. Studies involving children or adolescents

and those using pharmaceutical or surgical methods of weight loss were excluded.

Screening

Records were imported from the selected databases into Covidence

(www.covidence.org/home). Duplicates were removed and the remaining records

were screened by the candidat, firstly by title and abstract and then by full text. A
random sample of 10% of the data was double screened by a second person.
Discrepancies were resolved by re-examination of the study and discussion between

them.
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Data extraction (selection and coding)

Data extraction was conducted using the Covidence tool which included a custom
data extraction form. The following study details were recorded: number, gender,
age and body mass index of participants; dietary assessment tools used for
providing tailored feedback and baseline dietary assessment; duration of dietary
assessment; frequency of tailored feedback and key outcomes reported. Studies that
referenced a known procedure (i.e. validated FFQ, publicly available app or
published protocol) were included and the relevant information extracted from
additional sources. Due to the lack of heterogeneity between dietary assessment

methods, study durations and sample, a meta-analysis was not conducted

Table 3-1 Criteria for identifying studies to be included

Inclusion criteria

Population Adult (18+ years) participants with Body Mass Index
(BMI) > 25 kg/m?

Interventions The dietary assessment methods used with online, tailored weight-
loss interventions and their features.

A digital weight loss interventions providing tailored dietary
feedback where all, or part of the intervention is delivered by text
message, website, email, mobile application or any other electronic
communication. Interventions will need to include a dietary
assessment to be included in this review.

Uses digital methods to assess diet

Comparator Includes tailored dietary feedback

Outcome Studies were excluded if they do not report the dietary assessment
methods used, did not use technology to assess diet, or assess
dietary intake for a purpose other than weight loss. Only papers
relating to results of randomised controlled trials, including aged
18 years and over with a BMI > 25 were considered.

Study Duration of dietary assessment
design Validation of dietary assessment against biological or standardised
measures

Provision of dietary feedback given to the participant
Timing and frequency of dietary feedback

Additional Randomised controlled trials

outcomes Other features of the intervention such as health professional input
or option to manually enter missed foods; the intervention
effectiveness, sample characteristics
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Results

A total of 7,508 articles were identified through online searching and 14 additional
reports from searching reference lists and review protocols were screened for
inclusion. After exclusion of duplicates and articles not meeting the inclusion
criteria, 222 articles were retrieved and full-text articles were assessed for
assessment of eligibility. Further studies were excluded for the following reasons:
insufficient dietary assessment used or reported (Shuger et al., 2011), weight loss
medication (Little et al., 2016), dietary feedback not provided (Jakicic et al., 2015)
weight loss not an outcome (Chambliss et al., 2011; Foley et al., 2016; Gans et al.,
2015), no digital assessment of diet and sample not overweight (Gilson et al., 2017,
Kerr et al., 2016; Mouttapa et al., 2011). Thirteen articles were included for full
qualitative assessment (Figure 3-1 PRISMA flow diagram PRISMA diagram).
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Figure 3-2  PRISMA flow diagram

Records identified through
database searching
(n=7508)

Duplicates excluded
(n=2419)

v

Additional records identified through other
sources (n=14)
(n=14)

A

A

Records screened Title and abstracts
(n=5103) excluded
(n=4881)

A 4

Full-text articles excluded
Full-text articles assessed (n=209)

for eligibility 42 Design or proof of

(n=222) concept

49 No diet assessment
33 No weight management
30 No diet or weight
outcomes
27 Not reporting

intervention results
20 Feedback not tailored

Studies included in 2 Duplicate study

qualitative synthesis 6 Pediatric population
(n=13) 3 Comparator

2 Patient population not

eligible
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Study characteristics

Thirteen studies included are presented in Table 3-3. The sample size varied from
43 to 446. Participants were mainly recruited from the general population with the
majority of the sample being female except one study which recruited participants
from a military base (Hunter et al., 2008) and two studies that recruited men only
(Hunter et al., 2008; Morgan et al., 2013), and Phelan et al. (2017) specifically
recruited low-income postpartum women and tailored the intervention for those
breastfeeding (Phelan et al., 2017). Seven studies were conducted in the USA, three
in Australia and the remaining studies in Europe. The majority of studies (n=8) had
participants with a BMI between 30 and 35, one study had a mean BMI of 43 (M.
Carter et al., 2013) and two studies had a mean BMI of 29 (Hunter et al., 2008;
Hutchesson et al., 2018). Two studies did not report the mean BMI (Hageman et al.,
2017, Patrick et al., 2011). Attrition rates varied between 7% (M. C. Carter et al.,
2013) and 30% (Haapala et al., 2009; Patrick et al., 2011).

Platform

The platform for data collection included custom-developed software on a personal
digital assistant (PDA) (Burke et al., 2009) or a mobile telephone app (M. C. Carter
et al., 2013; Foley et al., 2016; Hutchesson et al., 2018). Luley et al. collected
dietary data on an accelerometer that allowed for the recording of meal calories that
participants could read on the display (Luley et al., 2014). The remaining studies
used web-based platforms for dietary recording which could be accessed via a

smartphone or computer.

Dietary assessment method

Table 3-4 lists the method used to collect dietary data to inform tailored feedback
and the duration of the dietary assessment undertaken. Six studies used a digital
(closed) dietary record where participants selected their intake from a pre-
determined list of meals or foods (Burke et al., 2009; M. C. Carter et al., 2013;
Haapala et al., 2009; Morgan et al., 2013; O'Brien et al., 2014; Phelan et al., 2017).
All closed dietary record were linked to a database providing nutrition information,
sourced from branded products and recipes, to derive commonly eaten foods

developed by an accredited practising dietitian or national food composition tables.
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Men in the SHED-IT trial used a web-based digital (closed) dietary record using
commercially available software (CalorieKing™ Australia) with an Australian-
specific food database (Australia) (Morgan et al., 2013). Burke et al. provided
participants with a personal digital assistant (PDA) installed with a program to
calculate energy and fat consumption and assess energy intake against daily goals
(Dietmate Pro©) (Burke et al., 2009). O'Brien et al. used a commercial online
program, The Australian Biggest Loser Club. A protocol paper describes the web-
based dietary record in detail (Collins, 2010). My Meal Mate used a custom-
designed diet record app on a smartphone using a food and beverage database
specific to the UK (Carter et al., 2017). This study is the only app developed by
researchers that is available in the public domain. Two studies described a closed
digital dietary record but did not state the source of the dietary data or associated

database (Phelan, 2015;Haapala, 2009).

Four studies used an open diet record where participants used free text entry of
foods and calories. Tate et al. provided a calorie book and instructed participants to
report their calorie and fat intake into a secure website every day for the first month
(Tate et al., 2003). Hageman et al. asked users to calculate their daily energy using a
book provided, and to enter this data to the intervention website (Hageman et al.,
2017). Luley at al. also asked participants to estimate calories and enter this into an
accelerometer — data was prompted by meal, for example, breakfast or snack

29 ¢¢

followed by options of “mini,” “normal,” or “maxi” to estimate portion sizes (Luley
et al., 2014). Luley et al. did not provide a resource to calculate calories but offered
a 2-hour training session on how to determine portion sizes and record dietary data.
Hunter provided in-person training where “participants were instructed to log-in and
complete self-monitoring food and exercise diaries at least five times a week”

(Hunter et al., 2008, p. 121).

Patrick et al. was the only study to use a dietary screener to assess fruit, vegetable,

wholegrains and saturated fat intake (Patrick et al., 2011).
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Table 3-2

Characteristics of studies included in the systematic review

Sample Mean BMI of Mean age
First author, year, country . P the intervention g
size (years)
group (SD)

Burke, 2009, USA (Burke et al.,
2009) 210 31.4 (4.5) 49
Carter 2017, UK, (M. Carter et
al., 2013; Carter et al., 2017) 43 34(4) 4l
Haapala, 2009, Finland (Haapala
et al., 2009) 125 30.6 (2.8) 38.1
Hageman, 2014, USA (Hageman
etal, 2017) 301 Not reported 53
Hunter, 2008, USA (Hunter et al.,
2008), 446 29.4 (3) 34
Hutchesson, 2018, Australia
(Hutchesson et al., 2018) 57 294 (2.5) 27
(Hutchesson et al., 2018)
Luley, 2014, Germany (Luley et
al, 2014) 184 Not reported 50
Morgan, 2013, Australia (Morgan
etal.. 2013) 159 32 (3.9) 47.5
O'Brien, 2014, Australia (O'Brien
etal, 2014) 289 32 (3.9 41.6
Patrick, 2011, USA (Patrick et al., 441 Not reported 43.9
2011)
Phelan, 2017, USA (Phelan et al.,
2017) 192 31.7(5.1) 28
Schroder, 2011, USA (Schroder, 91 34 (5.4) 426
2011)
Tate, 2003, USA (Tate et al., 91 33.1 3.5) 435

2003)
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Intervention design

While all studies aimed to achieve weight loss by reducing energy intake, the
dietary approach to achieving this varied across studies. Schroder and O'Brien
specifically aimed to assess the impact of their intervention on diet quality (O'Brien
et al., 2014; Schroder, 2011). Luley used a low carbohydrate diet with an emphasis
on carbohydrates with a low glycaemic index (Luley et al., 2014). Phelan et al. used
both a calorie goal of 1200 to 1800 kcals/day and less than 35% energy from fat
(Phelan, 2015). Haapala focussed on reducing energy-dense nutrient-poor (EDNP)
foods (Haapala et al., 2009) whereas Hageman et al. focussed on energy from fat

(Hageman et al., 2017).

Dietary analysis methods

All studies reported a change in energy intake as a primary or secondary outcome of
the intervention. Two studies used a human to conduct the dietary analysis but it is
not reported if they used any dietary analysis software (Hageman et al., 2017; Tate
et al., 2003). Tate et al. (2003) state that the counsellor providing dietary feedback
had postgraduate qualification in nutrition, health education or psychology (Tate et
al., 2003). For this study, the protocol for dietary analysis is described as using the
counsellor’s clinical judgment ‘to assess and interpret participants’ diet records’.
Hunter et al. did not report on the training or qualifications of the people analysing

dietary data.

An online dietary record was exclusively analysed by computer software in seven
studies (Foley et al., 2016; Haapala et al., 2009; Hutchesson et al., 2018; Luley et
al., 2014; O'Brien et al., 2014; Patrick et al., 2011; Phelan et al., 2017). Carter et al.
(2013) used a purpose-built dietary record app where users selected foods from a
commercial database with over 40,000 items (M. C. Carter et al., 2013). Burke et al.
(2009) used a mobile application on a PDA (Burke et al., 2009). The Australian
Biggest Loser Club is a commercial weight loss program, delivered on a web-based
platform with a built-in dietary record. The dietary data is informed by an
international food and exercise database, including 20,000 Australian foods and the

source of the data is described in the protocol.
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Frequency of data collection

Burke et al. specified the longest period of data collection, requesting daily
reporting for 24 months. My Meal Mate did not specify the frequency of data
collection to participants. After the first week they were instructed to use the app
"as often as they please" (Carter et al., 2017). Haapala et al. stated their intervention
was designed to support self-directed users so no guidance on the frequency of
entering data was provided (I. Haapala et al., 2009). Hageman et al. was the longest
intervention (30 months) asking participants to record their dietary intake daily for
the first 6 months, bi-weekly from 6—18 months and then ‘encouraged’ from 18-30

months (Hageman et al., 2017).

Dietary feedback

Feedback was provided on a variety of digital platforms: emails, text messages,
web-based platforms and mobile applications. Most studies (n=8) that used a closed
diet record were able to provide participants with immediate feedback on estimated
energy intake (Burke et al., 2009; Carter et al., 2017; Haapala et al., 2009;
Hutchesson et al., 2018; Morgan et al., 2013; O'Brien et al., 2014; Phelan et al.,
2017; Schroder, 2011). Four studies used a researcher to generate dietary feedback
from reviewing the dietary records (Hageman et al., 2017; Hunter et al., 2008;
Hutchesson et al., 2018; Tate et al., 2003). Hunter et al. states that “Each participant
was assigned one Internet counsellor for the duration of the intervention and these
counsellors spent 10—15 minutes per participant each week providing written
feedback” (Hunter et al., 2008, p. 121). Participants received feedback on food, PA
and weight data as well as personalised suggestions for weekly lessons on
behaviour change strategies. Tate et al. describe counsellor written emails that
provide support in addition to tailored feedback on the dietary records submitted to
the website (Tate et al., 2003). Two studies explicitly state that dietary feedback
was provided by a registered dietitian. Hutchesson et al. provide a detailed
description protocol for developing tailored feedback, informed by participants’
responses to an online quiz, and dietary data collected with the Easy Diet Diary app
(Xyris Software, Australia), a closed dietary record (Hutchesson et al., 2018).
Participants received immediate feedback on nutrition and energy intake from the

app as well as tailored feedback, developed by an accredited practising dietitian, on
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goal setting and eating behaviour (Hutchesson et al., 2018). Hageman et al. also
employed a dietitian to provide tailored feedback informed by the Dietary
Guidelines for Americans with a focus on reducing fat, and energy and nutrient-
dense foods. Email feedback was based on the 5A’s Model for Behavioral

Counselling (assess, advise, agree, assist and arrange) (Glasgow, 2006 ).

Patrick et al. (2011) provided computer-generated graphical feedback on
participants’ dietary records which was available on the intervention website
(Patrick et al., 2011). In addition to digital feedback, four interventions provided
counselling support via telephone (Hunter et al., 2008; Luley et al., 2014) and in-
person (Phelan et al., 2017; Schroder, 2011).

Three interventions provided instant feedback on energy intake, followed by more
comprehensive behavioural feedback sent at regular intervals (Burke et al., 2009;
Hutchesson et al., 2018; Morgan et al., 2009). Morgan et al. (2013) tailored the
feedback on participants’ engagement with meal plans, grocery lists and physical
activity plans (Morgan et al., 2013), and Hutchesson used performance in online
quizzes, self-reported motivation for weight loss and achievement of virtual rewards
(Hutchesson et al., 2018). Burke et al. employed a specially trained researcher to

analyse dietary data and provided additional written feedback (Burke et al., 2009).

My Meal Mate intervention provided instant feedback informed by self-reported
energy intake and estimated energy expenditure (M. C. Carter et al., 2013). Food
items recorded on the My Meal Mate app were uploaded to a secure administrator
website for further analysis of macronutrient intake by the researchers but not used

to inform dietary feedback.

Outcomes

All studies reported changes in body weight, BMI and waist circumference at
baseline and post-intervention. Two studies reported no difference in weight loss
between the intervention and control groups (Hutchesson et al., 2018; Patrick et al.,
2011). Four studies reported weight loss in the intervention group that was not
statistically significant (Foley et al., 2016; Hunter et al., 2008; O'Brien et al., 2014;

Phelan et al., 2017). The remaining seven studies reported statistically significant
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weight loss of about 3 kg (Burke et al., 2009; M. C. Carter et al., 2013; Haapala et
al., 2009; Hageman et al., 2017; Luley et al., 2014; Morgan et al., 2013; Tate et al.,
2003).

All studies included energy intake in their dietary outcome, but the methods and
data reported were not consistent or comparable. One study used software that rated
the diet quality between 1 and 5 stars (Schroder, 2011). Six studies reported
outcomes related to diet quality by analysing intakes of fat, fruit, vegetables, fibre,
alcohol and EDNP (Burke et al., 2009; Haapala et al., 2009; Hageman et al., 2017;
Morgan et al., 2013; O'Brien et al., 2014; Schroder, 2011). Changes in the
Australian Recommended Food Score, a measure of overall diet quality derived
from a validated food frequency questionnaire, (Collins et al., 2008) were the

primary outcome of one study (O'Brien et al., 2014).
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Figure 3-3

Author, year,
country

Burke et al.
2009 USA
(Burke et al.,
2009)

Carter et al.
2017, UK
(Carter et al.,
2017)

Haapala et al.,
2009 Finland
(Haapala et al.,
2009)

Hageman, 2017,
USA (Hageman
etal., 2017)

Platform

PDA*®

Website

Mobile
computer/web
access

Website

Features of included studies

DA method
used to inform
tailored
feedback

Closed dietary
record

Closed diet
record

Closed diet
record

Open diet
record

Sample
period

Daily for 24

months

Not
specified

Not reported

30 months

Attrition
(%)

28

57

Dietary
analysis

Computer-
generated,
nutrient
database used

Computer-
generated,
nutrient
database used.

Computer-
generated

Researcher
generated,
dietary analysis
software used

Frequency of
dietary
feedback

One automated
daily feedback
email plus
written feedback
from researcher.

Instant,
automated
feedback on
energy balance
and weekly text
message

Daily text
message

Weekly email
feedback

Dietary
outcomes
assessed

Personalised
energy limit and
fat intake <25%
calories.

Estimated energy
intake

Energy-dense food
score; estimated
energy intake

Energy goal of
1,200-1,200 kcal;
fat 20-35% of
energy



Hunter et al. Open diet At least 5 17 Researcher Weekly written  1200-1500 kcals/d
2008, record times per generated feedback per day fat <30%
USA(Hunter et week for 6 through energy
al., 2008) months intervention

website plus 2

phone calls.
Hutchesson, Mobile app Closed diet Daily for 26 25 Dietitian and Email feedback, Estimated energy
2018 Australia Easy Diet record weeks computer- 4 times in 26 intake
(Hutchesson et Diary (Xyris generated, weeks
al., 2018) Software dietary analysis

Australia) software used
Luley et al. 2014 Accelerometer Open diet Daily for 12 18 Computer- Weekly written  Estimated energy
Germany (Luley record months generated, feedback on intake
etal., 2014) nutrient energy intake
database used and monthly

phone call
Morgan, Closed diet 2 weekday 11 Computer- 7 times over the = Estimated energy
Australia record and 2 generated, 3 months; intake
(Morgan et al., weekend nutrient researcher
2013) days for for database use. generated plus

12 weeks Plus researcher  instant feedback
input. on energy

O'Brien, Closed diet Minimum 4 16 Computer- Weekly, Australian
Australia record times per generated, automated plus ~ Recommended
(O'Brien et al., week for 12 nutrient text messages Food score
2014) weeks database used. and phone calls.
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Patrick, 2011,
USA (Patrick et
al., 2011)

Phelan, 2017,
US(Phelan et al.,
2017)

Schroder, 2011
USA (Schroder,
2011)

Tate, 2003,
US(Tate et al.,
2003)

Website

Website

Computer
software

Website

Diet screener

Closed diet
record

Closed diet
record

Open diet
record

PDA- personal digital assistant

Not reported

Not
specified

7 days
minimum
but no upper
limit

Daily for the
first month
then weekly

30

11

28

23

59

Computer-
generated,
nutrient
database used

Computer-
generated
tailored
feedback using
dietary analysis
software

Computer-
generated,
nutrient
database used.

Researcher with
related masters
or doctoral
degrees. No
database
reported.

Weekly, source
of feedback not
described

Weekly text
message for 4
weeks

Instant feedback
on energy
balance and
compliance with
dietary
guidelines

Five times per
week for one
month.

% energy from
total fat, saturated
fat and g/1000
kcal/day for fibre,
fruit and
vegetables

Meeting calorie of
1200to1800 per
day with300
additional calories
for breastfeeding.

Reduced energy,
fat and sugar
intake; increase
fruit, vegetables
and fibre and 1-5
star diet quality
rating.

Feedback on self-
monitoring of diet,
recommendations
for change and
general support.






Discussion and conclusion

A systematic review of the DA methods used to inform tailored feedback was
conducted on thirteen digital weight loss interventions. The results highlight the
inconsistency in DA methods and variability in the quality and content of tailored
feedback which may hinder the effectiveness of the intervention. In the majority of
studies, dietary feedback focussed on creating an energy deficit to achieve weight
loss with only three studies addressing overall diet quality (O'Brien et al., 2014) and
intake of fruit, vegetables and fibre (Patrick et al., 2011; Schroder, 2011).

A critical factor in assessing the suitability of dietary assessment is the ability to
produce reliable results suited to the purpose of the appraisal, in this case, dietary
feedback for weight management (Kirkpatrick et al., 2019). Eleven of the studies in
this review only included energy intake in the dietary feedback, which may be due
to the limitations of the dietary data collected or the protocol used for assessment.
Although energy balance is important, nutrition knowledge is an essential mediator
for weight loss (Shoneye, 2019 ;Keay, 2018). Digital weight loss interventions
should follow clinical guidelines to address reduce energy intake by displacing
EDNP food and beverages with vegetables, fruit, legumes and whole grains,
improving diet quality independent of weight loss (Yumuk et al., 2015) (Stegenga et
al., 2014). However, digital intervention have inherent problems with engagement
and participants have expressed a preference for continuous feedback, energy intake
and the option scan barcodes — features available in many closed dietary records
(Tang, Abraham, Stamp, & Greaves, 2015). Interventions that used a closed DA to
provide instant feedback on energy with additional researcher feedback are most

likely balance intervention features that are both evidence based and engaging.

A novel finding of this review is that self-monitoring tools were often used to
inform the tailored feedback while the DA tools were used to measure dietary
change as an outcome. This finding is notable given that most studies report some
positive change in behaviour and weight. A possible explanation could be the
known problems around inaccuracy of dietary reporting (Macdiarmid & Blundell,
1997; Vuckovic, Ritenbaugh, Taren, & Tobar, 2000); deliberately not reporting

food eaten, reducing food consumption to make reporting easier and difficulties in
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using the assessment tool (Connor, 2020; Macdiarmid & Blundell, 1997; Scagliusi,
Polacow, Artioli, Benatti, & Lancha Jr, 2003). Individuals may change their usual
intake to consume more pre-packaged food that can be quickly recorded,
particularly in the closed diet records that can scan bar codes (Vuckovic et al.,
2000). In this study, there is no clear link between the type, duration or frequency of
DA and weight loss. This has been found previously with frequency and
consistency of recording dietary data, more important for weight loss than accuracy
(Peterson et al., 2014) but further studies are needed to understand the impact on
diet quality.

Dynamic tailoring that is continually informed through ongoing assessment has
more personal relevance than a static tailoring, based on a single assessment
performed at baseline (Krebs, 2010). Self-regulation theory suggests feedback
works by providing individuals with reports on their progress towards a set goal(s)
(Locke, 2002;Carver, 1982 ) so is most effective when received at the time of
performing the behaviour or 'just-in-time'. One promising technique is the mobile
food record (mFR™) an image-based dietary assessment tool that uses the
integrated camera on a smartphone (Zhu et al., 2015). In an intervention with young
adults, a trained analyst assessed the images and provided tailored feedback via text
messaging on serves of fruits, vegetables and energy-dense nutrient poor food and
beverages (Kerr et al., 2012). As this technology evolves with more automated
methods it has the potential for real-time personalised, image-based feedback

(Shoneye et al. 2020) including the estimation energy intake (Fang, 2019).

This review highlights problems with the terminology used in this field. The term
‘dietary record’ has been described by authors to encompass a range of approaches
which are distinctly different: entering free text into a website (open) and selecting
individual foods from a database on a mobile application (closed) (Chen et al.,
2015). Entering free text relies on the participant to adequately describe the food,
cooking method and quantity, which may be more challenging for those with lower
levels of literacy (Ortega, 2015 ). Still, it is limited to the items available in the
associated database, which may not include food available in specific regions or
preferred by some cultures. The terms ‘open’ or ‘closed’ dietary record have been

described in papers reviewing dietary assessment methods but were not used in any
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of the studies examined for this review (Shim, 2014 ;Dao, 2019 ). Future studies
should consider adopting existing terminology and definitions to describe the
dietary data collected in more detail. An exemplar is Collins et al., who represented
the online food diary as a self-monitoring tool identifying the source of the nutrition
information and the commercial platform on which it is available, and then
explained how this data was used to inform the computer-generated, tailored

feedback (Collins, 2010 ).

Likewise, the term ‘feedback’ is a behaviour change technique meaning to monitor
the behaviour and provide informative or evaluative information on the
performance of that behaviour (Michie et al., 2013). In the context of delivering
tailored feedback it may refer to a specially trained researcher analysing dietary
intake and behaviour to provide written feedback (Hageman et al., 2017; Hunter et
al., 2008; Kerr et al., 2016), or an app that provides numerical feedback on energy
consumed and expended (M. C. Carter et al., 2013; Teixeira et al., 2018). The latter
has the distinct advantage of being a stand-alone and instant, but it is not actionable,
meaning that it lacks specific instructions on when, where and how to perform the
desired behaviour (Michie et al., 2013; Schembre et al., 2018). A practical
framework for designing tailored feedback identified four key features:
personalisation, just-in-time, actionable and founded on a behavioural assessment
(Schembre et al., 2018). All studies in this review included both a behavioural
assessment and personalisation, but none had all four. It will be necessary for
emerging digital weight loss interventions to publish a full description of how
dietary feedback was generated to compare the effectiveness of different

approaches.

The range of methods used for DA in this systematic review may be due to the
evolving field of digital technologies to assess diet. There has been a rapid
transition from paper-based methods to web and mobile methods over the past two
decades. For example, the study by Burke et al., published in 2009, used a PDA that
today is no longer available. However, this review examined methods to collect
dietary data that are inappropriate for a scientific study. Luley et al. instructed
participants to record and calculate their energy intake using a calorie book and

submit this data into an accelerometer (Luley et al., 2014). While the authors state
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that this is designed as a psychological prompt, the dietary data was used to inform
written, tailored feedback. As participants in this study were already diagnosed with
metabolic syndrome a more comprehensive method to assess diet could
significantly increase nutrition literacy and diet quality, essential for reducing the

risk of developing type 2 diabetes (Gruss et al., 2019).

Previous reviews highlight the heterogeneity of outcomes and approaches used but
none have specifically examined the role of dietary assessment and dietary
feedback. (Ryan, 2019 ;Teasdale, 2018 ;Sherrington, 2016;Lau, 2020 ;Broekhuizen,
2012 . For example, Lau et al. (2020) examined 15 tailored interventions, revealing
a 2.77 kg difference in weight between the intervention group and control (Lau et
al., 2020). This ranged from 9.4 kg in adults with extreme obesity (mean BMI 44.1)
(Martin et al., 2015) to 1.7 kg in healthy weight adults (mean BMI 24.3) (Kerr et al.,
2016). Ryan et al. examined the data used to inform tailored feedback in 8 studies;
one asked participants to use a Calorie King book to work out their calorie intake
and submit this via text (Napolitano et al., 2013) and another used a validated food
frequency questionnaire (Mouttapa et al., 2011). While dietary behaviour was
assessed as tailoring parameter the DA method was not factored into the meta-
analyses (Lau et al., 2020; Ryan & Yockey, 2017). As weight management relies of
dietary change, this review provides a much needed evaluation of the DA methods
to help inform the design and reporting of future digital tailored weight loss

interventions. .

Strengths and limitations

A broader review to capture DA methods used in people with a healthy weight may
provide a broader scope of the available DA methods. None of the dietary
assessment studies included image-based reporting of food and beverage intake as
these had not yet been trialled in populations with overweight and obesity. Studies
with young adults and people with intellectual disabilities have found a preference
for image-based dietary assessment (Bathgate et al., 2017; Kerr et al., 2017).
Gemmings et al. (2015) examined studies evaluating image-assisted methods of
dietary assessment for estimating energy intake (Gemming et al., 2015). Their
results indicated that image-based, assisted DA improves self-reporting by reducing

misreporting errors, and is a valid estimate of energy intake. Image-based
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approaches may also facilitate the inclusion of those with limited literacy and
intellect — groups who are at greater risk of poor nutrition but often under-
represented in research (Bathgate et al., 2017). Including studies with a BMI of less
than 25 will also include studies aiming to prevent weight gain or support weight
loss maintenance. Anton et al. used a web-based platform for dietary assessment
and dietary feedback, providing instant feedback through graphs showing deviation
from macronutrient and energy goals (Anton et al., 2012). This is one of few studies
to use a DA to inform feedback and provide feedback that is visual and not limited
to energy. It was not included in this review as there was no dietary outcome
assessed. Future reviews should assess digital dietary assessment methods beyond

those used for weight loss interventions.

Adhering to the PRISMA process, double reviewing 10% of results, and searching

5 key databases are important strengths of this review. A limitation is the inclusion
of four studies with a sample of fewer than 100 participants (M. C. Carter et al.,
2013; Schroder, 2011; Tate et al., 2003). The objectives of this review were not to
quantify the effectiveness of the different DA methods described, which is an area
to be explored in future research. To progress the knowledge in these areas we
recommend that future studies describe the protocol for assessing dietary behaviour
to inform tailored feedback, and use language consistent with existing studies to
describe the methods. This will enable a future review to conduct a meta-analysis of

the effectiveness of the DA used for weight loss in digital interventions.

Conclusions

This review highlights the inconsistency in DA methods used in tailored weight loss
interventions, which may account for the range of results reported. Most digital
dietary feedback focussed on reducing energy intake without providing feedback to
enhance diet quality. This may reflect the evolving nature of dietary assessment
methods with new technologies. Future interventions should publish the protocol

describing how dietary data was used to inform dietary feedback.
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Links to other chapters

Overall findings of this systematic review reveal the heterogeneity of methods used
to assess dietary intake. Tailored dietary feedback was mostly based on dietary data
from self-monitoring tools, and dietary assessment tools were used to assess diet as
an outcome. The novel findings of this study showed the lack of consistency in the
terminology and procedures for assessing diet to inform tailored dietary feedback.
This is the first review to assess the method, frequency and platform used to collect

dietary data for informing tailored dietary feedback.

The results reveal a range of methods including those that are validated and
thorough, and others which are inadequate and brief. A closed diet record was
commonly used to inform brief feedback on energy intake. While the review shows
these can be effective for weight loss, further studies are needed to explore their
effect on diet quality. This study highlights a focus on kilojoules and weight loss
among digital interventions. This is not in line with clinical guidelines that suggest
that interventions aim to displace discretionary food with vegetables, fruit and
wholegrains, which will reduce the risk of some chronic disease, independent of
weight loss. The following chapter explores the users’ perspective on using a digital
dietary assessment tool and receiving tailored dietary feedback, to expand our

understanding of how these digital tools work in a real-world setting.

67



Chapter 4 Image-based dietary assessment
and tailored feedback using mobile
technology: Mediating behaviour
change in young adults

Introduction

(Objective 2) Report on young adults’ experiences of receiving the dietary feedback
following the 6-month dietary intervention and determine whether those

experiences were associated with positive improvements in dietary intake.

This chapter presents the final manuscripts published, after addressing comments
and edits from reviewers. The aim of the current study was to report on young
adults’ experiences of receiving the dietary feedback following the 6-month dietary
intervention, and to determine whether those experiences were associated with

positive improvements in dietary intake.

The candidate was not involved in the design or data collection of the CHAT study,
which was conducted prior to this thesis. This study that comprises chapter 4
involved secondary analysis of data collected during the CHAT study; participant’s
responses to the tailored feedback, post intervention questionnaires. The candidate
was responsible for the design of the process evaluation; a qualitative analysis of
the free text responses, examination of the relationship between participant’s
perception of tailored feedback and observed change food group serves and

preparing the manuscript.

Reference: Shoneye, C. L., Dhaliwal, S. S., Pollard, C. M., Boushey, C. J., Delp, E.
J., Harray, A. J., Howat, P. A., Hutchesson, M. J., Rollo, M. E., Zhu, F., Wright, J.
L., Pratt, I. S., Jancey, J., Halse, R. E., Scott, J. A., Mullan, B., Collins, C. E., &
Kerr, D. A. (2019). Image-Based Dietary Assessment and Tailored Feedback Using
Mobile Technology: Mediating Behavior Change in Young Adults. Nutrients,
11(2), 435. https://doi.org/10.3390/nu11020435
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Abstract

Assessing the implementation of nutrition interventions is important to identify
characteristics and dietary patterns of individuals who benefit most. The aim was to
report on young adults’ experiences of receiving a dietary feedback text messaging
intervention. Diet was captured using an image-based 4-day mobile food record
application (mFR™) and assessed to formulate two tailored feedback text messages
on fruit and vegetables and energy-dense nutrient-poor (EDNP) foods and
beverages. At 6-months 143 participants completed a second mFR and a
questionnaire evaluating the dietary feedback. Participants who agreed the text
messages made them think about how much vegetables they ate were more likely to
increase their intake by at least half a serve than those who disagreed [odds ratio
(OR) =4.28, 95% Confidence Interval (CI): 1.76 to 10.39]. Those who agreed the
text messages made them think about how much EDNP foods they ate, were twice
as likely to decrease their intake by over half a serve (OR = 2.39, 95%CI: 1.12 to
5.25) than those who disagreed. Undertaking detailed dietary assessment ensured
the tailored feedback was constructive and relevant. Personal contemplation about
vegetable and EDNP food intake appears to be a mediator of dietary change in
young adults.

Background

Poor diet is associated with increased risk of diseases such as cardiovascular
disease; type 2 diabetes; and some cancers, with obesity a mediating factor
Australian (Ng et al.). Dietary patterns vary throughout the life course and it is
important to re-establish good eating habits in young adulthood to protect against
preventable disease. Dietary guidelines recommend regular consumption of diets
high in fruit and vegetables, limiting consumption of alcohol and avoiding energy
dense nutrient-poor (EDNP) foods high in added sugars, saturated fat and sodium to
reduce the risk of diet-related diseases (National Health and Medical Research
Council, 2013b). Dietary patterns vary throughout the life course and it is important
to ensure good eating habits are maintained into young adulthood to protect against
preventable disease. Compared with other age groups, Australian young adults
consume the least amount of fruits and vegetables and the most alcohol and EDNP

foods and beverages with more than one-third (35%) of total energy coming from
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EDNP food and beverages (Australian Bureau of Statistics, 2013). Consequently,
young adults are gaining weight more rapidly than any other age group, leading to
an earlier onset of overweight and obesity than in previous generations putting them
at a greater risk of preventable diet-related disease (Australian Bureau of Statistics,
2013). Young adults, a group in transition from adolescence to adulthood, represent
an important target group for improving dietary habits and preventing weight gain
(Australian Bureau of Statistics, 2013). Developing effective interventions requires
an understanding of the motivators and barriers for healthy eating, as well how best

to engage young adults over time (Munt, 2017;Ashton, 2017 ).

Digital communications, including email and text messaging, have been shown to
effectively engage young adults in dietary interventions (Kerr, 2016 ;Partridge,
2016 ;Hutchesson, 2016). Digital behaviour change interventions (DBCI)
combining these approaches are evolving rapidly, introducing new challenges for
evaluation including understanding their role in effective engagement with end
users (Michie, 2017). Evaluation of a text message intervention in young adults
found website and mobile app engagement to be low during the study period, with
participants preferring self-monitoring apps and individualized resources (Partridge,
2016 ). In a systematic review of internet-delivered weight loss interventions,
personalised feedback targeting diet and physical activity behaviours appeared to be
an important behaviour change technique (Sherrington et al., 2016). Feedback based
on characteristics unique to the individual, provide the user with personalised or
tailored feedback, which can be delivered as printed material, email or text
message. Tailoring information places less cognitive load on the individual and
enhances engagement (Noar, 2007 ). Using mobile technology in tailored dietary
interventions may be a cost-effective way to engage young people in evidence-

based, behaviour change interventions, with potential for a population level reach.

An important aspect of tailoring is to ensure feedback to individuals has personal
relevance. Accurate and timely dietary assessment is paramount for tailored dietary
interventions. Personally relevant and effective feedback can guide individuals to
identify dietary changes to improve their health (Lustria et al., 2013). Collecting
dietary data via mobile devices enables real time data collection, reducing the risk

of recall bias and participant burden (Boushey et al., 2016). Young adults are more
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willing to record their diet either online or with mobile devices compared with a

written food record (Kerr, 2017;Boushey, 2015;Hutchesson, 2016).

The Connecting Health and Technology (CHAT) study was a 6-month randomised
controlled trial that evaluated the effectiveness of tailored dietary feedback and
weekly text messaging to improve intake of fruit, vegetables and EDNP food and
beverages in young adults (18 to 30 years) (Kerr et al., 2016). The term EDNP
foods, colloquially referred to as ‘junk food’ in communications with participants
(Pettigrew et al., 2017), are those foods and beverages high in energy, saturated fat,
added sugar, salt or alcohol, and low in nutritional value. The CHAT study protocol
and outcomes have been previously published (Kerr et al., 2016). In brief, after
baseline assessment, participants were randomly assigned to one of three groups: 1)
combined dietary feedback and weekly text messages; 2) dietary feedback text
messages; or 3) control group who did not receive any text messages. Tailored
dietary feedback alone led to a decrease in consumption of EDNP foods in men and
sugar-sweetened beverages (SSB) in women, and a 1.7 kg reduction in body weight
(Kerr et al., 2016). However, additional weekly text messages did not appear to
have any further benefit, reinforcing the need to further evaluate factors associated

with effectiveness of the dietary intervention.

Assessing the implementation of DBCI is important in order to better understand
and identify the characteristics and diet of individuals who benefitted most from
tailored feedback. This will help guide future interventions design in young adults.
The aim of the current study was to report on young adults’ experiences of
receiving the dietary feedback following the 6-month dietary intervention, and to
determine whether those experiences were associated with positive improvements

in dietary intake.

Methods and materials

Study design and participant recruitment

Data were collected from a population-based sample of 247 young adults (18 to 30
years) taking part in a 6-month randomised controlled trial (RCT) to evaluate the
effectiveness of tailored dietary feedback and weekly text messaging support to

improve diet. Only young adults randomised at baseline to dietary feedback text
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messaging intervention groups were included in this analysis (n=164). The study
protocol and trial outcomes have been published previously (Kerr, 2012;Kerr, 2016
). Participants were selected from 57 suburbs within the Perth metropolitan area in
Western Australia to provide representation across socio-economic status through
the Commonwealth electoral roll, a compulsory enrolment system for Australian
adults. After receiving a letter of invitation, those who wished to take part
underwent eligibility screening either by telephone or the study website. Exclusion
criteria applied if people were unable to complete the 6 month study, undertaking
extreme forms of physical activity, on a special diet, currently studying or had
studied nutrition, pregnant or breastfeeding, unable to attend the study centre to
complete the face-to-face assessments or affected by serious illness. The study was
approved by the Curtin University Human Research Ethics Committee and the
Department of Health, Western Australia Human Research Ethics Committee (HR
181/2011) and all participants signed an informed consent. The trial was registered
with the Australian New Zealand Clinical Trials Registry
(ACTRN12612000250831).

Intervention: Dietary feedback

Dietary intake was assessed in participants using an image-based dietary assessment
system known as Technology Assisted Dietary Assessment or mFR™ (Zhu et al.,
2010; Zhu et al., 2008). Participants were instructed to record their food and
beverage intake using the mFR™ for four consecutive days (Wednesday to
Saturday) with the investigator-supplied iPod Touch (i0S6) loaded with the mFR™
application. When taking an image, participants were instructed to include a
provided reference object known as a fiducial marker (a checkerboard pattern of
known shape, size and color) to assist with food identification and portion size

estimation (Xu, 2013;Zhu, 2010 ;Xu, 2012 ).

They were instructed to record food and beverage items not captured in an image
using the iPod notes section. A week later participants attended a second baseline
visit to return the iPod Touch and complete additional written questionnaires. At
this visit the researcher interviewed each participant to verify the content of the
images and probe for any forgotten food and beverages. The trained analyst

assessed the mFRTM using a quality scoring of food items by food group according
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to the Australian Guide to Healthy Eating (AGHE) standard serves (Smith et al.,
1998). For each participant, an average serve per day was calculated for fruits,
vegetables, EDNP foods and beverages. Once scoring was complete, two tailored
dietary feedback text messages were sent to the intervention participants one week
apart, with one message for fruits and vegetables and the other for EDNP food and

beverages.

A standard message template previously described (Kerr et al., 2012); was used for
each dietary feedback text message but personalised for each participant according
to the results of the dietary analysis. Briefly, for the fruit and vegetable messages,
participants received a message based on three levels of intake. Low intake was
considered 0 to < 3.5 servings of fruits and vegetables; medium was 3.5 to <7
servings of fruits and vegetables; and at least 2 servings of fruits and 5 servings of
vegetables per day met the recommendations. For example, for a low intake, “Hi
Jane, it’s Kate from CHAT with your feedback. So how did you score? Ave fruit
serves = 0. 5, ave veg serves = 0.5. Your fruit serves varied from 0-1, veg from 0-1
over 4 days. What’s the goal again? 2 fruit and 5 veg a day. You can only go up
from here!”. For EDNP serves, participants received a message based on three
levels of intake and personalised to the participant’s dietary intake. For EDNP
serves of 3 or more per day, the message was personalised with key sources of
EDNP serves identified from the mFRTM. For example, “Hi Pete, It’s Kate from
CHAT with your junk food score. Ave serves = 5, varying from 4-8 over 4 days.
Junk foods are fatty or sugary foods that are high in calories. So try to only eat these
foods sometimes and in small amounts. Could you try eating less fatty foods e.g.
pies and sweet biscuits?”. A low intake of EDNP serves (0 — 3 serves daily serves)
included the text “looks like you are on the right track”(Kerr et al., 2016); was used
for each dietary feedback text message but modified for each participant according
to the results of the dietary analysis. The language and tone of voice of the dietary
feedback messages were constructed from message preference testing with focus
groups (Pollard, 2016), with an autonomous supportive style of communication

(Resnicow, 2008).
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Outcome: Changes in dietary intake suggesting benefit from
intervention

All participants undertook a 4-day mFR™ at baseline and at the end of the
intervention and were analysed as described in Section 2.2. Participants were
assessed to have benefited from the intervention if they increased their intake of
vegetables or fruit by half a serve per day, or decreased their intake of EDNP foods,

sugar-sweetened beverages (SSB), or alcohol by half a serve per day.

