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Abstract

Obesity is a significant problem in young people. Relative to other age groups,
less is known about health related lifestyle behaviours of young people,
particularly in the transition period from adolescence to adulthood. Food choices
are made within the food environment, which encompasses any opportunity to
obtain food or influence food choice. Environmental exposures such as the
availability and accessibility of ‘more healthy’ and ‘less healthy’ food options
interact with individual factors to drive food choice. The aim of this work was to
explore whether, and to what extent, the food envionment to which a young

person is exposed has an influence on individual dietary intake.

A range of methods including food diaries in conjunction with text messaging
and photography, questionnaires, Global Positioning Systems (GPS),

Geographical Information Systems (GIS), and qualitative interviews were used.

The majority of young people (96%) reported using a food outlet at least once
over a 4-day period. Less healthy food outlets, such as takeaways and
convenience stores, were the most frequently used. Being exposed to a greater
number of food outlets was significantly associated with visiting a greater
number of food outlets. Similarly, being exposed to a greater proportion of ‘less
healthy’ food outlets was associated with visiting a greater proportion of ‘less
healthy’ food outlets. However, relationships between the number of food
outlets visited and dietary intake were weak and there was little evidence to
suggest an association between exposure to food outlets and dietary intake.
Qualitative results indicated that time, geographic location, economic cost and
social occasion influenced choice of food outlet. In addition, the particular food
outlet chosen appeared to dictate the food choices made with habitual repeat

ordering of meals an emerging theme.

No previous research has linked individual eating behaviour to the food
environment. ldentifying the types of outlets young people use, the food choices
made within and the factors influencing decisions and behaviours is important
for the development of targeted long term obesity prevention strategies to

facilitate healthier food outlet environments.
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Chapter 1: Introduction

Chapter 1 Introduction

This research was funded by the Food Standards Agency (FSA) under their
2009 postgraduate funding scheme. At the time of application, nutrition policy in
the UK was the responsibility of the FSA, although this has since been
transferred to the Department of Health (DH). This research was designed to
address the topic of ‘social science of food’ and fit within Chapter 4 ‘Eating for
Health’ of the FSA’s strategic plan for 2005-2010 (Food Standards Agency)
which focused on making healthier food choices easier for consumers.

The project used a multi-disciplinary approach to assess the food environment
of young people in the UK assimilating novel methods with tried and tested
techniques. In 2009, Global Positioning System (GPS) and Geographic
Information System (GIS) methods were emerging in the health research
literature, particularly within studies investigating the physical activity
environment (Krenn et al., 2011). This project aimed to use this technology in
the food environment context, linking the exposure of food outlets to the
individual. Building on previous work (Lake et al., Submitted December 2013;
Lake et al., Submitted October 2013a; Lake et al., Submitted October 2013b),
this research had the overall aim to explore whether, and to what extent, the
food environment to which a young person is exposed has an influence on

individual dietary intake.
The thesis is structured as follows:

Chapter Two contains a review of the food environment literature. The volume
of academic publications on the topic of food environments has increased
exponentially over the past few years, in line with increased interest in the
possible environmental causes of obesity and the potential to positively change
environments,. With this in mind, the literature review briefly discusses the
concept of the ‘obesogenic environment’ before focusing on reviewing current
evidence of relationships between the food environment and the health of
young people. Where relevant, the methods used to measure the food
environment are critically reviewed. At the end of this chapter, there is a

statement of the overarching aims for this research.



A number of research methods and protocols used in this research were
developed specifically for use with young people. These are detailed in Chapter
Three. The main focus of this chapter is the selection of a GPS device suitable
for the research and the development of an analysis plan following completion

of a full pilot study.

Chapter Four outlines the methods adopted in this study. Each method and
protocol is described in detail and the use of each method justified with

examples of use from the literature.

Chapter Five is the first of seven results chapters. Participant demographic
characteristics such as gender and age are presented alongside socio-
economic status and the prevalence of overweight and obesity within the

participant group.

Chapter Six presents the results from two questionnaires; the Home Food
Environment Questionnaire covering aspects of availability of food in the home
and parental rule/controls with regards to food, and the Lifestyle Questionnaire
including the assessment of factors such as physical activity, sedentary

behaviour and alcohol consumption.

Chapter Seven presents an overview of the dietary intake data, overall and by
gender, Body Mass Index (BMI) and socio-economic (SES) groups. Dietary
intake data for the participant group are compared with current dietary
guidelines. The study population are also compared to National Diet and
Nutrition Survey figures to indicate the representativeness of the sample
compared to the population average. Results from the Adolescent Food Habits
Checklist, a questionnaire assessing usual food choice habits, are also

presented within this chapter.

An analysis of the sources of food consumed by participants is the focus of
Chapter Eight. This chapter identifies the food source for eating events
recorded in the food diary and reports the mean contribution of each food
source to dietary intake. Chapter Nine which contains a focused exploration of
the Visited Food Outlet Environment, identifying the specific food outlet types
used by young people and their contribution to total dietary intake. In addition,

the consumer food choice environment of the visited food outlets is assessed
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for healthiness of food choices available therein using specifically developed

Measuring Food Environments surveys.

Chapter Ten describes the Exposure Food Environment of individuals. Global
Positioning System (GPS) data are used in conjunction with Geographic
Information System (GIS) techniques to provide a measure of food outlet
exposure experienced by young people, linked to the individual. Relationships
between exposure and visited food outlet environment, dietary intake, BMI and

SES are investigated.

Chapter Eleven presents results from the qualitative interview phase of the
study. Here the factors and drivers influencing the food choice of young people
are explored. Analysis of the interview data is focused on two emergent themes;

‘eating out’ and ‘takeaway food’.

Chapter Twelve draws together the research presented in the thesis and
discusses the findings in relation to previous research in the field. Final
conclusions are presented and recommendations for future obesity prevention
strategies in relation to current public health policy regarding out-of-home eating

are considered.
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Chapter 2 Review of the literature

Chapter overview:

e Literature review approach

¢ Introduction

e The obesogenic environment
e Exposure food environment

¢ Visited food environment

¢ Individual food environment

e Literature review summary

¢ Research aims and objectives

e Methodology

2.1 Literature review approach

Prior to this PhD research, a number of pilot studies were conducted with the
aim of developing a tool kit for measuring the food environment of adolescents
(Lake et al., Submitted December 2013; Lake et al., Submitted October 2013a;
Lake et al., Submitted October 2013b). A literature review of measures used to
assess the food environment was conducted as part of an undergraduate
dissertation (Tyrrell, 2008) and this was used as a starting point for the current
literature review. A thorough literature search was continued throughout the

study.

At first the literature review focussed primarily on methods of assessing the food
environment and at this stage the majority of papers included were primary
studies. Throughout the course of the research, many systematic and narrative
reviews of the food environment literature were published and it is these review
papers that form the base of the final literature review presented in this thesis.
This resulted in a narrative literature review which was structured based on the
Glanz (2005) model of nutrition environments building up from the individual
food environment and behaviours through to the visited food environment and
finally the exposure food environment. Research papers with a focus on young
people, particularly older adolescents took precedence. A search for literature
focusing on the specific methods used in this study, such as Global Positioning

4
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Systems and Geographic Information Systems, in relation to any health related

research was also completed.

A narrative review was deemed the most appropriate literature review method
due to the extent of the topics and methods being investigated across a number
of disciplines. Systematic reviews are most commonly adopted in quantitative
research where research papers answering a specific question are pooled to
give a summary of the research (Grant and Booth, 2009). Due to the broad
nature of the research questions in this thesis and the mixed methods used a
narrative approach was more appropriate. However, it is acknowledged that the
review may therefore be biased in terms of the selection of research papers in
the absence of set inclusion, exclusion and quality criteria which would be

detailed from the outset of a systematic review.

Databases used for the literature searches included PubMed, Scopus, Ovid and
Web of Knowledge. The National Cancer Institute’s Measures of the Food
Environment website (National Cancer Institute, 2012 ) was used to explore
methods of measuring the food environment. In addition, automatic alerts were
set up for specific scientific journals of interest including Health & Place, Public
Health Nutrition and the Journal of Adolescence. Key words included:
adolescent; young people; food environment; obesogenic environment; global
positioning systems; geographic information systems; dietary intake; eating

patterns; food choice; and body mass index.
2.2 Introduction

Obesity is a major global health problem, the prevalence of which is continuing
to rise world-wide. A number of environmental factors are believed to contribute
to the continued global increases in overweight and obesity. These include a
shift in diet towards increased consumption of energy dense foods, high in fat
and sugars but low in vitamins, minerals and other micronutrients, alongside a
decrease in physical activity levels due to increasingly sedentary occupations,
changes in modes of transportation and increasing urbanisation (World Health
Organization, 2006).