Participant experiences with dietary feedback

Post-intervention, participants completed a 13 item written questionnaire with 5-
point Likert scales ranging from ‘strongly agree’ to ‘strongly disagree’ to measure
participants’ agreement with statements concerning their perception of the dietary
feedback text messages (Table 4-2). Examples of questions relevant to this paper
were: the text message on my diet: (1) Told me things I did not know about my diet
and what I eat, (2) Told me things about my diet I already knew, (3) Were useful in
helping me to understand my diet, (4) Helped to motivate me to change my diet, (5)
Made no difference to my motivation to change my diet, (6) Made me feel better
about my diet, (7) Made me feel worse about my diet, (8) Made me think about the
foods I eat but only for a short while, (9) Made me think about how much fruit I eat,
(10) Made me think about how much vegetables I eat, (11) Made me think about
how much junk food I eat, (12) Made me think about how much soft drink and
sugary drinks I have. To further explore young adults’ experiences of receiving
dietary feedback, four additional open-ended questions asked: (1) List what you
liked most (if anything) about the feedback on your diet?; (2) List what you liked
least (if anything) about the feedback on your diet; (3) Is there anything else about
your diet you would have liked feedback on; and (4) additional comments on Was
the short feedback your received with the text messages sufficient?. These open-
ended comments and free text responses were imported verbatim into NVivo 12.
Qualitative data were coded and patterns identified using thematic analyses by three
researchers (DK, CS, CP) independently. Descriptive labels were then applied to
categorize information into themes. The researchers met and reviewed together the
findings to confirm key themes. Discussion and revision of themes were made

where required.
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Analyses

Frequencies of responses to the tailored feedback questionnaire were collated for
each question and responses categorized. Reference values were derived using the
S5-category Likert response scales used in the dietary feedback questionnaires. These
were recorded as agreed (strongly agree and agree) or, neutral and disagree
(strongly disagree and disagree). Logistic regression was used to analyse the change
in food group serves (by 0.5 serves) from baseline with participants’ perceptions on
whether the dietary feedback text messages made them think about consumption of
vegetables, fruit, EDNP, SSB or alcohol. The results were adjusted for age and sex.
Preliminary analysis revealed that BMI, ethnicity, education level, and
socioeconomic status were not associated (p>.1) with change in food group serve,
hence were not included in the multivariable model. Statistical software SPSS

version 22 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

Results

Participant characteristics at baseline are shown in Table 4-1. Of the 164
participants who consented to participate in the CHAT study, 143 (87%) completed
two 4-day mFRTM (baseline and at 6-months) and post-intervention feedback

questionnaires.

Figure 4-1. Baseline characteristics of study participants randomized to receive the
dietary feedback text messages (n=164).

Variable Male (n=57) ("o Total (n=164)
Mean + SD

Age (years) 244+33 23.8+33 240+33
Body mass (kg) 77.4+14.3 64.8+15.3 69.2 £16.1
Height (cm) 177.7+7.6 164.3+£6.7 169.0£9.5
Body Mass Index ( BMI; kg/m?) 244+4.0 24.0+5.8 2424523
BMI categories (%)

BMI<18.5 7 (12.3%) 12 (11.2%) 19 (11.6%)
BMI > 18.5 <25 25 (43.9%) 65 (60.7%) 90 (54.9%)
BMI>25 <30 21 (36.8%) 17 (15.9%) 38 (23.2%)
BMI > 30 8 (7%) 13 (12.1%) 17 (10.4%)
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Ethnicity (%)

White 45 (78.9%) 81 (75.7%) 126 (76.8%)
Asian 5 (8.8%) 24 (22.4%) 29 (17.7%)
Other 7 (12.3%) 2 (0.0%) 0 (0.0%)
Level of Education

Year 12 or lower 22 (38.6%) 37 (34.6%) 59 (36%)
Trade or diploma 22 (38.6%) 22 (20.6%) 44 (26.8%)
Bachelor degree or higher 13 (22.8%) 48 (44.9%) 61 (37.2%)

Food group serves median (IQR)

Fruit serves (150g) 0.6 (0.2-1.5) 0.8(0.3-1.4) 0.8(0.3-1.4)
Vegetable serves (75g) 1.6 (1.0-2.4) 1.9(1.2-2.5) 1.8(1.2-2.4)
EDNP food serves 32(2.1-4.6) 2.9(12.0-4.1) 3(2.0-4.2)
SSB 0.4 (0.0-0.9) 0.3 (0.0-0.6) 0.4 (0.0-0.7)
Alcohol serves 0.0(0.0-1.0) 0.0(0.0-0.8) 0(0.0-0.8)
Total EDNP food & beverages! 4.4(2.8-6.6) 39(2.5-5.1) 4.1(2.5-5.7)

'Total energy-dense nutrient-poor (EDNP) food group serves includes EDNP foods, sugar-
sweetened beverages (SSB) and alcohol.

Table 4-2 shows participants’ perceptions regarding dietary feedback.
Approximately 62% of participants agreed the text messages were useful in helping
them to understand their diet and about half (52%) agreed the text messages helped
to motivate them to change their diet. Thirty per cent of participants reported the
text messages made them feel worse about their diet. More women (52%) agreed
the text messages made a difference to their motivation, compared with 33% of men
(p<0.05). The majority of participants agreed the text messages encouraged them to
think about how much fruit, vegetables and EDNP food they consumed (67%, 71%,
and 65% respectively). Only 20% thought text messages made them think about
how much alcohol they drank. Only 13% of participants felt the intervention
provided novel information, but still found this useful (Table 4-2). Men were more
likely than women to report that they learnt something they did not already know
(21.7% compared to 8.3%, p<0.05). In response to the question, if the short dietary
feedback was sufficient, 47% thought it was sufficient, whilst 47% wanted more

feedback (remaining 6% unsure).
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Perception of dietary feedback text message and dietary intake

Table 4-3 reports logistic regression analysis relating participants’ perception of the
text message dietary feedback to actual change in food groups serves. Participants
who agreed that the text messages made them think about how much vegetables
they ate were more likely to increase their vegetable intake by more than half a
serve than those who disagreed [OR =4.28, 95% CI: 1.76 -10.39, p=.001]. These
participants were more likely to reduce their intake of EDNP food (OR =2.78, 95%
CI: 1.28-6.04, p=0.010]. Participants who agreed that text messages made them
think about ‘how much junk food’ they ate were more likely to decrease their
EDNP food by more than half a serve [OR = 2.47, 95% CI: 1.12-5.25, p=0.025]. All

associations were independent of age, sex and BMI.

Responses to open-ended comments on dietary feedback

Participants’ responses to the four open-ended questions regarding the dietary
feedback, were coded into themes. Table 4-4 shows examples of responses to the
four open-ended questions about the dietary feedback text messages. Of the 143
participants, 103 provided comments to ‘List what you liked most about the
feedback on your diet’; 75 to ‘List what you liked least about the feedback on your
diet’; 91 to ‘Is there anything else about your diet you would have liked feedback
on?’; and 36 provided additional comments on ‘Was the short feedback you
received with the text messages sufficient?’. The dietary feedback messages were
viewed positively by participants and five emerging themes were identified (Table

4-4).

What participants appeared to like most about the text messages were that they
made them think more about their diet and encouraged and motivated them to
change their dietary behaviours. Participants also valued that the messages were
personal and specific to them. Many said this personalized approach was important
for their motivation to change. Messages were described as constructive and

helpful. Some participants were shocked and surprised by the feedback.

When asked to comment on what they liked least about the text messages, some
participants found the feedback confusing and vague. They also commented they

would have liked more detailed feedback. This is consistent with requests for more
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detailed dietary feedback when asked ‘Is there anything else about your diet you
would have liked feedback on?’. Others participants, however, thought the feedback

was “short and to the point™.
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Figure 4-2  Comparison of perceptions for intervention group participants (n=143) regarding the text message dietary feedback.

Responses, n (%)

Statements regarding the dietary feedback text messages

Strongly agree or Neither agree or Disagree or

agree disagree strongly disagree
The text messages on my diet:
Told me things I did not know about my diet and what I eat 57 (39.9%) 39 (27.3%) 47 (32.9%)
Told me things about my diet I already knew 18 (12.6%) 32 (22.4%) 93 (65.0%)

Were useful in helping me to understand my diet!
Helped to motivate me to change my diet
Made no difference to my motivation to change my diet!
Made me feel better about my diet
Made me feel worse about my diet
Made me think:
About the foods I eat but only for a short while
About how much fruit I eat
About how much vegetables I eat
About how much junk food I eat?
About how much alcohol I drink

About how much soft drink and sugary drinks I have®

88 (61.5%)
74 (51.7%)
66 (46.2%)
22 (15.4%)
43 (30.3%)

87 (60.8%)
96 (67.1%)
102 (71.3%)
93 (65.0%)
22 (20.0%)
46 (38.3%)

35 (24.5%)
36 (25.2%)
34 (23.8%)
61 (42.7%)
51 (35.9%)

19 (13.3%)
19 (13.3%)
18 (12.6%)
23 (16.1%)
38 (34.5%)
30 (25.0%)

20 (14.0%)
33 (23.1%)
43 (30.1%)
60 (42.0%)
48 (33.8%)

37 (25.9%)
28 (19.6%)
23 (16.1%)
27 (18.9%)
50 (45.5%)
44 (36.7%)
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Figure 4-3.

Logistic regression analyses adjusted for age and sex relating participants’ positive perception on text message dietary feedback to actual
change in food group serves (by 0.5 serve).

Effects are represented as odds ratio and associated 95% confidence intervals. Odds ratio represent the increase in likelihood of participants who agreed
compared to those who disagreed, that the text messages made them think about how much they ate and their actual intake.

Actual change in food group serves (by 0.5 serve)

Perception  Increased Decreased EDNP Increased fruit Decreased SSB Decreased Decreased total
questions'  vegetables foods alcohol EDNP foods and
beverages
Vegetables  4.28 [1.76- 2.78 [1.28-6.04] 2.41[1.10-5.27] - - 2.39[1.12-5.10]
10.39] p=0.001 p=0.010 p=0.027 p=0.024
Fruit - 1.94[0.93-4.08] - 2.34[0.85-6.28] - 2.66[1.27-5.60]
p=0.079 p=0.097 p=0.010
EDNP food - 2.47[1.12-5.26] - - - 1.93[0.92-4.06]
p=0.025 p=0.083
SSB - - - - 2.05[0.01-4.63]
p=0.084
Alcohol - - - - 4.59[1.53-43.7] -

p=0.006

Perception questions undertaken at completion of the intervention where those who agreed compared with those who disagreed (Reference group):
Vegetables: Made me think about how much vegetables I eat. Fruit: Made me think about how much fruit I eat. EDNP foods: Made me think about how
much junk food I eat. SSB: Made me think about how much soft drink and sugary drinks I have. Alcohol: Made me think about how much alcohol I drink.



Figure 4-4.

Open-ended responses of young adults regarding the dietary feedback.

Themes

Examples of comments

What participants liked most about the dietary feedback text messages

Made me think

Constructive,
helpful and useful

Encouragement or
motivation

Personal, specific
to me

Shocked and
surprised

“Just a reminder and made me
think about eating fruit for a
snack rather than something
else”’(female).

“I appreciate having a greater
depth of consciousness as to
what healthy food I can eat &
found your directions
helpful”’(male).

“It was a wakeup call as to the
horrible truth which is my poor
diet choices! It motivated me to
think more about changing my
diet however time has certainly
been a restriction”(female).

“I loved the data given about
my personal diet habits. They
made me realize how much fruit
and veg | SHOULD be
eating”’(male).

“I liked knowing that [ ate a
minimal amount of fruit and
veg as it shocked me into
making dietary changes. I'm not
sure how long lasting these
changes were though”(female)

“interesting comments ... made
me think momentarily about my
diet ... but I continued old habits
almost straight away”(female).

“It was constructive. Helped to
change my eating
ways”(female).

“Wasn't all criticism, there was
encouragement also” (male).

“specific to me not just a
guideline in a
magazine”(female).

“I was surprised that my fruit +
veg consumption was lower than
2 fruit + 5 veg. I have tried to
increase this since”(female).

What participants liked least about the dietary feedback text messages

More detail

Confusing or
vague

“It was very general feedback.
It would have been good to
have feedback more specific to
the individual (e.g. Daily energy
expenditure etc.)”(female).

13

“It wasn't very comprehensive,
compared to the data collected! I
expected much more detailed
analysis of what I should/had
eaten for my age, weight, sex
etc. Not just fruit veg and
junk”(female).

“The description of junk food
was confusing. I did not
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“Junk food recommendations a

bit vague 'try only eat these
foods sometimes' something

like 'try not to have more than 4
serves a week' (eg) would have

been more helpful’(female).

understand what it meant”
(female).

What else participants would have liked feedback on

Portion size or
quantity

More about me

Enough protein

“Overall quantity of food eaten

- whether I should be eating
more or less”(female).

“more about MY diet” (male)

“Carb, protein, GI, energy
levels for my own body, or eg.
Meal 32 was great!
Because..”(female)

“portion sizes, additional
critiques about small changes
that could be made”(male).

“Potentially specific things |
need like iron and calcium.
Important for my health
condition”(female).

“protein (enough? Too much?),
variety of my diet, GI or
sustained energy tips”(female).

If the text messages were sufficient

More feedback

Short and to the
point

“Text messages were good,
however an email with more
personal findings would have
been beneficial” (male).

“I liked that it was short and to
the point and gave great handy
tips” (female).

“Maybe a bit more detailed
feedback via email would be
good to help ensure the things
that I was doing well and
continue to provide more
feedback on areas I could
improve i.e. healthier
options”’(female).

“It was to the point and focused
on the important aspects of my
diet that needed improvement.
Any longer would have been a
hassle to read.”(female).
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Discussion

This six-month RCT evaluated young adults’ experiences of receiving the dietary
feedback following a 6-month text-messaging intervention. A key finding of the
intervention was that contemplation about vegetable and EDNP food intake appears
to be an essential mediator of dietary change in young adults. Participants who
agreed that dietary feedback made them think about their eating behaviours were
more likely to improve their diet during the intervention period. Those participants
who agreed thinking about how much vegetables they ate were four times more
likely to increase their vegetable intake by more than half a serve per day than those
who disagreed. Also, participants who agreed that text messages made them think
about how much ‘junk food’ they ate were twice as likely to decrease their EDNP
food by greater than half a serve. An essential aspect of the intervention was the
inclusion of a detailed dietary assessment using an mFRTM. This ensured the
tailored feedback was constructive and relevant to the individual; features that

appeared to be valued by the participants.

Findings of the current study suggest young adults who believe healthy eating is
important and they have a healthy diet experience cognitive dissonance when
presented with contrary dietary feedback to what they were expecting. Cognitive
dissonance suggests individuals experience a psychological state of discomfort
when holding conflicting attitudes or beliefs, which may lead to a change in
behaviour to reduce that discomfort discourse (1999). This, in turn, may have
driven the observed improvements in dietary intake. According to the self-
determination theory (SDT) used to inform the framework underpinning the CHAT
intervention, autonomous motivation is a positive predictor of long-term
behavioural change (Ryan, 2000). SDT distinguishes the different types of
motivation. For instance, more autonomously motivated individuals are more likely
to engage with a given behaviour because it is enjoyable whereas in controlled
motivation people may feel pressured to engage in the behaviour for social approval
or to avoid guilt (Ng, 2012). Applying SDT, a cross-sectional study of nearly 3,000
US adults found autonomous motivation and perceived social support were
associated with increased fruit and vegetable intake (McSpadden et al., 2016). This

finding emphasizes the importance of providing personally relevant dietary
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feedback, that can assist people to identify for themselves the dietary changes most
likely to improve their health (Krebs et al., 2010). An important aspect of SDT
(Deci, 2012) embedded in the CHAT intervention was to provide relevant dietary

feedback for the person to use in making informed dietary choices.

In a systematic review of lifestyle interventions for preventing weight gain in young
adults, Hebden et al. recommended future trials include dietary self-monitoring and
tailored feedback to increase the personal relevance to the individual (Hebden et al.,
2012). Dietary self-monitoring has been shown to be an effective behaviour change
strategy by raising a person’s awareness of what they are eating (Burke et al.,
2011). With mobile technology now readily accessible, together with the level of
interest in mobile technology amongst young adults, collecting dietary intake data
using mobile devices may lead to improved cooperation to record diet in this age
group. Most dietary interventions have based tailored feedback on brief instruments
that use only a few questions to assess diet rather than more detailed dietary records
limiting the type and quality of feedback that can be provided to the participant
REF. A systematic review of dietary assessment methods used to evaluate
interventions found that dietary components, such as fruits, vegetables, SSB and
fast food, were most often assessed by single questions or brief instruments
(Kirkpatrick, 2014). The findings of this study emphasize the importance of
undertaking a detailed dietary assessment to ensure the personal relevance of the

feedback.

Participants who thought about their vegetable intake as a result of receiving dietary
feedback were more likely to reduce both EDNP foods and increase vegetable
intake. Previous studies have reported an association between increased
consumption of vegetables and a reduction in consumption of EDNP food and SSBs
(Crawford et al., 2007; Partridge et al., 2015). Our results suggest this association
may be mediated by intervention features that prompt individuals to think about

their vegetable intake.

Young adults in the CHAT intervention appeared to be shocked and surprised about
the feedback on their dietary intake. For example, a comment from a young women

“I was slightly shocked about my junk food consumption and very happy to receive
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the feedback.” This implies a gap between the participant’s perception of their own
dietary intake and what they recorded from the 4-day mFR. This perception may be
derived, in part, from a lack of knowledge and maybe a barrier to change as young

adults may believe their diet to be healthier than it is.

This over-optimistic perception of young adults is evidenced by the low intake of
fruits and vegetables. The median daily intake was 120 g (0.8 serves) for fruit and
135 g (1.8 serves) for vegetables; much lower than the recommended two serves of
fruit and five serves of vegetables per day (National Health and Medical Research
Council, 2013b). This is similar to Australian population data of 18-34-year-olds,
where a median intake of 1.3 serves of fruit and 2.1 serves of vegetables was
observed (Nour, 2017). In the current study, a median intake of 4.1 serves daily of
EDNP food and beverages was reported. This is equivalent to more than 2400 kJ
per day. Cross-sectional analysis revealed young adults who perceived their diet to
be low in EDNP foods consumed less EDNP food than their peers, nevertheless,
their daily intake was 2.8 serves or 1,700 kJ per day (Harray et al., 2017) and
inconsistent with dietary guidelines (National Health and Medical Research
Council, 2013b). Compared with the general population for this age range, men and
women in the current study consumed fewer serves of fruit and vegetables per day
and had a lower BMI(Australian Bureau of Statistics, 2015). Such observations are
not unusual, with other studies reporting similar dietary patterns among those who

report a concern about personal dietary choices (Riebl et al., 2015).

Most studies to date, have based participant dietary feedback on short questions
rather than more detailed dietary records. A significant strength of this study is the
collection of dietary intake using a 4-day mFRTM which provided a more detailed
and personalized measure of dietary intake. This enabled an evaluation of whether
young adults’ experiences of receiving the dietary feedback were associated with
positive improvements in dietary intake. Of note, there are some limitations to this
study. Diet was assessed using a 4-day mFRTM at baseline and 6-months and these
data may not be representative of dietary intakes throughout the intervention period.
Participants may have misreported their dietary intake by either not capturing all
food and beverages consumed or modifying their intake during the recording period

(Subar, 2015). The current study did not include measures of autonomy and self-
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regulation. To further understand motivations towards changing dietary behaviours,
future studies should study these motivational processes when planning dietary
interventions. This should include examining autonomy for non-adherence in young

adults whilst being respectful of their dietary choices (Anton et al., 2012).

Conclusion

Assessing participants’ view on various intervention components such as
importance, motivational impact and frequency of communication provides useful
insights for future health promotion interventions. Findings of the current study
show the complexity of an individual’s perceptions, beliefs and behaviour in
relation to changing dietary behaviours in young adults. The effectiveness of the
intervention appears to be a result of prompting, with participants encouraged to
think about their intake of fruit, vegetables, EDNP food and beverages. Using text
messages, together with the mFR dietary assessment, maybe a practical approach
for increasing motivation and awareness of dietary behaviour. For young adults,
text messages that provided dietary feedback were integral to dietary change.
Contemplation about fruit, vegetable, EDNP food intakes appears to be an
important mediator of dietary change in young adults. This study makes an
important contribution to the evidence base, providing qualitative and quantitative
insights into the participants’ experience of the intervention and mediators of

behaviour change.
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Link to other chapters

This study contributes insight into the mediators of behaviour change for young
adults receiving feedback on dietary behaviour. Results suggest that successful
behaviour change was mediated by making participants think about their dietary
choices and creating discomfort about how their current diet had been assessed and
compared to the guidelines. The study showed this mediates a significant decline in
discretionary food, likely causing some unintended weight loss. At that time, text
messaging was limited to a set number of characters, limited the detail of dietary
feedback that could be sent. Recent advances in technology allow text messages to
utilise a wider range of digital platforms for communication including embedding
website links, images and using unlimited characters. This leads us to question
whether more frequent and detailed feedback can further decrease discretionary

food and result in clinically significant weight loss.

The following chapter will explore if the mediator and experiences described in this
study are shared among older adults who are actively seeking weight loss. The
study will also examine the feasibility of providing more frequent and
comprehensive feedback. Specifically, which platform (text, email, website) and the

content (language, images, length).
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Chapter 5 Qualitative study to inform the
development of ToDAy

Introduction

(Objective 3) Conduct a formative focus group study to inform the development of
a digital, tailored weight loss intervention and identify behaviour change techniques

for weight loss.

(Objective 4) Explore preferences for digital intervention features that are proven to

be effective in changing dietary behaviours.

As shown in Figure 5-1 Intervention development process , the process
focussed on understanding and incorporating the preferences and needs of the user
through qualitative studies (Yardley et al., 2015). The principle feature of this
approach is including a wide range of potential users in qualitative research. This
chapter provides the final, published manuscript, on the qualitative studies
conducted to inform the development of ToDAy. The candidate developed the study
design, scripts and conducted all the recruitment, data collection, data analysis and
coordinating feedback from users, health professionals, consumers representatives
and expert advisors. The candidate wrote the draft manuscript, submitted the

manuscript for publication and coordinated the feedback and submission of the final

paper.

Reference: Shoneye, C. L., Mullan, B., Begley, A., Pollard, C. M., Jancey, J., &
Kerr, D. A. (2020). Design and Development of a Digital Weight Management
Intervention (ToDAYy): Qualitative Study. JMIR mHealth and uHealth, 8(9),
el7919.
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Figure 5-1

1. Review possible target behaviours
Clinical guidelines for weight management
Australian Dietary Guidelines

Australian Physcial activity guuidelines
Rapid literature review

2. Understand the problem

Assess data on dietand activity behaviourin
the population group

Consultwith experts, health professionals and
stakeholders to select and explore specific
target behaviors

Intervention development process

Stage 2. Qualitative studies

3. Explore feasibility and acceptability of BCTs
Duration and frequency of self-monitoring

Explore preferred length, toneand
comprehension of tailored feedback
Preferred frequency of assessmentand
feedback

Explore users knowledge and experience of
weight management strategies

4, Explore user preferences for digital
intervention features

SMS, email, website, mobile apps, telephone,
activity monitors, mobile food record.

Stage 3. Test and review

5. Review feedback

MNew ideas and feedback from focus groups are
explored with health professionals and multi-
disciplinary research team

6. Testand review intervention features.
Tailored feedback

Nutrition education

PAgoals

6. Testing

Iterative process allows testsing of drafts with
users before formal evaluation

Background

Excess weight has overtaken smoking as the leading cause of non-communicable
disease in Australia, with 7 out of 10 males and almost 6 out of 10 females living
with overweight or obesity (Australian Bureau of Statistics, 2013). The causes of
this are multifaceted (Mullan et al., 2017), at a personal level, poor diet and
inactivity are major contributors. In Australia, excessive intake of alcohol, sugar-
sweetened beverages (SSBs), and discretionary foods (foods considered to be of
little nutritional value; often high in saturated fats, added sugar, and salt; and
alcohol or junk foods) are observed across all age groups (Australian Bureau of
Statistics, 2015). Mass media campaigns, targeting healthy weight, achieve wide-
reaching awareness but may not lead to changes in behaviour (Croker et al., 2012;
Kite et al., 2018; Morley et al., 2013). LiveLighter® is a Western Australian public
health education and social marketing campaign that aims to encourage people to
eat well, be physically active, and maintain a healthy weight. The campaign
engages with the community through paid and unpaid social media, web-based and
printed resources, advocacy, and retailers. Campaign messages include graphic
images of toxic fat, followed by messages with single actions to reduce the risk of

weight gain, for example, by avoiding SSBs or junk food (LiveLighter, 2019). The
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advertisements also direct people to a campaign website where there is an option to
enroll on the web to access a meal planner, recipes, and weight monitoring tools and
to receive update emails. The Tailored Diet and Activity (ToDAy) study aims to
extend the campaign by building on its awareness with a digital intervention that

provides individualized tailored feedback on dietary and activity behaviours.

In Australia, the evaluation of the LiveLighter® mass media campaign targeting
sugary drinks indicates a high campaign recall and modest reductions in SSBs
(Morley et al., 2014). However, more than 60% of adults in Australia do not usually
consume SSB and may disregard the campaign, even if they stand to benefit from
some of the other elements (Australian Bureau of Statistics, 2015). A growing body
of evidence supports the notion information is best tailored specifically to the
unique characteristic and behaviours of the individual, (Hawkins et al., 2008; Krebs
et al., 2010; Lustria et al., 2009) with significant effects reported for nutrition and
physical activity interventions (Ryan et al., 2019; Springvloet et al., 2015;
Walthouwer et al., 2015).

Australian clinial guidelines for weight management recommend a multidisciplinary
team of health professionals using specific behaviour change techniques with
ongoing follow up for a minimum of 12 months (Samdal, 2017 ). High attrition
rates, low availability of trained health professionals and logistical issues of
providing equitable care are among common reported barriers to putting this in
practice (Miller & Brennan, 2015; Pirotta et al., 2019). Digital interventions that
clinical and tailored content with the reach of mass media could be a cost effective

solution (Rollo, 2018).

Developing digital interventions

The process of developing a digital intervention requires integrating the behaviour
change theory with intervention features that are engaging and acceptable to the
target group. Evidence from other digital behaviour change interventions suggest an
iterative and multidisciplinary approach that includes a qualitative investigation
with the end user before implementation (Michie et al., 2017; Mummah, King, et
al., 2016). Specifically, the person-centered approach recommends using qualitative

research to explore and test intervention features with the target group (Yardley et

91



al., 2015). This allows researchers to adapt the intervention features based on the
preferences and needs of the user. A BCT is the active ingredient or intervention
component that changes the desired behaviour (Michie et al., 2013). For example,
BCT 2.3 is self-monitoring of behaviour, the most commonly used BCT in effective
diet and PA interventions (Michie, 2009). Evidence suggests that self-monitoring
works through behavioural regulation; for example, dietary self-monitoring
increases the awareness of food choice, portion sizes, and improving diet quality
(Burke et al., 2011; Turk et al., 2013). Exploring digital interventions for weight
management that combine the reach of mass media campaigns with tailored and

clinical support could be a cost-effective and practical approach.

Focus groups and interviews are commonly used to generate discussion and explore
participants’ experiences as well as their needs, knowledge, and preferences
(Lewin, 2009). However, weight stigma inhibits participation and the willingness to
share personal beliefs (Brown, 2013;Lozano-Sufrategui, 2016 ). One strategy to
address is to show participants hypothetical scenarios and ask them to provide
advice for weight loss (Cleary et al., 2014; Lewin et al., 2009). Another strategy to
address this is to use hypothetical scenarios where information about a person’s PA
levels or images of their meals is shown and participants are asked to provide
advice on weight loss. To date, this unique approach has not been undertaken in this

population.

Although men are more likely to be living with excess weight and experience health
related illnesses, they are less likely to participate in lifestyle interventions, making
up only about 20% of participants (Pagoto, 2012). Studies aiming to reduce gender
imbalance have reported that self-monitoring technology, including apps and
wearable devices, are great incentives to engage men in weight management
(Donnachie et al., 2017; Quested et al., 2018). To date, few weight management
studies included the views and experience of men aged over 25 years (Robertson,
2014). This study aims to address this shortcoming by purposely sampling equal

number of male and female participants.

This study aimed to describe the qualitative study and iterative process used to

develop ToDAYy, a digital, tailored, weight management intervention. A full
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description of the aims of the 12-month intervention and the protocol has been
published elsewhere (Halse et al., 2019). A 12 month, randomized controlled trial in
adults with a BMI between 25 and 40 will evaluate the intervention. The objectives
of this study were to (1) identify BCTs for dietary and PA changes concerning
weight loss and (2) explore preferences for digital intervention features that would

be effective in changing diet and PA behaviours.

Methodology

The methodological approach used in this research was a general inductive
qualitative approach (Thomas, 2006). The consolidated criteria for reporting
qualitative research (COREQ) for interviews and focus groups were used to ensure
rigor in the presentation of the findings (Tong et al., 2007). ToDAy will incorporate
learnings from an earlier trial where a mobile food recording app (mFR) was
successfully used to assess dietary intake and provide tailored feedback on fruit,
vegetable, and junk food intake in young adults (Kerr et al., 2012; Pollard et al.,
2016). Open-ended questions and example intervention features were used to
explore the usability and acceptability of the self-monitoring tools, knowledge

about effective weight loss strategies, and acceptability of the tailored feedback.

We used an iterative intervention development process applying the behavioural
intervention technology (BIT) theory (Mohr et al., 2014) and the person-based
approach (Yardley et al., 2015). An overview of the 3 stages of intervention

development is provided below.

Stage 1

To derive the measurable and clinically significant behavioural changes that could
be expected from the intervention, we reviewed the recent literature and evidence-
based guidelines from the Australian scientific authoritative bodies. These included
the National Health and Medical Research Council’s clinical guidelines for weight
management (National Health and Medical Research Council, 2013a), the
Australian Dietary Guidelines (National Health and Medical Research Council,
2013Db), and the Australian government’s PA guidelines (Australian Government
Department of Health, 2018). We determined the clinically significant target

behaviours for the intervention as follows:
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Dietary:

1. Daily dietary energy reduction of 2000 kJ.

2. Avoiding or limiting energy-dense nutrient-poor (EDNP) foods, SSBs, and alcohol.
3. Eating less at meals or additional snacks (except fruits and vegetables).
4. Eating less often.

PA:

1. Daily step count >10,000.
2. 230 active minutes (spent in moderate-to-vigorous PA).
3. >250 steps per hour.

Weight loss:

1. 5% reduction in body weight.
Target behaviours: The ToDAYy study investigated whether a digital, tailored
intervention can improve diet and PA behaviours in adults with overweight or
obesity. A total of 16 health professionals with expertise in dietetics, PA, health
promotion, and community engagement were consulted in a series of 5 workshops
and meetings to explore the target behaviours needed to achieve the clinical aims

and where, when, why, and who they occur with (Michie, van Stralen, et al., 2011).

Stage 2

The research team developed a user-friendly script for the focus groups and
interviews with a male and female consumer representative (Miller et al., 2017).
Focus groups and interviews were conducted with volunteers to explore the
acceptability of the selected BCTs and their preferences for digital intervention

features. The findings of these focus groups are presented in this paper.

Stage 3

Target behaviours were mapped to possible intervention features by the research
team with reference to previous research (Curtis et al., 2015; White et al., 2016) and
following guidelines for developing complex behaviour change interventions
(Agarwal et al., 2016; World Health Organization, 2016). Focus groups and

interviews were followed by a review of intervention features by the research team.
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This was repeated in a cyclical manner to allow continued user involvement in the

design and development of the final intervention.

Approval for the study was granted by the Curtin Human Research Ethics
Committee (HR E2016-0271). All participants agreed to an audio recording of their
focus group or interview and provided informed consent. All data were collected

between October and November 2016 in Western Australia (spring).

Theoretical frameworks

Several guidelines exist for the development and assessment of evidence-based apps
and web-based interventions (Agarwal et al., 2016; Craig et al., 2008). As this
intervention uses a combination of digital tools, that is, an mFR, a wearable PA
tracker, text messages, and emails, a combination of theoretical approaches and
guidelines was drawn upon. The BIT framework was used to identify the
technology and procedures for delivering clinical aims and BCTs (Objective 2)
(Mohr et al., 2014). The models help to identify clinical aims and link these with
suitable intervention features for testing with the user as shown in Table 5-1Table

5-1.

Then, the capability, opportunity, motivation, and behaviour (COM-B) model was
used to guide the selection of intervention features and strategies such as self-
monitoring, goal setting, motivation enhancement, and feedback on performance
(Objective 1) (Michie, van Stralen, et al., 2011). The COM-B model aims to specify
behavioural targets and support psychological theories when developing
interventions. The COM-B model states that 3 factors are needed to change
behaviour: capability (C), opportunity (O), and motivation (M). According to this
model, performing a behaviour (B) first requires individuals to be capable (C) or
have physical and mental abilities (eg, nutrition knowledge, cooking skills).
Following this is opportunity, which includes both practical and social aspects (eg,
access to healthy food that is culturally acceptable and within social norms).
Finally, motivation includes automatic drivers like habits as well as beliefs, plans,
and impulses. Figure 5-1 illustrates the steps in the development process—why,

how, what, and where? The what includes the BCT and associated taxonomy
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number to identify each BCT from the Behaviour Change Technique Taxonomy vl

(BCTTvl1) (Michie et al., 2013).

Table 5-1 Relationship among clinical aims, behaviour change techniques,
and intervention features (technology).

Why? Clinical How? Action | What: behaviour change Where: potential
aim or population techniques® What: intervention
health focus Behaviour change features tested

techniques (Michie et al., | in qualitative

2013) research
Reduce BMI by Reduce Provide information on the Tailored feedback,
5% (National energy intake | consequences (5.1), goal weight tracker, PA
Health and by 2000 kJ setting (behaviour and tracker
Medical Research | per day and outcome; 1.1, 1.3), and
Council, 2013a) increase PA® | review of behaviour goals

(10,000 steps) | (1.5)
Reduce Energy Increase Goal setting (behaviour and | Mobile food
dense nutrient-poor | awareness of | outcome; 1.1, 1.3), review of | record; tailored
(EDNP) foods EDNP intake | behaviour goals (1.5), feedback and
(National Health provide feedback on tailored education;
and Medical behaviour (2.2), and social app alerts, eg,
Research Council, comparison (6.2) Have you had any
2013 ;Sui, 2017) snacks today?
Reduce SSBs! Increase Self-monitoring of behaviour | Mobile food
(National Health awareness of | (2.3), goal setting (1.1), record tailored
and Medical energy in barrier identification, feedback and
Research Council, | SSBs and provide feedback on tailored education
2013 ;Hendrie, intake behaviour (2.2), and social
2018) comparison (6.2)
Increase fruit and | Increase Self-monitoring of behaviour | Mobile food
vegetable awareness of | (2.3), discrepancy between record tailored
consumption current intake | current behaviour and feedback and
(Aljadani, 2013 recommendations (1.6), tailored education
;National Health action planning (1.4),
and Medical problem solving (1.2), and
Research Council, instruction on how to
2013) perform behaviour (4.1)
Reduce alcohol Increase Information on health App alerts, eg,
intake (National awareness of | consequences (5.1), How confident are
Health and current intake | motivational interviewing, you about having
Medical Research and self-monitoring of an alcohol-free
Council, 2013b) behaviour (2.3) dinner tomorrow
night?

aBehaviour change technique and associated taxonomy from the Behaviour Change Technique Taxonomy v1 (BCTTvl).

bPA: physical activity.
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cEDNP: energy-dense nutrient-poor.

dSSBs: sugar-sweetened beverages.

Recruitment

Recruitment was specific and purposeful (Palinkas, 2015); aiming for a similar
number of males and females and including people with overweight or obesity who
had some experience of the LiveLighter® campaign. A single recruitment email
was sent to 20,000 adults who had registered with the LiveLighter® website in
October 2016. The email was sent to the entire mailing list of LiveLighter®
members, inviting them to take part in the study by clicking on a study web link
where participants completed web-based consent and screening. The website was
closed after two days as 245 respondents had completed the screening
questionnaire. The respondents who met the criteria were sent further details on
how to participate in a focus group or interview. There were 145 eligible
participants, who were >18 years and had a BMI of >25 kg/m?. The time, date, and
location of the focus groups were sent to the eligible participants to allow them to
choose the most convenient time. As 85% of the sample were women, additional
recruitment strategies were employed to encourage male participants, such as
offering a one-to-one telephone call and men-only focus groups. When these
additional approaches were not successful, we contacted a workplace with a high
proportion of males was contacted, and an onsite focus group was arranged, with 14

men in attendance.

Script development

A semi-structured focus group and interview guide with open-ended questions was
developed by the authors, which allowed an iterative, person-centered data
collection process (Mummah, 2016;Yardley, 2015). The topics covered in the focus
groups and interviews were informed by the literature as important features for
weight loss interventions and included self-monitoring of diet and PA behaviour,
feedback on performance, reducing intake of discretionary food drink and alcohol,
reducing sedentary time, and increasing steps per day. The script was pilot tested
with researchers at Curtin University and 2 consumer representatives where

feedback on clarity was provided. Focus groups were conducted in community
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settings, community centres, place of work, and Cancer Council meeting rooms. For
each session, the script was accompanied by a visual presentation of example
images and draft intervention features. Table 5-2 Script for focus groups and

interviews contains the primary script used.

Table 5-2 Script for focus groups and interviews

Ice Breaker

1. Use the iPad to take a photo of this food (plastic food or real food provided).

Online weight management

2. What do you think about weight loss support on your mobile phone or on the

internet?

3. Ifyou were going to design an online weight management program what kinds

of things would you include?

4. What do you think would encourage you to stay engaged with an online weight

management program?

Mobile food record app

5. We have an app to help people monitor their food and drink. You take a photo
of your food/drink before and after you eat or drink. The app automatically
sends us the photos with the time and date. This allows us to send personalized
feedback to help with weight loss. Use the iPad to have a go at taking a picture
of this apple?

6. Imagine you were asked to use this app. What might you like/dislike? How long

would you be willing to use it for?

Advice to help people lose weight (slides shown in this section evolved based

on feedback from previous focus groups and interviews)

7. Have alook at this picture (examples included large portion, junk food, excess
alcohol and physical inactivity). What advice do you think we should give this

person to help them lose weight?

8. Have alook at the feedback we plan to send

a. How would you rate this message?

b. Who do you think the message should come from?

c. Isthere any other information you would like?

d. Canyou suggest any support to help make this change?

e. Can you think of anything that might get in the way?
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f.  How easy do think it would be to maintain this new behavior?

Example questions on target behaviors (junk food, portion sizes, alcohol and

physical activity)

a. Ifyou were getting feedback about how to (change x behavior); what

type of information would be helpful?

b. The last group suggested that dietary feedback include the participants own food
images in their feedback so they could see where the junk food came from. What do
you think of this idea? Have a look at this example. Is there anything you would

change?

Engagement and support

9. Imagine you have been selected to take part in this study.

g. What sort of messages or support would you find helpful?

[s there anything that you would not like?

i. Another group suggested we sent testimonials from other

participants. What do you think of this idea?

j-  Another group suggested we send links to online resources and

further information. What do you think of this idea?
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Figure 5-2 Example of physical activity feedback shown to participants for their
comment.

Hi Mary, well dona
for logging your
steps. It seems that
you are not as active
this week
Remember that
exercise can help to
reduce stress and
keep your weight
under control. Click
here to find out how
other members are
increasing their
steps.
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A semi-structured focus group and interview guide with open-ended questions were
developed, which allowed an iterative, person-centered data collection process
(Mummah, King, et al., 2016; Yardley et al., 2015). As a result, a variation of the
script was used in each session. For example, “the last group suggested the dietary
feedback include their food images so they can see where the junk food came from.
What do you think of this idea? Have a look at this example. Is there anything you

would change?”

Figure 5-3  Example of an image shown to participants where they were asked what
advice they would give this person to help them lose weight

User Preferences

Preferences for digital intervention features explored willingness to use the digital
self-monitoring tools as well as the frequency and duration of self-monitoring.
Preferences for digital feedback explored the format, frequency, length, and content
of the tailored diet and PA feedback. With regard to digital content to address the
target behaviours, participants were asked to suggest helpful advice and potential
barriers to changes for a particular behaviour, for example, “What feedback could
we send to help this person lose weight?” and “What sort of things do you think
might get in the way?”

Self-monitoring tools

The usability and acceptability of the self-monitoring tools were explored. First,
participants were given an opportunity to use the mFR. This image-based dietary
assessment tool uses the integrated camera in a smartphone to capture images of

food and beverages (Ahmad et al., 2016; Boushey et al., 2017; Zhu et al., 2015).
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The images are automatically uploaded to a server for dietary analysis by the
research dietitian and used to inform the tailored dietary feedback. The usability and
acceptability of the mFR to monitor dietary intake and a wearable device to monitor

PA were explored.

Behaviour change beliefs regarding weight loss

Participants were given examples of a scenario and asked to provide advice to a
hypothetical person to help them lose weight. For example, “people in this study
will use an app on their phone to take pictures of their food and drink. Imagine we
received this picture from a man wanting to lose weight, what advice should we
give him?” (Figure 5-1). Participants, who were interviewed on the phone, were

emailed this information and the images in advance.

Acceptability of the feedback messages

The acceptability of feedback messages, including the length, content, and tone,
was explored. Example feedback on diet and PA behaviour were shown to
participants with questions to explore their understanding and acceptability of the
feedback. For example, Figure 5-2 shows an example of PA feedback where
participants were asked to “imagine we sent a person this feedback. How do you
think they might feel about receiving this feedback? Is there any other information
you would add?” After each focus group, new ideas were discussed with the
research team (qualitative researcher, dietitian, exercise physiologist, and health
psychologist) and potential digital intervention features were developed. The script
was adapted after each session using an iterative process to incorporate participant
ideas and feedback, which were then explored in the subsequent sessions. Figure
5-4 provides an example of how intervention features evolved using feedback from

participants.
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Figure 5-4  Example images showing how new ideas on how to provide dietary feedback
were incorporated using an iterative process based on feedback from the
previous focus group and interviews.

Researcherquestion —p  Participantfeedbackl —» Participantfeedback2

“What do you think “include theirimages in the “adit the image to show
about this feedback on feedback” exactly where the junk food
junk food?” is”

Hi Jane, It's Kate
from the TODAY
study with your junk
food score. your ave
junk food score = 9.

Junk foods are fatty,

salty or sugary foods
that are usually high
in calories. So try to

eat less often and in

small amounts

Data Collection

All interviews were conducted over telephone by author 1, a dietitian (the
candidate) who has qualitative research experience (Shoneye et al., 2011) and
guidance from another author (AB), an established qualitative researcher (Begley et
al., 2019; Russell et al., 2019). Participants in the interview completed a consent
form and demographics questionnaire on the web. The focus group participants
completed a consent form and a demographic questionnaire on arrival. JH
facilitated the male-only group, with CS as a co-facilitator. CS (the candidate)
facilitated all other groups, with 1 assistant moderator. Before the interviews and
focus groups, participants had no relationship with the researchers and knew the

study was about helping to develop a digital weight management intervention.

All focus groups and interviews started with an overview of the proposed ToDAy
intervention, where participants monitor their PA with a wearable tracker and

record their food and beverage intake with the mFR app. This information was used
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to provide feedback to help them lose weight. The first activity was a chance to
employ the mFR used to capture images of food and beverage intake. The facilitator
demonstrated how to use the app to take pictures of plastic food models.
Participants were then given an opportunity to use the mFR on a mobile device.
This exercise served as an icebreaker as well as capturing the questions and
comments of participants using the app. This was followed by open-ended questions
to start the discussion. Focus groups and interviews lasted between 34 and 78
minutes and were conducted until reaching saturation of ideas. At the end of each
focus group, the facilitator summarized the main ideas or themes that participants

had raised in that group and gained agreement from participants.