Type-2 diabetes, hypertension, coronary heart disease, stroke and some
cancers are just a few of the health conditions associated with overweight and
5
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obesity (Butland et al., 2007). In addition to the health implications to the
individual, obesity has wider cost consequences to society and the economy.
The direct cost of obesity to the National Health Service (NHS) is estimated to
be £5.1bn per year (Department of Health, 2011a). Including the costs
associated with dependence on state benefits, loss of earnings and reduced
productivity, the wider costs of obesity and overweight are around £16bn per
year (Department of Health, 2011a). The Foresight report (Butland et al., 2007)
predicted the annual direct cost of obesity to the NHS to be £6.5bn by 2050,

with the wider cost to society at around £50bn.

The Health Survey for England 2011 (The Health and Social Care Information
Centre, 2012) reported that obesity prevalence in young people aged 16-24
years was 9% for males and 12% for females. For the same age group, a third
of young men (32%) and young women (33%) were classified as overweight or
obese. It is predicted that 36% of male and 28% of female adults in the UK will
be obese by 2015 (Butland et al., 2007). If prevalence continues to rise at the
current rate, 60% of males and 50% of females could be obese by 2050
(Butland et al., 2007).

Obesity has been shown to track throughout the life stages. Those individuals
who are obese during adolescence are likely to remain obese throughout their
adult life (Craigie et al., 2009). This may be due to obesity promoting
behaviours such as poor dietary patterns and low physical activity levels
developed during childhood or adolescence tracking into adulthood (Baranowski
et al., 2000; Larson et al., 2008; Craigie et al., 2011). In their 2003 report on
diet, nutrition and prevention of chronic diseases, the World Health Organisation
(2003) identified three critical aspects of adolescence (defined as the period of
development between childhood and adulthood) that have an impact on chronic
diseases:

1.the development of risk factors during the adolescent period
2.the tracking of these risk factors throughout life
3.the development and tracking of healthy or unhealthy habits, such as

physical inactivity
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Less is known about the diet related lifestyle behaviours of young adults,
relative to other age groups (Nelson et al., 2006). Adolescence, particularly the
transition period between late adolescence and young adulthood, is a time
where a number of life changes occur such as transition into further education
or work and moving out of the parental home. During late adolescence many
young people start to explore the world, exposing themselves to alternative
lifestyle patterns and behaviours which could impact behaviours in later life
(Butland et al., 2007). Adolescence could therefore be a critical time point for
behaviour change intervention implementation (Butland et al., 2007).

Understanding the relationship between what we eat and the environmental
context in which we make food choices is essential to the development of long
term solutions for the prevention of obesity and other diet related diseases
(Lake et al., 2010).

2.3 The obesogenic environment

Although it is acknowledged that genetics and biology play a role in the
aetiology of obesity, the dramatic increase in obesity prevalence over recent
years suggests the environment plays the leading role and may be the factor
most adaptable to change (Butland et al., 2007). The environment an individual
interacts with plays a strong role in how lifestyle behaviours are shaped and
subsequently maintained (Alberga et al., 2012). At an individual level, unhealthy
lifestyles and lack of self-control may be contributing factors to the obesity
epidemic. However, if the environment makes it difficult to make healthy lifestyle
choices, the individual may not be fully responsible for the choices they make
(Butland et al., 2007). Research interest in exploring the influence of the
environment on health behaviours and related outcomes has therefore

increased in recent years (McKinnon et al., 2009; Kirk et al., 2010).

The term ‘obesogenic environment’ is defined as ‘the sum of influences that the
surroundings, opportunities or conditions of life have on promoting obesity in
individuals or populations’ (Swinburn et al., 1999, p564). It refers to the role
environmental factors may play in determining both energy intake and

expenditure and the subsequent development of obesity (Swinburn et al.,
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1999). The term embraces the entire range of social, cultural and infrastructural

conditions that influence an individual’s ability to adopt a healthy lifestyle.

There is currently a lack of conclusive evidence on how, and to what extent
obesity is encouraged by the environment, although some trends and themes
are emerging (Butland et al., 2007). Tackling the obesity epidemic requires a
multifaceted approach (Butland et al., 2007); the multiplicity and complexity of
the systems operating in obesity development are demonstrated within the
Foresight Obesity Systems map (Foresight, 2007a). Within the map, factors that
positively or negatively influence the energy balance equation are grouped into

seven interlinking thematic clusters, outlined in Table 1.
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Table 1 Thematic clusters included in the Foresight Obesity Systems Map (Foresight, 2007a)

Thematic Cluster

Description

Examples

Social psychology

Variables that have an
influence at the societal level

Education, watching television
(exposure to advertising),
peer pressure.

Individual psychology

Variables that describe
physiological factors relating
to the individual

Self-esteem, food literacy,
social interaction,
psychological ambivalence

Physical activity environment

Opportunities for individuals to
partake in physical activity in
either surrounding
environment or leisure centres
etc.

Access to opportunities for
physical exercise, cost of
physical exercise, walk-ability
of living environment

Individual activity

Activity undertaken by an
individual or group

Levels of physical activity
including recreational,
occupational and domestic
activity, levels of active
transport e.g. walking, cycling

Physiology

Mix of biological variables
including predisposition to
obesity and the effect of
differences in genetic makeup
on an individual’s ability to
maintain a healthy weight

Degree of appetite control,
level of satiety, genetic and/or
epigenetic predisposition to
obesity, resting metabolic rate

Food Production

Drivers of the food industry
and wider social and
economic variables impacting
demand and purchasing
power

Food production and catering,
cost of ingredients, desire to
maximise volume, pressure to
improve access to food
offerings.

Food Consumption

Characteristics of the
consumer food environment
and influences on individual
food choice

Force of dietary habits,
nutritional quality of food
offerings including energy
density, portion size,
convenience, variety and
abundance.

The environment can impact health through mediation of the physical activity

environment and the food environment (Lake and Townshend, 2006). The focus

of this research is to explore the food environment and therefore the aim of the

literature review from this point forward is to explore the impact of different

aspects of the food environment on the health of young people.

2.3.1Defining the food environment

The food environment encompasses all opportunities for an individual to obtain

food and the environmental factors that influence food choice (Lake et al.,

2010). This environment is complex and multi-level (Glanz, 2009). A number of

models have been constructed to conceptualise and map the food environment

and the factors influencing individual food choice (Swinburn et al., 1999; Glanz

et al., 2005) and dietary intake (Rosenkranz and Dzewaltowski, 2008).
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One of these models is the Analysis Grid for Environments Linked to Obesity
(ANGELO framework) (Swinburn et al., 1999), which provides a framework for
identifying environmental factors influencing health behaviours including food
choice (Simmons et al., 2009). The grid itself comprises of two environment
sizes on one axis (micro and macro) and four environment types on the other
(physical, economic, political or socio-cultural). Two systematic reviews using
the ANGELO framework (Swinburn et al., 1999) have identified a lack of
research on the physical micro-environment using diet as an outcome measure
(van der Horst et al., 2007; Kirk et al., 2010).

Perhaps the most comprehensive definition of the food environment is the
model of community nutrition environments developed by Glanz et al. (2005)
which includes policy, environmental, individual and behaviour factors as
influences on food choice. This model has provided the conceptual basis for
many studies of the food environment (Ding et al., 2012; Williams et al., 2012;
Minaker et al., 2013). Within the model, three types of nutrition environment
variables were identified: ‘community’, ‘organisational’, and ‘consumer’ (Glanz
et al., 2005). Research measures that might be considered within each
environment variable are presented within the model and the need to consider
the influence of policy, information and individual factors on behaviour, and
therefore health, is acknowledged (Glanz et al., 2005).

Figure 1 presents a model of the adolescent food environment developed using
the concepts presented within the community nutrition environment model
(Glanz et al., 2005). The concepts presented in Figure 1 are used to form the

structure this literature review.

From this point forward the food environment is discussed according to the

following three environment types:

e Exposure Food Environment
e Visited Food Environment

¢ Individual Food Environment

The Exposure Food Environment (EFE) encompasses the food environment to
which individuals are potentially exposed during everyday life and thus

represent the opportunities to obtain food. The EFE identifies the food outlets
10
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individuals have the potential to access but do not necessarily visit. Ecological
and individual level exploration of exposure to food outlets in relation to diet and
adiposity outcomes are presented within this review. The information

environment and relevant Government policy are also briefly discussed.

The Visited Food Environment (VFE) includes the identification and
measurement of the ‘organisational’, ‘community’ and ‘consumer’ nutrition
environments (Glanz et al., 2005) i.e. the sources of food accessed at the
individual level. ‘Organisational’ environments include those unique to the
individual user in terms of access such as home, school and workplace. Food
outlets, such as shops and restaurants that individuals use, make up the visited
‘community’ environment. ‘Consumer’ environment refers to the food choices
and information available within the food outlet environment e.g. availability of
fruits and vegetables in convenience stores or healthier options highlighted on

restaurant menus.