Data analysis

All audio recordings were professionally transcribed verbatim and reviewed for
accuracy by the first author and managed in NVivo. As this study used scripts that
evolved between groups, the analysis used a thematic analysis to analyse and code
data through the lens of the COM-B model (Michie, 2017). Qualitative data were
analysed in using thematic analysis; familiarization through reading each transcript,
highlighting key points, and discussion with the cofacilitators (Braun & Clarke,
2006). The first author led the analysis and developed themes aligning with
capability, opportunity, and motivation. Then, the cofacilitators for the focus groups
independently reviewed the scripts. Finally, any discrepancies were reviewed and

discussed by the first author. The quotes were then aligned to the final themes.

Results

Participant Characteristics

Table 5-7 provides an overview of the characteristics of the participants. A total of
56 adults (32 female and 24 male) from Western Australia participated in 6
telephone interviews and 6 focus groups (average of 5 per group). Of these, over
one-third had a BMI >30. Half were employed full time (52%), and most were aged
between 25 and 40 years (61%). All participants owned a smartphone (iPhone or

Android) and had some experience using apps.
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Table 5-3 Characteristics of interview participants (N=56).

Characteristics Values, n (%)
Age (years)
25-40 34 (61)
41-65 17 (30)
>65 509)
Gender
Male 24 (43)
Female 32 (57)
BMI (kg/m?)
<25 10 (18)
25-30 23 (41)
>30 23 (41)
Ethnicity
Australian 47 (84)
Indigenous Australian 5(10)
Asian 4(7)
Employment status
Employed full time or part | 39 (70)
time
Unemployed 8 (14)
Retired 9(16)
Household income Aus $
<50,000 (<35,695) 21 (38)
50,000-150,000 (35,695- 22 (40)
107,085)
>150,000 (>107,085) 13 (22)

Feedback from focus groups and interviews provided important insights into the
acceptability and comprehension of tailored feedback messages. For example,
feedback suggesting healthier alternatives to junk food was rejected as these options

may not be available and could not be tailored to the individual’s preferences.
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Qualitative Analysis

Emerging qualitative themes and subthemes were mapped to the COM-B domains.
This helped to identify that participants needed support in all 3 areas of capability,

opportunity, and motivation.

Capability: Misinformation

Capability refers to knowledge and skills related to behaviour. Participants’
knowledge of weight loss behaviours was examined by asking them to provide
dietary advice to a hypothetical client based on a picture of their food and drink.
Responses were themed as misinformation when they provided inaccurate
information or nutrition advice. The majority of the discussion focused on giving
misinformation as dietary advice. This revealed their knowledge and beliefs about
which behaviours are best for weight management. For instance, 2 main examples
were discussed. First, potatoes were considered fattening and second, excess
alcohol was not a major contributor to weight gain. There was a focus on individual

food being responsible for weight gain rather than a holistic view of the total diet.

Carbohydrates cause weight gain

Participants were shown an extra-large roast dinner with large meat portions, 3
small potatoes, 3 serves of vegetables, and 6 bottles of beers and asked, “What
advice would you give this person to help them lose weight?” All groups
commented on the potatoes, only later mentioning the large serve of meat and 6

bottles of beer:
It’s not a healthy meal if it’s got a potato. [Female, FG2]
Cut down on the carbs, only 2 potatoes. [Male FG3]

Alcohol consumption does not cause weight gain

The discussion did eventually focus on reducing the 6 bottles of beer, but there were
a number of misinformed views about alcohol situations where 6 beers would be
OK. For example, if it was a low-carb beer, consumed with fresh lemon, watching
football, consumed over the course of an afternoon, the participant has eaten well

during the preceding week or has a physical job that would work off excess energy.
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Some participants were dismissive of the kilojoule content of alcoholic drinks but

aware that alcohol may lead to choosing discretionary foods:

So the kebab or the burger is a lot more appealing after a few drinks than
it may be if say, while sober. [Male, PI 1]

It’s not the beer itself that’s the problem, it’s the food you have with it.
[Female, FG2]

Opportunity: Environmental support and social norms

The opportunity component of COM-B relates to physical opportunities, such as the
environment and availability as well as social opportunities, including social

influences. Both emerged as important themes in the data.

Lack of Environmental Support

Environmental factors were discussed as the main barriers to avoiding junk food.
One group, in particular, expressed frustration at the density of fast food outlets and
the promotion of very low-cost meals that would appeal to children and those on a

low income:

When [ first came in 1982 there was hardly any fast food places. Now
you’ve got 8 or 9 different ones all down the road from each other. Kids
have got 2 dollars where are they going to go? For a $2 burger. [Male, FG
5]

Participants expressed that the social marketing campaigns and interventions for

individuals were futile without addressing the food environment:

...that goes back to the government again because the government has
put no restrictions on how much fast food can be in local vicinities. If you
look at where they are, it’s not in the high-class areas it’s in the low socio-
economic suburbs. [Male, FG 5]

Unhealthy food is everywhere

Many participants thought that most food options purchased outside the home were
not healthy and the serving sizes were too large. Some mentioned added fat, sugar,
and salt. Others noted that savory meals often come with chips and sweets are

served with cream or ice cream:
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When you buy food out... It all tends to be fattening. [Female, FG 2]

Most groups brought up opportunistic eating as a key facilitator of eating
discretionary food. Events such as at sporting occasions, bake sales, and sausage

sizzles were given as common examples:

You can’t buy a healthier option at a sausage sizzle, they only have
sausage, white bread, and sauce. [Male, FG 4]

Social norms

There has been some discussion about the difficulty of social opportunities. Most
participants agreed that the expectations of consuming junk food at social occasions
were problematic. When eating out, both men and women agreed that it is not
socially acceptable for men to ask for healthy options or modification to their order.

Regarding swapping chips for vegetables, a man said:
It’s not seen to be manly to be seen like, eating vegetables. [Male, FG 3]

If it comes with chips, I’ll eat chips. [Male, FG 4]

When discussing ways to reduce alcohol consumption, participants suggested
practical methods, such as alternate alcohol with sugar-free soft drinks or choosing
a low-strength beer. However, there was an overwhelming consensus that these

suggestions were unrealistic and not socially acceptable for men:

...might be difficult if you’re down at the club or in the pub with the guys
and then you really get the Mickey taken out of you [Male, FG4]

You could suggest having water for every other drink, but who is going
to listen to that? [Male, FG 5]

Motivation

The main theme that emerged from the motivation domain of COM-B was

confidence.

Confidence

Participants were uncertain about their knowledge or beliefs about food, PA, or

weight management. Some of this was linked to the perception that the guidelines
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from professionals were always changing. There was a sense of complacency about

the need to or the importance of achieving health recommendations:

What would have been recognized as a healthy meal years ago, these days
it’s not a healthy meal because it's got potato; carbs. [Male, PI 3]

Already doing enough

In relation to PA, most adults felt they were already active with daily activities,
including looking after children, gardening, housework, and those in non-sedentary
employment (eg, nurse, carpenter, and plumber). Motivation to engage in PA was

limited by the belief that their lives were already active and busy:

... A mother of 3, busy all day, being told to go for a 45-minute walk.

They can’t otherwise they would have done it. [Female FG 2]
Concerning eating, most agreed that there was a place for junk foods, namely
takeaways, confectionery, and desserts. Making healthy food choices was said to be
important, especially for those with health problems like diabetes and high blood
pressure. There was a variety of beliefs about how often people should make
healthy food choices. Some used broad terms, such as sometimes or not too often.
Others believed that healthy eating and being active were part of the working week

and not applicable on the weekend:

I mean you can eat healthy but every now and again you can always have
take away. But not every week or every day. If you know what I mean?
[Female FG 1]

During the week it’s structured. You’ve got, you know, time to get to
work and your lunch break at work or whatever and then, you know, you
come home and it's dinner time and then that's that. Then your weekends
are your time to just flop. It’s like a treat. Weekends are your time to relax
and enjoy life I guess. [Female, PI 2]

Reality of change

When the group was shown potential feedback to address alcohol intake, there was
general agreement that changing would be difficult or even impossible. Specifically,

several people thought that any feedback to reduce alcohol intake would be futile:
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You could tell him to stop at four beers, but by then he won’t know what
he’s doing. [Male, FG 5]

Ambivalence

There was a conflict in the expectations of the interventions. Some felt that

feedback should tell them the negative consequences of their poor health choices:

In three years at that rate, your liver is going to look like this. [Male, FG5]

However, feeling judged or reprimanded was cited as a barrier to keeping people
engaged and honest about self-reporting. Participants wanted a specific example of
food they could swap rather than a general avoid this or chose a healthier option. At

the same time, they said specific advice would be unrealistic:

All well and good to suggest a healthy option but you can’t get your
chicken parmigiana grilled with a baked potato at my local, it comes deep-
fried with chips. [Female, FG 3]
These comments reflect the ambivalence about eating junk food outside the home;
something they want help to avoid because it is expensive, is unhealthy, and leads

to overeating but something they do because it is convenient and enjoyable.

Functions and Features of the Intervention

Results from the focus groups and interviews informed the selection of user
preferences, intervention functions, and acceptability of the intervention. Table 5-4
shows the results on the acceptability of digital tools proposed for self-monitoring
diet and PA. Participants found the mFR app to be intuitive and convenient in
comparison with other digital tools or paper-based methods. All participants shared
experiences of using a pedometer and saw the option for a wearable PA tracker as
an incentive to join the study. Feedback on the clinical aims highlighted gaps in
their understanding of the guidelines for diet and PA. Participants agreed that
personalized feedback would promote health-enhancing habits by enhancing

confidence and motivation.

The focus groups and interview data were reviewed for 3 intervention functions
expected to mediate a behaviour change, for example, education, modelling

behaviour, and persuasive communication.
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1. Education (to increase knowledge on how to identify EDNP food and on PA
guidelines).

2. Modelling behaviour (annotating food and beverage images by feedback on intake).

3. Persuasive communication (images and motivation enhancement using positive

reinforcement in tailored communications).

Table 5-4 Understanding user perspectives and experiences of participants on
the clinical aims using the mobile food record app and their experiences or views
about using a physical activity monitor.

Clinical | Examples of questions or Participant quotes
aims activity

Self-monitor diet

Practice using the mobile food “It’s really intuitive and easy; better than
record app the apps where you need to find the food”

How easy/difficult would it be to | “I wouldn’t use it if I was at the club with
use to capture all your food and | the guys. I wouldn’t use it at work

drink for 4 days? (nurse)”

Self-monitor physical activity
Have you ever used an activity “I used to use a watch that tracked steps
tracker? Prompt for wearable and heart rate, it was good at first then all
device, pedometer, mobile app the alerts got annoying”
Any advice or support that “Yeah it’s good to see that you’ve done
helped? like ten thousand steps in a day”

Increase fruit and vegetable consumption

How much fruit and vegetables “2 fruit and 5 veg but I’'m not sure if it has
are recommended each day? to be 5 different types”

What advice would you give this | “your vegetables are supposed to be half
person to help them lose weight? | your plate so many people don't know

(Shown example meal) that”

What type of feedback could we | “If someone sends you a picture, send it
send to help this person to get back saying ‘that’s at least one serve of
them to eat more vegetables? your five today’”

What sort of things might getin | “No one eats that much veg, it’s
the way? impossible”

Reduce EDNP?

What advice would you give this | “because you’ve eaten this you have to
person, to help them lose weight? | run ten kilometers to work it off, sort of

thing”
What sort of things might getin | ““...you go to Bunnings (national hardware
the way? chain with fundraising barbecues) you’re
going to get your sausage, there’s no other
options”
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Reduce intake of alcohol

What advice would you give this | “Would be much better if he switched to a
person, to help them lose weight? | lighter beer, like only 4%

What sort of things might get in | “If you’re out, say watching sport in the
the way? afternoon, everyone else is drinking it
would be hard to have water”

Increase active minutes/decrease sedentary behaviour

How much physical activity is “The adverts tell you half an hour a day

recommended each day? and ten thousand steps. You can’t do ten
thousand steps in half an hour, it doesn’t
make sense”

Any ideas of how we could “Show it like your bank account where

support them to do this? you can track it and see where it’s going”

What might make it “It needs to be friendly and informative

easier/difficult? and helpful”

*EDNP: energy-dense nutrient-poor.

Table 5-5 summarizes the stages of applying COM-B to the focus groups and
interview data to identify nutrition, PA, and weight management intervention

functions and features.

New ideas from participants were explored for feasibility and consistency with
evidence-based diet and PA guidelines. Rejected ideas included individual
assessment of vitamin and mineral status and details on how much weight could be
lost with a specific number of steps, as this was not consistent with evidence-based
advice. Accepted ideas were the inclusion of participant food and beverage images
from the mFR into the tailored dietary feedback. For PA, accepted ideas included
using graphs for self-comparison of PA levels throughout the study, positive re-
enforcement to acknowledge improvements in activity, and regular goal setting.
There was a strong preference for visual feedback for both diet and PA. This was
not feasible with text messages; therefore, feedback was primarily provided by
email. Digital intervention features may continue to develop during the intervention
and include aspects that were not originally mapped in this development phase

(Mohr et al., 2014).
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Table 5-5

Summary of stages of applying capability, opportunity, motivation,

and behaviour framework to the focus groups and interview data to identify
nutrition, physical activity, and weight management intervention functions and

features.
COM-B?and User preferences Intervention Intervention
themes functions features
Capability: psychological
Misinformation | Simple expert advice; | Education; tailored Mobile food

links to further
information

feedback on
performance

record; dietary
goals

Capability: physical

appealing

Environmental | Dietary self- Training: how to use Mobile food record
support monitoring tools is the mobile food record

easy, quick, and app

subtle
Environmental | PA monitor is easy to | Training: how to use Fitbit Charge 2;
support use and is visually the Fitbit charge 2 tailored movement

goals

Opportunity: physical

supportive tone

Environmental | Feedback provides Education: link to Tailored dietary
support visual information, Australian guidelines feedback
basis their food for diet and PA®
choice
Opportunity: social
Social norms Feedback is Supportive and Tailored feedback,
nonjudgmental, friendly tone tailored education

Motivation

Confidence

Goals for diet, PA,
and weight change are
realistic goals

Modelling;
personalized examples
of how to improve
their current behaviour

Tailored feedback;
Fitbit Charge 2;
tailored movement
goals

COM-B: capability, opportunity, motivation, and behaviour.

PA: physical activity.
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Discussion

This study reveals a lack of knowledge and confidence about evidence-based
weight management behaviours and susceptibility to misinformation about
nutrition. The results also suggest that the BCTs of self-monitoring and feedback on
performance are well suited to this group. This paper follows previous examples of
combining theory and the experience of users and experts to develop digital
interventions (Curtis et al., 2015). Our findings explored factors affecting weight
management behaviour, all of which could be mapped to the COM-B model.
Participants expressed concerns about their capability; misinformation and
opportunities; availability of alternatives and motivation or plans to change their

behaviour.

The capability theme was most notable, with lack of knowledge and misinformation
being most prevalent. Despite awareness and positive attitudes toward the
LiveLighter® social marketing campaign, participants were still unaware of how to
implement the messages from the campaign into their own lives. Several
researchers have identified this as nutrition literacy, the ability to interpret and use
nutrition information (Velardo, 2015;Silk, 2008;Heather, 2012;Krause, 2018).
Misinformation about effective dietary strategies to manage their weight was
evident; the energy content of alcohol was underestimated, and potatoes were
described as fattening. This highlights the need for more tailored and specific
information that addresses participants’ ability to understand and implement new
behaviours. A recent review recommends interventions providing actionable
feedback and information on where and when to perform the new behaviour. For
example, using the mFR to assess a meal image (Figure 5-1) and then providing
actionable feedback such as identifying sources of EDNP foods and providing
suggestions for change (Schembre et al., 2018).

Motivation to change eating habits and reduce alcohol intake was hindered by
beliefs, and government guidelines on alcohol were considered unrealistic, a view
found previously (Harrison et al., 2011). Similarly, participants were aware of the
recommendations to eat 2 serves of fruit and 5 serves of vegetables, but did not

believe this was necessary (Kothe & Mullan, 2011). This seems to be compounded
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by limited or inaccurate knowledge of serving sizes and energy content of foods

(Mullan & Novoradovskaya, 2018).

Ambivalence appeared to be a strong theme, with participants describing their
competing desires. Although most participants admitted to actively try to restrict
their intake of junk food, they also revealed that junk foods were associated with
happiness and time off. Similarly, eating out was viewed as a major barrier to
weight management because of excess portion sizes and lack of healthy options.
However, it was also described as a compulsory, normal part of our culture. These
views are supported by a previous study, which highlighted that people felt
pressured to eat junk food to participate socially and avoid criticism from their
peers (Brantley, 2014). In additional, behavioural science has identified that our
habits are the salient drivers of behaviour, rather than motivation or intention to
change. This suggests that interventions should focus on developing habitual
changes and creating healthy options as the default choice (Mullan &
Novoradovskaya, 2018).

Social factors appear to be both motivators and barriers to healthy eating. Although
most people agree that eating a healthy diet is what should be done, the social
context of eating was associated with alcohol and junk food. Qualitative studies
with Australian men aged 18 to 25 years reported that healthy eating was seen as
incongruent with the masculine stereotype (Ashton, 2017). Our study confirmed

that this view also exists among older men and women.

Strengths and limitations

A major strength of the study was the large sample of participants living with
overweight and obesity and the inclusion of male and female participants. Although
men are more likely to have a poor diet, carry excess weight, and experience
weight-related disease, they are underrepresented in weight loss interventions. As a
result, this study sought to recruit male participants to ensure that their views and
preferences were represented in the development of the intervention. The transcripts
were coded by gender. However, no apparent differences in preferences or views

were found between men and women. Further studies with this cohort would benefit
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from exploring specific gender differences in the experience of weight loss

behaviours and gender preferences for digital intervention features.

This research explored digital technology on several platforms, including the mFR
app, wearable PA trackers, email, and text messaging. This made it difficult to
apply a single framework exclusively for each of these elements to the intervention.
As a result, Australian guidelines for weight management, diet, and physical
activity informed target behaviours, rather than a theory-based process such as the
behaviour change wheel, intervention mapping, or the Integrate Design Assess and
Share framework (Brendryen et al., 2013; Michie, van Stralen, et al., 2011;
Mummabh, Robinson, et al., 2016).

The use of self-reported height and weight measures was a limitation of the study
and may have led to inaccuracies in the reported BMI. At screening, volunteers
were excluded if their BMI was <25. However, when asked at the focus groups to
self-report their height and weight, 10 participants reported a BMI of <25.
Therefore, the views expressed in these focus groups may not entirely reflect those
living with overweight and obesity. Study participants primarily registered on the
web via the LiveLighter® website and were likely to already have an interest in
digital weight management. Their preferences may differ from those who have not

previously attempted to seek weight loss information online.

A limitation of the study is that the predetermined intention to develop a scalable
digital behaviour change intervention could have likely restricted the themes that
emerged from the data. The purpose of this focus group study was to explore which
intervention features would be acceptable and feasible to assist participants’
behaviour change. The study explored potential barriers and benefits of using
technology, rather than the wider context of the lived experience of participants in
relation to their weight issues, such as social support. This is a limitation of the
study, and further in-depth research is needed to explore this issue. The strength of
this research is that it explored participants’ opinions on a variety of relatively
accessible technological devices to gauge their suitability for intervention.
Theoretically, these PA trackers are effective and ideal for hard-to-reach groups.

Although they provide objective feedback, little is known about users’ experiences
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or preferences regarding the use of these tools for self-monitoring purposes.
Another limitation was that the discussion regarding social support was limited to
identifying the desired frequency of researcher contact. This script focused
specifically on the supportive features of the intervention and did not explore other
social support as they were outside the scope of the study. A further limitation was
that the pace at which this intervention was developed and evaluated was protracted
in comparison with commercial interventions (Riley et al., 2011). Recent industry
and academic partnerships have demonstrated the potential to produce high-quality

digital interventions at a commercial pace (Hendrie et al., 2019).

Future directions

Dichotomous thinking about food and activity can impede efforts to make healthy
lifestyle changes (Palascha et al., 2015). A more flexible and nonjudgmental
approach can lead to better behaviour change and reduce dietary restraint when
supporting the psychological well-being of participants (Sairanen, 2014;Pollard,
2016). This intervention aims to adopt this flexible and nonjudgmental tone. The
effectiveness of these strategies will be evaluated in a randomized controlled trial
and exit interviews. Future studies will assess the relationship between behaviour
change and intervention features, consistent with guidelines for developing digital

health interventions (Michie et al., 2017).

Conclusions

The ToDAYy study was developed using a person-centred approach and behaviour
change theory. Focus groups and interviews were undertaken to explore user
capability, opportunity, and motivation to perform the targeted behaviours for
weight loss. The study revealed a lack of knowledge, confidence, and susceptibility
to misinformation about evidence-based weight management behaviours. The
findings suggest that a digital weight management intervention using mobile food
records and activity trackers to inform tailored feedback may be an acceptable,

feasible, and engaging strategy.
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Link to other chapters

The aim of this study was to explore a person-centred process of intervention
development to develop a digital intervention that would be acceptable and
engaging to the target users. The study explored potential intervention features and
tailored feedback to determine whether participants had the capability, motivation
and opportunity to modify their eating and PA behaviours for weight loss. Results
from this chapter suggest that concerns about nutrition misinformation, lack of trust
in dietary guidelines and low levels of food literacy. Issues include concerns about
the impact of carbohydrates on weight gain and risk of diabetes, confusion about the
role of fat and saturated fat in the development of heart disease and conflicting
beliefs about the benefits of antioxidants in red wine and dark chocolate (Mete,
2019). Future studies that assess these beliefs may help to tailor content to help
address these barriers. For examples, clients can be provided with specific nutrition
content to address identified gaps in their nutrition knowledge or misinformation.
While a more nuanced and multifaceted approach is required to address such a

complex issue, tailored nutrition shows promise to be part of the solution.
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The results highlight a lack of knowledge about weight loss behaviours, with
widespread misinformation about the effects of alcohol and carbohydrates on body
weight. Participants hold beliefs that weight gain is caused by specific foods, rather
than a positive energy balance caused by factors effecting both energy intake and
energy output. Although the digital self-monitoring tools are acceptable and usable,
they also elicit some concern about how their diet and PA behaviour may be viewed
by others. This warrants a study design that is able to capture the impact of self-
monitoring, independent of the other intervention features (e.g. tailored feedback,
goal setting). Participants made invaluable contributions to the final intervention
features, contributing unique ideas and perspectives that shape the final
intervention. The concept of image-based dietary feedback was inspired by
participants’, resulting in a novel approach to providing tailored dietary feedback
and education. The protocol for the RCT will describe how the impact of this

feedback will be analysed with both quantitative and qualitative evaluation.
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Chapter 6 Protocol of a randomised controlled
trial

Introduction

(Objective 5) Protocol for ToDAYy: one year randomized controlled trial (RCT):
Investigate whether a tailored intervention using mobile technology can improve

dietary behaviours in adults with overweight or obesity.

The chapter is a revised version of the manuscript published detailing the full
protocol diet, physical activity, sleep and an economical evaluations. The version
focusses on the collection and analysis of dietary data and how this will be used to
inform tailored dietary feedback. This review summarises how the evidence
reviewed in chapter 2 was implemented into the final interventions. A unique
feature of this protocol is the inclusion of intervention ideas from potential
participants, describing in detail how dietary data will be collected and the protocol

for using this information to inform tailored dietary feedback.

Reference: Halse, R. E., Shoneye, C. L., Pollard, C. M., Jancey, J., Scott, J. A.,
Pratt, I. S., Dhaliwal, S. S., Norman, R., Straker, L. M., Boushey, C. J., Delp, E. J.,
Zhu, F., Harray, A. J., Szybiak, M. A., Finch, A., McVeigh, J. A., Mullan, B.,
Collins, C. E., Mukhtar, S. A., Edwards, K. N., ... Kerr, D. A. (2019). Improving
Nutrition and Activity Behaviors Using Digital Technology and Tailored Feedback:
Protocol for the Tailored Diet and Activity (ToDAy) Randomized Controlled

Trial. JMIR research protocols, 8(2), €12782. https://doi.org/10.2196/12782

Background

Excess weight is a major risk factor for chronic disease. Population surveys indicate
that more than 63% of Australian adults have overweight or obesity, with higher
rates observed in males compared with females (68% versus 55%) (Australian
Bureau of Statistics, 2013). The five leading attributable risk factors for burden of
disease in Australia are poor diet, high body mass index (BMI), tobacco smoking,
high blood pressure, and insufficient physical activity (PA) (Institute for Health
Metrics and Evaluation, 2010). Of these factors, diet and PA are recognized as

being key to achieving energy balance in the complex development of overweight
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and obesity (National Health and Medical Research Council, 2013b). The 2011-12
National Nutrition Survey reported just over half of adults met the
recommendations for two serves of fruit, and only seven percent met the
recommended intake of five serves of vegetables (Australian Bureau of Statistics,
2013). Furthermore, 35% of daily energy intake consumed was from 'discretionary
foods' (foods considered to be of little nutritional value, often high in saturated fats,
added sugar, salt and/or alcohol or ‘junk’ foods) (Australian Bureau of Statistics,
2013). Key components of effective nutrition and PA behavioural change
interventions include self-monitoring, feedback on performance and goal setting
(Burke et al., 2012; Eckerstorfer et al., 2018; Michie, 2009; Morgan et al., 2009;
Straker et al., 2014; Turk et al., 2013). More recently, there has been a move
towards digital interventions utilizing mobile technology (e.g. mobile applications
(apps); SMS messaging) to improve population reach, real-time data collection and
feedback delivery (Michie, 2017). Cost efficiency is a major potential strength of
such interventions, the challenge being to ensure design and implementation are
supported by strong theoretical constructs. Although a plethora of healthy eating
and weight loss apps have become available, many lack behavioural strategies in
their design (Pagoto et al., 2013). A qualitative review of effective technology-
based weight loss interventions identified five key features related to effectiveness:
self-monitoring; positive feedback, social support, controlled program content, and

individually tailored feedback (Khaylis, 2010).

Tailored weight-loss interventions have shown promise for behavioural change yet
the effect size has been small and most to date lack objective measures of PA
(Krebs, 2010;Kroeze, 2006;Broekhuizen, 2012;Short, 2011). Typically, feedback on
behaviour change is taken from self-report questionnaires, limiting scope and
relevance of individual diet feedback. With the rapid advances in digital
technologies, alternative mediums for delivery of information are now possible,
including the use of images and other visual elements. Therefore, interventions
incorporating digital features provide a platform to test this concept and address
concerns raised about lack of models to inform design of digital behavioural
interventions (Mohr, 2014 ;Riley, 2011). For instance, a six month tailored
intervention using the mobile food record™ application (mFR™ app) for dietary

assessment and tailored feedback improved the diet of young adults (Pollard, 2016
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). Features such as usability and willingness to continue to use apps may contribute
to greater engagement and motivation enhancement by participants (Mohr, 2014 ).
To date, few digital interventions have addressed both diet and PA behaviours
together in an overweight population (Jakicic et al., 2016; Turk et al., 2013; Wang
et al., 2018). A unique aspect of this study is the detailed assessment of dietary

intake and PA behaviours to inform tailored feedback.

Aim

This study will use mobile technologies to undertake detailed assessment of dietary
intake use these data to formulate personalized tailored feedback for study
participants. The overall aim of this one year randomized controlled trial (RCT) is
to investigate whether a tailored intervention using mobile technology can improve
dietary behaviours in adults with overweight or obesity, recruited through the

LiveLighter® social marketing campaign in Perth, Western Australia. This paper

will specifically focus on the protocol for the collection and analysis of dietary data.

Methods

This study is a one year randomized controlled trial with a six-month intervention
and six-month follow-up. Individuals who enrol via the LiveLighter® website
(LiveLighter Homepage, 2018) will be invited to participate and, if eligible, will be
randomized to one of three groups: 1) tailored feedback (TF) delivered via email at
seven time points informed by objective dietary intake (mFR™) and activity
(wearable activity monitor); 2) active control (AC) receiving no tailored feedback,
but undergoing the same objective dietary and activity assessment as TF, and 3)
online control (OC) receiving no tailored feedback or objective assessments (Figure
6-1). All groups will have access to publicly available resources via the
LiveLighter® website. The inclusion of the OC group will distinguish monitoring
and tailoring effects from those elicited by exposure to the LiveLighter® social
marketing campaign and website materials. The project protocol has been approved
by the Curtin University Human Research Ethics Committee (approval number
HR61/2016) and registered with the Australian New Zealand Clinical Trials
Registry (ACTRN12617000554369).
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Recruitment

Participants from within the Perth metropolitan area will be recruited using: the
LiveLighter® website (LiveLighter Homepage, 2018); LiveLighter® social media
campaigns; letter-box drops; and radio interviews directing interested individuals to
further information and study registration on the LiveLighter® website (Western
Australia). Recruitment material highlighted that the intervention would use
tracking apps and directed people to sign up online, as shown in Figure 6-1.
Potential participants will complete an online consent and screening questionnaire.
Staggered recruitment will take place over 12 months. To be eligible, participants
must be: aged 18 to 65 years; have a BMI > 25 and < 40 kg/m?; own a mobile
telephone (iPhone or Android phone); be able to engage in regular PA; have
internet access and be available to attend a study centre in metropolitan Perth.
Participants will be excluded on the basis of serious illness or medical conditions
including diabetes requiring insulin, renal disease, liver disease; weight loss of > 4
kg in the previous 2-months; appetite suppressant use, weight loss or hormone-
replacement medication use; pregnancy and/or current breastfeeding; current
tobacco smoker; daily alcohol consumption > 5 standard drinks; prior or planned

weight loss surgery; regular use of an activity monitor in the previous 12-months.
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Figure 6-1 Example of recruitment material distributed

Randomisation

A two-staged, block randomization will be used with allocation concealment from
the active research team via the use of sealed opaque envelopes. The first
randomization will be in blocks of six, with separate sex randomization. The second
randomization will be in blocks of four, again with separate sex randomization.
Eligible participants will be notified via email and invited to complete an online
demographic and lifestyle behaviours questionnaire, as detailed in Figure 6-2, prior
to stage one randomization to either OC (n=200) or face-to-face (n=400) groups.
Stage two randomization will occur at the second study visit to assign face-to-face
participants to either TF or AC. Due to the nature of the intervention, it is not
possible to blind participants or researchers to intervention group post allocation.
Sequence generation will be conducted by a biostatistician not involved in the
implementation of the trial on site using a randomization table created in Stata
(version 15). The electronic file will be kept in a secure password protected server

by the statistician.
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Figure 6-2  Study design with randomization to Tailored Feedback (TF), Active Control
(AC) and Online control (OC).
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Data collection procedure

Following stage one randomization, TF and AC participants were invited to attend
two data collection sessions with the research team, approximately a week apart. At
the first baseline visit, participants received training to use of the mFR(Ahmad et
al., 2016; Zhu et al., 2015; Zhu et al., 2010). During the second study visit,
participants were interviewed to clarify the content of their mFR images. At this
visit, height, body mass, waist and hip girth was e measured according to standard
protocol (Stewart et al., 2011) and an aerobic fitness test (6-minute walk test)
conducted (Rikli, 2000). The same assessments were repeated at 6- and 12-months,
along with additional online assessments for all groups at the same time points

(Table 6-1 Assessment Frequency for the ToDAy Study for Tailored Feedback
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(TF), Active Control (AC) and Online control (OC), groups. All participants had
access to LiveLighter® website resources throughout the intervention and will be
encouraged to use the materials that include evidence-based healthy recipes and

meal plans.
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Table 6-1 Assessment Frequency for the ToDAy Study for Tailored Feedback
(TF), Active Control (AC) and Online control (OC), groups.

Group | Baseline | 6 +2 12
Variables months | weeks | months
Health status EQ-5D a 5-item scale | TF X X X
to assess utility health-related quality | AC
of life (Rabin & de Charro, 2001) oC
Height, body mass (self-report) TF X X X
AC
oC
Height; body mass; BMI; waist; TF X X X
hip girth (measured) in centimeters | AC
via standiometer using stretch stature
method; in kilograms via weighing
scale in minimal clothing at similar
time of day; calculated as kg/m?; in
centimeters via tape at the narrowest
point between the lower costal
border and iliac crest; via tape at the
level of the greatest posterior
protuberance
Socio-demographics and personal | TF X X X
characteristics assessed via AC
questions on sex, age, eating oC
behaviour, educational level, country
of birth, ethnicity, socioeconomic
status and financial status
Australian eating survey an online | TF X X X
food frequency questionnaire with AC
options for automated dietary oC
feedback previously validated in
adults (Collins et al., 2014)
Dietary intake assessed by 4-day TF X X X
mFR™ AC
Mobile food record (mFR) TF X X X
usability to assess user feedback and | AC
method preference (Boushey et al.,
2015; Kerr et al., 2017)
3-factor eating survey to measure TF X X
factors associated with eating AC
behaviour: cognitive restraint of
eating; disinhibition; and hunger
(Stunkard & Messick, 1985)
Depression anxiety stress scale TF X X X
(DASS) 21 self-report items to AC
assess severity of depression, oC

128




anxiety and stress (Sinclair et al.,

2012)
Fear of negative evaluation twelve | TF X
5-point items to assess concern AC

about being perceived unfavorably
(Tooze et al., 2004)

Social desirability to measure social | TF X
approval and acceptance (Marlowe AC
& Crowne, 1961)

Weight loss history an 8-item tool TF
to assess previous weight loss AC
history (Myers et al., 2013)

oC
Technology use questionnaire to TF X X X
assess duration and frequency of AC
technology use indicative of oC
sedentary behaviours (Hands et al.,
2011)
Feedback evaluation questionnaire | TF X X

Activity monitor usability; physical
activity; and dietary feedback
evaluation

Research study database

A purpose-built research study database was developed based on findings from
prior research (Harray et al., 2015) using a Microsoft Access database platform to
track the progress of the study participants at time points outlined in Table 6-1. The
database will have the functionality of sending auto-generated emails containing
study information and links. To track progress of the TF group requiring face-to-
face visits, information regarding upcoming appointment date and time and relevant
survey URLs will be sent using auto-generated emails. To remind participants of
upcoming appointments email and mobile SMS prompts will be sent from the study

database using ‘Email to SMS’ technology.

An online survey tool (Qualtrics) will be used to capture demographic information
as outlined in Table 6-1. The study database will have the functionality of importing
data to automatically update participant status with respect to their study
compliance. The system will prompt reminders via email and SMS to participants

who have not yet completed their tasks.
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Dietary assessment

For the face-to-face (AC and TF) groups, diet will be recorded using the mFR app
with inclusion of a fiducial marker (an object of known shape, size and coloor) (Zhu
et al., 2010) in the image to aid in portion size estimation. “Before eating” and
“after eating” images of all foods and beverages consumed over four consecutive
days, including one weekend day, will be captured at baseline, 6- and 12- months
for each participant. In addition, at 6, 12, 18 and 24 weeks, the TF group will
complete a 1-day mFR to encourage self-monitoring of food intake to facilitate
feedback. All images will be automatically uploaded to a secure cloud server
residing on the Curtin University Bentley campus via Wi-Fi or 3G/4G network.
Figure 6-3 provides an example of how the mFR will be used assed dietary intake.
All images will be assessed by a research dietitian for serves of fruits, vegetables
and energy-dense nutrient-poor (EDNP) foods and beverages according to the
Australian Guide to Healthy Eating standard serves (one serve = 600 kJ)(Smith et
al., 1998).

Figure 6-3  Demonstration of the mobile food record used for dietary assessment
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Intervention content

Intervention content for diet will be informed by evidence-based guidelines
(Australian Government Department of Health, 2018;Centers for Disease Control
and Prevention. Physical Activity, 2018;National Health and Medical Research
Council (Australia), 2013) to support weight loss through reduced energy intake and
increased PA. The behavioural intervention technology (BIT) framework, the
COM-B model and self-determination theory and previous research will guide
development of intervention behaviour change strategies (Mohr, 2014, Pollard,
2016 ;Michie, 2013). These include self-monitoring, goal setting, motivation
enhancement (including positive reinforcement in tailoring communications and
incentives) and feedback to increase likelihood of engagement (Michie, 2013). To
refine the intervention features and content, formative focus group studies with 56

consumers and health professionals were conducted prior to the intervention.

At randomization TF participants will be informed of feedback email frequency and
content, and advised they may opt out of correspondence at any time by informing
the research team. Email templates will be developed for each of the seven time
points, containing personalized dietary and PA feedback content for each
participant. Feedback will be consistent with communications from the
LiveLighter® campaign, Australian Dietary Guidelines (ADG) (National Health
and Medical Research Council, 2013b). The content will address each participant’s
personal barriers to changing key diet behaviours, reinforce motivation and guide
the adoption of health enhancing habits. Tailored feedback on diet will commence
within two weeks of baseline, and continue at 4, 6, 12, 18 weeks, 6- and 12 months
thereafter. The feedback emails will be sent from Monday to Friday during business
hours (9am — 5pm). Components used in tailoring will include self-comparison,
preference for autonomy support, intention, motivation, confidence informed by
self-determination theory and motivational interviewing (Michie, 2013 ;Resnicow,
2008). As seen in Table 6-2, dietary feedback will be informed by analysis of the
images from the mFR and personal data from responses to online questionnaires

administered at baseline.
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Tailoring involves creating communications in which information about an
individual is used to determine specific content he or she receives (Hawkins et al.,
2008; Krebs et al., 2010). Positive effects of tailoring have been demonstrated in
changing diet and PA behaviours (Krebs, 2010;Kroeze, 2006;Broekhuizen, 2012
;Wright, 2011). The intention of tailoring, which uses characteristics unique to the
individual, is to improve behavioural outcomes by altering processing or making the
message more acceptable (Hawkins et al., 2008; Kreuter & Skinner, 2000). These
characteristics can include personal behaviours, psycho-social characteristics, and

dietary behaviours.

Specific strategies for message tailoring include personalisation, feedback and
content matching (Hawkins et al., 2008). This study will focus on personalized
feedback (exemplified in Table 6-2 Examples of tailored feedback intervention
strategies) using information obtained on diet behaviours at baseline and specific
time points throughout the intervention. Digital elements (food and beverage

images) will be included to enable the evaluation of these components.
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Table 6-2 Examples of tailored feedback intervention strategies

Type? Example Processing & goals
Descriptive Hi Jane, it’s the team with your Effortful processing
(what is known) | feedback. So how did you score? Self-referencing

Ave fruit serves = 1.5, ave veg
serves = 3. What's the goal again? 2
fruit & 5 veg every day. You are

halfway there!
Comparative Hi Jane, so how did you score? Ave | Effortful processing,
(contrasts with fruit serves = 1.5, veg serves = 3.5. self-referencing,
others) Your fruit serves varied from 0 - 3.5, | normative beliefs and
veg from 1.5 - 5.5 over 4 days. So attitudes

how does your intake compared to
others? Ave fruit serves = 1, veg

serves = 2.
Evaluative Hi Jane, it’s the team with feedback | Effortful processing,
(interpretation) | on your diet. So how did you score? | self-referencing,
Ave veg a day = 2.5. What's your normative beliefs &
goal again? 5 serves a day. You are | attitudes
halfway there!

? Adapted from (Hawkins et al., 2008).

Tailored dietary feedback

Tailored dietary feedback will be formulated by the research dietitian (PhD
candidate) based on food group analysis of the 4-day mFR™. Feedback will focus
on key messages encouraging daily energy reduction of 2,000 kJ by (i) avoiding or
limiting EDNP foods, sugar-sweetened beverages and alcohol, (ii) eating less at
meals or additional snacks (except for salad and vegetables) and (iii) eating less
often. Food group serves will be categorized for each participant based on three
defined target zones (not achieved, almost achieved, and achieved). A template will
be used for each dietary feedback email, modified according to results of each
participants’ dietary analysis. For EDNP serves, the template will be modified
according to dietary intake to indicate average daily serves of ‘junk’ foods, sugary
drinks and alcohol and kilojoule intake. Participants will be shown an image of their
dietary sources of EDNP food and beverages. For fruit and vegetable serves, a
scripted message will be devised for three levels of intake: (1) low: 0 to <3.5 serves
of fruits and vegetables; (2) medium: 3.5 to < 7 serves of fruits and vegetables; and
(3) met recommendation: at least 2 serves of fruits and 5 serves of vegetables per

day. Individual mFR images will be incorporated into email templates to illustrate
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sources of EDNP foods, fruits and vegetable serves. Two to three suggested
modifications will be provided to each participant to support them in achieving the

daily energy reduction goal.
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Table 6-3 Tailored email feedback overview for diet behaviours: frequency; content; technique.

Behaviour change techniques
Feedback Feedback content: Diet - 9 a
frequency (Michie, 2013)
+2 weeks 4d summary (average + range) from mFR™ showing average daily serves Instruction on how to perform the behaviour
(kilojoule equivalent) for EDNP foods, sugary drinks and alcohol Feedback on behaviour
Example ADG serves for EDNP foods, sugary drinks and alcohol Tailored personalized message
mFR™ food images showing participants the source of their EDNP foods, Prompt self-monitoring of behaviour
sugary drinks or alcohol serves G .
. . . oal setting
Tailored feedback + goals based on key messages: avoid EDNP foods, avoid . .
. . Discrepancy between current behaviour and
sugary drinks, avoid alcohol .
recommendations
+4 weeks Weight loss goal of 10% Review behaviour goal

4d summary (average + range) from mFR™ showing average daily serves for
fruit and vegetables

Example ADG serves for fruit and vegetables

mFR™ food images showing participants the source of their fruit and
vegetable intake

Tailored feedback against recommended serves + goals to increase fruit and
vegetable serves

Feedback on behaviour
Action planning
Prompt self-monitoring of behaviour

Discrepancy between current behaviour and
recommendations
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+6 weeks 1d summary from 6 week mFR™ showing daily serves of EDNP foods, Review behaviour goals
sugary drinks, alcohol, fruits and vegetables Self-comparison
Comparison against baseline diet Feedback on behaviour
mFR™ food images showing participants the source of their EDNP foods, Tailored personalized message
sugary drinks, alcohol, fruits and vegetables Prompt self-monitoring of behaviour
Tailored feedback against recommended serves + goals targeting: Goal setting
Avoid or limit EDNP foods, sugary drinks and/or alcohol Discrepancy between current behaviour and
Eat less at meals or snacks (except for fruit and vegetables); recommendations
Eat less often (e.g. limit snacking)
+12 weeks 1d summary from 12 week mFR™ showing daily serves of EDNP foods, Review of outcome goal
sugary drinks, alcohol Review behaviour goal
mFR™ food images showing participants the examples of meal or snack Feedback on behaviour
i Tailored personalized message
Tailored feedback + goals targeting: Prompt self-monitoring of behaviour
Eat less at meals or snacks (except for fruits and vegetables) Goal setting
Avoid or limit snacking Discrepancy between current behaviour and
recommendations
+18 weeks Reiteration of dietary goals + instruction on how to create an energy deficit Review of outcome goal

from diet (e.g. reduction in EDNP food serves)
Reiteration of ‘what’s a serve of EDNP foods’

Reminder of dietary goals + suggestions on how to achieve:
Avoid or limit EDNP foods, sugary drinks and/or alcohol

Eat less at meals or snacks (except for fruit and vegetables);
Eat less often (e.g. limit snacking)

Review behaviour goals
Feedback on behaviour
Tailored personalized message
Goal setting

Discrepancy between current behaviour and
recommendations
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+6 months

4d summary from 6-month mFR™ showing daily serves with comparison
against baseline diet

mFR™ food images showing participants the source of their EDNP foods,
sugary drinks, alcohol, fruits and vegetables

Tailored feedback against recommended serves + goals targeting:
Avoid or limit EDNP foods, sugary drinks and/or alcohol

Eat less at meals or snacks (except for fruit and vegetables);

Eat less often (e.g. limit snacking).