The Individual Food Environment is defined as the behaviours an individual
exhibits with regards to food such as dietary patterns and intake which can lead
to diet related health outcomes such as adiposity. It also includes factors which
may influence individual food choice such as psychosocial measures e.g. family
and peer group influences, and socio-demographics e.g. socio-economic status.
Age, gender, and lifestyle factors including physical activity, sedentary

behaviour and habitual alcohol intake are also included here.

11
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Figure 1 Model of Adolescent Food Environments adapted from Glanz et al. (2005) model of Community Nutrition Environments
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2.4 Exposure food environment

As outlined in the previous section, the exposure food environment refers to the
‘community’ nutrition environment depicted in the Glanz et al. (2005) model in
terms of potential for individuals to access food outlets. This section outlines the
process of identifying and categorising food outlets before exploring the
commonly used measures of food outlet exposure. The chapter concludes by
reviewing the current evidence of relationships between exposure to food
outlets and diet and adiposity outcomes in young people at both the population

and individual level.
2.4.11dentifying food outlet locations

The identification of the geographic location of food outlets within a pre-defined
area is an important first step for most research exploring the community food
environment (Lake et al., 2010). There is a heavy reliance on secondary data
sources to collate information with regards to food outlet location (Holsten,
2009). These include local Government department listings (e.g. local council
environmental health) (Macdonald et al., 2009; Morland and Evenson, 2009),
commercial business directories (Powell et al., 2007; California Center for
Public Health Advocacy et al., 2008; Pasch et al., 2009; Seliske et al., 2009b;
Lisabeth et al., 2010; Truong et al., 2010), telephone directories (Burgoine et
al., 2009; Thornton et al., 2009; Héroux et al., 2012), and Internet derived lists
(Paquet et al., 2008; Rossen et al., 2012).

The reliability and validity of secondary data sources is questionable
(Fleischhacker et al., 2013), with these sources found to both over- (Cummins
and Macintyre, 2009) and under-estimate (Lake et al., 2010) the number of food
outlets located in a geographic area when compared to primary data collected
through ‘ground truthing’ or ‘fieldwork’ methods. A number of validation studies
have been conducted to assess the accuracy of secondary sources in
identifying the location of food outlets (Sharkey and Horel, 2008; Cummins and
Macintyre, 2009; Lake et al., 2010; Rossen et al., 2012; Svastisalee et al., 2012,
Liese et al., 2013).

Focusing on UK studies, in Newcastle upon Tyne Lake et al. (2010) compared

the accuracy of secondary methods; online and print Yellow Pages directories
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and local council environmental health lists, to primary fieldwork identifying all
outlets selling food products. The majority of outlets recorded in the field dataset
were also listed by the council (83.6%) but a much lower number were present
in the Yellow Pages (51.2% online and 50.9% in print) indicating an
underestimate of the secondary data to identify the presence of food outlets. In
contrast, Cummins and Macintyre (2009) reported that one in nine food store
outlets present on a list obtained from Glasgow City Council, Scotland were not
present on the ground (i.e. not trading, closed for business) suggesting that
council lists may overestimate the number of food store outlets. Studies
conducted in the USA have reported similar findings highlighting the need to
use fieldwork methods to identify food outlets wherever possible (Sharkey and
Horel, 2008).

Combining secondary datasets has been shown to increase the accuracy with
which food outlets are identified. Lake et al. (2010) reported that 92.9% of
outlets identified through the fieldwork were identified through a combined

council and yellow pages list.

The accuracy with which data can be mapped is also a consideration when
choosing a data source. Liese et al. (2010) demonstrated increased accuracy of
locating and mapping food outlets though primary geo-tagging methods
compared to secondary data sources. Although 80% of outlets identified though
secondary data sources were coded to the correct census tract’, less than 40%
of outlets were allocated to a location within 100 metres of the fieldwork geo-
coded location. The accuracy required for food outlet locations is dependent on
the type of outcome measures being sought and the geographic area the
outlets are linked to. Linking food outlets to individuals at | high resolution
geographic areas such as street level require more accurate measures of food
outlet location than studies using larger but less detailed areas such as census

tracts.

The question of timeliness in data collection was highlighted by Rossen et al.
(2012) who compared Google Street View data to Government information and
fieldwork. Data was collected by Google in 2007 whereas the Government and

! Geographic area sectioned for the purpose of taking a census. These can be described as tracts, wards,
districts and areas. Liese et al (2010) completed measures in 8 countries in South Carolina ,USA.