Tailored support for unhelpful behaviours: Emotional/restrained/uncontrolled
eating (identified in the 3 factor eating questionnaire)

Tailored feedback on how to make a healthy diet habitual based on habit index
score

Review behaviour goals
Self-comparison

Feedback on behaviour

Tailored personalized message
Prompt self-monitoring of behaviour
Goal setting

Discrepancy between current behaviour and
recommendations

+12 months

4d summary from 12-month mFR™ showing daily serves with
comparison against baseline
Tailored feedback against recommended serves + target goals

Review behaviour goals

Self-comparison

Social comparison with study participants
Feedback on behaviour

Tailored personalized message

Prompt self-monitoring of behaviour
Goal setting

Discrepancy between current behaviour and
recommendations

EDNP: energy dense nutrient-poor; D: day; mFR™: mobile food record™;
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Control groups

The OC group will complete online self-report questionnaires only, while the AC
group will also undertake face-to-face data collection and record dietary intake
(mFR app) at baseline, 6- and 12-months. Neither group will receive tailored
messaging nor feedback on their dietary intake. As an incentive for retention, AC
participants will be advised that they will receive feedback upon study completion
and the OC group will be entered into a six-monthly prize draw to encourage

ongoing participation.

Process evaluation

Impact evaluation will consist of exit interview surveys via telephone at 14-months
to assess intervention impact, as well as perceptions of various strategies and
materials. Selected program completers and non-completers (TF and AC groups)
will be invited to participate in one-on-one interviews concerning their perceptions

of the ToDAYy intervention.

Process evaluation will assess to what extent the intervention reached target
audiences. A brief questionnaire will be used to evaluate participants’ perception of
the tailored feedback (i.e. message persuasiveness, message tone, readability, easy
to understand, usefulness of advice, suitability and relevance to age group), and to
comment on features they like/dislike about the program. Usability feedback will
also be obtained for the mFR(TF and AC groups) and activity monitor (TF group
only).

Power

A sample size of 600 participants (n=200 per group) will have sufficient power to
detect a change in the primary outcome variable of at least 0.6 median serves/day of
EDNP (discretionary) foods (or equivalent to a 360 kJ/day reduction) between
groups at 90% power and 5% level of significance. Assuming a drop-out rate of

20%, a total of 600 participants will be recruited.
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Discussion

Improving participation and reach is a challenge for population-based obesity
interventions. Worldwide participation rates in population studies are declining
(Galea & Tracy, 2007), and while enrollment in studies involving face-to-face
recruitment is somewhat higher (Galea & Tracy, 2007), there is a need to evaluate
the effectiveness of digital interventions that include multiple strategies to improve
engagement (Warner et al., 2013). Interventions utilizing digital technologies may
have greater appeal in overweight and obese populations, as participants may feel
more comfortable completing self-reported questionnaires in a more anonymous

setting (Mejean et al., 2014).

Reasons for lack of adherence to lifestyle recommendations are poorly understood.
One contributing dietary factor may be that many adults incorrectly believe their
diet to be healthy when it is not (Glanz et al., 1997). This mismatch between
perceived and actual intake may be corrected by more accurate, objective dietary
assessment, comparison with national recommendations and clear, relatable tailored
feedback. Furthermore, despite sustained public health efforts, the majority of
Australian adults are ‘inactive’, failing to meet the recommended PA guidelines
(Australian Bureau of Statistics, 2011). Thus, focus on the most effective messaging
(both content and delivery) to target these behaviours is needed. A systematic
review of tailored interventions identified lack of objective measurements in studies
on dietary and PA behaviours as key limitations of tailored interventions
(Broekhuizen, 2012). This, in part, is due to difficulty in undertaking more objective
methods of dietary and PA assessment on a large scale. Exploring digital methods

of assessment may allow more cost-effective approaches to be implemented.

Tailoring focuses on characteristics unique to the person with the intention of
improving behavioural outcomes by making the message more acceptable to each
individual. Characteristics of messages and feedback that can be tailored include
personal behaviours, psycho-social characteristics, and diet and PA behaviours
(Hawkins et al., 2008). Personal relevance is key and dynamic (on-going
assessment) tailoring versus static tailoring (one baseline assessment) has stronger

effects over time (Krebs, 2010). Effective tailoring strategies include multiple
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intervention contacts and iterative feedback [19]. Of note, tailoring may be more

effective for men than women (Robertson et al., 2016).

Numerous behavioural theories have been used as a basis for tailored interventions,
including the Stages of Change Model and Precaution Adoption Process Model
(Noar, 2007 ;Sherrington, 2016 ). However, there is increasing support for self-
determination theory in weight control, diet and PA tailored interventions to address
autonomous motivation and self-regulation (Michie, 2013 ;Resnicow, 2008
;Teixeira, 2012;Friederichs, 2014 ;Miller, 2002 ;Michie, 2011). Central to self-
determination theory is an emphasis on autonomous behaviours (originating from
one’s-self), as opposed to pressure or coercion into a particular course of action
when delivering advice (Miller & Rollnick, 2002). This provides a framework for
the style of communication to be used in tailored interventions but does not address
approaches used in digital technology interventions. Researchers have raised
concerns about lack of models to inform design of technology-based behavioural
interventions (Mohr, 2014 ;Riley, 2011). In response, Mohr et al. (Mohr, 2014)
proposed a BIT framework for interventions that use a range of technologies,
including mobile telephones, the Web and sensors aimed at changing behaviour.
Features such as usability and willingness to continue to use the app may contribute

to enhanced participant engagement and motivation (Mohr, 2014

). Michie et al. (Michie, Abraham, et al., 2011) developed the COM-B model which
guides researchers to identify behavioural targets and subsequent psychological
theories for behaviour change interventions. The COM-B model identifies
capability, opportunity and motivation as the three core categories to perform a
behaviour. This means that to perform a behaviour, individuals must be capable
with physical and mental ability (e.g. nutrition knowledge, cooking skills) as well as
practical and social opportunities (e.g. access to affordable, healthy food).
Motivation includes automatic drivers like habits as well as goals, beliefs, plans and
impulses. Assessing these determinants is the first step to identify interventions and

theories that can help to change behaviour.
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Conclusions

The current obesity epidemic is occurring against a background increasingly poor
dietary choices, with the incidence of both obesity worsening with age. Promoting
and maintaining a healthy diet through personalised, tailored feedback is feasible,
novel and potentially cost-effective. Personalized feedback with comparison to
recommendations and guidance in forming healthy habits is essential to overcome
existing barriers to a lifestyle change. Digital technologies (mobile apps, email and
web) have the potential to reach larger populations of healthy adults and those at
risk of chronic disease, but to date have not been fully explored. The outcomes of
this intervention may have the potential to positively impact health at a broader
population level, with findings informing translation of 'best practice' lifestyle

intervention aimed at overweight adults.
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Link to other chapters

This chapter describes the procedures for the recruitment, data collection,
development of tailored feedback and evaluation process for the ToDAy RCT.
Developing an intervention that uses objective measures of diet to inform tailored
feedback will contribute significant insight into the mediators of digital behaviour
change interventions. Building on the experience of the CHAT study, ToDAy adds
a more comprehensive assessment of health and health behaviour with increased
frequency of self-monitoring and tailored feedback. In response to participant’s
feedback in the CHAT study, more comprehensive dietary feedback will include

images of their own meals with annotations that provide visual feedback and
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specific behavioural goals. The following chapter will provide a quantitative
analysis of the dietary data at baseline and 6-months post-intervention. The term
“LiveLighter” is a registered trademark. The LiveLighter campaign is funded by the
Western Australian Department of Health and at the time of this study, delivered by
the National Heart Foundation (WA Division), and currently delivered by Cancer

Council Western Australia.
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Chapter 7 Results from the ToDAy RCT

Introduction

(Objective 6) Investigate whether a tailored intervention using mobile technology

can improve dietary behaviours in adults with overweight or obesity.

This chapter presents the results of the ToODAy RCT. The candidate was involved in
the recruitment, screening and collection of dietary data, and the design of the
questionnaires. As a dietitian she also assisted with the collection and confirmation
of mFR image contents, analysis of mFR and development of tailored dietary
feedback for the intervention group, and recording participant information in the
study database. The Candidate undertook preliminary analysis under the guidance

of Professor Satvinder Dhaliwal, a statistician and supervisor of this PhD.

This thesis focused only on the dietary outcomes. The full range of behavioural and
psychological measures captured was outside the scope of this thesis. At the onset
of the project, the TODAY team included a broad range of researchers who planned

to analyse the intervention's impact on habit formation, sleep and dietary restraint.

Summary of results

Over 1,000 participants were assessed for eligibility via a purpose-built online
screening questionnaire, using a secure platform (Qualtrics). Participants were
presented with a series of questions designed to determine their suitability to
participate in the RCT. Questions were structured to automatically exclude
participants who were not eligible, leading them to alternative sources of
information and support for weight management. Where participants entered
inconsistent or unusual data, they were phoned to verify the information, and the
researcher assessed their eligibility on the phone. This included those who reported
high intakes of alcohol, taking part in another study, taking medication or not
having a smartphone. The baseline questionnaire was then sent to the remaining 356
eligible participants, which 286 participants completed. Figure 7-1 Participant flow
chart shows the participant numbers for each stage of recruitment, randomisation

and follow-up.
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Eligible participants were randomised at a 2:1 ratio to either the face-to-face group
(210) or the control (76). After the initial assessment, the face-to-face group was
randomised again to receive tailored feedback or monitoring. The researchers were
blinded to this randomisation. At 6-months, retention proportions in the tailored
feedback, monitoring and control were 91.5%, 65.4% and 22.2%, respectively. In
anticipation of high attrition in the control group, entry to a prize draw was offered

for completion of each online assessment (baseline, 6-months and 12-months).

Figure 7-1 Participant flow chart
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l 144 BMI (87 BMI< 25, 57
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Completed 1°* Baseline
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. A J
oM Tailored feedback Monitoring control Online Control
intervention (n = 75) 91.5% (n=53) 65.4% (n=17)22.2%
12M Tailored feedback Monitoring control Online Control
intervention (n = 64) 78.0% (n=41) 50.6% (n=12) 15.2%
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Participant characteristics

Baseline characteristics for all participants (n=286) compared by gender can be seen

in Table 7-1. About one third of the sample were male, of which 36% were

overweight and 64% were obese. Almost 70% of participants were female (n=198)

with half overweight and half obese. Despite the exclusion criteria of current

smoking status, one male and one female reported being a smoker at baseline. More

than half of participants had a university education and most identified their

ethnicity as Caucasian. Levels of depression and anxiety were in the normal range,

but mild levels of stress were reported.

Table 7-1 Baseline characteristics for all participants (n=286) compared by
gender
Males (n=88) Females (n=198)
Age in years (mean =+ SD) 46.2+10.2 45.1+11.1
BMI (self-report) kg/m? 31.8+3.7 30.7+4.0
BMI category
Overweight 25 —29.9 (kg/m?) 32 (36.4%) 98 (49.5%)
Obese > 30(kg/m?) 56 (63.6%) 100 (50.5%)
Ethnicity
Caucasian 79 (89.8%) 174 (87.9%)
Aboriginal 0 (0%) 2 (1%)
Asian 7 (8%) 12 (6.1%)
Pacific Islander 0 (0%) 1 (0.5%)
Black 0 (0%) 2 (1%)
Mixed 2 (2.3%) 7 (3.5%)
Smoking status
Current smoker 1(1.1%) 1 (0.5%)
Ex-smoker 30 (34.1%) 60 (30.3%)
Never smoked regularly 57 (64.8%) 137 (69.2%)
Highest level of education
Year 12 or lower 14 (15.9%) 34 (17.2%)

Trade or diploma

Bachelor degree or higher

24 (27.3%)
50 (56.8%)

43 (21.7%)
121 (61.1%)

Total household income
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Males (n=88) Females (n=198)

Less than $29,999 3 (3.4%) 8 (4.0%)

$30,000 - $59,999 8(9.1%) 23 (11.6%)
$60,000 - $99,999 20 (22.7%) 40 (20.2%)
$100,000 - $149,999 22 (25%) 54 (27.3%)
$150,000 - $199,999 20 (22.7%) 31 (15.7%)
$200,000 or more 12 (13.6%) 24 (12.1%)

Don't know, not answered 3 (3.4%) 18 (9.1%)
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Males (n=88)

Females (n=198)

Depression and Anxiety Sub-Scale (DASS-21) Median (IQR)

Total domain score 15 (8 -29) 16 (8 -27)
Depression 4(2-12) 4(2-10)
Anxiety 2(0-06) 2(0-5)
Stress 8(2-14) 8(4-14)

Table 7-2 Characteristics of study participants randomised at baseline

(n=163) comparing tailored feedback (TF) and active control (AC) groups

Tailored feedback Active control
(n=82) (n=81)

Age (years) 46.5+11.2 484 +11.1
Weight (kg) 90.1 £15.5 92.6 £16.7
Height (cm) 169.6 +£9.1 171.5+£9.4
Body Mass Index (kg/m?) 31.2+£4.0 31.3+4
Waist girth (cm) 96.6 +11.3 97.6+12.8
6-Minute Walk Test (metres) 611+£70 603 £79
Total MET Minutes per week 1696 + 2005 1899 + 1670
Food group servings (average daily serves)?
Vegetable serves (75g) 23+1.5 26+14
Fruit serves (150g) 0.9+0.9 0.9+0.9
Lean meats, poultry, fish, eggs, seeds 1.6+ 0.9 1.9+0.8
Milk, yoghurt, cheese & alternatives 1.2+0.8 19+1.2
Grain (cereal foods) 34+15 3.6+1.5
Discretionary Food and Drink choices®
Total discretionary food & drinks 38+22 40+22

Discretionary food serves 3.1+1.9 33+1.8

Alcohol serves 0.6£1.0 0.5+0.8

Sugary drinks 0.1+£0.3 0.1+£0.3

2 Serving sizes based on Australian Guide to Healthy Eating (AGHE). ® One serve of a discretionary

food is the amount that contains 600 kilojoules.
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Dietary intake

The intake of five core food groups in comparison to the Australian Guide to
Healthy Eating is presented in Figure 7-2 below. As illustrated, intakes for all five
core food groups were below recommendations. Intake for grains (cereal) was
closest to recommendations at 58%. Intake for vegetables and fruit were furthest

from recommendations, at 50% and 45%, respectively.

Figure 7-2  Face-to-face study participants randomised at baseline (n=163) compared
with Australian Guide to Healthy Eating recommended serves

5
a
3 Participants
5 MW Recommended
1 I
0 Ik,
Vegetable Fruit Lean meat Mi Grain
yoghurt (cereal)
Participants 2.5 0.9 1.8 1.6 3.5
W Recommended 5 2 2.5 2.5 6

Total intake of discretionary food, SSB and alcohol was similar for men and women
at 3.3 and 3.1 serves per day, respectively. Although intake of SSB was the same,
men had double the alcohol intake of women, accounting for the increase in total

discretionary food and beverage score.
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Figure 7-3  Face-to-face study participants randomised at baseline (h=163) comparing
men with women for discretionary food group serves.

Sugary drinks
Alcohol serves

Discretionary food serves

0 1 2 3 4 5
Discretionary food . Total discretionary
Alcohol S drink ;
serves COnoT serves vgary drinis food & drinks
B Women 3.1 0.4 0.1 3.6
B Men 3.3 0.9 0.1 4.4

®Women ® Men

Weight change

Weight loss as a percentage of baseline weight was calculated at 6 and 12 months.
Mean weight loss in the feedback group was 1.3 kg at 6 months and 0.8 kilograms
at 12 months. In comparison, the monitoring group had a mean weight loss of 1.3
kg at 6 months and 0.5 kg at 12 months. For men, weight loss in the feedback group
was similar to that in the monitoring group at 6 months (3 kg versus 2.8 kg).
Compared to women, men lost more weight in both groups at 6 months and with
data from men and women combined, there was no significant difference in weight

loss between groups at 6 months or 12 months (P > 0.05).
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Table 7-3

Change in weight, anthropometric measures at 6 and 12 months.

Tailored feedback

Active Control

(n=65) (n=41)
Weight
All participants
Weight at baseline (kg) 88.6 £ 15 90.9+15.7
Change at 6 months -1.3+438 -1.3+39
Change at 12 months -0.8+5.1 -0.5+£5.0
Women
Weight at baseline (kg) 84.0+13.8 85.1+12.3
Change at 6 months -04+3.5 -0.7+4.2
Change at 12 months 0.0+3.6 -03+£55
Men
Weight at baseline (kg) 98.2+12.9 1049+ 14.6
Change at 6 months 3.0+x64 2.8+3.0
Change at 12 months 2.6+7.1 -1.0+£3.5
Waist girth
All participants
Waist girth at baseline 95.8+10.6 95.8+12.5
Waist change at 6 months -0.8+5.1 -09+44
Waist change at 12 months 0.5+5.2 0.3+4.8
Women
Waist girth at baseline 92.6+99 91.7+10.9
Waist change at 6 months 0.0£44 -03+4.5
Waist change at 12 months 1.4+42 03+5.5

Tailored feedback

Active Control

(n=65) (n=41)
Men
Waist girth at baseline 102.5+ 8.9 105.8+10.8
Waist change at 6 months -2.6+6.0 -24+39
Waist change at 12 months -1.3+£6.7 0.3£2.6
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Clinically significant weight loss

Weight loss of 5% or more over 6 months is considered clinically significant and
shown to have health benefits, including lowering blood pressure or delaying
progression to type 2 diabetes (Stegenga et al., 2014). Overall, 16.8% of
participants lost >5% of body weight at 6 months. Forty per cent of all participants
lost < 5% of body weight. The Tailored Feedback group had a higher percentage
loss >5 % of body weight, compared with the AC group (20% versus 12%). At 12
months, there was little difference between the groups in those who had lost 5 % or
more of their body weight. However, retention in the Tailored Feedback group was
higher. Therefore we are unable to determine what occurred in those who were lost
to follow up at 12 months. Weight loss for both TF and AC is presented below in
Table 7-4.

Table 7-4 Clinically significant weight loss in those participants who completed
the study.
Tailored feedback  Active control Total %
% %

Maintained or lost weight at 6 months

n=75 n=50 n=125
Lost 5% or more 20.0 % 12.0 % 16.8 %
Maintained or lost up to 5% 38.7% 44.0 % 40.8 %
Gained weight at 6 months
Gained up to 5% 33.0% 40.0 % 36.0 %
Gained 5 % or more 8.0 % 4.0 % 6.4 %

At 6-months, one fifth of completers with obesity lost more than 5% of body
weight, and 80% of them sustained this weight loss at 12-months. Among those
with overweight, 11.9% achieved clinically significant weight loss at 6-months.
This increased at 12-months (17.3%). Weight gain of more than 5% was more
among those with overweight (10.2%), compared to those with obesity (3%) at both
6-months. The percentage of participants who gained more than 5% of body weight
at 12-months increased for both those with overweight (17.3%) and obesity (7.4%).
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Table 7-5 Clinically significant weight loss in those participants who completed

the study by weight status

At 6 months Overweight (n=59) Obese (n=66)
Lost weight ( 5% or more) 11.9% 21.2%
Lost weight (0-5%) 40. 7% 40.9 %
Gained weight (0-5%) 37.2 % 34.8 %
Gained weight (5 % or more) 10.2 % 3.0%
At 12 months Overweight (n=52) Obese (n=54)
Lost weight ( 5% or more) 17.3 % 16.7 %
Lost weight (0-5%) 32.7% 37.0 %
Gained weight (0-5%) 32.7% 28.9 %
Gained weight (5 % or more) 17.3 % 7.4 %
Table 7-6 Change in discretionary food and drink serves (mean £ SD) at 6

months and 12 months.

All participants Tailored feedback Active control
Discretionary foods

Serves at baseline 31+£1.9 35+1.7
Change at 6 months -1.4+2 -14+19
Change at 12 months -14+19 -1.8+1.8
Sugary drinks

Serves at baseline 0.1+£0.1 0.1+0.2
Change at 6 months 0.0+0.3 0.0=+0.3
Change at 12 months 0.0+0.2 -0.1+£0.2
Alcohol

Serves at baseline 0.6+1.0 0.6+0.9
Change at 6 months -04+09 -04+0.8
Change at 12 months -0.3+09 -0.3+0.7
Total discretionary food & drinks

Serves at baseline 3.7+£22 42+£22
Change at 6 months -1.7+£24 -1.9+2.1
Change at 12 months -1.8+2.3 22+2.1
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The changes in discretionary food and drink served over the study period are
presented in Table 7-6, demonstrating an overall decrease in serves eaten for both
the TF and AC groups. The most significant reduction was in discretionary food
choices with the Tailored Feedback group reducing portions by 1.4 + 1.9 serves and

the AC group by 1.8+ 1.8 serves.

Statistical Plan

The following primary outcome variables will be measured at baseline and 12
months of the intervention: changes in body mass, EDNP food and beverage
consumption (sugar-sweetened beverages, alcohol, and take away and other "junk"
foods). Secondary outcome variables include changes in fruit and vegetable serves.
Data on change in outcome variables in each of the two groups will be compared
using analysis of covariance. Assumptions of the analyses will be assessed by
examining residuals. Data will be transformed if assumptions of the analyses are not
satisfied. Possible covariates considered will include age, sex, country of birth,
ethnicity, highest education level, socioeconomic index for area, and baseline value
of the variable analysed. P-values < .05 will be considered statistically significant.
Effect size of differences between treatment and control will be expressed as
adjusted mean difference and associated 95% Cls. Data on change in outcome
variables post-intervention and follow-up time points will be converted into binary
categorical variables and analysed using multivariable logistic regression and
generalised estimating equations. Odds ratio and associated 95% Cls will be

reported.

Gender difference

Recruitment of men in interventions is known to be challenging. As we observed
lower response rate in men, we actively promoted the study to men through
television and radio interviews. The randomisation was undertaken with a separate
randomisation for men and women to ensure an equal proportion of men and
women across the three groups (online control, active control and tailored

feedback).

A systematic review of 244 lifestyle interventions found the samples were on

average, 27% male and men from ethnic minority groups were less than 2%
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(Pagato, 2012). The SHED-IT trial specifically explored the preferences of male
participants and suggest digital tools, and found tailored content to be more
effective at engaging men into a digital weight loss intervention (Young, 2012 and

Morgan, 2013).

The underlying reasons for gender difference in engagement in weight loss are
multifaceted but likely to include differences in hormones, physiological responses
to physical activity and social norms about eating (Lovejoy, 2009). In addition,
there are difference in food and drink preferences with women choosing options

with better nutrition content and lower cost, compared to men (Livingstone, 2020).

Tailored content is able to address these gender difference as the content is based in
the individuals responses, reducing redundant information that may be based in
previous data in which men are underrepresented. As the number of men in
Australia with obesity increases, interventions that consider male preferences and
include men and in their development are urgently required. The development of
evidence based digital interventions that are tailored for specific groups of the
population, are an important public health response to the current trends in poor
diet. Our study gives voice to the beliefs and experiences of men who are interested
in joining a weight management program. These findings will help inform future
weight loss interventions for men and will assist researchers and practitioners to

engage men in weight loss research
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Chapter 8 An evaluation of a digital tailored
weight loss intervention: qualitative
study

Objective 7: Conduct a qualitative study to identify intervention features
influencing participants’ motivation, capability and opportunity to change their

dietary and activity behaviours

Objective 8: Explore participants’ preferences for intervention features and how the

intervention might be improved

Introduction

Using qualitative methods in a process evaluation of a complex intervention helps
understand the users’ experiences of intervention features. This can highlight
adaptations, which may improve behaviour change, engagement or translation to a
real-world setting. As the evidence emerges about the effectiveness of digital
tailored interventions, examining the potential mechanisms of behaviour change is
vital to understand how and why the intervention works with some people and not
others. Qualitative studies are well suited to examine how new interventions are

used and experienced.

The candidate was responsible for designing the script used for the telephone

interviews, collecting and analysing all data and writing the draft manuscript.

Abstract

ToDAy is a digital weight loss intervention providing tailored feedback based on
objective measures of dietary and physical activity (PA) behaviour. While a
growing number of randomised controlled trials have evaluated behaviour change
techniques, intervention features and their impact on behaviour, qualitative studies
are needed to understand why interventions are successful for some people and not
others. This will help to maximise the effectiveness of future interventions. This
study was designed to identify intervention features influencing participants’
motivation, capability and opportunity to change their dietary and activity
behaviours; explore participants’ preferences for intervention features and identify

participants’ views on how the intervention might be improved.
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Nineteen telephone interviews were conducted with participants in the intervention
arm of the ToDAYy trial. The aim was to explore the participant's experience of
implementing the tailored feedback and using the intervention features. Participants
were purposely selected to include a similar number of males and females, and
include those who had lost weight, maintained their weight or gained weight. The
script was designed to assess user's capability, opportunity and motivation to

perform new behaviours for weight loss.

All participants were optimistic about the digital self-monitoring tools; the mobile
food record and Fitbit. Those who lost weight described the intervention as simple,
and their behaviour change as easy. Increasing active minutes and number of steps
were the fundamental physical activity behaviours attributed to weight loss. For
diet, increasing fruit and vegetable consumption was the main behaviour change
associated with weight loss. Most participants who did not lose weight reported a
positive experience of the intervention and felt they had significantly improved their
diet and PA. Participants reported increased capability and motivation for behaviour

change, independent of weight loss.

Background

Diet and physical activity are the primary focus of behaviour interventions for
weight loss (Bliiher, 2019). Interventions based on behaviour theory are more likely
to effect sustained behaviour change and weight loss (Cleo, 2019;Hutchesson, 2015
;Kwasnicka, 2016 ;Lau, 2020 ;Samdal, 2017). Although weight loss is often defined
as a goal, it is, in fact, the outcome of changing behaviours, influenced by both
cognitive and reflective factors. For example, to avoid eating fast food may require
goals for meal planning, grocery shopping and self-monitoring of diet and PA. The
COM-B model encompasses these factors, identifying motivation (M); the intention
or desire to change, capability (C); the knowledge and skills needed and opportunity
(O); physical access and social support, as prerequisites for a behaviour change.
This approach has been used successfully in several digital interventions aiming to

change behaviour (Samdal, 2017;Pirotta, 2019 ;Miller, 2015).

Despite growing evidence about the psychology of changing behaviour for weight

loss, efforts to lose weight can lead to physical responses that increase appetite,
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cravings for energy dense foods and reduced energy expenditure during PA
(Sumithran, 2011 ;Fabbricatore, 2013;Ostendorf, 2019 ;Montesi, 2016 ). As a result,
weight loss can often plateau despite continued efforts and 80% of those who lose
weight will regain in within 2 years (Montesi, 2016). Factors that differentiate those
who lose weight with those that do not include social support, lifestyle changes,
persistent physical activity and viewing the changes as lifelong (Sawamoto, 2017).
However, is not clear if these participants’ experience intervention features
differently, specifically the impact on their capability, motivation and opportunities

to change their behaviour.

Guidelines for the development of interventions recommend the use of a theoretical
framework but there is limited evidence about how these can be implemented
digitally (Craig et al., 2008; World Health Organisation, 2019). Theory can be
implemented to help select behaviour techniques (e.g. self-monitoring), identify
people who are most likely to succeed with the intervention (e.g. people who think
that healthy eating is important) or to decide which determinant of behaviour to
focus on (e.g. nutrition knowledge). Recent studies have shown that habit theory is
a promising approach for making small but sustained changes to eating and activity
behaviour (Cleo et al., 2019; Kliemann et al., 2019). Habit theory proposes that
behaviours learnt through repetition in a consistent context will become automatic
or habitual, requiring little motivation or effort (Gardner, 2015). For example,
eating a piece of fruit (behaviour) after lunch (contextual cue). Initially, self-
regulation is required to repeat the new behaviour, until it becomes automatic, so
multiple strategies are often needed, such as self-monitoring and goal setting
(Kwasnicka et al., 2016). Qualitative studies with participants could highlight how

intervention features support the development of positive habitual behaviours.

ToDAy was a 1-year tailored randomised controlled trial (6-month intervention and
6-month follow-up) to improve diet and PA behaviours leading to weight loss in
adults. An image-based mobile food record and FitBit Charge 2 were used to
measure diet and PA objectively. Specially trained researchers analysed this data to
inform tailored feedback sent via email. The full protocol the randomised controlled
trial conducted to evaluate the intervention are described elsewhere (Halse et al.,

2019).

157



RCTs are considered the gold standard for evaluating the effectiveness of
interventions as they control for unknown confounders, and measure the impact of
various intervention features and behaviour change techniques (Michie et al., 2017).
However, they offer limited insight into the participant's experience and few
opportunities to obtain feedback. As digital behaviour change interventions are
relatively new, and evidence is still emerging, efforts to explore which aspects of
the intervention are effective and who they are most suitable for are vital (Lustria et
al., 2009; Walthouwer et al., 2015). Qualitative approaches can help to explain
variations in effectiveness within the sample, examine the appropriateness of the

underlying theory and generate further questions or hypotheses (Lewin et al., 2009).
This qualitative study had two objectives:

1. Identify intervention features influencing participants’ motivation,
capability and opportunity to change their dietary and activity

behaviours

2. Explore participants’ preferences for intervention features and how the

intervention might be improved

Methods

Recruitment

The ToDAYy intervention was a 1-year weight loss intervention for adults (aged 18-
65 years) with a body mass index between 25 and 40. After completing a baseline
assessment online, two-stage randomization was used to allocate participants into
one of three conditions: tailored feedback delivered via email at seven time points;
active control; and online control. Primary outcome measures at 6 and 12 months
are changes in body mass, BMI, energy dense nutrient poor (EDNP) food and
beverage consumption, and daily moderate-to-vigorous PA (measured via
accelerometer). Secondary outcomes include change in fruit and vegetable
consumption and daily sedentary behaviors. Participants for this qualitative study
were recruited from the group receiving tailored feedback. Only those who

completed all assessments at 12 months were eligible to take part.
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Tailored feedback in the ToDAy study
The tailored dietary feedback was based on food group analysis of a 4-day, image-

based, mobile food record (mFR). Feedback messages focussed on daily energy
reduction of 2,000 kJ by avoiding or limiting discretionary foods, sugar-sweetened
beverages and alcohol; eating less at meals and snacks (except for salad and
vegetables); and eating less frequently. Individual mFR images were annotated and
included in email templates to illustrate the source and serving sizes of discretionary
foods, fruit and vegetables. Appendix E provides an example of the tailored dietary
feedback.

Tailored PA feedback was based on data from a wrist-worn activity monitor (Fitbit
Charge 2) and included three movement goals: "move more" (step count; toward
>10,000 steps), (Duncan, 2018;Australian Government Department of Health, 2018
), "move harder" (minutes spent in moderate-to-vigorous activity; towards >30
active minutes), and "move more often" (hourly movement; towards >250 steps per

hour).

Participants

For this study, recruitment was specific and purposeful to include both male and
female participants experiencing weight loss (weight decrease >2kg between
baseline and 6-months) or no weight loss (weight stable or increase > 2kg between
baseline and 6-months). Purposeful sampling is used to identify and select
individuals who have a particular experience or characteristics and are available and
willing to participate (Palinkas et al., 2015). Twenty-two eligible participants who
had completed all study components and received their final feedback at 12-months
were sent an email invitation to participate. All replied, but only 19 were available
to schedule an interview. All interviews were conducted between June and
September 2019, approximately 12 weeks after participants completed the

intervention.

Data collection

The methodological approach used in this research was a general inductive
qualitative approach (Thomas, 2006). The consolidated criteria for reporting

qualitative research (COREQ) for interviews and focus groups were used to ensure
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rigour in the presentation of the findings (Tong et al., 2007). Qualitative interviews
conducted by telephone were designed to explore participants’ preferences for
intervention features and identify participants’ views on how the intervention might
be improved. The questions also examined intervention features influencing
participants’ motivation, capability and opportunity to change their eating and PA
behaviours. The study was approved by the Curtin University Human Research
Ethics Committee (approval number HR61/2016) and registered with the Australian
New Zealand Clinical Trials Registry (ACTRN12617000554369).

Data collection

In depth telephone interviews were conducted by the candidate, who was known to
most participants. The candidate is a female dietitian who has experience in
conducting interviews and focus groups (Shoneye et al., 2011). A statement
outlining study procedures was read at the start of each interview to orient
participants to their study experience and provide consistency between interviews.
Interviews were conducted in a private room and audio recorded. Informed consent
was obtained verbally at the start of each interview. The digital audio was
transcribed verbatim by a professional transcriber. Interviews lasted between 19 and
50 minutes. All participants were offered a $50 gift card for participating in the

interview.

Interview schedule

The interview schedule included 20 questions, probing statements and prompts; the
full interview schedule is provided in Appendix F. As well as the COM-B domains,
topics explored were changes to diet, PA and weight, tailored feedback, habitual
behaviour and their experience of the study. During the telephone interview the
interviewer had access to a summary of the participants’ diet and PA feedback at
baseline, 6-months and 12-months. This allowed for prompts on specific changes in
observed behaviour. For example, "I see that your average daily junk food intake
went down during the first 6 months. Can you tell me more about that?" The
interview schedule was pilot tested with researchers at Curtin University where
feedback on clarity of the language was provided. No repeat interviews were

conducted and transcripts were not returned to participants for review. Notes were
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made throughout the interview and these were used to facilitate the discussion of

transcripts during data analysis.

Data analysis

Interview transcripts were independently reviewed by the candidate and one other
author before being evaluated using thematic analysis (Braun & Clarke, 2006) and
managed in NVivo 12. Qualitative data were analysed following the process of
thematic analysis: familiarisation through reading each transcript, generating codes
in NVivo and then allocating these codes to themes. Themes had to be mentioned
by at least three participants to be considered. All themes were independently
analysed by two authors and any discrepancies were reviewed and discussed.
Common themes were discussed to agree on the definition and significance. A
range of verbatim quotes was then aligned to the final themes as examples of the

views expressed by participants.
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Results

Table 8-1 shows the baseline characteristics of participants taking part in the
interviews. Participants were purposely selected to include those who had lost more
than 5% body weight at 6-months and a mix of both males and females. Although
the majority of the sample were males, there were more men who achieved

clinically significant weight loss, which is reflected the higher number of males.

Table 8-1 Participants change in weight at 6 months

Weight loss No weight loss
(n=9) (n=10)
Gender 3 women, 6 men 6 women, 4 men
Baseline weight (kg) 93.6 88.5
6-month weight (kg) 84.2 90.6
Weight change at 6-months kg (kg) 9.4 +2.1

Thematic analysis identified eight themes: setting goals, planning ahead, learning
something new, small lasting change, difficult emotions, weight change, habits and

suggestions for improvement.

Setting goals

A unique feature of ToDAy intervention was the use of a Fitbit, alongside tailored
physical activity feedback that highlighted performance in all three movement
goals: move harder, move more and move more often. Receiving tailored feedback
on their step goal and monitoring their steps on the Fitbit were strong motivators for
maintaining activity goals. Reference to goal setting was common among all
participants. The most frequent goal for physical activity was "move more" (step
count; toward >10,000 steps). Achieving 10,000 steps daily was most commonly
mentioned by those who had lost or maintained weight at the end of the 6-month
intervention. These participants described their determination to complete this goal

every day.
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Participants who reported regularly meeting 10,000 steps per day were optimistic
about the improvements this brought to their quality of life and weight. These

participants also described achieving their step goal as part of their daily routine.

Participants who gained weight also referred to the PA step goal but reported being
preoccupied with the goal or experiencing negative emotions if they did not achieve

the goal.

In contrast, another participant who lost weight expressed less emotion if the goal

was not achieved.

Goals framed around positive, actionable behaviours were associated with sustained
behaviour change and weight loss. For diet, the most common goals were eating
two fruits and five vegetables a day, which was a secondary outcome of the ToDAy
study. Participants reported this was easier to sustain and more enjoyable than a
‘dieting’ approach where the focus was on restriction or following a particular
menu. Reducing EDNP foods was a primary goal of the ToDAy study and a focus
of the feedback at 6 and 12 months.

Participants who lost weight referred to increasing the fruit and vegetable
consumption as a key driver for their weight change. Most described using fruit or

vegetables to displace other, EDNP foods in the diet.

It made me eat a lot more veggies, a lot more fruit instead of snacks. Like
I gave muftins up for it so ... instead of eating muffins I was eating apples
and banana. (1532)

Planning ahead

Those who lost weight reported strategies to help prepare vegetables in advance.
Ideas included purchasing large volumes of fruit and vegetables weekly, cooking
vegetable-based dishes to store in the freezer and keeping a stock of vegetables at

work.

I buy my vegetables on Saturday and I prep them for the whole week.
(1468)

Two men who lost over 10 kg described making changes to their diet as easy.

163



Eating more fruits and vegetables was actually a lot easier than I thought

it was going to be. (1483)
Poor food choices were associated with a lack of planning, spontaneous decisions or
being unorganised. Those who gained weight described situations where they were
ill-equipped at mealtimes and only had unhealthy food available. This led to

consuming EDNP foods and a sense of helplessness.

Oh my gosh I haven't got anything for dinner and I haven't been up to the
shops and it's six o'clock and I don't feel like going up to the shops. So I'll
just have something that is in the house and it might be my son's leftover
pizza or my husband's butter chicken. (1484)

Small lasting change

For dietary behaviours, eating vegetables was mentioned as the most significant
change for those who lost and maintained their weight. Common examples referred
to EDNP consumed typically as a snack during the working day; chocolate, cereal

bars biscuits, pies and cakes exchanged for fruit or vegetables sticks.

For PA, the Fitbit was viewed as an essential prompt for making small daily
changes. One participant who doubled the number of steps per day during the
intervention (7,000 to 16,000 steps) described being opportunistic about making

time to walk during his work in a sedentary job.

Learning new things includes strategies to help plan ahead, decoding food labels,

self-assess their diet, identify junk foods and estimate serving sizes for vegetables.

For those who lost weight, the tailored feedback was described as the major source
of new information, increasing awareness about their behaviour. Most described
overestimating their intake of fruit, vegetables and level of physical activity while

underestimating their intake of EDNP food and beverages and sedentary behaviour.

The Fitbit made me very much more aware of how much I was moving
or not moving. (1491)

I thought it would be easier to get lots of steps on the weekends when |
was home with my kids but it turned out to be the days that I moved the
least. You think that running around after your kids all the time you would
do more steps, but that definitely was not the case. (1483)
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For dietary change, tailored feedback — including an annotated image of their meal
— was noted as a turning point in their knowledge on how to improve dietary
behaviour. For example, a meal of chicken curry and rice was sent back with

images of animated vegetables, in place of some of the rice and chicken.

I think I learned that whilst I thought my diet was maybe 5 or 6 out of 10
it was probably more like a 3 out of 10. (1441).

One that sort of stuck in my head was half your plate needs to be
vegetables pretty much. (1519)

So I see chicken, wrap and salad and I think wow that’s a very healthy
meal. Then it got pointed out to me that it was two or three servings of
junk food because it was crumbed and fried. ... Sometimes you think
you’re doing the right thing and it’s not as healthy as you think. (1519).
Those who gained weight reported not learning any new information from the
tailored feedback. They expressed confidence in their knowledge of what

behaviours should be changed but described social and emotional barriers to

achieving them.

Participants were aware of the goal of 10,000 steps per day and reported that the
Fitbit was helpful for them to track their progress. Most were surprised at how
sedentary they were and describe the information from the Fitbit and PA feedback

as ‘new’ and ‘shocking’.

Difficult emotions
Participants described difficult emotions that hindered efforts for eating well and

being active but eating well and being active were also seen as strategies to manage
difficult emotions. For example, stress was viewed as having both a positive and
negative relationship with eating and physical activity. On one hand, physical
activity was viewed as a healthy and effective method to manage stress and mental

wellbeing.

Now I try and do the one hour walk before work. Just because it helps
reduce the stress of the job. (1443)

And had a lot of stress in my life at the time ... it wasn’t healthy. This
forced to make time to think about me and my health. (1567)
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On the other hand, feeling stressed was also associated with eating junk food and

not maintaining physical activity routines.

I know it sounds a bit feeble my old dog he gets sick now, I’ve got

cleaning up to do and I’ve got new kittens in the house now. There have

been lots of things that have popped up like that and it's made it hard, 1

just feel overwhelmed. (1483).
The dietary assessment involved recording all their food and drink consumed by
taking images on their smartphone. Several participants mentioned that they felt
self-conscious or embarrassed about someone else seeing images of their junk food,
large serving sizes, fast food or alcohol. Taking images of these meals was
described as emotionally difficult, though most reported that this did not have any
impact on their engagement with the intervention or their behaviour. Others
reported feeling proud when they were taking images of meals that had loads of
vegetables or had incorporated suggestions from their dietary feedback. Two
participants, who gained weight, expressed feeling ‘guilty’ and ‘embarrassed” when

they took images of food they perceived as ‘bad’.

Weight change
Those who lost weight described their feedback as informative, easy to implement

and sustainable. One participant, who lost 18 kilograms, described a new routine
where he packed a lunch instead of purchasing food on the go and reducing his
alcohol on the weekend. However, this participant attributed his weight loss to the
increase in his PA. Likewise, another participant who lost 9 kg weight felt his
weight loss was mainly due to his increased activity. While PA had significantly

increased, there appeared to be a greater energy deficit from the changes to his diet.

Monday lunchtime I drive down I get veggies for the week. So I get a bag
of carrots, a bag of spinach, avocado and cucumber and it’s fairly easy
for me to whip up a salad at work. (1519)

Successful in as much as now I feel better, I weigh much less and I'm a
lot more active than I used to be. But it was relatively straightforward.
(1524)

Those who lost weight described a flexible approach to setting and achieving goals
around their diet and PA. Although the goal was specific and they were motivated
to achieve it, they were not aiming for perfection and accepted that is was normal
to not achieve each goal, every day.
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It’s all about the watch [Fitbit] I kept on looking at the watch. And I said
well I had a target. But you know, if I didn’t reach the target it wasn't the
end of my world. (1532)

I was eating a lot of junk food, not many vegetables you know lots of
meat and bread and putting on weight. Drinking alcohol, lots of alcohol
and all the things you shouldn’t be doing, I was doing ... Now I have cut
down, not stopped. (1574)

In contrast those who gained weight described a more rigid approach where not
achieving their goal was associated with disappointment or a sense of failure.

I became a little bit fixated about getting my ten thousand steps in and felt
quite annoyed with myself if I didn’t. (1482)

I will still eat a pizza but I feel guilt and ashamed. (1567)

Six participants who did not lose weight reported a positive experience in the
intervention and felt successful in improving their quality of life, food choices and

physical activity.

Oh I thought it was fantastic. I absolutely love it. (1484)

I think if you fixate too much on the weight you lose the point, you know

you get to my age, and you’re never going to get back to where what you

were. I mean so as long as you're eating the right things and keeping fit,

your weight will be where it’s meant to be. (1443)
Two participants who did not lose weight described the experience of the
intervention as challenging and not what they were hoping for. Weight change was
not described as concerning eating and activity behaviour but associated with
emotional status, self-esteem and motivation. Two participants shared their hope

that the study might reveal a scientific issue that would either explain their excess

weight or scare them into changing their behaviour.

So I think maybe that's what I was hoping for you know that maybe you
guys would say something in the study and go ‘Oh you should be aware
of this’. I was hoping there was going to be a reason for this (weight).
(1491)

I was expecting a diet plan, an exercise plan yep just these are the things

you have to do each day ... that sort of thing. I probably would have made
a bit more of an effort if I knew that I was being monitored. (1499)
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Habits
References to alerts to move more often and the motivation to reach the step goal

were described as ‘drivers’ for forming new PA habits.

If I hadn't managed to get to ten thousand [steps] in the evening then I'd
go back on the treadmill to try and get it up. I wanted to get that buzz
(Fitbit alert) when I reached the goal. (1532)

Behaviours that were performed ‘without thinking’, ‘automatically’ and ‘part of my

routine’ were also coded as habits.

‘Oh gosh I’ve got to get on the treadmill in the morning” but when my
alarm went off it was like right you know up and go. I didn’t even think
about it; it’s just my routine now. (1543)

One of the things that I do as part of the change is [ walk while I’'m on the
phone. It’s just a habit now...at the moment I’m talking, but I’'m also
walking around the training yard out the back. So, because of this phone
call, I’ll probably walk about seven hundred metres. (1532)

When I go to places that have got a choice of an escalator or steps I
automatically go for the step option. (1507)

Suggestions for improvement

Some described being accountable to the research team, and knowing that a
scheduled visit was approaching motivated them to stay on track with their dietary
and physical activity behaviours. Others expressed a need to be held more

accountable.

I just felt I would have been able to do more if I was pushed more or told
to. (1437)

Fifteen participants said telephone review would have been helpful and suggested

this be included in future interventions.

Maybe a catch up on the phone I think would be good. (1567)

Discussion
Participants had mixed feelings regarding the ToDAy approach: those who lost

weight found it was simple and easy to implement while others, mainly women,

were disappointed it was not more prescriptive. Reducing EDNP and increasing
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fruit, vegetables, nuts, seeds and whole grains is recommended as a first-line
intervention to achieve a weight loss of 0.5—1 kg per week (National Health and
Medical Research Council 2017; New Zealand Ministry of Health, 2017; Yumuk et
al., 2015). Those who were not satisfied with the intervention made comparisons to
previous weight loss attempts and programs. It may be that the evidence-based
messages in ToDAy contrast with the fad diets that include specific eating plans and
promise greater and faster weight loss (Passos, 2020). Those who were successful
said the feedback told them something new, indicating little previous experience of
making behaviour change for weight loss. For these participants the intervention
increased their capability by providing new information about the gap between their
current behaviour and their goal behaviour. In future interventions, content tailored
to and based on weight loss history may offer a different approach to those with a

history of dieting.

To our knowledge, no other qualitative studies have explored the experience of
participants who gained weight alongside those who lost or maintained weight.
Most participants who did not lose weight described their experience as successful,
with positive changes to their diet, PA and increased knowledge of these
behaviours. Views expressed by those who lost weight are consistent with those
reported elsewhere: weight loss results from consistent, habitual changes to both

diet and activity (Mete, 2017 ;Metzgar, 2015 ;Sawamoto, 2017).

Habits were explored under the motivation domain of the COM-B model so
questions were asked about the automaticity of their behaviour e.g. As a result of
being in the study, have you formed any new habits? All respondents mentioned PA
habits initially with only two going on to talk about dietary habits with some
probing. One reason for this could be that feedback on PA was quantitative and
instant which may make this more engaging. Participants felt the ‘buzzing’ from the

Fitbit was a driver of their increased PA which became then ‘automatic’.

The brief theoretical explanation for a habit is when someone is effective in
maintaining behaviours that have become habitual and are supported by automatic
responses to relevant cues (Kwasnicka et al. 2016). A study on Mindless by

Wansink and Sobal (2007) suggests that individuals makes at least 200 food
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decisions per day most of where are ‘automatic’ or subconscious. As a result,
awareness of dietary habits may require more precise probing to draw attention to
their eating behaviour. In line with this, de Bruijn & Rhodes (2011) found that
exercise is less driven by automatic components and includes a stronger cognitive
component. Future studies exploring participant’s changes in PA and dietary
behaviour may benefit from more precise questions and probing about specific

behaviours.

Self-monitoring of diet and PA behaviours was crucial in helping people become
aware of their current behaviour. This was enhanced by tailored feedback, which
highlighted how their current behaviour differed from their goal behaviour.
Previous studies support this finding, recommending that feedback is personalised
to individual users and based on an assessment of the behaviour to be changed
(Schembre et al., 2018). Participants viewed the feedback provided as realistic and
practical; similar to previous reports that effective feedback is actionable, providing
instructions on when, where and how to perform the behaviour (Hysong, 2006
;Gollwitzer, 1999). In this study, images of meals were annotated to highlight the
junk food and suggest where fruit and vegetables could be added, building on the
written text feedback trialled in earlier studies (Kerr, 2016 ;Shoneye, 2019).

The role of fruit and vegetables in weight loss unclear with data from observational
and experimental studies in adults and children report inconsistent or null findings;
suggesting future studies implore better prospective designs (Ledoux et al 2011 and
Newby, 2009). Theoretically, increasing energy intake, even from fruit and
vegetables poses the potential for weight gain. However, dietetic interventions aim
to create an energy deficit by displacing more energy dense foods with fruit and
vegetable without reducing food volume. The key benefit of this is approach is
improved satiety resulting from the increased fibre. In addition, non-starchy
vegetables and fruit are water-rich and low-energy-dense. A systematic review
examined evidence from prospective studies and RCTs shows that increased intake
of fruit and vegetables is a chief contributor to weight loss in women (Dreher,
2020). The mechanisms are unclear but low glycaemic index, high fibre and reduce
rate of eating are likely to contribute. In contrast, another review found increasing

fruit and vegetable intake or availability (home delivery) was not associated with
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weight loss. The review concludes that weight loss advice should only recommend
increasing fruit and vegetables to displace other foods which are more energy dense
(Kaiser et al. 2014. Despite the mixed messages, clinical guidelines for weight
management and dietary guidelines to prevent obesity and type 2 diabetes have

included recommendation to increase fruit and vegetables.

A dichotomous or rigid view of weight and weight management behaviour was only
observed among those who gained weight. Dichotomous thinking can be described
as a disposition to view food as ‘good or bad’, ‘dieting or not dieting’, ‘healthy or
unhealthy’ (Oshio, 2009). For example, ‘Sometimes I skip meals to avoid gaining
weight’ (Stunkard & Messick, 1985). The opposite is a flexible approach, for
example, ‘If I eat a little bit more on one day, I make up for it the next day
(Westenhoefer, Stunkard, & Pudel, 1999). In this study participants who lost weight
were more likely to describe behavioural goals that were imperfect and not adhered
to at all times. Dichotomous thinking about food and activity can impede efforts to
make healthy lifestyle changes (Palascha et al., 2015) while a more flexible and
non-judgemental approach can lead to better behaviour change and reduce dietary
restraint (Sairanen et al., 2014). This implies that being able to self-regulate and
make adjustments to eating and PA are essential skills for weight management
(Johnson et al., 2012; Phelan et al., 2009). Advancing our understanding of the link
between self-monitoring and a flexible eating approach may help future

interventions support better self-regulatory skills.

Feedback on PA was quantitative and instant which may make this is more
engaging. Increasing PA and engagement with the Fit-Bit was perceived as the
primary driver of weight loss among those who lost weight. Other studies support
this with a meta-analysis of 37 studies reporting fit-bit use was associated with
increases in daily step count and vigorous activity while decreasing sedentary time
and modest weight loss (Ringeval et al., 2020). While these improvement in their
perceived PA behaviours were also seen in this study, their dietary intake data
shows a modest but consistent reduction in EDNP with non-starchy vegetables
displacing more energy dense foods. In contrasts to the participants beliefs, this is

the likely driver of their weight loss as it causes a greater calorie deficit.
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This is one of few studies to report the experience of those who have completed a
weight loss intervention but gained weight during the treatment phase. There is an
expectation that these users did not engage with the messages or dropped out of the
program but participants in this study did neither, describing multiple attempts to
implement the tailored feedback as well as the barriers that hindered their progress.
Most managed to implement some new behaviours and were happy with the
improvements to their lifestyle, irrespective of their weight. European guidelines for
weight loss reiterate the importance of acknowledging positive behaviour change,
with or without weight loss (Yumuk et al., 2015). This focus on behaviour may help
to avoid the disappointment of not losing weight or of regaining weight in the future
(Cleo et al., 2019). For instance, if weight loss is not achieved, participants may
abandon the new healthy behaviours and deem them as ‘unsuccessful’ or
‘ineffective’ (Pearson, 2011). Secondly, a focus on weight may inadvertently
reward unsustainable or unhealthy behaviours such as fasting or very low energy
intake. The results of these exit reflect the behavioural focus of the ToDAy
intervention which focussed on making small and sustainable changed to diet and

PA behaviour.

Strengths and limitations
A major strength of this study is that a range of participants were interviewed; the

views of males and those who gain weight are often not explored and published.
Weight maintenance is often discussed for those trying to sustain weight loss but
can also be a first step for those who are gaining weight (Metzgar et al., 2015;
Myers et al., 2013; Wieland et al., 2012). For those who did not lose weight, the
intervention improved their diet and PA, which have important health benefits,
independent of weight loss (Afshin et al., 2019; Bliiher, 2019; Forouzanfar et al.,
2016). The findings reported in this paper were limited to qualitative data collected
from exit interviews. Correlations between dietary restraint, weight loss history and
eating behaviour would help to further understand the mechanisms of behaviour
change reported. Another limitation is the small sample selected based on their
weight change and the lack of data from the two control groups. Participants who

did not complete the study were also not interviewed.

172



Future studies should consider additional telephone support as requested by
participants in this sample. Although participants were invited to contact the
research team with any questions, including a formal telephone consultation was
suggested to offer more formalised contact and support. While reviews of telehealth
for interventions have reported modest impact on weight loss, combining telehealth
with other digital services may further increase engagement and impact (Wylie-

Rosett, 2014;Perri, 2020).

Conclusion
Participants receiving tailored feedback on objective measures of diet and PA report

increased capability and motivation for behaviour change, independent of weight
loss. Weight loss was associated with high engagement with the digital self-
monitoring tools and personal goals for increasing PA behaviours and fruit and

vegetable intake.
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Chapter 9 Discussion

Overview of these findings

This thesis makes a significant contribution to the field by examining how
technology can be used to improve dietary behaviours. The results present new
evidence on the experiences, knowledge and beliefs of Western Australian adults
relating to digital interventions and behavioural strategies for weight loss. The
method used to develop the intervention was novel, using hypothetical scenarios to
capture participant’s views on how to approach weight loss. To our knowledge,
ToDAy is the first intervention to provide dietary feedback using annotated images
of the participant’s meals. This novel contribution to the field enables future
researchers to develop the use of technology further to deliver tailored, evidence-
based, dietary advice. In order to develop the science of tailoring using digital tools,
it is essential to ensure tailored feedback is informed by high-quality data and

strives to meet clinical guidelines rather than focus on weight loss.

This thesis describes a series of studies employing multiple methods to investigate
the use of technology to improve dietary behaviours. Earlier chapters examined the
use of technology in digital tailored weight loss interventions: dietary assessment
methods used to inform tailored feedback, acceptability of intervention features and
participants experiences of using these features to manage their weight. As findings
are discussed at the end of each chapter, this section will highlight overarching
issues from the body of work conducted during this thesis, outline how objectives
have been addressed, novel contributions to the literature, limitations and new

questions arising from this research.

(Objective 1) Systematically review the protocols for DA methods used to inform
tailored feedback in digital weight loss interventions, examining the digital

platforms used for data collection, type of DA and duration of the assessment

The systematic review (Chapter 3) is unique in that it examined the method,
duration and platform used to assess diet and how this information was then used to
inform tailored dietary feedback. The review identified a range of methods (n=5)

used to collect dietary information in the 13 interventions examined, ranging from
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robust dietary assessments methods (e.g. dietary records) to brief assessment
methods, often poorly described. The effectiveness of tailored feedback and hence
the intervention is somewhat dependent on the quality of the dietary assessment and
how well this information is used. Detailed dietary assessment is more able to prove
more personalised feedback, potentially leading to improvements in dietary
behaviours. A recommendation of this thesis is that future dietary behavioural
interventions include standardised dietary assessment methods, fully describe the
dietary assessment method used and detail how the dietary data informed tailored

feedback.

Most tailored dietary feedback interventions focussed on reducing energy intake,
rather than improving diet quality. This is inconsistent with clinical guidelines for
weight management which specifically recommends creating an energy deficit by
replacing discretionary foods with vegetables, fruits, whole grains and nuts/seeds
(New Zealand, 2017;National Health and Medical Research Council (Australia),
2013;Yumuk, 2015). This advice is based on sound evidence that improving diet
quality has significant health benefits, independent of weight loss (Afshin et al.,
2019; Aune et al., 2017).

This systematic review found that most studies did not provide sufficient detail on
the dietary assessment method used or the protocol for how this data was used to
inform tailored feedback. This may be because the digital interventions reviewed
were designed to evaluate the implementation method and explore a new
technology (mobile app or specially developed website) or a novel combination of
technology (combing email support with a website) rather than the efficacy of
dietary assessment. In addition, studies were designed to assess behaviour change
techniques, participant engagement and physical activity. Even so, publishing a
detailed account of the protocol used to formulate dietary feedback is needed to
enable replication of studies and advance the science of behaviour change using
technology and tailoring. A limitation of this review is that it only included studies
with participants with overweight or obesity; as a result some digital dietary
assessments that have been used in general populations studies were not reported.
For example, this systematic review did not include image-based dietary assessment

methods (Kerr et al., 2016) or food frequency questionnaires using photographs to
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quantify the portion size of each food (Celis-Morales, 2016) as the sample in these
studies were not overweight. A broader review is recommended to identify all DA

methods used in digital interventions providing tailored dietary feedback.

Objective (2) Report on young adults’ experiences of receiving the dietary feedback
in the CHAT study and determine whether those experiences were associated with

positive improvements in dietary intake.

Chapter 4 addressed objective 2 with a mixed method process evaluation of the
connecting health and technology study (CHAT). A major strength of this study
was that dietary behaviours were assessed using a 4-day mFR which enabled an
evaluation of whether young adults’ experiences of receiving the dietary feedback
was associated in improvements in dietary intake. Contemplation about vegetable
and EDNP food intake appears to be an important mediator of dietary change in
young adults. Participants who agreed that the text messages made them think about
how much EDNP food they ate, were twice as likely to decrease their intake by over
half a serve (OR = 2.39, 95% CI: 1.2 to 5.25) compared with those who disagreed.
The results of this study highlight a gap between how participants viewed their diet
and what was recorded from the mFR. Other studies have also reported over-
optimistic perception of their diet (Xue, 2020 ;Jongenelis, 2018). Findings from this
study suggest a lack of nutrition knowledge, may be a barrier and hindering their
efforts to improve their diet as they believe their diet is healthier than it is.
Participants report being ‘surprised’ or ‘shocked’ about their dietary feedback.
Again, this was specifically about which foods were classified as EDNP, for
example participants questions whether a meat pie, cereal bars and biscuits were
correctly coded as EDNP serves. The qualitative studies in this thesis and elsewhere
support this with participants expressing confusion on what constitutes a portion,
which foods are classified as EDNP problems with interpreting the dietary
guidelines (Rooney, 2017;Lambert, 2019 ;Kothe, 2011). Findings from this study
suggested that future interventions need to help individuals identify EDNP items in

their own diet.

While nutrition knowledge alone does not create behaviour change, higher levels of

nutrition knowledge are associated with consuming more fruit and vegetables and
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less EDNP (Hendrie, 2008;Pollard, 2008). Using a validated measure of nutrition
knowledge to determine change in knowledge may further our understanding of the
mediators of tailored feedback. The Australian version of the General Nutrition
Knowledge Questionnaire for Australia includes questions on current dietary
recommendations, nutrients in foods, food choice and diet disease relationships
(Thompson, 2019). Further investigations using this tool at baseline and follow up
may help to understand and quantify how dietary feedback impacts nutrition
knowledge. In addition, it would be helpful to see how different levels of nutrition

knowledge at baseline impact the users experience and behaviour change.

One concern with digital tailored interventions is that those who benefit the most
are those who are already attempting to follow a healthy diet. This explore was
explored in a previous published paper from this study. At baseline, participants
were asked “How important is eating a healthy diet?”” Responses were categorised
as high (6-10) and low (0-5) scores (Fig. 4). Compared to men scored high, low
scoring men in both intervention arms were more likely to reduce their daily serves

of EDNP at follow up (P=.04) No effect was observed in women.

The process evaluation using qualitative and quantitative methods in Chapter 4,
examined how the user’s experience of tailored dietary feedback was associated
with positive improvements in dietary intake and provided the foundation for
identifying potential behaviour change techniques to be used in ToDAy. Findings
suggest that tailored feedback may work by prompting individuals to think about
their vegetable intake (Shoneye, 2019). As expected this was associated with
increased vegetable intake but a unique finding is the association with a decrease in
EDNP. A national survey of almost 8,000 Australian adults also reported this
adverse relationship between vegetables and EDNP, findings reveal high intakes of
EDNP food and beverages were associated with lower intake of vegetables and fruit
(Sui, 2016).This further reinforces the need for weight loss interventions to address

diet quality rather than focus on weight loss.

Results from the process evaluation in chapter 4 point to several mediators for
behaviour change, making it difficult to identify a single theoretical model or

framework. Tailored feedback influenced a decline in discretionary food
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consumption by making users think about discretionary food, increasing their
awareness of their food choices and prompting more conscious eating. This explains
the link with intrinsic motivation — engaging in the behaviour because it is
something of importance or valued (McSpadden et al., 2016). Interventions that
support this type of autonomy and intrinsic motivations are associated with greater
and more sustained behaviour change (Mata, 2011;Ryan, 2000). A limitation of the
study were that measures of autonomy and self-regulation were not measured. To
understand motivations towards changing dietary behaviours, future interventions

should consider the inclusion of these measures.

Objective (3) Conduct a formative focus group study to inform the development of a
digital, tailored weight loss intervention and identify behaviour change techniques

for weight loss.

There is limited evidence or guidance on how to design behaviour change
interventions that are delivered across multiple digital platforms. Conducting the
focus group and interviews to the development of ToDAy shows the benefit of
including consumers in an iterative process (Chapter 5). Ideas and feedback from
participants were integral to the design and acceptability can be tested before the
intervention is finalised. The results of this study were instrumental in the design of
tailored feedback which included annotated images of the participant’s meal. This
approach has the potential to make tailored feedback available to those with limited
literacy and enhance participants understanding of how to apply the dietary advice

to their own meals.

A significant strength of the publication to address objective 4 and 5 is the iterative
involvement of the end users and the person-centred approach. Users provided
unique insights into the acceptability of the content, language, tone, protocols for
recruitment, and usability of the proposed digital intervention features. This study
explored ideas for intervention features with the users at an early stage of
intervention development when it was still feasible to respond to feedback.
Importantly, the combined ideas were further tested to ensure they met the user’s
expectations. This led to a design that merged the preferences of the user with the

evidence and theory base required for scientific research. A unique feature of this
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publication comprising chapter 5 is the transparency which details examples of the
original intervention ideas and then how this evolved, based on participants

feedback.

The process of identifying behaviour change techniques, translating them into
digital intervention features and testing these with the users revealed several
strengths of this method. First, it aided a clear documentation of the complex
relationship between the clinical aims (e.g. weight) and the behaviour goals (e.g.
reduced EDNP). There is still much debate about which theoretical approach is
bested suited to weight loss interventions and how this theory is linked to specific
behaviour change techniques. By documenting the source and rationale for each
behaviour change technique this study uses consistent and comparable methods that
add to our knowledge about the drivers of behaviour change. A second important
strength was use of the client-centred approach which ensured that the scientific
approach to designing the interventions included the user’s needs for features that

were also engaging, informative and easy to use.

The iterative process used to develop the intervention included qualitative studies
with health professionals working with LiveLighter® materials, and members from
the LiveLighter® mailing list as detailed in Chapter 5. However, some learning
from this process were not published in the final paper but influenced the
development of the ToDAy intervention. For example, health professionals from a
range of geographical areas and professions were engaged to get a broad
perspective of potential challenges to implementing a digital intervention — access
to a smartphone, access to the internet and digital literacy were some of the factors
discussed. Examples were given of local health education programs that had been
successful in raising awareness about the link between discretionary food and
health; Swap It Don’t Stop It (O’Hara, 2016)and Measure Up (Grunseit, 2015). This
highlighted environmental barriers to purchasing fruit and vegetables: lack of
transport and shopping at local stores with high-cost and low-quality produce.
While ToDAy focussed on supporting individual behaviour, the economic, social
and environmental drivers are acknowledged as essential strategies to reduce excess

weight gain at a population level.
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Objective (4) Explore preferences for digital intervention features that are proven

to be effective in changing dietary behaviours.

The original research design planned to use computer-tailored software to generate
the feedback, informed by questionnaire responses from participants as well as data
from the mFR. Participants in the focus groups and interviews were clear in their
preference for using the mFR, regarding this a more acceptable than traditional
methods requiring questionnaires or selecting foods or beverages from a list. This is
supported by a study examining factors relating to attrition in a digital lifestyle
intervention (N= 549) where attrition levels were highest at the stage of completing
questionnaires on self-monitoring, such as those used to inform tailored feedback
(Van der Mispel et al., 2017). Using an image-based DA was viewed as having a
significant advantage over the written questionnaire-based system for providing
feedback. Likewise, participants had a strong preference for their images to be
included in the tailored feedback. The iterative nature of the qualitative process to
develop ToDAYy allowed the users’ preferences to reflect the intervention design,
resulting in a novel approach and a true engagement between consumers and
researchers. As a result, ToDAy is unique in providing dietary feedback using

annotated images of the participant’s meals.

In line with recommendations on the reporting of complex digital interventions, an
increasing number of studies have published a detailed protocol of how potential
users were engaged in the development of the intervention (Phelan, 2015 ;Quested,
2018;Celis-Morales, 2015). A unique feature of this study is the transparency of the
draft intervention features with a rationale for how they were developed and refined

in response to qualitative studies.

The process of exploring the preferences of the end user, through the lens of a
theoretical framework have been described previously. For example, focus groups
with users were employed in the design of a culturally sensitive self-management
program for African Caribbean communities with type 2 diabetes (Moore, 2019).
Similarly, in the Chapter 5 study the results were analysed in the COM-B
framework, revealing culturally specific barriers to implementing healthful

behaviours, which were then linked to appropriate intervention functions and
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behaviour change techniques in the final intervention (Michie, van Stralen, et al.,
2011). However, the qualitative studies to develop ToDAYy asked users to provide
feedback to hypothetical participants. This revealed misinformation and significant
gaps in their knowledge about weight management and nutrition which are likely
hindering their efforts to change their behaviour. The data from this study supports
the use of intervention features that build participant’s capacity to change behaviour

by supporting their knowledge and skills.

The final intervention included similar features to those reported as important and
effective in previous research, behaviour change techniques associated with self-
regulation (Alley et al., 2016; Doumit et al., 2016; Eckerstorfer et al., 2018; Jakicic
et al., 2016; Pirotta et al., 2019). These include self-monitoring of behaviour, goal
setting and are supported by a number of systematic reviews (Burke, 2011 ;Cavero-

Redondo, 2020;Lau, 2020;Patel, 2019)

Objective (5) Develop an evidence-based and person-centred weight loss

intervention: ToDAy.

The process of developing the intervention was scientific and systematic, allowing
future researchers to access the procedures, rationale and evidence base. The
intervention content was based on the best available evidence at the time. Since,
then, the clinical guidelines for weight management in Australia have been
rescinded and it is not clear when new guidelines will be developed. However, the
candidate also accessed clinical guidelines for weight management from Canada,
New Zealand, Europe and the United Kingdom (Durrer Schutz, 2019 ;New Zealand,
2017). These updated guidelines reflect the latest issues in weight management, of
most relevance to lifestyle interventions is the use of very local calorie diets and a
low carbohydrate diet. While the newer guidelines summarise the emerging
evidence for these approaches, the advice remains in line with the reduced energy
diet and adherence to the Australian dietary guidelines described in ToDAy. As a

result, the science behind the dietary content of ToDAy remains evidence based.

The ToDAYy protocol followed the guidelines for conducting and reporting tailored
interventions to ensure consistency in terminology, reporting of tailored

interventions, the tailoring approaches to be used and the algorithms used to
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determine who gets which message (Harrington & Noar, 2012). Table 9.1 details
how the intervention development process for ToDAy aligns with guidance on how
to implement the Medical Research Council guidance on the development of
complex interventions, with iterative input from stakeholders (Cathain, 2019).
While ToDAy was developed to be consistent with these guidelines, there were
some practical issues in implementing them. Firstly, the interventions protocol used
the behavioural intervention technology model (BIT), which acknowledges that
digital interventions may be adapted or varied from the protocol before or during
the intervention (Mohr et al., 2014). For instance, the initial protocol was designed
to send participants feedback within two weeks of the baseline assessment. At the
start of the study, this was delayed as the assessment and composition of feedback
took longer than expected. The published protocol allows the intervention to be

replicated and the procedures to be examined by future researchers.

Table 9-1 Mapping the research activities to the Medical Research Council
framework for developing and evaluating complex interventions

Development | Chapter

Identify 1 Background to poor diet and excess weight in adults

evidence base | 2 Evidence base on the effectiveness of clinical treatment, digital

interventions and tailored interventions

2 Identify existing systematic reviews and RCTs using technology to deliver

tailored interventions for weight loss in adults with overweight and obesity

Identifying 2 Explore potential theory and behaviour change techniques (COM-B, self-
appropriate determination theory, motivational interviewing)
theory 2 Explore potential frameworks for developing interventions; Person-centred,

MRC framework for developing complex interventions, BIT model)

Modelling 3 Systematically review existing literature and theory to explore how the
digital tailored interventions might alter behaviour, intervention

effectiveness and outcomes

Feasibility

Acceptability | 4 Report on young adults’ experience of using technology to access their diet

and receiving tailored feedback via SMS
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5 Engage users and consumer representatives to understand the user and

incorporate their needs into digital intervention features

5 Testing of intervention features to determine their usability and

acceptability with potential users in the target group

Recruitment | 5 Review existing literature and consult with local health professionals to
identify potential avenues for recruiting and retaining equal numbers of

eligible male and female users

6 Use evidence from previous studies to identify sample size, intervention

content and protocol for assessing behaviour to inform tailored feedback

Evaluation

Assess 6 Design of a 3 arm, 2 stage randomised clinical trial. Primary outcome

effectiveness measures at 6 and 12 months are changes in body mass, EDNP food and
beverage consumption. Secondary outcomes include change in fruit and
vegetable consumption

Understand 8 Exit interviews conducted to explore the experiences, capability and

the change motivation of those who lost weight, maintained weight and gained weight

process during the 6-month intervention phase

Assess cost- n/a An economic evaluation is described in the protocol (chapter 6) but this

effectiveness analysis is beyond the scope of this thesis

As participants were screened and images analysed, new challenges arose which
were not described in the protocol. These included how to respond to participants
with incomplete food records, how to decide which images would be annotated for
the feedback and how to include forgotten food. The software and format to be used
for the email feedback were not detailed in the protocol, but this information is
integral for the study to be replicated. Initially, the layout and text for the templates
were developed in Microsoft Word. The images were saved and edited in Microsoft
PowerPoint before being added to the Word template. At the start, this process was
time-consuming, and some participants reported trouble viewing the images. Input
from a professional marketing team was sought to design a stable email template.
These logistical issues are often not reported in published protocols but have

implications on the cost and scalability of the intervention.

184



An important strength of the protocol for the ToDAYy intervention is the multiple
tailored feedback strategies used. Hawkins et al describe three levels of tailoring;
descriptive, comparative and evaluative and the ToDAy intervention utilised all
three (Hawkins et al., 2008). In addition, there is further evidence that the more
personalised and unique the tailoring, the more persuasive the feedback is to the
user (Lustria et al., 2009). Benefits of using an image-based dietary assessment
include improved accuracy in estimating portion size and identifying food types
(Ahmad et al., 2016; Boushey et al., 2015). By using images of the participant’s
meals and snacks, the feedback also takes advantage of these benefits, receiving
tailored feedback on the specific foods they eat, ensuring that the information is
familiar, acceptable and relevant. To the candidate’s knowledge, this is the first
intervention to tailor feedback using images of participant’s food. This novel
contribution to the science of tailoring enables future exploration of image based
approaches and how they may influence engagement, nutrition knowledge and the

potential to engage people with limited literacy.

Objective 6 Investigate whether a tailored intervention using mobile technology can

improve dietary behaviours in adults with overweight and obesity

A significant strength of this evaluation is the inclusion of quantitative and
qualitative assessment methods, designed alongside the protocol. Advanced
planning of the evaluation measures provides the opportunity to collect the relevant
data at each time point. One-fifth of participants in ToDAy achieved clinically
significant weight loss (5%) at 6-months, similar to the Fit For Life (FFL) lifestyle
intervention to prevent diabetes. FFL delivered face-to-face weekly group education
for 90 minutes, over 12 weeks (McKnight, 2018). In FFL, the average weight loss
was 2.7 kg (3%), and 20% of participants lost more than 5% of baseline weight at
12-months. In comparison, the intervention group participants in ToDAy received
tailored feedback over 12-months via email on 7 occasions (2, 4, 6, 12, 18, 24 and

52 weeks). The intensity or dose of intervention may not have been not have been
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sufficient to bring about the anticipated behaviour change but the results are

comparable with this example of a face-to-face clinical intervention (FFL).

A review of clinical data in the United States concluded that intensive lifestyle
interventions should include at least 14 visits in six months (Cardiology, 2014
;Heymsfield, 2017). However, the impact of this intense approach has not yet been
explored on a digital platform. ToDAy provided half of this with seven tailored

feedback emails over twelve months.

As the mFR images taken by participants include a time and date stamp, there is
potential to assess frequency and timing of eating which could enable more tailored
messaging. The systematic review in chapter 3 reveals that most dietary
interventions provide instant, quantitative feedback on energy consumed and
expended (N=10) (M. Carter et al., 2013; Teixeira et al., 2018). A practical
framework for designing tailored feedback identified four key features;
personalisation, just-in-time, actionable and founded on a behavioural assessment
(Schembre et al., 2018). This type of instant just-in-time feedback is more easily
provided on physical activity behaviours but more challenging when providing
more detailed dietary feedback, as undertaken in this study. In addition, it does not
address the elements of being actionable or founded on a behavioural assessment. In
contrast, the tailored feedback used in the ToDAy study was actionable, using
images to demonstrate specific change, and included a behavioural assessments.
Just-in-time feedback considers the timing of the feedback in relation to the
participants opportunity or receptiveness to the feedback; for example, if the goal is
to eat five serves of vegetables per day, feedback would be provided before the last
meal to prompt an opportunity for the goal to be achieved (Schembre et al., 2018).
Future studies to explore timing of tailored feedback with the mFR and the ToDAy
protocol would need to consider a different platform, instead of email. Existing
interventions sending time specific tailored feedback use alerts on a mobile
application or text messages which are more likely to prompt an instant response

(Mummah, 2017;Lim, 2016;Choi, 2016).

A limitation of the tailoring approach used in the ToDAYy study is the delay of

approximately two weeks between completing the dietary assessment with the mFR
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and receiving the tailored feedback by email. This process requires a trained
professional to conduct the dietary assessment and construct the tailored feedback,
rather than an automated systems, that provide instant tailored feedback informed
by an algorithm of responses (Morgan et al., 2013; Wang et al., 2018). While this
instant feedback is preferred by participants seeking digital weight loss support
(Tang et al., 2015), it does not provide specific instructions on when,

where, and how to perform the desired behaviour, a crucial aspect of effective

tailored feedback (Michie et al., 2013; Schembre et al., 2018).

As detailed in Chapter 7, objective assessment of diet conducted at baseline and

6 months, shows no significant difference in dietary intake between the groups
receiving tailored feedback and monitoring only. There are several possible reasons
for this. First, all participants expressed a desire and motivation for weight loss by
volunteering to take part in the intervention. This means that the weight change
observed in the control groups is not likely to reflect the weight trend among the
general population. This is supported by results from a meta-analysis of control
arms in 30 RCTs, showing weight loss of about one kg at 12 months (Johns et al.,
2016). Secondly, assessment for the active control group in ToDAYy included
elements of effective interventions for weight loss: being weighed, wearing an
accelerometer and face-to-face contacts at baseline, 6 and 12 months with research
staff. These data collection activities may have increased awareness of both dietary
and physical activity behaviours in this control group. It is also possible that
misreporting of diet occurred though this unlikely to account for the lack of
between group differences as it appears both groups changed their dietary intake
over time. Likewise, there is a plethora of evidence linking self-monitoring of
dietary intake with improved dietary intake, increased awareness of dietary choices
and weight loss (Turk et al., 2013; Wang et al., 2018; Yu et al., 2015). This may

account for dietary improvements and weight loss in the active control group.

An observational study of over 500 adults with overweight and obesity found
regular weighing was associated with more vigorous PA and better diet quality
(Houston et al., 2019). In this study, weight was taken in a university laboratory by
a health professional. While efforts were made to be supportive, this may have had

an impact on participants’ motivation or placed implicit pressure to lose weight

187



(Johns et al., 2016). Most participants in this study had a tertiary education and
were overweight or moderately obese so the findings are not generalizable to other
populations, for example, those with a BMI between 35 and 40 or those with less

formal education.

Evidence explored in Chapter 2 and Chapter 3 reveals that self-monitoring of diet
and dietary assessment prompts improved diet quality, reduced portion sizes and
modest weight loss; this may account for some of the weight loss observed in the
active control participants (AC). Informed by this relationship, the RCT to evaluate
the impact of ToDAy included three parallel arms, two groups using the mFR and
completing face-to-face assessments but the active control (AC) receiving no
feedback and the tailored feedback (TF) group receiving email feedback. Another
reason for weight loss in the AC group could be that participants already had some
capability and opportunity for weight loss, and the study provided further
motivation. Motivation was identified as a barrier to dietary improvements in
Chapter 5; participants were aware of the dietary recommendations for weight loss
but their efforts were hindered by their belief that these were not achievable or
necessary. The COM-B model describes this type of motivation as reflective, self-
conscious beliefs about the behaviour. Another study using the COM-B model to
examine change in dietary behaviour, reports that reflective motivation is more
likely to be a facilitator of positive behaviour change, rather than a barrier (Timlin,
2020). Exit interviews with those in the AC group may have offered insight to
explain what changes this group made, the source of this information and their

motivation.

A notable strength of the study is the high retention rate in the intervention group
(91.5% at 6-months). A review of digital weight loss interventions found that 7 of
the 11 studies reported attrition > 20% (Sherrington, 2016). Another review
identified factors that may help reduce attrition such as financial incentives, self-
monitoring technology and combining behavioural guidance with personalised

dietary advice; strategies employed in the TODAY protocol (Pirotta, 2019).
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Objective 7 Conduct a qualitative study to identify intervention features influencing
participants’ motivation, capability and opportunity to change their dietary and

activity behaviours

Exit interviews reveal that self-monitoring worked in a loop system with tailored
feedback, as described in the theoretical frameworks in Chapter 2. Weight change is
multifactorial with medication, age, hormones and biological factors interacting
with lifestyle choices like diet and PA (Mullan et al., 2017). Using weight loss as
the sole indicator of behaviour change limits our understanding of what worked,
why and for whom. Those who were able to implement the feedback and lose
weight expressed a sense of confidence, reinforcing the belief that their weight is, in

fact, related to their behaviour.

The idea to select participants for interview based on their change in weight was
designed to identify correlations with the participant’s perceived experience of
behaviour change and achieving a weight loss goal. Understanding the participants
perception of how changes to their motivation, capability and behaviour have
impacted their weight are also important. Participants who lost weight reported this
was mainly due to increasing their physical activity. However, data from their
tailored feedback suggests the greatest energy deficit could be achieved from
dietary changes. Evidence from other studies support the role of dietary change as
the driver of weight loss which is enhanced and sustained with PA (Fayh, 2013
;Jakicic, 2016;0stendorf, 2019). These participants also indicated that they used
strategies such as regular self-monitoring and planning ahead to facilitate adherence
to their diet and PA goals. As the Fitbit, provided instant and ongoing feedback on
progress, this may have influenced their perception that PA was the main driver of

their weight change.

Objective 8 Explore participants’ preferences for intervention features and how the

intervention might be improved

Interviews undertaken with intervention participants in this study, show a
preference for image-based easy to understand feedback. While there was some
preference for more detailed, written information, most were happy if given the

option to access links to other sources of information. Likewise, the mobile food
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record was viewed positively, with participants reporting a preference for taking an
image, as apposed to “scrolling through a long list”. Participant burden is a major
problem with self-reported dietary assessment requiring high levels of motivation,
literacy and food knowledge (Dao et al., 2019). The results of the exit interviews
are encouraging and confirm the earlier studies on the acceptability of the mFR in
young adults (Bathgate et al., 2017; Boushey et al., 2015). Data presented in this
thesis supports the use of the mFR in adults living with overweight and obesity.
This is an important finding as adults aged 40 to 59 years are most likely to
experience excess weight and the associated chronic conditions (Australian Institute

of Health and Welfare, 2016).

Results from the exit interviews suggest a telephone consultation may improve
engagement and offer needed support for participants in the ToDAYy intervention.
Some participants referred to the exit interview as useful in helping them to
interpret their results and viewed the phone call as a brief consultation. Evidence for
telehealth interventions have reported low to modest impact on weight loss, but
some reports suggest that they may work better in combinations with a
comprehensive digital intervention (Perri et al., 2020; Wylie-Rosett, 2014). For
example, a commercial tailored weight loss intervention included telephone calls
from trained consultants to provide social support for weight loss, weight
maintenance and reminders to complete self-monitoring tools (Collins, 2015). The
results suggest that the additional support offered was associated with greater
retention and usage of the online weight loss tools that may benefit behaviour
change and weight loss (Collins et al., 2012). While the difference observed was
modest, it supports other studies which suggest supplementing digital interventions
with brief human support leads to better engagement and improved outcomes
(Partridge, 2016 ;Wylie-Rosett, 2014;Dennison, 2014 ). Future studies could build
of this by investigating the impact of the ToDAYy protocol with additional telephone

consultations following email dietary feedback.
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Strengths and limitations

A major strength of this thesis is that three of the key chapter have already been
published in high quality academic journals. Through the peer review process, these
studies were examined and refined allowing the intervention to benefit from a broad

range of expert input.

Chapter 4 adds important knowledge to the understanding of how these digital tools
work in a real-world setting. The combination of qualitative data and think aloud
style exploration of the intervention is unique and insightful. Few studies have used
an iterative process on such a large scale to refine intervention features and content.
It was especially important to see results highlighting a lack of knowledge about
weight loss behaviours, and widespread misinformation about the effects of alcohol
and carbohydrates on body weight. As a health professional working in weight
management, exploring misinformation is an important aspect of client centred
practice. This study explores weight loss beliefs among the broader population and

helps us to understand the impact this has on their behaviour.

While previous studies have used an image based dietary assessment, this is the first
intervention to use image based dietary feedback. Annotating images of
participant’s own meals is the ultimate form of tailoring, increasing the relevance
and impact of the feedback message. The qualitative interviews in Chapter 8
highlight the importance of the images being specific to each participant and

helping to simplify what can be complex, nutrition education.

There are important limitations to this body of work that need to be acknowledged.
Participants taking part in the focus groups (Chapter 5) and intervention (Chapter 7)
studies were recruited online and required to have use of a smartphone so that they
were able to use the mFR app for dietary recording. Those who did not have access
to this technology could not participate and data from the exclusion criteria shows
this accounted for very few (1.5%). A concern about digital interventions is the
potential of excluding vulnerable groups such as those who are aged over 65 years,

unemployed, low levels of education and people from low-income households
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(Michie et al., 2017; van Velthoven et al., 2018; World Health Organization, 2016).
A 2020 report on the Australian Digital Inclusion Index shows a consistent
economical, geographical and social divide in online participation (Afshar Ali, 2020
). In Australia, these vulnerable groups also experience other barriers to health such
a low literacy, difficulties with English language and cultural specific barriers to
health information (Afshar Ali, 2020; Jones, 2017). Further research is needed to
determine whether and to what extent the image-based content of ToDAy may

assist in addressing these barriers.

Both control groups in ToDAYy suffered a loss to follow-up, with six-months
attrition in the active control and online groups, 65.4% and 22.2%, respectively.
This highlights the lack of engagement with the online group, contrasting the
engagement with participants who were in the active control group. A survey of
6,352 online participants reports that half would not have taken part if the study was
not online, this was more pronounced for men and people with obesity (Mejean et
al., 2014). It is possible that those who gained weight were less willing to attend
follow-up, and those who succeeded in losing weight were more willing to
participate in follow-up, thus skewing the results. The lack of complete data for all
interventions poses a number of problems: (1) statistical power is reduced; (2)
missing data is not random but pertinent in the online control group, reducing the
internal validity of the remaining data; and (3) it is unclear how best to analyse the
missing data. A meta-analysis of 121 RCTs for weight loss found numerous
approaches to manage missing data: the majority of studies (59%) used data from
the last observation carried forward; 14% analysed completers only; and 11% used
a mixed model analysis to account for potential bias in the missing data (Elobeid et
al., 2009). While this discussion acknowledges there are several approaches to
manage missing data, they found it was unlikely to make a significant impact in a
heterogeneous sample with high rates of missing data (McCoy, 2017; Elobeid,
2009).

A further limitation was that cost-effectiveness of the intervention has not been
undertaken. According to modelling on cost benefits of obesity interventions in
Australia, 5% weight loss among 2-3% of people with obesity would result in AUD

$14.1 million of savings per year (Pricewaterhouse Cooper, 2015). As detailed in
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Chapter 6, the ToDAYy protocol includes a cost-effectiveness analysis to be

undertaken. While the results are beyond the scope of this thesis, the findings

presented suggest that ToDAYy has the potential to achieve cost-effective and

clinically significant outcomes.

Implications and recommendations

Findings from this body of work indicate there may be overlap between
dietary assessment and self-monitoring of diet, suggesting that both involve
the same behavioural processes that increase awareness of intake and
improve diet quality (Cavero-Redondo, 2020). Although the mFR is based
on participants taking an image of their food and beverage, the process of
doing this and the idea that it will be evaluated results in reactivity and
seems to trigger an increased awareness of food choices, leading to

improvements in dietary choice.

The dietary assessment used to inform tailored feedback should be based on
validated and evidence based methods. The full methodology and the
protocol for how this data was used to inform dietary feedback should be

published.

Most digital weight loss interventions provide tailored feedback that is
limited to numerical information on dietary energy. This thesis demonstrated
the value of using annotated images from the individual’s mFR data in the
provision of tailored feedback. Future interventions should provide image-

based tailored dietary feedback focused on improving diet quality.

This research substantiates the role of the mFR to assess dietary intake and
inform tailored dietary feedback in digital interventions. A key strength of
the mFR is that this method can capture multiple elements of dietary
behaviour (content, portion size, time of eating). As demonstrated in this
thesis the mFR is method that participants in this study found to be

acceptable and easy to use.
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Tailored feedback informed by the mFR, prompts reflection of dietary
intake and is associated with both an increase in vegetable intake and a

decrease in discretionary food and beverages.

A lack of knowledge, confidence, and susceptibility to misinformation about
weight management has shown to be a barrier to engaging in weight loss
behaviours. Using hypothetical scenarios is a useful strategies when
assessing weight management beliefs among people with overweight and

obesity.

The findings suggest that a theory-based?? digital weight management
intervention using a mobile food record to inform tailored feedback is an
acceptable, feasible, and engaging strategy. Further studies are needed to

determine the optimum dose and frequency of tailored feedback.

Participants receiving tailored feedback on objective measures of diet report
increased capability and motivation for behaviour change, independent of
weight loss. Provide additional human support, possibly via telephone

counselling may provide additional benefits and enhance engagement.
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Chapter 10 Implications and conclusion

Implications for digital dietary interventions

Findings from this body of work indicate there may be an overlap between dietary
assessment and self-monitoring of diet, suggesting that both involve the same
behavioural processes that increase awareness of intake and improve diet quality
(Cavero-Redondo et al., 2020). Although the mFR is based on participants taking an
image of their food and beverage, the process of doing this and the idea that it will
be evaluated results in reactivity and seems to trigger an increased awareness of

food choices, leading to improvements in dietary choice.

Implications for future research
Tailoring

The level of personalisation in ToDAy was well received by participants, however
it proved to be time consuming to undertake and not sustainable for future
interventions without modifications. One of the most time consuming activities was
the preparation of the dietary assessment and feedback. With improvements in
automated methods of dietary assessment this may reduce the analysis time. It is
also noted that the inclusion of participant images in the dietary feedback was
identified significant in making the content easy to understand and actionable. The
next steps for personalised would likely focus on feedback which can be
automatically generated based on participants responses to questionnaires and
dietary intake. While the image based method is preferred, the addition of written
feedback is a more sustainable approach to expand the tailoring parameters and

increasing the capacity for the intervention to be up-scaled.

Psychological factors

Other factors that could be tailored automatically include psychological factors that
are known to impact efforts to change eating behaviours and weight management.
For example, dietary restraint, dieting history, body dissatisfaction and perceived
weight stigma (Mullan et. Al, 2017). In the early stages of the intervention, this was
trialled with feedback at 12 months drafted in response to the 3-factor eating

questionnaire assessing dietary restraint. Our behavioural psychologist and
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consumer representatives reviewed the content of this feedback. While the feedback
was accurate, the research team, had reservations about approaching dietary
restraint by email as the management in complicated and depends on other factors.
For example, dietary restraint is often seen alongside depression, body
dissatisfaction and a long history of dieting (Capperelli et al. 2009). Future
interventions have the potential trial the impact and acceptable of tailored feedback

to address these psychological factors.

Social support

Peer-led support groups represent a novel and potentially effective form of weight
loss support, especially when the intervention successfully creates a sense of shared
community among its members. Evidence suggests that peer support provides the
most benefits for those with limited support in their own lives and vulnerable
groups, such as those support a specific ethnic group, gender or diagnosis (Holt et
al, 2014, and Aschbrenner et al. 2019 and Utholz, 2020). The utility of online peer
support as an adjunct to in-person peer support may not greatly improve short-term
study outcomes but is positively perceived by participants and may improve long-
term adherence to new weight management behaviours (Utholz, 2020). The most
effective online support seems to stem from face to face interventions which were
followed by digital peer support (Kwasnicka, 2020 and Wyke, 2015). The potential
platforms for digital remote support (social media platforms, text messaging,
telephone calls) improve access, provide accountability and contact to a wider
network warrant further research. Despite these benefits, t social media and online
sources are also a source of misinformation and harmful norms (Wang et al, 2019).
Future digital intervention should consider the feasibility for developing an online
support system that include guidance from healthcare professionals or trained peer

coaches may be necessary safeguards.
Future research should progress this body of work by including these learnings:

e The dietary assessment used to inform tailored feedback should be based on
validated and evidence based methods. The full methodology and the protocol
for how this data was used to inform dietary feedback should be published.
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e Most digital weight loss interventions provide tailored feedback that is limited
to numerical information on dietary energy. This thesis demonstrated the value
of using annotated images from the individual’s mFR in the provision of
tailored feedback. Future interventions should provide image-based tailored

dietary feedback focussed on improving diet quality.

e This research substantiates the role of the mFR to assess dietary intake and
inform tailored dietary feedback in digital interventions. A key strength of
the mFR is that this method can capture multiple elements of dietary
behaviour (content, portion size, time of eating). As demonstrated in this
thesis, using the mFR for dietary assessment is a method that participants in

this study find acceptable and easy to use.

e Tailored feedback informed by the mFR, prompts reflection of dietary
intake and is associated with both an increase in vegetable intake and a

decrease in discretionary food and beverages.

¢ Findings from this body of work highlight the value in conducting
qualitative research prior to the intervention. Using hypothetical scenarios is
a useful strategies when assessing the capability, opportunity and motivation
for weight management behaviours among people with overweight and

obesity.

e The level of personalisation in ToDAy was well received by participants,
however it proved to be time consuming to undertake. and not sustainable
for future interventions without modifications. One of the most time
consuming activities was the preparation of the dietary assessment and
feedback. With improvements in automated methods of dietary assessment
this may reduce the analysis time. It is also noted that the inclusion of
participant images in the dietary feedback was identified significant in
making the content easy to understand and actionable. The next steps for
personalised would likely focus on feedback which can be automatically
generated based on participants responses to questionnaires and dietary

intake. While the image based method is preferred, the addition of written
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feedback is a more sustainable approach to expand the tailoring parameters

and increasing the capacity for the intervention to be up-scaled.

Implication for improving the impact of digital interventions for
weight management
e The findings suggest that a theory-based digital weight management
intervention using a mobile food record to inform tailored feedback is an
acceptable, feasible, and engaging strategy. Further studies are needed to

determine the optimum dose and frequency of tailored feedback.

e The level of personalisation in ToDAy was well received by participants,
however it proved to be time consuming to undertakeand not sustainable for
future interventions without modifications. One of the most time consuming
activities was the preparation of the dietary assessment and feedback. With
improvements in automated methods of dietary assessment this may reduce
the analysis time. It is also noted that the inclusion of participant images in
the dietary feedback was identified significant in making the content easy to
understand and actionable. The next steps for personalised would likely
focus on feedback which can be automatically generated based on
participants responses to questionnaires and dietary intake. While the image
based method is preferred, the addition of written feedback is a more
sustainable approach to expand the tailoring parameters and increasing the

capacity for the intervention to be up-scaled.

Implications for policy

- Evaluation of clinical weight loss services and health promotion
interventions require broad and robust evaluation tools where outcomes are

not limited to weight change.

- Consider including tools and support for assessing dietary intake in the next
clinical practice guidelines for the management of overweight and obesity in
adults and children. This should include advice on methods to include
images of participants foods to aid communication of the type and volume

of food consumed.
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The WA Healthy Action Plan 2019-2024 Western Australia Department of Health,

2019) includes a framework of seven factors required to build a community that

supports a healthy weight. I believe that the rests of this thesis can contribute to

three of these key areas.

1.

Innovation: Using digital images of food for dietary assessment and dietary
feedback. The results from this thesis suggest that participants are happy
taking images of their meals and find this approach less burdensome than
other digital methods. Further work is requires to determine how health
professionals (dietitians) may be supported to implement image based

dietary assessment and feedback into their practice.

Build workforce capability and confidence: Individual dietetic management
includes a diet history to identify dietary habits inconsistent with dietary
recommendations. As described in this thesis, dietary self-monitoring and
tailored feedback are key behaviour change techniques for improving diet
quality and supporting weight management. The systematic review of the
dietary assessment methods used in weight loss interventions reveals that
these platforms are still burdensome and generally only provide feedback on
kilojoule or macronutrient intake which is confusing to patients who eat

food not nutrients.

Digital food records using the mFR with time and date stamp data, have the

potential to:

1. provide individualised patient feedback on eating frequency

2. Prompt greater awareness of the food choices and volumes of food being

consumed and recorded.

3. Reduce the time for dietitians to assess the eating behaviours of

individuals seeking weight management support.

The mFR could be adapted to provide a suitable digital platform that community

dietitians can access for their patients.
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Conclusion

This thesis makes a significant contribution to the field by examining how
technology can be used to improve dietary behaviours. The results present new
evidence on the experiences, knowledge and beliefs of Western Australian adults
relating to digital interventions and behavioural strategies for weight loss. The
method used to develop the intervention was novel, using hypothetical scenarios to
capture participant’s views on how to approach weight loss. To our knowledge,
ToDAy is the first intervention to provide dietary feedback using annotated images
of the participant’s meals. This novel contribution to the field enables future
researchers to develop the use of technology further to deliver tailored, evidence-
based, dietary advice. In order to develop the science of tailoring using digital tools,
it is essential to ensure tailored feedback is informed by high-quality data and

strives to meet clinical guidelines rather than focus on weight loss.

Bibliography Afshar Ali, M., Alam, K., & Taylor, B. (2020). Do social exclusion and
remoteness explain the digital divide in Australia? Evidence from a panel data
estimation approach. Economics of Innovation and New Technology, 29(6), 643-

659. https://doi.org/10.1080/10438599.2019.1664708

Afshin, A., Sur, P. J., Fay, K. A., Cornaby, L., Ferrara, G., Salama, J. S., Mullany, E. C.,
Abate, K. H., Abbafati, C., & Abebe, Z. (2019). Health effects of dietary risks in
195 countries, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017. The Lancet, 393(10184), 1958-1972.

Agarwal, S., LeFevre, A. E., Lee, J., L’Engle, K., Mehl, G., Sinha, C., & Labrique, A.
(2016). Guidelines for reporting of health interventions using mobile phones:
mobile health (mHealth) evidence reporting and assessment (mERA) checklist
[10.1136/bmj.i1174]. BMJ, 352. http://www.bmj.com/content/352/bmj.i1174

Ahmad, Z., Bosch, M., Khanna, N., Kerr, D. A., Boushey, C. J., Zhu, F., & Delp, E. J.

(2016). A mobile food record for integrated dietary assessment.Proceedings of the

2nd International Workshop on Multimedia Assisted Dietary Management.

200



Aljadani, Haya & Patterson, Amanda & Sibbritt, David & Hutchesson, Melinda & Jensen,
Megan & Collins, Clare. (2013). Diet Quality, Measured by Fruit and Vegetable
Intake, Predicts Weight Change in Young Women. Journal of obesity. 2013.
525161. 10.1155/2013/525161.

Alley, S., Schoeppe, S., Guertler, D., Jennings, C., Duncan, M. J., & Vandelanotte, C.
(2016). Interest and preferences for using advanced physical activity tracking
devices: results of a national cross-sectional survey. BMJ Open, 6(7), e011243.

https://doi.org/10.1136/bmjopen-2016-011243

American College of Cardiology/American Heart Association Task Force on Practice
Guidelines, Obesity Expert Panel, 2013 (2014). Expert Panel Report: Guidelines
(2013) for the management of overweight and obesity in adults. Obesity (Silver
Spring, Md.), 22 Suppl 2, S41-S410. https://doi.org/10.1002/0by.20660

Anderson, J. K., & Wallace, L. M. (2015). Applying the Behavioural Intervention
Technologies model to the development of a smartphone application (app)
supporting young peoples’ adherence to anaphylaxis action plan. BMJ Innovations,

1(2), 67-73. https://doi.org/10.1136/bmjinnov-2014-000016

Anton, S. D., LeBlanc, E., Allen, H. R., Karabetian, C., Sacks, F., Bray, G., & Williamson,
D. A. (2012). Use of a computerized tracking system to monitor and provide
feedback on dietary goals for calorie-restricted diets: the POUNDS LOST study
[Randomized Controlled Trial Research Support, N.I.H., Extramural
Research Support, Non-U.S. Gov't]. Journal of Diabetes Science & Technology,
6(5), 1216-1225. https://doi.org/https://dx.doi.org/10.1177/193229681200600527

Ashton, L. M., Hutchesson, M. J., Rollo, M. E., Morgan, P. J., & Collins, C. E. (2017).

Motivators and Barriers to Engaging in Healthy Eating and Physical Activity. Am J
Mens Health, 11(2), 330-343. https://doi.org/10.1177/1557988316680936

201



Ashton, L. M., Morgan, P. J., Hutchesson, M. J., Rollo, M. E., & Collins, C. E. (2017).
Young Men's Preferences for Design and Delivery of Physical Activity and
Nutrition Interventions: A Mixed-Methods Study. American journal of men's

health, 11(5), 1588-1599. https://doi.org/10.1177/1557988317714141

Aune, D., Giovannucci, E., Boffetta, P., Fadnes, L. T., Keum, N., Norat, T., Greenwood, D.
C., Riboli, E., Vatten, L. J., & Tonstad, S. (2017). Fruit and vegetable intake and the
risk of cardiovascular disease, total cancer and all-cause mortality—a systematic

review and dose-response meta-analysis of prospective studies. International

Journal of Epidemiology, 46(3), 1029-1056. https://doi.org/10.1093/ije/dyw319

Australian Bureau of Statistics. (2011). Physical Activity in Australia: A Snapshot, 2007-
08. Australian Bureau of Statistics. Retrieved 07-09-2018, from
http://www.abs.gov.au/ausstats/abs@.nsf/mt/4835.0.55.001

Australian Bureau of Statistics. (2013). Profiles of Health, Australia 2011-13. Australian
Bureau of Statistics.
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/4338.0~2011-
13~Main%?20Features~Overweight%20and%?20obesity~10007

Australian Bureau of Statistics. (2015). National Health Survey: first results 2014—15,
2015. Available at. Australian Bureau of Statistics.

http://www.abs.gov.au/ausstats/abs@.nsf/mf/4364.0.55.001.

Australian Government Department of Health. (2018). Australia's Physical Activity and
Sedentary Behaviour Guidelines.
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-

strateg-phys-act-guidelines

Australian Institute of Health and Welfare. (2016). Australian Burden of Disease Study:

Impact and causes of illness and death in Australia 2011,

202



Australian Institute of Health and Welfare. (2018). Understanding the digital behaviours of
older Australians Summary of national survey and qualitative research.
https://www.esafety.gov.au/sites/default/files/2019-08/Understanding-digital-

behaviours-older-Australians-summary-report-2018.pdf

Bathgate, K. E., Sherriff, J. L., Leonard, H., Dhaliwal, S. S., Delp, E. J., Boushey, C. J., &
Kerr, D. A. (2017). Feasibility of Assessing Diet with a Mobile Food Record for
Adolescents and Young Adults with Down Syndrome. Nutrients, 9(3).
https://doi.org/10.3390/nu9030273

Begley, A., Ringrose, K., Giglia, R., & Scott, J. (2019). Mothers' Understanding of Infant
Feeding Guidelines and Their Associated Practices: A Qualitative Analysis. Int J
Environ Res Public Health, 16(7). https://doi.org/10.3390/ijerph16071141

Beleigoli, A. M., Andrade, A. Q., Cancado, A. G., Paulo, M. N. L., Diniz, M. D. F. H,, &
Ribeiro, A. L. (2019). Web-Based Digital Health Interventions for Weight Loss and
Lifestyle Habit Changes in Overweight and Obese Adults: Systematic Review and
Meta-Analysis. J] Med Internet Res, 21(1), €298. https://doi.org/10.2196/jmir.9609

Bliiher, M. (2019). Obesity: global epidemiology and pathogenesis. Nature Reviews.
Endocrinology, 15(5), 288-298. https://doi.org/http://dx.doi.org/10.1038/s41574-
019-0176-8

Bogers, R. P, Brug, J., van Assema, P., & Dagnelie, P. C. (2004). Explaining fruit and
vegetable consumption: the theory of planned behaviour and misconception of
personal intake levels. Appetite, 42(2), 157-166.
https://doi.org/10.1016/j.appet.2003.08.015

Boushey, C. J., Harray, A. J., Kerr, D. A., Schap, T. E., Paterson, S., Aflague, T., Bosch
Ruiz, M., Ahmad, Z., & Delp, E. J. (2015). How willing are adolescents to record
their dietary intake? The mobile food record. JIMIR Mhealth Uhealth, 3(2), e47.
https://doi.org/10.2196/mhealth.4087

203



Boushey, C. J., Spoden, M., Delp, E. J., Zhu, F., Bosch, M., Ahmad, Z., Shvetsov, Y. B.,
DeLany, J. P., & Kerr, D. A. (2017). Reported Energy Intake Accuracy Compared
to Doubly Labeled Water and Usability of the Mobile Food Record among
Community Dwelling Adults. Nutrients, 9(3), 312.
https://doi.org/10.3390/nu9030312

Boushey, C. J., Spoden, M., Zhu, F. M., Delp, E. J., & Kerr, D. A. (2016). New mobile
methods for dietary assessment: review of image-assisted and image-based dietary
assessment methods. Proceedings of the Nutrition Society, 1-12. https://doi.org/Doi:
10.1017/s0029665116002913

Brantley, P. J., Stewart, D. W., Myers, V. H., Matthews-Ewald, M. R., Ard, J. D.,
Coughlin, J. W., Jerome, G. J., Samuel-Hodge, C., Lien, L. F., Gullion, C. M.,
Hollis, J. F., Svetkey, L. P., & Stevens, V. J. (2014). Psychosocial predictors of
weight regain in the weight loss maintenance trial [journal article]. Journal of
Behavioral Medicine, 37(6), 1155-1168. Brantley2014.
https://doi.org/10.1007/s10865-014-9565-6

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative
Research in Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp0630a

Brendryen, H., Johansen, A. B., Nesvég, S., Kok, G., & Duckert, F. (2013). Constructing a
theory-and evidence-based treatment rationale for complex eHealth interventions:
Development of an online alcohol intervention using an intervention mapping

approach. JMIR research protocols, 2(1), €6.

Broekhuizen, K., Kroeze, W., van Poppel, M. N., Oenema, A., & Brug, J. (2012). A
systematic review of randomized controlled trials on the effectiveness of computer-
tailored physical activity and dietary behavior promotion programs: an update. Ann

Behav Med, 44(2), 259-286. https://doi1.org/10.1007/s12160-012-9384-3

204



Brown, 1., & Gould, J. (2013). Qualitative studies of obesity: A review of methodology.
Health, Vol.05No0.08, 12, Article 36211.
https://doi.org/10.4236/health.2013.58 A3010

Brug, J., Glanz, K., Van Assema, P., Kok, G., & van Breukelen, G. J. (1998). The impact
of computer-tailored feedback and iterative feedback on fat, fruit, and vegetable
intake. Health Educ Behav, 25. Brug1998.
https://doi.org/10.1177/109019819802500409

Burke, L., Lee, A. H., Pasalich, M., Jancey, J., Kerr, D., & Howat, P. (2012). Effects of a
physical activity and nutrition program for seniors on body mass index and waist-
to-hip ratio: a randomised controlled trial. Prev Med, 54(6), 397-401.
https://doi.org/10.1016/j.ypmed.2012.03.015

Burke, L. E., Styn, M. A., Glanz, K., Ewing, L. J., Elci, O. U., Conroy, M. B., Sereika, S.
M., Acharya, S. D., Music, E., Keating, A. L., & Sevick, M. A. (2009). SMART
trial: A randomized clinical trial of self-monitoring in behavioral weight
management-design and baseline findings. Contemp Clin Trials, 30(6), 540-551.
https://doi.org/10.1016/j.cct.2009.07.003

Burke, L. E., Wang, J., & Sevick, M. A. (2011). Self-monitoring in weight loss: a
systematic review of the literature. Journal of the American Dietetic Association,

111(1), 92-102. https://doi.org/10.1016/j.jada.2010.10.008

Bush, M. A., Martineau, C., Pronk, J. A., & Brul¢, D. (2007). Eating Well with Canada's
Food Guide: "A tool for the times". Canadian journal of dietetic practice and
research : a publication of Dietitians of Canada = Revue canadienne de la pratique

et de la recherche en dietetique : une publication des Dietetistes du Canada, 68(2),

92-96. https://doi.org/10.3148/68.2.2007.92

Buttriss, J.L. (2016), The Eatwell Guide refreshed. Nutr Bull, 41: 135-141.
https://doi.org/10.1111/nbu.12211

205


https://doi.org/10.3148/68.2.2007.92
https://doi.org/10.1111/nbu.12211

Cannon, S., Lawry, K., Brudell, M., Rees, R., Wenke, R., & Bisset, L. (2016). Appetite for
change: a multidisciplinary team approach to behavioral modification for weight
management in a community health group setting [journal article]. Eating and
Weight Disorders - Studies on Anorexia, Bulimia and Obesity, 1-8. Cannon2016.
https://doi.org/10.1007/s40519-016-0274-8

Carter, M., Burley, V., Nykjaer, C., & Cade, J. (2013). 'My Meal Mate' (MMM): validation
of the diet measures captured on a smartphone application to facilitate weight loss.
The British Journal of Nutrition, 109(3), 539-546.
https://doi.org/10.1017/S0007114512001353

Carter, M. C., Burley, V. J., & Cade, J. E. (2013). Development of ‘My Meal Mate’ — A
smartphone intervention for weight loss. Nutrition Bulletin, 38(1), 80-84.

https://doi.org/doi:10.1111/nbu.12016

Carter, M. C., Burley, V. J., & Cade, J. E. (2017). Weight Loss Associated With Different
Patterns of Self-Monitoring Using the Mobile Phone App My Meal Mate. IMIR
Mhealth Uhealth, 5(2), e8. https://doi.org/10.2196/mhealth.4520

Carver, C., & Scheier, M. (1982). Control theory: A useful conceptual framework for
personality-social, clinical, and health psychology. Psychological bulletin, 92(1),
111-135. https://doi.org/10.1037/0033-2909.92.1.111

Cathain, A., Croot, L., Duncan, E., Rousseau, N., Sworn, K., Turner, K. M., Yardley, L., &
Hoddinott, P. (2019). Guidance on how to develop complex interventions to
improve health and healthcare. BMJ Open, 9(8), €029954.
https://doi.org/10.1136/bmjopen-2019-029954

Cavero-Redondo, I., Martinez-Vizcaino, V., Fernandez-Rodriguez, R., Saz-Lara, A.,
Pascual-Morena, C., & Alvarez-Bueno, C. (2020). Effect of Behavioral Weight
Management Interventions Using Lifestyle mHealth Self-Monitoring on Weight
Loss: A Systematic Review and Meta-Analysis. Nutrients, 12(7), 1977.

206



Cefalu, W. T., Bray, G. A., Home, P. D., Garvey, W. T., Klein, S., Pi-Sunyer, F. X, ... &
Ryan, D. H. (2015). Advances in the science, treatment, and prevention of the

disease of obesity: reflections from a diabetes care editors’ expert forum. Diabetes

Care, 38(8), 1567-1582. https://doi.org/10.2337/dc15-1081

Celis-Morales, C., Livingstone, K. M., Marsaux, C. F., Macready, A. L., Fallaize, R.,
O’Donovan, C. B., Woolhead, C., Forster, H., Walsh, M. C., Navas-Carretero, S.,
San-Cristobal, R., Tsirigoti, L., Lambrinou, C. P., Mavrogianni, C., Moschonis, G.,
Kolossa, S., Hallmann, J., Godlewska, M., Surwilto, A., Traczyk, 1., Drevon, C. A.,
Bouwman, J., van Ommen, B., Grimaldi, K., Parnell, L. D., Matthews, J. N.,
Manios, Y., Daniel, H., Martinez, J. A., Lovegrove, J. A., Gibney, E. R., Brennan,
L., Saris, W. H., Gibney, M., Mathers, , J. C., & Study, o. b. 0. t. F. M. (2016).
Effect of personalized nutrition on health-related behaviour change: evidence from
the Food4Me European randomized controlled trial. International Journal of

Epidemiology, 46(2), 578-588. https://doi.org/10.1093/ije/dyw186

Celis-Morales, C., Livingstone, K. M., Marsaux, C. F. M., Forster, H., O'Donovan, C. B.,
Woolhead, C., Macready, A. L., Fallaize, R., Navas-Carretero, S., San-Cristobal, R.,
Kolossa, S., Hartwig, K., Tsirigoti, L., Lambrinou, C. P., Moschonis, G.,
Godlewska, M., Surwitto, A., Grimaldi, K., Bouwman, J., Daly, E. J., Akujobi, V.,
O'Riordan, R., Hoonhout, J., Claassen, A., Hoeller, U., Gundersen, T. E., Kaland, S.
E., Matthews, J. N. S., Manios, Y., Traczyk, 1., Drevon, C. A., Gibney, E. R.,
Brennan, L., Walsh, M. C., Lovegrove, J. A., Alfredo Martinez, J., Saris, W. H. M.,
Daniel, H., Gibney, M., & Mathers, J. C. (2015). Design and baseline characteristics
of the Food4Me study: a web-based randomised controlled trial of personalised
nutrition in seven European countries. Genes & nutrition, 10(1), 450-450.

https://doi.org/10.1007/s12263-014-0450-2

Celis-Morales, C., Livingstone, K. M., Petermann-Rocha, F., Navas-Carretero, S., San-
Cristobal, R., O'Donovan, C. B., Moschonis, G., Manios, Y., Traczyk, I., & Drevon,
C. A. (2019). Frequent nutritional feedback, personalized advice, and behavioral
changes: findings from the European Food4Me Internet-based RCT. American

journal of preventive medicine, 57(2), 209-219.

207



Centers for Disease Control and Prevention. Physical Activity. (2018). Physical activity.
Retrieved 01-03-2018, from https://www.cdc.gov/physicalactivity/index.html

Chambliss, H. O., Huber, R. C., Finley, C. E., McDoniel, S. O., Kitzman-Ulrich, H., &
Wilkinson, W. J. (2011). Computerized self-monitoring and technology-assisted
feedback for weight loss with and without an enhanced behavioral component.

Patient Educ Couns, 85(3), 375-382. https://doi.org/10.1016/j.pec.2010.12.024

Chapman, K., Havill, M., Watson, W. L., Wellard, L., Hughes, C., Bauman, A., & Allman-
Farinelli, M. (2016). Time to address continued poor vegetable intake in Australia

for prevention of chronic disease. Appetite, 107, 295-302.

Chen, J., Cade, J. E., & Allman-Farinelli, M. (2015). The Most Popular Smartphone Apps
for Weight Loss: A Quality Assessment. JMIR mHealth uHealth, 3(4), e104.
https://doi.org/10.2196/mhealth.4334

Choi, J., Lee, J. h., Vittinghoff, E., & Fukuoka, Y. (2016). mHealth Physical Activity
Intervention: A Randomized Pilot Study in Physically Inactive Pregnant Women.
Maternal and Child Health Journal, 20(5), 1091-1101.
https://doi.org/10.1007/s10995-015-1895-7

Cismaru, M., & Lavack, A. M. (2007). Social marketing campaigns aimed at preventing
and controlling obesity: A review and recommendations. International Review on

Public and Non Profit Marketing, 4(1-2), 9.

Cleary, M., Escott, P., Horsfall, J., Walter, G., & Jackson, D. (2014). Qualitative research:
the optimal scholarly means of understanding the patient experience. Issues Ment

Health Nurs, 35(11), 902-904. https://doi.org/10.3109/01612840.2014.965619
Cleo, G., Beller, E., Glasziou, P., Isenring, E., & Thomas, R. (2019). Efficacy of habit-

based weight loss interventions: a systematic review and meta-analysis. Journal of

behavioral medicine, 1-14.

208



Collins, C. E., Boggess, M. M., Watson, J. F., Guest, M., Duncanson, K., Pezdirc, K.,
Rollo, M., Hutchesson, M. J., & Burrows, T. L. (2014). Reproducibility and

comparative validity of a food frequency questionnaire for Australian adults. Clin

Nutr, 33(5), 906-914. https://doi.org/10.1016/j.cInu.2013.09.015

Collins, C. E., Morgan, P. J., Jones, P., Fletcher, K., Martin, J., Aguiar, E. J., Lucas, A.,
Neve, M., McElduff, P., & Callister, R. (2010). Evaluation of a commercial web-
based weight loss and weight loss maintenance program in overweight and obese

adults: a randomized controlled trial. BMC Public Health, 10(1), 1-8.

Collins, C. E., Morgan, P. J., Jones, P., Fletcher, K., Martin, J., Aguiar, E. J., Lucas, A.,
Neve, M. J., & Callister, R. (2012). A 12-Week Commercial Web-Based Weight-
Loss Program for Overweight and Obese Adults: Randomized Controlled Trial
Comparing Basic Versus Enhanced Features. J] Med Internet Res, 14(2), e57.
https://doi.org/10.2196/jmir.1980

Collins, C. E., Young, A. F., & Hodge, A. (2008). Diet quality is associated with higher
nutrient intake and self-rated health in mid-aged women. J Am Coll Nutr, 27(1),
146-157. https://doi.org/10.1080/07315724.2008.10719686

Coumans, J. M., Bolman, C. A., Friederichs, S. A., Oenema, A., & Lechner, L. (2020).
Development and Testing of a Personalized Web-Based Diet and Physical Activity
Intervention Based on Motivational Interviewing and the Self-Determination
Theory: Protocol for the MyLifestyleCoach Randomized Controlled Trial. JIMIR
Research Protocols, 9(2), €14491.

Cowburn, G. (2016). The front of pack nutrition information panel: using novel methods to
explore consumer decision making at point of choice during routine supermarket
shopping [PhD thesis]. University of Oxford.
https://ora.ox.ac.uk/objects/uuid:43cf4710-5b6e-4c73-a38a-12852875aal7

209



Craig, P., Dieppe, P., Macintyre, S., Michie, S., Nazareth, 1., & Petticrew, M. (2008).
Developing and evaluating complex interventions: the new Medical Research

Council guidance. BMJ, 337, al655.

Crawford, D., Ball, K., Mishra, G., Salmon, J., & Timperio, A. (2007). Which food-related
behaviours are associated with healthier intakes of fruits and vegetables among
women? Public Health Nutrition, 10(3), 256-265.
https://doi.org/10.1017/s1368980007246798

Croker, H., Lucas, R., & Wardle, J. (2012). Cluster-randomised trial to evaluate the
‘Change for Life’ mass media/ social marketing campaign in the UK [journal
article]. BMC Public Health, 12(1), 1-14. Croker2012.
https://doi.org/10.1186/1471-2458-12-404

Curtis, K. E., Lahiri, S., & Brown, K. E. (2015). Targeting Parents for Childhood Weight
Management: Development of a Theory-Driven and User-Centered Healthy Eating
App [Original Paper]. JMIR mHealth uHealth, 3(2), €69.
https://doi.org/10.2196/mhealth.3857

Dale, K. S., Mann, J. ., McAuley, K. A., Williams, S. M., & Farmer, V. L. (2009).
Sustainability of lifestyle changes following an intensive lifestyle intervention in

insulin resistant adults: Follow-up at 2-years. Asia Pacific journal of clinical

nutrition, 18(1), 114.

Dao, M. C., Subar, A. F., Warthon-Medina, M., Cade, J. E., Burrows, T., Golley, R. K.,
Forouhi, N. G., Pearce, M., & Holmes, B. A. (2019). Dietary assessment toolkits: an
overview. Public health nutrition, 22(3), 404-418.
https://doi.org/10.1017/S1368980018002951

Deci, E. L., & Ryan, R. M. (2012). Self-determination theory in health care and its relations

to motivational interviewing: a few comments. Int J] Behav Nutr Phys Act, 9, 24.

https://doi.org/10.1186/1479-5868-9-24

210



Dennison, L., Morrison, L., Lloyd, S., Phillips, D., Stuart, B., Williams, S., Bradbury, K.,
Roderick, P., Murray, E., Michie, S., Little, P., & Yardley, L. (2014). Does brief
telephone support improve engagement with a web-based weight management
intervention? Randomized controlled trial. ] Med Internet Res, 16(3), €95.

https://doi.org/10.2196/jmir.3199

Dickson-Spillmann, M., & Siegrist, M. (2011). Consumers’ knowledge of healthy diets and
its correlation with dietary behaviour. Journal of Human Nutrition and Dietetics,

24(1), 54-60.

Donnachie, C., Wyke, S., Mutrie, N., & Hunt, K. (2017). ‘It’s like a personal motivator that
you carried around wi’you’: utilising self-determination theory to understand men’s
experiences of using pedometers to increase physical activity in a weight

management programme. international journal of behavioral nutrition and physical

activity, 14(1), 61.

Douketis, J. D., Macie, C., Thabane, L., & Williamson, D. F. (2005). Systematic review of
long-term weight loss studies in obese adults: clinical significance and applicability
to clinical practice. Int J Obes Relat Metab Disord, 29(10), 1153-1167.
http://dx.doi.org/10.1038/sj.1j0.0802982

Doumit, R., Long, J., Kazandjian, C., Gharibeh, N., Karam, L., Song, H., Boswell, C., &
Zeeni, N. (2016). Effects of Recording Food Intake Using Cell Phone Camera

Pictures on Energy Intake and Food Choice. Worldviews on Evidence-Based

Nursing, 13(3), 216-223. https://doi.org/doi:10.1111/wvn.12123
Dove, E. R., Byrne, S. M., & Bruce, N. W. (2009). Effect of dichotomous thinking on the
association of depression with BMI and weight change among obese females.

Behaviour research and therapy, 47(6), 529-534.

Downs, J. S., Loewenstein, G., & Wisdom, J. (2009). Strategies for promoting healthier

food choices. American Economic Review, 99(2), 159-164.

211



Duncan, M. J., Brown, W. J., Mummery, W. K., & Vandelanotte, C. (2018). 10,000 Steps
Australia: a community-wide eHealth physical activity promotion programme.
British Journal of Sports Medicine, 52(14), 885. https://doi.org/10.1136/bjsports-
2017-097625

Durrer Schutz, D., Busetto, L., Dicker, D., Farpour-Lambert, N., Pryke, R., Toplak, H.,
Widmer, D., Yumuk, V., & Schutz, Y. (2019). European Practical and Patient-
Centred Guidelines for Adult Obesity Management in Primary Care. Obesity Facts,
12(1), 40-66. https://doi.org/10.1159/000496183

Eckerstorfer, L. V., Tanzer, N. K., Vogrincic-Haselbacher, C., Kedia, G., Brohmer, H.,
Dinslaken, I., & Corcoran, K. (2018). Key Elements of mHealth Interventions to
Successfully Increase Physical Activity: Meta-Regression. JMIR Mhealth Uhealth,
6(11), €10076. https://doi.org/DOI.10.2196/10076

Elobeid, M. A., Padilla, M. A., McVie, T., Thomas, O., Brock, D. W., Musser, B., Lu, K.,
Coftey, C. S., Desmond, R. A., & St-Onge, M.-P. (2009). Missing data in
randomized clinical trials for weight loss: scope of the problem, state of the field,

and performance of statistical methods. PloS one, 4(8), 6624.

Fabbricatore, M., Imperatori, C., Contardi, A., Tamburello, A., & Innamorati, M. (2013).
Food craving is associated with multiple weight loss attempts. Mediterranean

journal of nutrition and metabolism, 6(1), 79-83.

Fang, S., Shao, Z., Kerr, D. A., Boushey, C. J., & Zhu, F. (2019). An End-to-End Image-
Based Automatic Food Energy Estimation Technique Based on Learned Energy
Distribution Images: Protocol and Methodology. Nutrients, 11(4).
https://doi.org/10.3390/nu11040877

Fayh, A. P., Lopes, A. L., da Silva, A. M., Reischak-Oliveira, A., & Friedman, R. (2013).
Effects of 5 % weight loss through diet or diet plus exercise on cardiovascular
parameters of obese: a randomized clinical trial. Eur J Nutr, 52(5), 1443-1450.
https://doi.org/10.1007/s00394-012-0450-1

212



Feng, X., & Wilson, A. (2019). Does dissatisfaction with, or accurate perception of
overweight status help people reduce weight? Longitudinal study of Australian

adults. BMC Public Health, 19(1), 619. https://doi.org/10.1186/s12889-019-6938-3

Fisberg, M., Maximino, P., Kain, J., & Kovalskys, I. (2016). Obesogenic environment —
intervention opportunities. Jornal de Pediatria, 92(3, Supplement 1), S30-S39.
https://doi.org/https://doi.org/10.1016/j.jped.2016.02.007

Foley, P., Steinberg, D., Levine, E., Askew, S., Batch, B. C., Puleo, E. M., Svetkey, L. P.,
Bosworth, H. B., DeVries, A., Miranda, H., & Bennett, G. G. (2016). Track: A
randomized controlled trial of a digital health obesity treatment intervention for

medically vulnerable primary care patients. Contemp Clin Trials, 48, 12-20.

https://doi.org/10.1016/j.cct.2016.03.006

Forouzanfar, M. H., Afshin, A., Alexander, L. T., Anderson, H. R., Bhutta, Z. A.,
Biryukov, S., Brauer, M., Burnett, R., Cercy, K., & Charlson, F. J. (2016). Global,
regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks, 1990—
2015: a systematic analysis for the Global Burden of Disease Study 2015. The
lancet, 388(10053), 1659-1724.

Forshee, R. A., & Storey, M. L. (2004). Controversy and statistical issues in the use of
nutrient densities in assessing diet quality. The Journal of nutrition, 134(10), 2733-

2737.

Friederichs, S. A., Oenema, A., Bolman, C., Guyaux, J., van Keulen, H. M., & Lechner, L.
(2014). I Move: systematic development of a web-based computer tailored physical

activity intervention, based on motivational interviewing and self-determination

theory. BMC Public Health, 14, 212. https://doi.org/10.1186/1471-2458-14-212

Fund, W. C. R. (2018). Diet, Nutrition, Physical Activity and Cancer: a Global Perspective-
Continuous Update Project Expert Report.

213



GBD 2017 Diet Collaborators (2019). Health effects of dietary risks in 195 countries,
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017.
Lancet (London, England), 393(10184), 1958—1972. https://doi.org/10.1016/S0140-
6736(19)30041-8

Gakidou, E., Afshin, A., Abajobir, A. A., Abate, K. H., Abbafati, C., Abbas, K. M., Abd-
Allah, F., Abdulle, A. M., Abera, S. F., & Aboyans, V. (2017). Global, regional,
and national comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016. The Lancet, 390(10100),
1345-1422.

Galea, S., & Tracy, M. (2007). Participation rates in epidemiologic studies. Ann Epidemiol,
17(9), 643-653. https://doi.org/10.1016/j.annepidem.2007.03.013

Gans, K. M., Risica, P. M., Dulin-Keita, A., Mello, J., Dawood, M., Strolla, L. O., & Harel,
0. (2015). Innovative video tailoring for dietary change: final results of the Good
for you! cluster randomized trial. Int J Behav Nutr Phys Act, 12, 130.
https://doi.org/10.1186/s12966-015-0282-5

Gardner, B. (2015). A review and analysis of the use of ‘habit’in understanding, predicting

and influencing health-related behaviour. Health psychology review, 9(3), 277-295.

Gemming, L., & Mhurchu, C. N. (2016). Dietary under-reporting: what foods and which
meals are typically under-reported? European journal of clinical nutrition, 70(5),

640-641.
Gemming, L., Utter, J., & Ni Mhurchu, C. (2015). Image-Assisted Dietary Assessment: A

Systematic Review of the Evidence. Journal of the Academy of Nutrition and

Dietetics, 115(1), 64-77. https://doi.org/http://doi.org/10.1016/j.jand.2014.09.015

214



George, K. S., Roberts, C. B., Beasley, S., Fox, M., & Rashied-Henry, K. (2016). Our
health is in our hands: A social marketing campaign to combat obesity and diabetes.

American Journal of Health Promotion, 30(4), 283.

Gilson, N. D., Pavey, T. G., Wright, O. R., Vandelanotte, C., Duncan, M. J., Gomersall, S.,
Trost, S. G., & Brown, W. J. (2017). The impact of an m-Health financial incentives
program on the physical activity and diet of Australian truck drivers. BMC Public
Health, 17(1), 467. https://doi.org/10.1186/s12889-017-4380-y

Glanz, K., Brug, J., & van Assema, P. (1997). Are awareness of dietary fat intake and
actual fat consumption associated? A Dutch-American comparison. Eur J Clin Nutr,

51(8), 542-547. http://www.ncbi.nlm.nih.gov/pubmed/11248880

Glasgow, R. E., Emont, S., & Miller, D. C. (2006). Assessing delivery of the five ‘As’ for

patient-centered counseling. Health Promotion International, 21(3), 245-255.

Gollwitzer, P. M. (1999). Implementation intentions: strong effects of simple plans.

American psychologist, 54(7), 493.

Grech, A., Sui, Z., Siu, H. Y., Zheng, M., Allman-Farinelli, M., & Rangan, A. (2017).
Socio-Demographic Determinants of Diet Quality in Australian Adults Using the
Validated Healthy Eating Index for Australian Adults (HEIFA-2013). Healthcare,
5(1), 7. https://www.mdpi.com/2227-9032/5/1/7

Grunseit, A. C., O’Hara, B. J., Chau, J. Y., Briggs, M., & Bauman, A. (2015). Getting the
message across: Outcomes and risk profiles by awareness levels of the “measure-
up” obesity prevention campaign in Australia. PLoS ONE [Electronic Resource],

10(4), e0121387.
Gruss, S. M., Nhim, K., Gregg, E., Bell, M., Luman, E., & Albright, A. (2019). Public

health approaches to type 2 diabetes prevention: The US National Diabetes
Prevention Program and beyond. Current diabetes reports, 19(9), 78.

215



Haapala, I., Barengo, N. C., Biggs, S., Surakka, L., & Manninen, P. (2009). Weight loss by
mobile phone: a 1-year effectiveness study. Public Health Nutr, 12(12), 2382-2391.
https://doi.org/10.1017/S1368980009005230

Hageman, P. A., Pullen, C. H., Hertzog, M., Pozehl, B., Eisenhauer, C., & Boeckner, L. S.
(2017). Web-Based Interventions Alone or Supplemented with Peer-Led Support or
Professional Email Counseling for Weight Loss and Weight Maintenance in
Women from Rural Communities: Results of a Clinical Trial. J Obes, 2017,

1602627. https://doi.org/10.1155/2017/1602627

Halse, R. E., Shoneye, C. L., Pollard, C. M., Jancey, J., Scott, J. A., Pratt, I. S., Dhaliwal, S.
S., Norman, R., Straker, L. M., Boushey, C. J., Delp, E. J., Zhu, F., Harray, A. J.,
Szybiak, M. A., Finch, A., McVeigh, J. A., Mullan, B., Collins, C. E., Mukhtar, S.
A., Edwards, K. N., Healy, J. D., & Kerr, D. A. (2019). Improving Nutrition and
Activity Behaviors Using Digital Technology and Tailored Feedback: Protocol for
the LiveLighter Tailored Diet and Activity (ToDAy) Randomized Controlled Trial.
JMIR Res Protoc, 8(2), e12782. https://doi.org/10.2196/12782

Hands, B. P., Chivers, P. T., Parker, H. E., Beilin, L., Kendall, G., & Larkin, D. (2011).
The associations between physical activity, screen time and weight from 6 to 14 yrs:
the Raine Study. J Sci Med Sport, 14(5), 397-403.
https://doi.org/10.1016/j.jsams.2011.03.011

Harmon-Jones, E., & Mills, J. (1999). Cognitive dissonance: Progress on a pivotal theory in
social psychology [doi:10.1037/10318-000]. American Psychological Association.
https://doi.org/10.1037/10318-000

Harray, A. J., Boushey, C. J., Pollard, C. M., Delp, E. J., Ahmad, Z., Dhaliwal, S. S.,
Mukhtar, S. A., & Kerr, D. A. (2015). A Novel Dietary Assessment Method to
Measure a Healthy and Sustainable Diet Using the Mobile Food Record: Protocol
and Methodology. Nutrients, 7(7), 5375-5395. https://doi.org/10.3390/nu7075226

216



Harray, A. J., Boushey, C. J., Pollard, C. M., Panizza, C. E., Delp, E. J., Dhaliwal, S. S., &
Kerr, D. A. (2017). Perception v. actual intakes of junk food and sugar-sweetened
beverages in Australian young adults: assessed using the mobile food record. Public

health nutrition, 20(13), 2300-2307.

Harrington, N. G., & Noar, S. M. (2012). Reporting standards for studies of tailored
interventions. Health Education Research, 27(2), 331-342.
https://doi.org/10.1093/her/cyr108

Harrison, L., Kelly, P., Lindsay, J., Advocat, J., & Hickey, C. (2011). ‘I don't know anyone
that has two drinks a day’: Young people, alcohol and the government of pleasure.
Health, Risk & Society, 13(5), 469-486.
https://doi.org/10.1080/13698575.2011.596190

Hawkins, R. P., Kreuter, M., Resnicow, K., Fishbein, M., & Dijkstra, A. (2008).
Understanding tailoring in communicating about health. Health Educ Res, 23.

Hawkins2008. https://doi.org/10.1093/her/cyn004

Heather, G. (2012). Exploring nutrition literacy: Attention to assessment and the skills
clients need. Health. 04. 120-124. 10.4236/health.2012.43019.

Hebden, L., Chey, T., & Allman-Farinelli, M. (2012). Lifestyle intervention for preventing
weight gain in young adults: a systematic review and meta-analysis of RCTs.

Obesity Reviews, 13(8), 692-710. doi: 10.1111/5.1467-789X.2012.00990.x.

Hendrie, G. A., Coveney, J., & Cox, D. (2008). Exploring nutrition knowledge and the
demographic variation in knowledge levels in an Australian community sample.

Public Health Nutrition, 11(12), 1365-1371.
Hendrie, G. A., Golley, R. K., & Noakes, M. (2018). Compliance with Dietary Guidelines

Varies by Weight Status: A Cross-Sectional Study of Australian Adults. Nutrients,
10(2), 197. https://www.mdpi.com/2072-6643/10/2/197

217



Hendrie, G. A., James-Martin, G., Williams, G., Brindal, E., Whyte, B., & Crook, A.
(2019). The Development of VegEze: Smartphone App to Increase Vegetable
Consumption in Australian Adults. JMIR formative research, 3(1), e10731.
https://doi.org/10.2196/10731

Hernan, A. L., Versace, V. L., Laatikainen, T., Vartiainen, E., Janus, E. D., & Dunbar, J. A.
(2014). Association of weight misperception with weight loss in a diabetes

prevention program. BMC public health, 14(1), 93.

Heymsfield, S. B., & Wadden, T. A. (2017). Mechanisms, Pathophysiology, and
Management of Obesity. New England Journal of Medicine, 376(3), 254-266.
https://doi.org/10.1056/NEJMral514009

Houston, M., VanDellen, M., & Cooper, J. A. (2019). Self-weighing Frequency and Its
Relationship with Health Measures. American journal of health behavior, 43(5),
975-993.

Hunter, C. M., Peterson, A. L., Alvarez, L. M., Poston, W. C., Brundige, A. R., Haddock,
K., Van Brunt, D. L., & Foreyt, J. P. (2008). Weight management using the Internet
- A randomized controlled trial. American Journal of Preventive Medicine, 34(2),

119-126. https://doi.org/10.1016/j.amepre.2007.09.026

Hutchesson, M. J., Callister, R., Morgan, P. J., Pranata, ., Clarke, E. D., Skinner, G.,
Ashton, L. M., Whatnall, M. C., Jones, M., Oldmeadow, C., & Collins, C. E.
(2018). A Targeted and Tailored eHealth Weight Loss Program for Young Women:
The Be Positive Be Healthe Randomized Controlled Trial. Healthcare (Basel,
Switzerland), 6(2), 39. https://doi.org/10.3390/healthcare6020039

Hutchesson, M. J., Morgan, P. J., Callister, R., Pranata, 1., Skinner, G., & Collins, C. E.
(2016). Be Positive Be Healthe: Development and Implementation of a Targeted e-
Health Weight Loss Program for Young Women. Telemed J E Health, 22(6), 519-
528. https://doi.org/10.1089/tmj.2015.0085

218



Hutchesson, M. J., Rollo, M. E., Krukowski, R., Ells, L., Harvey, J., Morgan, P. J.,
Callister, R., Plotnikoff, R., & Collins, C. E. (2015). eHealth interventions for the
prevention and treatment of overweight and obesity in adults: A systematic review
with meta-analysis [Article]. Obesity Reviews, 16(5), 376-392.
https://doi.org/10.1111/0br.12268

Hysong, S. J., Best, R. G., & Pugh, J. A. (2006). Audit and feedback and clinical practice
guideline adherence: Making feedback actionable. Implementation Science, 1(1), 9.

https://doi.org/10.1186/1748-5908-1-9

Ilanne-Parikka, P., Eriksson, J. G., Lindstrom, J., Peltonen, M., Aunola, S., Himailédinen,
H., Keindnen-Kiukaanniemi, S., Laakso, M., Valle, T. T., & Lahtela, J. (2008).
Effect of lifestyle intervention on the occurrence of metabolic syndrome and its
components in the Finnish Diabetes Prevention Study. Diabetes care, 31(4), 805-

807.

Institute for Health Metrics and Evaluation. (2010). Global Burden of Disease Profile:
Australia. Institute for Health Metrics and Evaluation.
http://www.healthdata.org/sites/default/files/files/country profiles/GBD/ihme gbd

country report_australia.pdf

Jakicic, J. M., Davis, K. K., Rogers, R. J., King, W. C., Marcus, M. D., Helsel, D.,
Rickman, A. D., Wahed, A. S., & Belle, S. H. (2016). Effect of Wearable
Technology Combined With a Lifestyle Intervention on Long-term Weight Loss:
The IDEA Randomized Clinical Trial. JAMA, 316(11), 1161-1171.
https://doi.org/10.1001/jama.2016.12858

Jakicic, J. M., King, W. C., Marcus, M. D., Davis, K. K., Helsel, D., Rickman, A. D.,
Gibbs, B. B., Rogers, R. J., Wahed, A., & Belle, S. H. (2015). Short-term weight
loss with diet and physical activity in young adults: The IDEA study. Obesity
(Silver Spring, Md.), 23(12), 2385-2397. https://doi.org/10.1002/0by.21241

219



Jensen, M. D., Ryan, D. H., Apovian, C. M., Ard, J. D., Comuzzie, A. G., Donato, K. A.,
Hu, F. B., Hubbard, V. S., Jakicic, J. M., & Kushner, R. F. (2014). 2013
AHA/ACC/TOS guideline for the management of overweight and obesity in adults:
a report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and The Obesity Society. Journal of the American

college of cardiology, 63(25 Part B), 2985-3023.

Johns, D. J., Hartmann-Boyce, J., Jebb, S. A., & Aveyard, P. (2014). Diet or Exercise
Interventions vs Combined Behavioral Weight Management Programs: A
Systematic Review and Meta-Analysis of Direct Comparisons. Journal of the
Academy of Nutrition and Dietetics, 114(10), 1557-1568.
https://doi.org/https://doi.org/10.1016/j.jand.2014.07.005

Johns, D. J., Hartmann-Boyce, J., Jebb, S. A., Aveyard, P., & Behavioural Weight
Management Review Group (2016). Weight change among people randomized to
minimal intervention control groups in weight loss trials. Obesity (Silver Spring,

Md.), 24(4), 772-780. https://doi.org/10.1002/0by.21255

Johnson, F., Cooke, L., Croker, H., & Wardle, J. (2008). Changing perceptions of weight in
Great Britain: comparison of two population surveys. BMJ (Clinical research

ed.), 337, a494. https://doi.org/10.1136/bm;j.a494

Jones, L., Jacklin, K., & O'Connell, M. E. (2017). Development and use of health-related

technologies in indigenous communities: critical review. Journal of medical Internet

research, 19(7), e256.
Jongenelis, M. L., Scully, M., Morley, B., & Pratt, I. S. (2018). Vegetable and fruit intake in
Australian adolescents: Trends over time and perceptions of consumption. Appetite,

129, 49-54. https://doi.org/https://doi.org/10.1016/j.appet.2018.06.033

Kaufer-Horwitz, M., Villa, M., Pedraza, J., Dominguez-Garcia, J., Vazquez-Velazquez, V.,

Meéndez, J. P., & Garcia-Garcia, E. (2015). Knowledge of appropriate foods and

220



beverages needed for weight loss and diet of patients in an Obesity Clinic. European

Journal of Clinical Nutrition, 69(1), 68-72. https://doi.org/10.1038/ejcn.2014.102

Keay, T., Larson, T., & Herrera, C. (2018). Relationship Between Nutrition Knowledge
and Obesity in Southern California Adults.

Kerr, D. A., Dhaliwal, S. S., Pollard, C. M., Norman, R., Wright, J. L., Harray, A. J.,
Shoneye, C. L., Solah, V. A., Hunt, W. J., Zhu, F., Delp, E. J., & Boushey, C. J.
(2017). BMI is Associated with the Willingness to Record Diet with a Mobile Food
Record among Adults Participating in Dietary Interventions. Nutrients, 9(3), Article
244. https://doi.org/10.3390/nu9030244

Kerr, D. A., Harray, A. J., Pollard, C. M., Dhaliwal, S. S., Delp, E. J., Howat, P. A.,
Pickering, M. R., Ahmad, Z., Meng, X., & Pratt, I. S. (2016). The connecting health
and technology study: a 6-month randomized controlled trial to improve nutrition
behaviours using a mobile food record and text messaging support in young adults.
International Journal of Behavioral Nutrition and Physical Activity, 13(1), 52.
https://doi.org/10.1186/s12966-016-0376-8

Kerr, D. A., Pollard, C. M., Howat, P., Delp, E. J., Pickering, M., Kerr, K. R., Dhaliwal, S.
S., Pratt, I. S., Wright, J., & Boushey, C. J. (2012b). Connecting Health and
Technology (CHAT): protocol of a randomized controlled trial to improve nutrition
behaviours using mobile devices and tailored text messaging in young adults. Bmc

Public Health, 12, Article 477. https://doi.org/10.1186/1471-2458-12-477

Khaylis, A., Yiaslas, T., Bergstrom, J., & Gore-Felton, C. (2010). A Review of Efficacious
Technology-Based Weight-Loss Interventions: Five Key Components.
Telemedicine Journal and e-Health, 16(9), 931-938.
https://doi.org/10.1089/tm;j.2010.0065

King, E. L., Grunseit, A. C., O’Hara, B. J., & Bauman, A. E. (2013). Evaluating the

effectiveness of an Australian obesity mass-media campaign: how did the

221



‘Measure-Up’ campaign measure up in New South Wales? Health Education

Research, 28(6), 1029-1039. https://doi.org/10.1093/her/cyt084

Kirkpatrick, S. 1., Baranowski, T., Subar, A. F., Tooze, J. A., & Frongillo, E. A. (2019).
Best Practices for Conducting and Interpreting Studies to Validate Self-Report
Dietary Assessment Methods. J Acad Nutr Diet, 119(11), 1801-1816.
https://doi.org/10.1016/j.jand.2019.06.010

Kirkpatrick, S. I., Reedy, J., Butler, E. N., Dodd, K. W., Subar, A. F., Thompson, F. E., &
McKinnon, R. A. (2014). Dietary assessment in food environment research: a
systematic review. Am J Prev Med, 46(1), 94-102.
https://doi.org/10.1016/j.amepre.2013.08.015

Kite, J., Grunseit, A., Bohn-Goldbaum, E., Bellew, B., Carroll, T., & Bauman, A. (2018). A
Systematic Search and Review of Adult-Targeted Overweight and Obesity
Prevention Mass Media Campaigns and Their Evaluation: 2000-2017. Journal of
Health Communication, 23(2), 207-232.
https://doi.org/10.1080/10810730.2018.1423651

Kliemann, N., Croker, H., Johnson, F., & Beeken, R. J. (2019). Development of the Top
Tips Habit-Based Weight Loss App and Preliminary Indications of Its Usage,
Effectiveness, and Acceptability: Mixed-Methods Pilot Study. JMIR Mhealth
Uhealth, 7(5), e12326. https://doi.org/10.2196/12326

Kornfield, R., Szczypka, G., Powell, L. M., & Emery, S. L. (2015). Televised obesity-
prevention advertising across US media markets: exposure and content, 2010-2011.
Public health nutrition, 18(6), 983-993.
https://doi.org/10.1017/S1368980014001335

Kothe, E. J., & Mullan, B. A. (2011). Perceptions of fruit and vegetable dietary guidelines
among Australian young adults. Nutrition & dietetics, 68(4), 262-266.

222



Krause, C., Sommerhalder, K., Beer-Borst, S., & Abel, T. (2018). Just a subtle difference?
Findings from a systematic review on definitions of nutrition literacy and food

literacy. Health promotion international, 33(3), 378-389.

Krebs, P., Prochaska, J. O., & Rossi, J. S. (2010). A meta-analysis of computer-tailored
interventions for health behavior change. Prev Med, 51(3-4), 214-221.
https://doi.org/10.1016/j.ypmed.2010.06.004

Kreuter MW, F. D., Olevitch L, Brennan L. (2000). Customizing communication with
computer technology: Tailoring health messages. Lawrence Erlbaum Associates,

Publishers.

Kreuter, M. W., & Skinner, C. S. (2000). Tailoring: what's in a name?. Health education
research, 15(1), 1-4. https://doi.org/10.1093/her/15.1.1

Kroeze, W., Werkman, A., & Brug, J. (2006). A systematic review of randomized trials on
the effectiveness of computer-tailored education on physical activity and dietary
behaviors. Ann Behav Med, 31(3), 205-223.
https://doi.org/10.1207/s15324796abm3103 2

Kwasnicka, D., Dombrowski, S. U., White, M., & Snichotta, F. (2016). Theoretical
explanations for maintenance of behaviour change: a systematic review of
behaviour theories. Health Psychology Review, 10(3), 277-296.
https://doi.org/10.1080/17437199.2016.1151372

Lakerveld, J., Mackenbach, J. D., Rutter, H., & Brug, J. (2018). Obesogenic environment

and obesogenic behaviours. Advanced Nutrition and Dietetics in Obesity, 132.
Lambert, M., Chivers, P., & Farringdon, F. (2019). In their own words: A qualitative study

exploring influences on the food choices of university students. Health Promotion

Journal of Australia, 30(1), 66-75. https://doi.org/https://doi.org/10.1002/hpja.180

223



Langellier, B. A., Glik, D., Ortega, A. N., & Prelip, M. L. (2015). Trends in racial/ethnic
disparities in overweight self-perception among US adults, 1988—1994 and 1999—
2008. Public health nutrition, 18(12), 2115-2125.

Lau, Y., Chee, D. G. H., Chow, X. P., Cheng, L. J., & Wong, S. N. (2020). Personalised
eHealth interventions in adults with overweight and obesity: A systematic review

and meta-analysis of randomised controlled trials. Preventive Medicine, 132,

106001. https://doi.org/https://doi.org/10.1016/j.ypmed.2020.106001

Lewin, S., Glenton, C., & Oxman, A. D. (2009). Use of qualitative methods alongside
randomised controlled trials of complex healthcare interventions: methodological

study. BMJ, 339, b3496. https://doi.org/10.1136/bmj.b3496

Lim, S., Kang, S. M., Kim, K. M., Moon, J. H., Choi, S. H., Hwang, H., Jung, H. S., Park,
K. S.,Ryu, J. O, & Jang, H. C. (2016). Multifactorial intervention in diabetes care
using real-time monitoring and tailored feedback in type 2 diabetes. Acta

Diabetologica, 53(2), 189-198. https://doi.org/10.1007/s00592-015-0754-8

Little, P., Stuart, B., Hobbs, F. R., Kelly, J., Smith, E. R., Bradbury, K. J., Hughes, S.,
Smith, P. W., Moore, M. V., Lean, M. E., Margetts, B. M., Byrne, C. D., Griffin, S.,
Davoudianfar, M., Hooper, J., Yao, G., Zhu, S., Raftery, J., & Yardley, L. (2016).
An internet-based intervention with brief nurse support to manage obesity in
primary care (POWeR+): a pragmatic, parallel-group, randomised controlled trial.
Lancet Diabetes Endocrinol, 4(10), 821-828. https://doi.org/10.1016/s2213-
8587(16)30099-7

LiveLighter Homepage. (2018). https://livelighter.com.au/. Retrieved 21/9/2018, from
http://www.webcitation.org/71pWLaQO7

Livingstone, K. M., Celis-Morales, C., Lara, J., Ashor, A. W., Lovegrove, J. A., Martinez,
J. A., Saris, W. H., Gibney, M., Manios, Y., Traczyk, I., Drevon, C. A., Daniel, H.,
Gibney, E. R., Brennan, L., Bouwman, J., Grimaldi, K. A., Mathers, J. C., &
Food4Me. (2015). Associations between FTO genotype and total energy and

224



macronutrient intake in adults: a systematic review and meta-analysis. Obesity

Reviews, 16(8), 666-678. https://doi.org/https://doi.org/10.1111/0br.12290

Llewellyn, C., & Wardle, J. (2015). Behavioral susceptibility to obesity: Gene-environment
interplay in the development of weight. Physiol Behav, 152(Pt B), 494-501.
https://doi.org/10.1016/j.physbeh.2015.07.006

Locke, E. A., & Latham, G. P. (2002). Building a practically useful theory of goal setting
and task motivation. A 35-year odyssey. Am Psychol, 57(9), 705-717.
https://doi.org/10.1037//0003-066x.57.9.705

Looijmans, A., Stickema, A. P., Bruggeman, R., van der Meer, L., Stolk, R. P., Schoevers,
R. A., JoErg, F., & Corpeleijn, E. (2017). Changing the obesogenic environment to
improve cardiometabolic health in residential patients with a severe mental illness:
cluster randomised controlled trial. The British Journal of Psychiatry, 211(5), 296-
303.

Lozano-Sufrategui, L. (2016). "Sorry mate, you're probably a bit too fat to be able to do
any of these'": Men's experiences of weight stigma. 15, 4-23.

https://doi.org/10.3149/jmh.1501.4

Luley, C., Blaik, A., Gotz, A., Kicherer, F., Kropf, S., Isermann, B., Stumm, G., &
Westphal, S. (2014). Weight loss by telemonitoring of nutrition and physical
activity in patients with metabolic syndrome for 1 year. J Am Coll Nutr, 33(5), 363-
374. https://doi.org/10.1080/07315724.2013.875437

Lustria, M. L. A., Cortese, J., Noar, S. M., & Glueckauf, R. L. (2009). Computer-tailored
health interventions delivered over the web: Review and analysis of key

components. Patient Education and Counseling, 74(2), 156-173.
https://doi.org/http://dx.doi.org/10.1016/j.pec.2008.08.023

Lustria, M. L. A., Noar, S. M., Cortese, J., Van Stee, S. K., Glueckauf, R. L., & Lee, J.
(2013). A Meta-Analysis of Web-Delivered Tailored Health Behavior Change

225


https://doi.org/10.3149/jmh.1501.4

Interventions. Journal of Health Communication, 18(9), 1039-1069.

https://do1.0rg/10.1080/10810730.2013.768727

Magkos, F., Fraterrigo, G., Yoshino, J., Luecking, C., Kirbach, K., Kelly, Shannon C., de
las Fuentes, L., He, S., Okunade, Adewole L., Patterson, Bruce W., & Klein, S.
(2016). Effects of Moderate and Subsequent Progressive Weight Loss on Metabolic
Function and Adipose Tissue Biology in Humans with Obesity. Cell Metabolism,
23(4), 591-601. https://doi.org/https://doi.org/10.1016/j.cmet.2016.02.005

Malik, V. S., Willett, W. C., & Hu, F. B. (2013). Global obesity: trends, risk factors and
policy implications. Nature Reviews Endocrinology, 9(1), 13-27.
https://doi.org/10.1038/nrendo.2012.199

Marlowe, D., & Crowne, D. P. (1961). Social desirability and response to perceived
situational demands. J Consult Psychol, 25, 109-115.
http://www.ncbi.nlm.nih.gov/pubmed/13766997

Martin, C. K., Miller, A. C., Thomas, D. M., Champagne, C. M., Han, H., & Church, T.
(2015). Efficacy of SmartLossSM, a smartphone-based weight loss intervention:
Results from a randomized controlled trial. Obesity, 23(5), 935-942.
https://doi.org/10.1002/0by.21063

Mata, J., Silva, M. N., Vieira, P. N., Carraga, E. V., Andrade, A. M., Coutinho, S. R.,
Sardinha, L. B., & Teixeira, P. J. (2011). Motivational “spill-over” during weight
control: Increased self-determination and exercise intrinsic motivation predict
eating self-regulation. Sport, Exercise, and Performance Psychology, 1(S), 49-59.
https://doi.org/10.1037/2157-3905.1.S.49

McCoy, C. E. (2017). Understanding the Intention-to-treat Principle in Randomized
Controlled Trials. The western journal of emergency medicine, 18(6), 1075-1078.
https://doi.org/10.5811/westjem.2017.8.35985

226



McKnight, T., Demuth, J. R., Wilson, N., Leider, J. P., & Knudson, A. (2018). Assessing
Effectiveness and Cost-Benefit of the Trinity Hospital Twin City Fit For Life

Program for Weight Loss and Diabetes Prevention in a Rural Midwestern Town.

Prev Chronic Dis, 15, E98. https://doi.org/10.5888/pcd15.170479

McSpadden, K. E., Patrick, H., Oh, A. Y., Yaroch, A. L., Dwyer, L. A., & Nebeling, L. C.
(2016). The association between motivation and fruit and vegetable intake: The
moderating role of social support. Appetite, 96, 87-94.
https://doi.org/10.1016/j.appet.2015.08.031

Mejean, C., Szabo de Edelenyi, F., Touvier, M., Kesse-Guyot, E., Julia, C., Andreeva, V.
A., & Hercberg, S. (2014). Motives for participating in a web-based nutrition cohort
according to sociodemographic, lifestyle, and health characteristics: the NutriNet-
Sante cohort study. J] Med Internet Res, 16(8), e189.
https://doi.org/10.2196/jmir.3161

M¢jean, C., Szabo de Edelenyi, F., Touvier, M., Kesse-Guyot, E., Julia, C., Andreeva, V.
A., & Hercberg, S. (2014). Motives for Participating in a Web-Based Nutrition
Cohort According to Sociodemographic, Lifestyle, and Health Characteristics: The
NutriNet-Santé Cohort Study [Original Paper]. ] Med Internet Res, 16(8), e189.
https://doi.org/10.2196/jmir.3161

Melaku, Y. A., Renzaho, A., Gill, T. K., Taylor, A. W., Dal Grande, E., de Courten, B.,
Baye, E., Gonzalez-Chica, D., Hypponen, E., Shi, Z., Riley, M., Adams, R., &
Kinfu, Y. (2019). Burden and trend of diet-related non-communicable diseases in
Australia and comparison with 34 OECD countries, 1990-2015: findings from the
Global Burden of Disease Study 2015. European Journal of Nutrition, 58(3), 1299-
1313. https://doi.org/10.1007/s00394-018-1656-7

Melaku, Y. A., Temesgen, A. M., Deribew, A., Tessema, G. A., Deribe, K., Sahle, B. W.,

Abera, S. F., Bekele, T., Lemma, F., & Amare, A. T. (2016). The impact of dietary

risk factors on the burden of non-communicable diseases in Ethiopia: findings from

227



the Global Burden of Disease study 2013. International Journal of Behavioral

Nutrition and Physical Activity, 13(1), 122.

Mete, R., Shield, A., Murray, K., Bacon, R., & Kellett, J. (2017). What is healthy eating? A
qualitative exploration. Public Health Nutrition, 1-11.

https://do1.0rg/10.1017/S1368980019001046

Metzgar, C. J., Preston, A. G., Miller, D. L., & Nickols-Richardson, S. M. (2015).
Facilitators and barriers to weight loss and weight loss maintenance: a qualitative

exploration. ] Hum Nutr Diet, 28(6), 593-603. https://doi.org/10.1111/jhn.12273

Micha, R., Shulkin, M. L., Penalvo, J. L., Khatibzadeh, S., Singh, G. M., Rao, M., Fahimi,
S., Powles, J., & Mozaffarian, D. (2017). Etiologic effects and optimal intakes of
foods and nutrients for risk of cardiovascular diseases and diabetes: systematic
reviews and meta-analyses from the Nutrition and Chronic Diseases Expert Group
(NutriCoDE). PloS one, 12(4), e0175149.
https://doi.org/10.1371/journal.pone.0175149

Michie, S., Abraham, C., Whittington, C., McAteer, J., & Gupta, S. (2009). Effective
techniques in healthy eating and physical activity interventions: a meta-
regression. Health psychology : official journal of the Division of Health
Psychology, American Psychological Association, 28(6), 690—701.
https://doi.org/10.1037/a0016136

Michie, S., Abraham, C., Eccles, M. P., Francis, J. J., Hardeman, W., & Johnston, M.
(2011). Strengthening evaluation and implementation by specifying components of

behaviour change interventions: a study protocol. Implement Sci, 6, 10.

https://doi.org/10.1186/1748-5908-6-10

Michie, S., Richardson, M., Johnston, M., Abraham, C., Francis, J., Hardeman, W., Eccles,
M., Cane, J., & Wood, C. (2013). The Behavior Change Technique Taxonomy (v1)
of 93 Hierarchically Clustered Techniques: Building an International Consensus for

the Reporting of Behavior Change Interventions. Annals of Behavioral Medicine,

46(1), 81-95. https://doi.org/10.1007/s12160-013-9486-6

228



Michie, S., Richardson, M., Johnston, M., Abraham, C., Francis, J., Hardeman, W., Eccles,
M. P., Cane, J., & Wood, C. E. (2013). The behavior change technique taxonomy
(vl) of 93 hierarchically clustered techniques: building an international consensus
for the reporting of behavior change interventions. Ann Behav Med, 46(1), 81-95.
https://doi.org/10.1007/s12160-013-9486-6

Michie, S., van Stralen, M. M., & West, R. (2011). The behaviour change wheel: a new
method for characterising and designing behaviour change interventions. Implement

Sci, 6, 42. https://doi.org/10.1186/1748-5908-6-42

Michie, S., Yardley, L., West, R., Patrick, K., & Greaves, F. (2017). Developing and
evaluating digital interventions to promote behavior change in health and health
care: recommendations resulting from an international workshop. Journal of

medical Internet research, 19(6), €232.

Miller, B. M., & Brennan, L. (2015). Measuring and reporting attrition from obesity
treatment programs: A call to action! Obes Res Clin Pract, 9(3), 187-202.
https://doi.org/10.1016/j.orcp.2014.08.007

Miller, C. L., Mott, K., Cousins, M., Miller, S., Johnson, A., Lawson, T., & Wesselingh, S.
(2017). Integrating consumer engagement in health and medical research — an
Australian framework. Health Research Policy and Systems, 15(1), 9.
https://doi.org/10.1186/s12961-017-0171-2

Miller, W. R., & Rollnick, S. (2002). Motivational interviewing: preparing people for
change (2nd ed.). Guilford Press.
http://www.loc.gov/catdir/toc/fy022/2001051250.html

Mohr, D. C., Schueller, S. M., Montague, E., Burns, M. N., & Rashidi, P. (2014). The
behavioral intervention technology model: an integrated conceptual and
technological framework for eHealth and mHealth interventions. J] Med Internet

Res, 16(6), e146. https://doi.org/10.2196/jmir.3077

229



Montesi, L., El Ghoch, M., Brodosi, L., Calugi, S., Marchesini, G., & Dalle Grave, R.
(2016). Long-term weight loss maintenance for obesity: a multidisciplinary
approach. Diabetes, metabolic syndrome and obesity: targets and therapy, 9, 37.
https://doi.org/10.2147/DMS0O.S89836

Moore, A. P., Rivas, C. A., Stanton-Fay, S., Harding, S., & Goff, L. M. (2019). Designing
the Healthy Eating and Active Lifestyles for Diabetes (HEAL-D) self-management
and support programme for UK African and Caribbean communities: a culturally

tailored, complex intervention under-pinned by behaviour change theory. BMC

Public Health, 19(1), 1146. https://doi.org/10.1186/s12889-019-7411-z

Moran, L., McNaughton, S., Sui, Z., Cramp, C., Deussen, A., Grivell, R., & Dodd, J.
(2018). The characterisation of overweight and obese women who are under

reporting energy intake during pregnancy. BMC pregnancy and childbirth, 18(1),
204.

Morgan, P. J., Callister, R., Collins, C. E., Plotnikoff, R. C., Young, M. D., Berry, N.,
McElduff, P., Burrows, T., Aguiar, E., & Saunders, K. L. (2013). The SHED-IT
community trial: a randomized controlled trial of internet- and paper-based weight

loss programs tailored for overweight and obese men. Ann Behav Med, 45(2), 139-

152. https://doi.org/10.1007/s12160-012-9424-z

Morgan, P. J., Lubans, D. R., Collins, C. E., Warren, J. M., & Callister, R. (2009). The
SHED-IT randomized controlled trial: evaluation of an Internet-based weight-loss
program for men. Obesity (Silver Spring), 17(11), 2025-2032.
https://doi.org/10.1038/0by.2009.85

Morley, Belinda & Niven, Philippa & Coomber, Kerri & Dixon, Helen & Wakefield,
Melanie. (2013). Awareness and impact of the LiveLighter “toxic fat” obesity
prevention campaign. Obesity Research & Clinical Practice. 7. 8.

10.1016/j.0rcp.2013.12.514.

230



Morley, B., Niven, P., Dixon, H., Swanson, M., Szybiak, M., Shilton, T., Pratt, I. S., Slevin,
T., Hill, D., & Wakefield, M. (2016). Population-based evaluation of the
‘LiveLighter’ healthy weight and lifestyle mass media campaign. Health Education
Research, 31(2), 121-135. https://doi.org/10.1093/her/cyw009

Morley, B., Niven, P., Dixon, H., Swanson, M., Szybiak, M., Shilton, T., Pratt, . S., Slevin,
T., & Wakefield, M. (2019). Association of the LiveLighter mass media campaign
with consumption of sugar-sweetened beverages: Cohort study. Health Promot J

Austr, 30 Suppl 1, 34-42. https://doi.org/10.1002/hpja.244

Morley, B., Niven, P., Dixon, H., Wakefield, M., Swanson, M., Szybiak, M., Shilton, T.,
Pratt, S., & Slevin, T. (2014). Evaluation of the LiveLighter “Sugary Drinks” mass
media campaign. Obesity Research & Clinical Practice(8), 70.

Mouttapa, M., Robertson, T. P., McEligot, A. J., Weiss, J. W., Hoolihan, L., Ora, A., &
Trinh, L. (2011). The Personal Nutrition Planner: a 5-week, computer-tailored
intervention for women. J Nutr Educ Behav, 43(3), 165-172.
https://doi.org/10.1016/j.jneb.2010.08.010

Mullan, B., & Novoradovskaya, E. (2018). Habit mechanisms and behavioural complexity.
In The Psychology of Habit (pp. 71-90). Springer.

Mullan, B., Ntoumanis, N., Thegersen-Ntoumani, C., & Lipp, O. V. (2017). "It's a bit more
complicated than that": A broader perspective on determinants of obesity. Behav

Brain Sci, 40, e124. https://doi.org/10.1017/s0140525x16001497

Mummah, S., Robinson, T. N., Mathur, M., Farzinkhou, S., Sutton, S., & Gardner, C. D.
(2017). Effect of a mobile app intervention on vegetable consumption in overweight
adults: a randomized controlled trial. International Journal of Behavioral Nutrition

and Physical Activity, 14(1), 125.

Mummah, S. A., King, A. C., Gardner, C. D., & Sutton, S. (2016). Iterative development of

Vegethon: a theory-based mobile app intervention to increase vegetable

231



consumption. Int J Behav Nutr Phys Act, 13, 90. https://doi.org/10.1186/s12966-
016-0400-z

Mummabh, S. A., Robinson, T. N., King, A. C., Gardner, C. D., & Sutton, S. (2016). IDEAS
(Integrate, Design, Assess, and Share): A Framework and Toolkit of Strategies for
the Development of More Effective Digital Interventions to Change Health
Behavior. ] Med Internet Res, 18(12), e317. https://doi.org/10.2196/jmir.5927

Munt, A. E., Partridge, S. R., & Allman-Farinelli, M. (2017). The barriers and enablers of
healthy eating among young adults: a missing piece of the obesity puzzle: A

scoping review. Obes Rev, 18(1), 1-17. https://doi.org/10.1111/0br.12472

Myers, V. H., McVay, M. A., Champagne, C. M., Hollis, J. F., Coughlin, J. W., Funk, K.
L., Gullion, C. M., Jerome, G. J., Loria, C. M., Samuel-Hodge, C. D., Stevens, V.
J., Svetkey, L. P., & Brantley, P. J. (2013). Weight loss history as a predictor of
weight loss: results from Phase I of the weight loss maintenance trial. J Behav Med,

36(6), 574-582. https://doi.org/10.1007/s10865-012-9450-0

Napolitano, M. A., Hayes, S., Bennett, G. G., Ives, A. K., & Foster, G. D. (2013). Using
Facebook and text messaging to deliver a weight loss program to college students.

Obesity, 21(1), 25-31.

National Health and Medical Research Council. (2013a). Clinical practice guidelines for
the management of overweight and obesity in adults, adolescents and children in
Australia. NHMRC.
http://www.nhmrc.gov.au/ files nhmrc/publications/attachments/n57 obesity guid

elines 13053 1.pdf.
National Health and Medical Research Council. (2013b). Eat for health: the Australian

Dietary Guidelines. Australian Government: National Health and Medical Research

Council. https://www.nhmrc.gov.au/guidelines-publications/n55

232



National Health and Medical Research Council (2017). Recommendations to Reduce
Chronic Disease Risk. https://www.nrv.gov.au/chronic-
disease/summary#:~:text=The%20suggested%20dietary%20target%20is,and%20s
mall%20amounts%200f%20vegetable

National Health and Medical Research Council (Australia). (2013a). Clinical Practice
Guidelines for the Management of Overweight and Obesity for Adults, Adolescents
and Children in Australia. NHMRC.

New Zealand Ministry of Health. (2017). Clinical Guidelines for Weight Management in
New Zealand Adults. Wellington: Ministry of Health. Available from
http://www.health.govt.nz/publication/clinical-guidelines-weight-management-new-

zealand-childrenand-young-people. Accessed 24 March 2019.

Ng, J. Y., Ntoumanis, N., Thogersen-Ntoumani, C., Deci, E. L., Ryan, R. M., Duda, J. L.,
& Williams, G. C. (2012). Self-Determination Theory Applied to Health Contexts:
A Meta-Analysis. Perspect Psychol Sci, 7(4), 325-340.
https://doi.org/10.1177/1745691612447309

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C.,. .. (2014).
Global, regional, and national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. The Lancet, 384(9945), 766-781.
https://doi.org/https://doi.org/10.1016/S0140-6736(14)60460-8

NICE. (2006). Obesity: the prevention, identification, assessment and management of

overweight and obesity in adults and children.
Nikolaou, C. K., Hankey, C. R., & Lean, M. E. J. (2015). Elearning approaches to prevent

weight gain in young adults: a randomized controlled study. Obesity, 23(12), 2377-
2384.

233



Noar, S. M., Benac, C. N., & Harris, M. S. (2007a). Does tailoring matter? Meta-analytic
review of tailored print health behavior change interventions. Psychol Bull, 133(4),

673-693. https://doi.org/10.1037/0033-2909.133.4.673

Nour, M., Sui, Z., Grech, A., Rangan, A., McGeechan, K., & Allman-Farinelli, M. (2017).
The fruit and vegetable intake of young Australian adults: a population perspective.
Public Health Nutr, 20(14), 2499-2512.
https://doi.org/10.1017/S1368980017001124

O'Brien, K. M., Hutchesson, M. J., Jensen, M., Morgan, P., Callister, R., & Collins, C. E.
(2014). Participants in an online weight loss program can improve diet quality
during weight loss: a randomized controlled trial. Nutr J, 13, 82.

https://do1.0org/10.1186/1475-2891-13-82

O'Loughlin, G., Cullen, S. J., McGoldrick, A., O'Connor, S., Blain, R., O'Malley, S., &
Warrington, G. D. (2013). Using a wearable camera to increase the accuracy of
dietary analysis. Am J Prev Med, 44(3), 297-301.
https://doi.org/10.1016/j.amepre.2012.11.007

O’Hara, B. J., Grunseit, A., Phongsavan, P., Bellew, W., Briggs, M., & Bauman, A. E.
(2016). Impact of the swap it, don’t stop it Australian national mass media

campaign on promoting small changes to lifestyle behaviors. Journal of health

communication, 21(12), 1276-1285.

Ortega, R. M., Pérez-Rodrigo, C., & Lopez-Sobaler, A. M. (2015). Dietary assessment
methods: dietary records. Nutricion hospitalaria, 31(3), 38-45.

Oshio, A. (2009). Development and validation of the dichotomous thinking inventory.

Social Behavior and Personality: an international journal, 37(6), 729-741.

Ostendorf, D. M., Caldwell, A. E., Creasy, S. A., Pan, Z., Lyden, K., Bergouignan, A.,
MacLean, P. S., Wyatt, H. R., Hill, J. O., & Melanson, E. L. (2019). Physical

234



activity energy expenditure and total daily energy expenditure in successful weight

loss maintainers. Obesity, 27(3), 496-504. https://doi.org/10.1002/0by.22373

Pagoto, S., Schneider, K., Jojic, M., DeBiasse, M., & Mann, D. (2013). Evidence-based
strategies in weight-loss mobile apps. Am J Prev Med, 45(5), 576-582.
https://doi.org/10.1016/j.amepre.2013.04.025

Pagoto, S. L., Schneider, K. L., Oleski, J. L., Luciani, J. M., Bodenlos, J. S., & Whited, M.
C. (2012). Male inclusion in randomized controlled trials of lifestyle weight loss

interventions. Obesity, 20(6), 1234-1239.

Palascha, A., van Kleef, E., & van Trijp, H. C. (2015). How does thinking in Black and
White terms relate to eating behavior and weight regain? J Health Psychol, 20(5),
638-648. https://doi.org/10.1177/1359105315573440

Palinkas, L. A., Horwitz, S. M., Green, C. A., Wisdom, J. P., Duan, N., & Hoagwood, K.
(2015). Purposeful Sampling for Qualitative Data Collection and Analysis in Mixed
Method Implementation Research. Adm Policy Ment Health, 42(5), 533-544.
https://doi.org/10.1007/s10488-013-0528-y

Partridge, S. R., Allman-Farinelli, M., McGeechan, K., Balestracci, K., Wong, A. T. Y.,
Hebden, L., Harris, M. F., Bauman, A., & Phongsavan, P. (2016). Process
evaluation of TXT2BFiT: a multi-component mHealth randomised controlled trial
to prevent weight gain in young adults [journal article]. International Journal of
Behavioral Nutrition and Physical Activity, 13(1), 7. Partridge2016.
https://doi.org/10.1186/s12966-016-0329-2

Partridge, S. R., McGeechan, K., Hebden, L., Balestracci, K., Wong, A. T., Denney-
Wilson, E., Harris, M. F., Phongsavan, P., Bauman, A., & Allman-Farinelli, M.
(2015). Effectiveness of a mHealth Lifestyle Program With Telephone Support
(TXT2BFiT) to Prevent Unhealthy Weight Gain in Young Adults: Randomized
Controlled Trial [Original Paper]. JMIR mHealth uHealth, 3(2), e66.
https://doi.org/10.2196/mhealth.4530

235



Passos, J. A., Vasconcellos-Silva, P. R., & Santos, L. A. d. S. (2020). Cycles of attention to
fad diets and internet search trends by Google trends. Ciéncia & Saude Coletiva, 25,

2615-2631.

Patel, M. L., Hopkins, C. M., Brooks, T. L., & Bennett, G. G. (2019). Comparing Self-
Monitoring Strategies for Weight Loss in a Smartphone App: Randomized
Controlled Trial. JMIR Mhealth Uhealth, 7(2), €12209.
https://doi.org/10.2196/12209

Patrick, K., Calfas, K., Norman, G., Rosenberg, D., Zabinski, M., Sallis, J., Rock, C., &
Dillon, L. (2011). Outcomes of a 12-Month Web-Based Intervention for
Overweight and Obese Men. Annals of Behavioral Medicine, 42(3), 391-401.
https://doi.org/10.1007/s12160-011-9296-7

Pavlou, K. N., Krey, S., & Steffee, W. P. (1989). Exercise as an adjunct to weight loss and
maintenance in moderately obese subjects. Am J Clin Nutr, 49(5 Suppl), 1115-
1123. https://doi.org/10.1093/ajcn/49.5.1115

Perri, M. G., Shankar, M. N., Daniels, M. J., Durning, P. E., Ross, K. M., Limacher, M. C.,
Janicke, D. M., Martin, A. D., Dhara, K., & Bobroft, L. B. (2020). Effect of
Telehealth Extended Care for Maintenance of Weight Loss in Rural US
Communities: A Randomized Clinical Trial. JAMA network open, 3(6), €206764-
€206764.

Pettigrew, S., Talati, Z., & Pratt, I. S. (2017). Health communication implications of the
perceived meanings of terms used to denote unhealthy foods. BMC obesity, 4(1), 1-
6.

Phelan, S., Brannen, A., Erickson, K., Diamond, M., Schaffner, A., Munoz-Christian, K.,
Stewart, A., Sanchez, T., Rodriguez, V. C., Ramos, D. 1., McClure, L., Stinson, C.,
& Tate, D. F. (2015). 'Fit Moms/Mamas Activas' internet-based weight control

program with group support to reduce postpartum weight retention in low-income

236



women: study protocol for a randomized controlled trial. Trials, 16, 59.

https://doi.org/10.1186/s13063-015-0573-9

Phelan, S., Hagobian, T., Brannen, A., Hatley, K. E., Schaffner, A., Mufioz-Christian, K.,
& Tate, D. F. (2017). Effect of an Internet-Based Program on Weight Loss for Low-
Income Postpartum Women: A Randomized Clinical Trial. JAMA, 317(23), 2381-
2391. https://doi.org/10.1001/jama.2017.7119

Pi-Sunyer, F. X. (1993). Short-term medical benefits and adverse effects of weight loss
[Research Support, U.S. Gov't, P.H.S.

Review]. Annals of internal medicine, 119(7 Pt 2), 722-726.
http://www.ncbi.nlm.nih.gov/pubmed/8363205

Pirotta, S., Joham, A., Hochberg, L., Moran, L., Lim, S., Hindle, A., & Brennan, L. (2019).
Strategies to reduce attrition in weight loss interventions: A systematic review and

meta-analysis. Obes Rev, 20(10), 1400-1412. https://doi.org/10.1111/0br.12914

Plotnikoff, R. C., Costigan, S. A., Williams, R. L., Hutchesson, M. J., Kennedy, S. G.,
Robards, S. L., Allen, J., Collins, C. E., Callister, R., & Germov, J. (2015).
Effectiveness of interventions targeting physical activity, nutrition and healthy
weight for university and college students: a systematic review and meta-analysis

[journal article]. International Journal of Behavioral Nutrition and Physical

Activity, 12(1), 45. Plotnikoff2015. https://doi.org/10.1186/s12966-015-0203-7

Pollard, C. M., Howat, P. A., Pratt, I. S., Boushey, C. J, D., E. J , & Kerr, D. A. (2016).
Preferred Tone of Nutrition Text Messages for Young Adults: Focus Group Testing.
JMIR Mhealth Uhealth, 4(1), el. https://doi.org/10.2196/mhealth.4764

Pollard, C. M., Miller, M. R., Daly, A. M., Crouchley, K. E., O’Donoghue, K. J., Lang, A.
J., & Binns, C. W. (2008). Increasing fruit and vegetable consumption: success of
the Western Australian Go for 2&5® campaign. Public health nutrition, 11(3), 314-
320.

237



Pricewaterhouse Cooper. (2015). Weighing the cost of obesity: A case for action.

Pulker, C., Trapp, G., Scott, J., & Pollard, C. (2018). Alignment of Supermarket Own
Brand Foods’ Front-of-Pack Nutrition Labelling with Measures of Nutritional
Quality: An Australian Perspective. Nutrients, 10, 1465.
https://doi.org/10.3390/nul10101465

Quested, E., Kwasnicka, D., Thegersen-Ntoumani, C., Gucciardi, D. F., Kerr, D. A., Hunt,
K., Robinson, S., Morgan, P. J., Newton, R. U., & Gray, C. (2018). Protocol for a
gender-sensitised weight loss and healthy living programme for overweight and
obese men delivered in Australian football league settings (Aussie-FIT): A

feasibility and pilot randomised controlled trial. BMJ open, 8(10), €022663.

Rabin, R., & de Charro, F. (2001). EQ-5D: a measure of health status from the EuroQol
Group. Ann Med, 33(5), 337-343. https://www.ncbi.nlm.nih.gov/pubmed/11491192

Raynor, H. A., & Champagne, C. M. (2016). Position of the Academy of Nutrition and
Dietetics: Interventions for the Treatment of Overweight and Obesity in Adults.
Journal of the Academy of Nutrition and Dietetics, 116(1), 129-147.
https://doi.org/https://doi.org/10.1016/j.jand.2015.10.03 1

Reedy, J., Krebs-Smith, S. M., Miller, P. E., Liese, A. D., Kahle, L. L., Park, Y., & Subar,
A. F. (2014). Higher diet quality is associated with decreased risk of all-cause,
cardiovascular disease, and cancer mortality among older adults. The Journal of

nutrition, 144(6), 881-889.

Resnicow, K., Davis, R. E., Zhang, G., Konkel, J., Strecher, V. J., Shaikh, A. R., Tolsma,
D., Calvi, J., Alexander, G., Anderson, J. P., & Wiese, C. (2008a). Tailoring a fruit
and vegetable intervention on novel motivational constructs: results of a
randomized study. Ann Behav Med, 35(2), 159-169.
https://doi.org/10.1007/s12160-008-9028-9

238



Riebl, S. K., Estabrooks, P. A., Dunsmore, J. C., Savla, J., Frisard, M. 1., Dietrich, A. M.,
Peng, Y., Zhang, X., & Davy, B. M. (2015). A systematic literature review and
meta-analysis: The Theory of Planned Behavior's application to understand and
predict nutrition-related behaviors in youth. Eating Behaviors, 18, 160-178.
https://doi.org/http://dx.doi.org/10.1016/j.eatbeh.2015.05.016

Rikli, R. E. (2000). Reliability, validity, and methodological issues in assessing physical
activity in older adults. Res Q Exerc Sport, 71(2 Suppl), S89-96.

Riley, W. T., Rivera, D. E., Atienza, A. A., Nilsen, W., Allison, S. M., & Mermelstein, R.
(2011). Health behavior models in the age of mobile interventions: are our theories
up to the task? Transl Behav Med, 1(1), 53-71. https://doi.org/10.1007/s13142-011-
0021-7

Robertson, C., Archibald, D., Avenell, A., Douglas, F., Hoddinott, P., van Teijlingen, E.,
Boyers, D., Stewart, F., Boachie, C., Fioratou, E., Wilkins, D., Street, T., Carroll,
P., & Fowler, C. (2014). Systematic reviews of and integrated report on the
quantitative, qualitative and economic evidence base for the management of obesity

in men. Health Technol Assess, 18(35). https://doi.org/10.3310/htal8350

Robertson, C., Avenell, A., Boachie, C., Stewart, F., Archibald, D., Douglas, F., Hoddinott,
P., van Teijlingen, E., & Boyers, D. (2016). Should weight loss and maintenance
programmes be designed differently for men? A systematic review of long-term
randomised controlled trials presenting data for men and women: The ROMEO
project. Obes Res Clin Pract, 10(1), 70-84.
https://doi.org/10.1016/j.0rcp.2015.04.005

Robinson, E., & Oldham, M. (2016). Weight status misperceptions among UK adults: the
use of self-reported vs. measured BMI. BMC obesity, 3(1), 1-6.

Rollo, M. E., Burrows, T., Vincze, L. J., Harvey, J., Collins, C. E., & Hutchesson, M. J.

(2018). Cost evaluation of providing evidence-based dietetic services for weight

239



management in adults: In-person versus eHealth delivery. Nutrition & Dietetics,

75(1), 35-43. https://doi.org/10.1111/1747-0080.12335

Rooney, C., McKinley, M. C., Appleton, K. M., Young, 1. S., McGrath, A. J., Draffin, C.
R., Hamill, L. L., & Woodside, J. V. (2017). How much is ‘5-a-day’? A qualitative
investigation into consumer understanding of fruit and vegetable intake guidelines.
Journal of Human Nutrition and Dietetics, 30(1), 105-113.
https://doi.org/https://doi.org/10.1111/jhn.12393

Rothert, K., Strecher, V. J., Doyle, L. A., Caplan, W. M., Joyce, J. S., Jimison, H. B.,
Karm, L. M., Mims, A. D., & Roth, M. A. (2006). Web-based weight management
programs in an integrated health care setting: a randomized, controlled trial.

Obesity, 14(2), 266-272.

Russell, R. D., Black, L. J., Sherriff, J. L., & Begley, A. (2019). Dietary responses to a
multiple sclerosis diagnosis: a qualitative study. Eur J Clin Nutr, 73(4), 601-608.
https://doi.org/10.1038/s41430-018-0252-5

Ryan, D. H., & Yockey, S. R. (2017). Weight loss and improvement in comorbidity:
differences at 5%, 10%, 15%, and over. Current obesity reports, 6(2), 187-194.

Ryan, K., Dockray, S., & Linehan, C. (2019). A systematic review of tailored eHealth
interventions for weight loss. Digital health, 5, 2055207619826685.

Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of
intrinsic motivation, social development, and well-being. Am Psychol, 55(1), 68-78.

https://www.ncbi.nlm.nih.gov/pubmed/11392867

Saint Onge, J. M., & Krueger, P. M. (2017). Health lifestyle behaviors among US adults.
SSM-Population Health, 3, 89-98.

240



Sairanen, E., Lappalainen, R., Lapvetelainen, A., Tolvanen, A., & Karhunen, L. (2014).
Flexibility in weight management. Eat Behav, 15(2), 218-224.
https://doi.org/10.1016/j.eatbeh.2014.01.008

Salcedo, V., Gutiérrez-Fisac, J., Guallar-Castillon, P., & Rodriguez-Artalejo, F. (2010).
Trends in overweight and misperceived overweight in Spain from 1987 to 2007.

International Journal of Obesity, 34(12), 1759-1765.

Samdal, G. B., Eide, G. E., Barth, T., Williams, G., & Meland, E. (2017). Effective
behaviour change techniques for physical activity and healthy eating in overweight
and obese adults; systematic review and meta-regression analyses [journal article].
International Journal of Behavioral Nutrition and Physical Activity, 14(1), 42.
Samdal2017. https://doi.org/10.1186/s12966-017-0494-y

Sawamoto, R., Nozaki, T., Nishihara, T., Furukawa, T., Hata, T., Komaki, G., & Sudo, N.
(2017). Predictors of successful long-term weight loss maintenance: a two-year
follow-up. BioPsychoSocial Medicine, 11(1), 14. https://doi.org/10.1186/s13030-
017-0099-3

Schembre, S. M., Liao, Y., Robertson, M. C., Dunton, G. F., Kerr, J., Haffey, M. E.,
Burnett, T., Basen-Engquist, K., & Hicklen, R. S. (2018). Just-in-time feedback in
diet and physical activity interventions: systematic review and practical design

framework. Journal of medical Internet research, 20(3), e106.

Schroder, K. E. (2011). Computer-assisted dieting: effects of a randomized nutrition
intervention. Am J Health Behav, 35(2), 175-188.
https://doi.org/10.5993/ajhb.35.2.5

Sherrington, A., Newham, J. J., Bell, R., Adamson, A., McColl, E., & Araujo-Soares, V.
(2016). Systematic review and meta-analysis of internet-delivered interventions
providing personalized feedback for weight loss in overweight and obese adults.

Obesity Reviews, 17(6), 541-551. https://doi.org/10.1111/0br.12396

241



Shim, J.-S., Oh, K., & Kim, H. C. (2014). Dietary assessment methods in epidemiologic
studies. Epidemiology and health, 36, €2014009-¢2014009.
https://doi.org/10.4178/epih/e2014009

Shoneye, C., Johnson, F., Steptoe, A., & Wardle, J. (2011). A qualitative analysis of black
and white British women’s attitudes to weight and weight control. Journal of
Human Nutrition and Dietetics, 24(6), 536-542. https://doi.org/10.1111/j.1365-
277X.2011.01198.x

Shoneye, C. L., Dhaliwal, S. S., Pollard, C. M., Boushey, C. J., Delp, E. J., Harray, A. J.,
Howat, P. A., Hutchesson, M. J., Rollo, M. E., Zhu, F., Wright, J. L., Pratt, I. S.,
Jancey, J., Halse, R. E., Scott, J. A., Mullan, B., Collins, C. E., & Kerr, D. A.
(2019). Image-Based Dietary Assessment and Tailored Feedback Using Mobile
Technology: Mediating Behavior Change in Young Adults. Nutrients, 11(2), 435.
https://doi.org/10.3390/nu11020435

Shoneye, C. L., Dhaliwal, S. S., Pollard, C. M., Boushey, C. J., Delp, E. J., Harray, A. J.,
Howat, P. A., Hutchesson, M. J., Rollo, M. E., Zhu, F. Q., Wright, J. L., Pratt, I. S.,
Jancey, J., Halse, R. E., Scott, J. A., Mullan, B., Collins, C. E., & Kerr, D. A.
(2019). Image-Based Dietary Assessment and Tailored Feedback Using Mobile
Technology: Mediating Behavior Change in Young Adults. Nutrients, 11(2), Article
435. https://doi.org/10.3390/nu11020435

Short, C. E., James, E. L., Plotnikoff, R. C., & Girgis, A. (2011). Efficacy of tailored-print
interventions to promote physical activity: a systematic review of randomised trials.

Int J Behav Nutr Phys Act, 8, 113. https://doi.org/10.1186/1479-5868-8-113

Shuger, S. L., Barry, V. W., Sui, X., McClain, A., Hand, G. A., Wilcox, S., Meriwether, R.
A., Hardin, J. W., & Blair, S. N. (2011). Electronic feedback in a diet- and physical
activity-based lifestyle intervention for weight loss: a randomized controlled trial.

Int J Behav Nutr Phys Act, 8, 41. https://doi.org/10.1186/1479-5868-8-41

242



Silk, K. J., Sherry, J., Winn, B., Keesecker, N., Horodynski, M. A., & Sayir, A. (2008).
Increasing nutrition literacy: testing the effectiveness of print, web site, and game

modalities. Journal of nutrition education and behavior, 40(1), 3-10.

Sinclair, S. J., Siefert, C. J., Slavin-Mulford, J. M., Stein, M. B., Renna, M., & Blais, M. A.
(2012). Psychometric evaluation and normative data for the depression, anxiety, and
stress scales-21 (DASS-21) in a nonclinical sample of U.S. adults. Eval Health Prof,
35(3), 259-279. https://doi.org/10.1177/0163278711424282

Springvloet, L., Lechner, L., de Vries, H., Candel, M. J., & Oenema, A. (2015). Short- and
medium-term efficacy of a Web-based computer-tailored nutrition education

intervention for adults including cognitive and environmental feedback: randomized

controlled trial. J Med Internet Res, 17(1), e23. https://doi.org/10.2196/jmir.3837

Stegenga, H., Haines, A., Jones, K., & Wilding, J. (2014). Identification, assessment, and
management of overweight and obesity: summary of updated NICE guidance. Bmj,

349, 26608.

Steinberg, D. M., Tate, D. F., Bennett, G. G., Ennett, S., Samuel-Hodge, C., & Ward, D. S.
(2013). The efficacy of a daily self-weighing weight loss intervention using smart
scales and e-mail. Obesity, 21(9), 1789-1797. https://doi.org/10.1002/0by.20396

Stewart, A., Marfell-Jones, M. J., Olds, T. S., & de Ridder, H. (Eds.). (2011). International
standards for anthropometric assessment. International Society for the

Advancement of Kinanthropometry.

Straker, L. M., Howie, E. K., Smith, K. L., Fenner, A. A., Kerr, D. A., Olds, T. S., Abbott,
R. A., & Smith, A. J. (2014). The Impact of Curtin University's Activity, Food and
Attitudes Program on Physical Activity, Sedentary Time and Fruit, Vegetable and
Junk Food Consumption among Overweight and Obese Adolescents: A Waitlist
Controlled Trial. PLoS One, 9(11), e111954.
https://doi.org/10.1371/journal.pone.0111954

243



Stunkard, A. J., & Messick, S. (1985). The three-factor eating questionnaire to measure
dietary restraint, disinhibition and hunger. J Psychosom Res, 29(1), 71-83.
http://www.ncbi.nlm.nih.gov/pubmed/3981480

Sturgiss, E. A., Elmitt, N., Haelser, E., Van Weel, C., & Douglas, K. A. (2018). Role of the
family doctor in the management of adults with obesity: a scoping review. BMJ

open, 8(2), e019367.

Subar, A. F., Freedman, L. S., Tooze, J. A., Kirkpatrick, S. I., Boushey, C., Neuhouser, M.
L., Thompson, F. E., Potischman, N., Guenther, P. M., Tarasuk, V., Reedy, J., &
Krebs-Smith, S. M. (2015). Addressing Current Criticism Regarding the Value of
Self-Report Dietary Data. J Nutr, 145(12), 2639-2645.
https://doi.org/10.3945/jn.115.219634

Sui, Z., Wong, W, Louie, J. C. Y., & Rangan, A. (2016). Discretionary food and beverage
consumption and its association with demographic characteristics, weight status,
and fruit and vegetable intakes in Australian adults. Public health nutrition, -1, 1-8.

https://doi.org/10.1017/S1368980016002305

Sullivan, D. K., Goetz, J. R., Gibson, C. A., Washburn, R. A., Smith, B. K., Lee, J., Gerald,
S., Fincham, T., & Donnelly, J. E. (2013). Improving Weight Maintenance Using
Virtual Reality (Second Life). Journal of Nutrition Education and Behavior, 45(3),
264-268. https://doi.org/https://doi.org/10.1016/j.jneb.2012.10.007

Sumithran, P., Prendergast, L. A., Delbridge, E., Purcell, K., Shulkes, A., Kriketos, A., &
Proietto, J. (2011). Long-term persistence of hormonal adaptations to weight loss.
New England Journal of Medicine, 365(17), 1597-1604.
https://doi.org/10.1056/NEJMoal 105816

Tang, J., Abraham, C., Stamp, E., & Greaves, C. (2015). How can weight-loss app

designers' best engage and support users? A qualitative investigation. British

Journal of Health Psychology, 20(1), 151-171. https://doi.org/10.1111/bjhp.12114

244



Tate, D. F., Jackvony, E. H., & Wing, R. R. (2003). Effects of Internet behavioral
counseling on weight loss in adults at risk for type 2 diabetes: a randomized trial.

Jama, 289(14), 1833-1836. https://doi.org/10.1001/jama.289.14.1833

Teasdale, N., Elhussein, A., Butcher, F., Piernas, C., Cowburn, G., Hartmann-Boyce, J.,
Saksena, R., & Scarborough, P. (2018). Systematic review and meta-analysis of
remotely delivered interventions using self-monitoring or tailored feedback to
change dietary behavior. Am J Clin Nutr, 107(2), 247-256.
https://doi.org/10.1093/ajcn/nqx048

Teixeira, P. J., Palmeira, A. L., & Vansteenkiste, M. (2012). The Role of Self-
Determination Theory and Motivational Interviewing in Behavioral Nutrition,
Physical Activity, and Health: An Introduction to the IBNPA Special Series. Int J
Behav Nutr Phys Act, 9(1), 17. https://doi.org/10.1186/1479-5868-9-17

Teixeira, P. J., Silva, M. N., Mata, J., Palmeira, A. L., & Markland, D. (2012). Motivation,
self-determination, and long-term weight control. International Journal of
Behavioral Nutrition and Physical Activity, 9(1), 22. https://doi.org/10.1186/1479-
5868-9-22

Teixeira, V., Voci, S. M., Mendes-Netto, R. S., & da Silva, D. G. (2018). The relative
validity of a food record using the smartphone application MyFitnessPal. Nutrition

& Dietetics, 75(2), 219-225. https://doi.org/10.1111/1747-0080.12401

Thomas, D. R. (2006). A General Inductive Approach for Analyzing Qualitative Evaluation
Data. American Journal of Evaluation, 27(2), 237-246.
https://doi.org/10.1177/1098214005283748

Thompson, C., Vidgen, H. A., Gallegos, D., & Hannan-Jones, M. T. (2019). Validation of a

revised general nutrition knowledge questionnaire for Australia. Public Health

Nutrition.

245



Thompson, F. E., Kirkpatrick, S. 1., Subar, A. F., Reedy, J., Schap, T. E., Wilson, M. M., &
Krebs-Smith, S. M. (2015). The national cancer institute’s dietary assessment
primer: A resource for diet research. Journal of the Academy of Nutrition and

Dietetics, 115(12), 1986-1995.

Thompson, J. (2010). Management of obesity in Scotland: development of the latest
evidence-based recommendations. Proceedings of the Nutrition Society, 69(2), 195-

198.

Timlin, D., Giannantoni, B., McCormack, J., Polito, A. P., Ciarapica, D. C., Azzini, E. A.,
Giles, M., & Simpson, E. E. A. (2020). Cross cultural “behavioural diagnosis”
examining the uptake of the MIND diet, using the COM-B model to inform an

intervention.

Tong, A., Sainsbury, P., & Craig, J. (2007). Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups.
International Journal for Quality in Health Care, 19(6), 349-357.
https://doi.org/10.1093/intghc/mzm042

Tooze, J. A., Subar, A. F., Thompson, F. E., Troiano, R., Schatzkin, A., & Kipnis, V.
(2004). Psychosocial predictors of energy underreporting in a large doubly labeled
water study. Am J Clin Nutr, 79(5), 795-804.
https://watermark.silverchair.com/znu00504000795.pdf

Turk, M. W., Elci, O. U., Wang, J., Sereika, S. M., Ewing, L. J., Acharya, S. D., Glanz, K.,
& Burke, L. E. (2013). Self-monitoring as a mediator of weight loss in the SMART
randomized clinical trial. Int J Behav Med, 20(4), 556-561.
https://doi.org/10.1007/s12529-012-9259-9

Van der Mispel, C., Poppe, L., Crombez, G., Verloigne, M., & De Bourdeaudhuij, 1.
(2017a). A Self-Regulation-Based eHealth Intervention to Promote a Healthy
Lifestyle: Investigating User and Website Characteristics Related to Attrition
[Original Paper]. ] Med Internet Res, 19(7), €241. https://doi.org/10.2196/jmir.7277

246



Velardo, S. (2015). The Nuances of Health Literacy, Nutrition Literacy, and Food Literacy.
Journal of Nutrition Education and Behavior, 47(4), 385-389.e381.
https://doi.org/https://doi.org/10.1016/j.jneb.2015.04.328

WA Department of Health. (2019). Western Australian Department of Health. WA Healthy
Weight Action Plan 2019-2024. Perth: Health Networks, Western Australian
Department of Health. https://ww?2.health.wa.gov.au/-
/media/Files/Corporate/general-documents/Health-Networks/W A-Healthy-Weight-
Action-Plan/PDF/Healthy-Weight-Action-Plan-2019-2024.pdf

Wadden, T. A., & Stunkard, A. J. (1986). Controlled trial of very low calorie diet, behavior
therapy, and their combination in the treatment of obesity. J Consult Clin Psychol,

54(4), 482-488. https://doi.org/10.1037//0022-006x.54.4.482

Wakefield, M. A., Loken, B., & Hornik, R. C. (2010). Use of mass media campaigns to
change health behaviour. The Lancet, 376(9748), 1261-1271.
https://doi.org/http://dx.doi.org/10.1016/S0140-6736(10)60809-4

Walthouwer, M. J. L., Oenema, A., Lechner, L., & de Vries, H. (2015). Use and
effectiveness of a video-and text-driven Web-based computer-tailored intervention:

randomized controlled trial. Journal of medical Internet research, 17(9), €222.

Wammes, B., Breedveld, B., Looman, C., & Brug, J. (2005). The impact of a national mass
media campaign in The Netherlands on the prevention of weight gain. Public Health

Nutr, 8. Wammes2005. https://doi.org/10.1079/phn2005753

Wammes, B., Oenema, A., & Brug, J. (2007). The Evaluation of a Mass Media Campaign
Aimed at Weight Gain Prevention Among Young Dutch Adults. Obesity, 15(11),
2780-2789. https://doi.org/10.1038/0by.2007.330

Wang, J., Cai, C., Padhye, N., Orlander, P., & Zare, M. (2018). A Behavioral Lifestyle
Intervention Enhanced With Multiple-Behavior Self-Monitoring Using Mobile and

247



Connected Tools for Underserved Individuals With Type 2 Diabetes and Comorbid
Overweight or Obesity: Pilot Comparative Effectiveness Trial. JMIR Mhealth
Uhealth, 6(4), €92. https://doi.org/10.2196/mhealth.4478

Wardle, J., Parmenter, K., & Waller, J. (2000). Nutrition knowledge and food intake.
Appetite, 34(3), 269-275.

Warner, E. T., Glasgow, R. E., Emmons, K. M., Bennett, G. G., Askew, S., Rosner, B., &
Colditz, G. A. (2013). Recruitment and retention of participants in a pragmatic

randomized intervention trial at three community health clinics: results and lessons

learned. BMC Public Health, 13, 192. https://doi.org/10.1186/1471-2458-13-192

Webber, K. H., Tate, D. F., & Quintiliani, L. M. (2008). Motivational interviewing in
internet groups: a pilot study for weight loss. Journal of the American Dietetic

Association, 108(6), 1029-1032.

Whitaker, K. L., Jarvis, M. J., Boniface, D., & Wardle, J. (2011). The Intergenerational
Transmission of Thinness. Archives of Pediatrics & Adolescent Medicine, 165(10),

900-905. https://doi.org/10.1001/archpediatrics.2011.147

White, B. K., Martin, A., White, J. A., Burns, S. K., Maycock, B. R., Giglia, R. C., & Scott,
J. A. (2016). Theory-Based Design and Development of a Socially Connected,
Gamified Mobile App for Men About Breastfeeding (Milk Man). JMIR mHealth
and uHealth, 4(2), e81-e81. https://doi.org/10.2196/mhealth.5652

WHO. (2020). Obesity and overweight.

Wieland, L. S., Falzon, L., Sciamanna, C. N., Trudeau, K. J., Brodney, S., Schwartz, J. E.,
& Davidson, K. W. (2012). Interactive computer-based interventions for weight loss
or weight maintenance in overweight or obese people. Cochrane Database of
Systematic Reviews(8). https://doi.org/Artn Cd007675

10.1002/14651858.Cd007675.Pub2

248



Williamson, D. A., Bray, G. A., & Ryan, D. H. (2015). Is 5% weight loss a satisfactory
criterion to define clinically significant weight loss? Obesity, 23(12), 2319.

Wing, R. R., Lang, W., Wadden, T. A., Safford, M., Knowler, W. C., Bertoni, A. G., Hill,
J. O., Brancati, F. L., Peters, A., Wagenknecht, L., & Group, t. L. A. R. (2011).
Benefits of Modest Weight Loss in Improving Cardiovascular Risk Factors in
Overweight and Obese Individuals With Type 2 Diabetes. Diabetes Care, 34(7),
1481-1486. https://doi.org/10.2337/dc10-2415

World Cancer Research Fund/American Institute for Cancer Research (2018) Diet,
nutrition, physical activity and cancer: a global perspective. Continuous Update

Project Expert Report https://www.wcrf.org/dietandcancer Accessed 19th Feb 2019

World Health Organisation. (2019). WHO guideline: recommendations on digital
interventions for health system strengthening: evidence and recommendations.

World Health Organization.

Wieland, L. S., Falzon, L., Sciamanna, C. N., Trudeau, K. J., Brodney, S., Schwartz, J. E.,
& Davidson, K. W. (2012). Interactive computer-based interventions for weight loss
or weight maintenance in overweight or obese people. Cochrane Database of
Systematic Reviews(8). https://doi.org/Artn
Cd00767510.1002/14651858.Cd007675.Pub2

Worsley, A. (2002). Nutrition knowledge and food consumption: can nutrition knowledge
change food behaviour? Asia Pacific Journal of Clinical Nutrition, 11(s3), S579-
S585. https://doi.org/10.1046/j.1440-6047.11.supp3.7.x

Wright, J. L., Sherriff, J. L., Dhaliwal, S. S., & Mamo, J. C. (2011). Tailored, iterative,
printed dietary feedback is as effective as group education in improving dietary
behaviours: results from a randomised control trial in middle-aged adults with
cardiovascular risk factors. Int J Behav Nutr Phys Act, 8, 43.
https://doi.org/10.1186/1479-5868-8-43

249



Wylie-Rosett, J. (2014). Weight-Loss Intervention by Telephone: Lessons Learned.
Diabetes Care, 37(8), 2078. https://doi.org/10.2337/dc14-0628

Xu, C., He, Y., Khanna, N., Boushey, C. J., & Delp, E. J. (2013). Model-based food
volume estimation using 3D pose.2013 IEEE International Conference on Image
Processing, ICIP 2013 - Proceedings 2013 20th IEEE International Conference on
Image Processing, ICIP 2013, Melbourne, VIC.

Xu, C., Zhu, F., Khanna, N., Boushey, C. J., & Delp, E. J. (2012). Image enhancement and
quality measures for dietary assessment using mobile devices. Proceedings of SPIE
- The International Society for Optical Engineering Computational Imaging X,

Burlingame, CA.

Xue, H., Liu, J., Cheskin, L. J., & Sheppard, V. B. (2020). Discrepancy between perceived
diet quality and actual diet quality among US adult cancer survivors. European
Journal of Clinical Nutrition, 74(10), 1457-1464. https://doi.org/10.1038/s41430-
020-0619-2

Yardley, L., Morrison, L., Bradbury, K., & Muller, L. (2015). The person-based approach to
intervention development: application to digital health-related behavior change

interventions. J Med Internet Res, 17(1), €30. https://doi.org/10.2196/jmir.4055

Yu, Z., Sealey-Potts, C., & Rodriguez, J. (2015). Dietary self-monitoring in weight
management: current evidence on efficacy and adherence. Journal of the Academy

of Nutrition and Dietetics, 115(12), 1934-1938.

Yumuk, V., Tsigos, C., Fried, M., Schindler, K., Busetto, L., Micic, D., & Toplak, H.
(2015). European guidelines for obesity management in adults. Obesity facts, 8(6),
402-424.

Zheng, M., Rangan, A., Meertens, B., & Wu, J. H. (2017). Changes in typical portion sizes

of commonly consumed discretionary foods among Australian adults from 1995 to

2011-2012. Nutrients, 9(6), 577.

250



Zhu, F., Bosch, M., Khanna, N., Boushey, C. J., & Delp, E. J. (2015). Multiple hypotheses
image segmentation and classification with application to dietary assessment. IEEE
J Biomed Health Inform, 19(1), 377-388.
https://doi.org/10.1109/JBHI.2014.2304925

Zhu, F., Bosch, M., Woo, L., Kim, S., Boushey, C. J., Ebert, D. S., & Delp, E. J. (2010).
The Use of Mobile Devices in Aiding Dietary Assessment and Evaluation. IEEE J

Sel Top Signal Process, 4(4), 756-766. https://doi.org/10.1109/jstsp.2010.2051471

Zhu, F., Mariappan, A., Boushey, C. J., Kerr, D., Lutes, K. D., Ebert, D. S., & Delp, E. J.
(2008). Technology-assisted dietary assessment.

251






Appendices

Appendix A Ethical approval

MEMORANDUM Curtin University
Office of Research and
Development
To: A/Prof Deborah Kerr Human Research Ethics Office
School of Public Health TELEPHONE 9266 2784
) FACSIMILE 9266 3793
CC: EMAIL  hrec@curtin.edu.au
From Professor Peter O'Leary, Chair HREC
Subject | | Ethics approval
Approval number: HR61/2016
Date 06-Apr-16
Thank you for your application submitted to the Human Research Ethics Office for the project: 6539

Computer-tailoring to change overweight adults' diet and physical activity

Your application was reviewed by Human Research Ethics Committee at Curtin University at their meeting
on the 02/02/2016

Thankyou for providing the additional information requested by the Human Research Ethics Committee. The
information you provided was satisfactory and your proposal is now approved.

Please note the following conditions of approval:
1. Approval is granted for a period of four years fror 07-Apr-16 to 07-Apr-20
2. Research must be conducted as stated in the approved protocol.
3. Any amendments to the approved protocol must be approved by the Ethics Office.
4. An annual progress report must be submitted to the Ethics Office annually, on the anniversary of
approval.
5. All adverse events must be reported to the Ethics Office.
6. A completion report must be submitted to the Ethics Office on completion of the project.
7. Data must be stored in accordance with WAUSDA and Curtin University policy.
8. The Ethics Office may conduct a randomly identified audit of a proportion of research projects
approved by the HREC.

Should you have any queries about the consideration of your project please contact the Ethics
Support Officer for your faculty, or the Ethics Office at hrec@curtin.edu.au or on 9266 2784. All
human research ethics forms and guidelines are available on the ethics website.

Professor_Peter O'Leary
Chair HREC Research Ethics Committee

253



Appendix B Research integrity training

% Curtin University

ORGANISATIONAL
DEVELOPMENT UNIT

CERTIFICATE OF COMPLETION

This is to certify that
Charlene Shoneye

Completed the
SOL Research Integrity Professional Development Program

Professor Deborah Termy R
Vice-Chancellor Date: 30107/2017

254



Appendix C Research integrity training

% Curtin University

RESEARCH OFFICE AT
CURTIN

CERTIFICATE OF COMPLETION

This is to certify that
Charlene Shoneye

Completed the
Research Integrity Concise - Human Subjects Protections

Professor Deborah Terry .
Vice-Chancellor Date: 21/10/2019

255



Appendix D Data management plan
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12 Research project summary

Current guidelines recommend new online programs are tested with the target audience before any formal trials. This is to
‘ensure the program is user friendly and meets. the needs of the users. Focus groups are commonly used to generate
discussion and explore ideas of groups of people. In this study we want to know what the group thinks about cur ideas.
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Keywords
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2 Research Project Data Details

21 Research project data summary
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Appendix E Example of the 4-week tailored diet and activity
feedback to a participant.

TODAY

Tailored Online Diet and Activity studY

Hi John,

It’s the LiveLighter TODAY team with your diet and activity feedback.

Decide on a weight loss goal and aim to lose up to 10% of your body weight in

six months. This table can help you to work out how much this is for you.
1. Fruit and veg summary

What's the goal? 2 fruit & 5 veg every day.

1. Vegetables

\ Your average daily serves of vegetables was 0.75. Ranging from
0 to 1.25 serves.

What’s the goal again? 5 serves of veg every day.

You can only go up from here!

257


https://cloudstor.aarnet.edu.au/plus/index.php/s/gq32tsBgJnnnnR5

2. Fruit

Your average daily serves of fruit was 0.

What’s the goal again? 2 serves of fruit every day.

You can only go up from here!

A standard serve is about 75g (100-
350kJ) or

Could you add a serve of veg with each
of these meals?

1/2 cup cooked green or orange vegetable
1/2 cup canned beans or lentils

1/2 cup sweetcorn

1/2 medium potato

1 medium tomato

H s & s
I

A standard serve is about 150g (350kJ)

or
1 medium apple, banana or orange
2 small apricots, kiwi fruits or plums

1 cup canned fruit (no added sugar)

Or only occasionally:

125ml (1/2 cup) pure fruit juice

258



4 dried apricot halves

1 1/2 tablespoons of sultanas

L e 2
; retn h o° oo ;... )
9 \. L3 90 L

To lose weight reduce your daily energy intake by at least 2,500 kJ per day (or
600 calories).

For most people this means:
Avoid or limit junk food, sugary drinks and/or alcohol
Eat less at meals or snacks (except for fruit and vegetables)

Eat less often (e.g. limit snacking)

Time to set some healthy eating goals
To lose weight reduce your daily energy intake by at least 2,500 kJ per day.

Could you try to add a serve of vegetables in at least one meal each day? Head to

the Livelighter Salad Builder fact sheet for some ideas on creating interesting

salads to have with your meals.

file://[R:\Live_Lighter_ KERR-KERROD-HS01465\7Methodology\Exit%20interviews\Exit%20interview%20guide%20draft_TF_completers_v1.10.docx


https://livelighter.com.au/assets/resource/factsheet/a3%20pick%20n%20pack%20salad%20builder.pdf

Appendix F Exit interview script

Participants’ perceptions of a digital, tailored, weight loss intervention
LiveLighter TODAY exit interview objectives:

1. Explore participants’ preferences for intervention features
2. Identify participants’ views on how the intervention might be improved
3. Identify intervention features influencing participants’ motivation,
capability and opportunity to change their eating and activity behaviours
Men (n=12) Women (n=12)
Under 40 years > 10% weight loss over | = 10% weight loss over
1 year (n=3) 1 year (n=3)
< 5% or no weight loss | < 5% or no weight loss
over 1 year (n=3) over 1 year (n=3)
Over 40 years > 10% weight loss over | = 10% weight loss over
1 year (n=3) 1 year (n=3)
< 5% or no weight loss | < 5% or no weight loss
over 1 year (n=3) over 1 year (n=3)
Script

Hi [participant], my name is [researcher]
| am from LiveLighter TODAY diet and activity study that you signed up for
about 12-months ago. Thank you for taking the time to chat with me today. |
would like to ask you some questions over the next 30-45 minutes about
your involvement in the study.
I’'m sure you remember coming in to Curtin University to visit us on three
occasions: at the start of the study, and again at 6 and 12 months. During
these visits we took some physical measurements and asked you to
complete a few surveys beforehand about yourself, your diet and activity.
We also gave you a Fitbit watch to wear (and keep) to monitor your activity
and asked you to take images of your food and drink to monitor you diet.
For the first 6 months we emailed you feedback about your diet and activity.
Does that all sound familiar?
Now, we would like you to help us understand what parts of the study you
found helpful or not helpful. Your views are really important to help to
improve future research. We understand that not everything we do works for
everybody so please feel free to give us your honest opinion.
A few important points to remember are:
e There are no right and wrong answers — we would just like to know
what you think.
e You do not have to answer any questions that make you feel
uncomfortable or would prefer not to answer.
e If anything is not clear or you have anything further to add - please
stop me at any time.

OK before we start, would you mind if | record your answers so that
we don’t miss any details? (Phone recording turned on with
permission).
Motivation

e Could you tell me why you signed up to the study?

e Was there anything you were hoping to get out of the study?
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e Can you tell me what you thought about the study in general?

| am now going to ask about any changes you made to your diet or

activity during the study.

e Were there any changes that you noticed as a result of being in the
study?

e Can you think of anything that helped you to make these changes?
(prompt planning ahead, emails from TODAY, taking photos of your
food, wearing the Fitbit, Fitbit app, new knowledge about veg/junk food
serves or movement goals — step count, active minutes, hourly
movement)

Social support

e Thinking about the people around you, friends family and work
mates. Can you tell me if anyone influenced your efforts during the
study?

e As a result of being in the study, do you think you may have
influenced anyone else around you to make changes to their diet and
activity?

e Can you think of anything else that we could have provided that
might have helped you achieve your goals?

Knowledge
e As a result of the study, did you learn anything new about your
daily activity — how much, how hard and how often you move?
e Your diet and what you eat?

Opportunity
The feedback on your diet gave suggestions to reduce your daily
energy intake (or calories) by avoiding junk food, sugary drinks and
alcohol and increasing fruit and vegetable serves; Eating less at meals
or snacks and eating less often
e With these suggestions in mind, was there parts that you found
easier to do?
e Was there parts that you found more challenging?
e Was there any particular parts that you found stuck in your mind /
helpful/ not so helpful?

The activity feedback gave suggestions on moving more (step count),
moving harder (active minutes) and moving more often (hourly
activity).
e Was there parts of this feedback that you found easier to do?
e Was there parts that you found more challenging?
e Was there any particular parts that you found stuck in your mind /
helpful/ not so helpful?

| would now like to ask some questions about your habits. That is
things you do automatically, without even thinking. Like locking the
door when you leave the house.

file://IR:\Live_Lighter_ KERR-KERROD-HS01465\7Methodology\Exit%20interviews\Exit%20interview%20guide%20draft_TF_completers_v1.10.docx



e As aresult of being in the study have you formed any new habits?
(prompt physical activity and eating)

e Can you tell me more about this? (what helped/could help you
develop habits)?

Finally, we would like to know your thoughts on how you think the
study could be improved for future research.
e Have you got any ideas on how the study could be improved to help
people to be more active?
¢ Have you got any ideas on how the study could be improved to help
people to make better food choices?

That’s the end of the interview. We have a $50 voucher to Myer or
Bunnings (you can choose) to thank you for your valuable time.
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Eatin Physical activit
Knowledge e.g. able to Can you think of anything that helped you to make these changes? (prompt for planning ahead,
identify serve of veg emails from TODAY, taking photos of your food, wearing the Fitbit, Fitbit app, new knowledge

about veg/junk food serves or sitting time and active minutes)

Physical .e.g. ease at which | How easy was it for you to make these changes?

task can be performed (no food in the home, no lunch break at work) or (Move more? Move harder? Spend less time
sitting?)

Opportunity

Physical e.g. environment The feedback on your diet gave suggestions | The activity feedback gave suggestions on moving
to avoid or limit junk food, sugary drinks more, moving harder and moving more often.
and/or alcohol. How easy was it for you to make these changes?
How easy was it for you to make these (gym at work, walk dog/kids to school, lack of time).
changes? Was there parts of this feedback that you found
Was there parts of this feedback that you easier to do?
found easier/more challenging to do?

Social e.g. cultural norms As a result of being in the study, do you think you may have influenced anyone else around you to
make changes to their diet and activity levels?

Motivation

Reflective e.g. plan and Thinking about the feedback on your diet, Thinking about the feedback on your activity, was

beliefs was there any particular parts that you found | there any particular parts that you found stuck in
stuck in your mind / helpful/ not so helpful? your mind / helpful/ not so helpful?

Automatic e.g. desires and As a result of being in the study, have you formed any new habits?

impulses Yes — what has helped you develop that?

No — what would help you to develop that?
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