14
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fieldwork data were acquired in 2010. The food environment is constantly
evolving with food outlet openings and closures therefore some inaccuracies in
secondary data are to be expected. Prior to adopting an identification method,
the size of the study area, researcher time and costs, and the accuracy of the
data required to address the research question should be considered to select
the most appropriate approach (Wang et al., 2006; Sharkey and Horel, 2008).
Relying solely on secondary data to identify food outlets is likely to result in
substantial error and fieldwork verification is the preferred method (Liese et al.,
2013).

Following the first step of identifying food outlets, the second step in community
food environment research often involves classifying the different types of food
outlets. Existing classification systems and methods are described in the next

section.
2.4.2 Classification of food outlets by type

Food outlets are often classified according to the type of outlet based on
characteristics such as the type of food sold, the manner in which the food is
served, services offered, and the size of the outlet premises (Lake et al., 2010;
Powell et al., 2011). Secondary data are often classified according to limited
details, for example via business name, and therefore there is potential for

outlets to be incorrectly or inconsistently categorised.

The systems used to classify different food outlets are inconsistent across
studies (Holsten, 2009). In the USA, all registered businesses are listed
according to the North American Industry Classification System (NAICS) codes
and definitions (U.S. Census Bureau, 2007) and this is therefore the most
commonly used system to identify (search) and classify food outlets in local
Government datasets and commercial business directories (Wang et al., 2006;
Powell et al., 2007; California Center for Public Health Advocacy et al., 2008;
Spence et al., 2009; Bader et al., 2010; Lisabeth et al., 2010; Truong et al.,
2010).

In the UK, classifications of food outlets are more sporadic with studies adopting
their own classification methods with varying detail (Burgoine et al., 2009; Lake

et al., 2010). Within commercial directories such as the Yellow Pages,
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businesses themselves choose the classification categories they are listed
under and this may differ to the researcher perspective of classification.
Businesses may also be classified under multiple categories, to maximise
business potential. Definitions for food outlet categories can vary according to
culture, country and between directory types with the same terms, for example
the term “fast food” can incorporate a range of outlet types depending on the
research setting (Sharkey et al., 2011). Few studies attempt to identify or
classify all food outlets within the community food environment (Lake et al.,
2010), but focus on those thought to have the greatest impact on health, for
example fast food/takeaway restaurants or supermarkets. As food outlet
classifications are inconsistent, researchers should be cautious and check
definitions when interpreting individual studies. Lake et al. (2012) reported 83%
agreement between desk and field based classification of food outlets, although
concluded that secondary methods of classification should be used with

caution.

Having outlined the methods available for identifying and classifying food outlets
making up the exposure food environment, the next section identifies the
methods available to measure the exposure food environment and investigates

the relationship between the food environment and health.
2.4.3Measures of exposure to food outlets

In terms of measurement, the community food environment is defined as the
observed distribution and characteristics of food outlets within specified
geographic boundaries (Glanz et al., 2005). The majority of studies use
Geographic Information System (GIS) to link potential food outlet exposure to

health outcomes for individuals or populations.

The main characteristics of food environment exposure measures are the
presence, density, proximity and variety of food outlets within a specified
geographic boundary such as a neighbourhood tract or researcher defined
buffers (Thornton et al., 2011). These terminologies are depicted in Figure 2

and Figure 3 and defined below.
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Geographic areas

| Neighbourhood: Government or
. historically defined areas such as
census tract, ward boundary, city/

county limits, super output areas

Euclidean (circular) buffer: a radial
distance buffer appliedarounda
point of interest such as home or
school postcode. Usually measured
in miles or km.

Road network buffer: a distance
buffer based on the linear road
network from a point of interest
such as home or school postcode.
Can be measured in miles/km or
time (minutes).

L
U

~

Figure 2 Terminology used in identifying geographic areas of measurement

Neighbourhood or census tracts tend to depict availability of food outlets at a
population level for example comparing the number of food outlets present in
areas of differing socio-economic status. Tracts are set boundaries, and where
a home is located on the edge of a boundary, food outlets contained within a
neighbouring boundary may be more accessible (in terms of road networks etc.)

but would not be included in the analysis.

Buffers are the most commonly adopted method of assessing potential access
to food outlets from a static geographic point such as home or school (Charreire
et al., 2010). There is much variation in the buffer sizes employed by
researchers and the most appropriate size is a topic of debate (Burgoine et al.,
2013). Most buffers define an area that is considered to be within ‘walking
distance e.g. between 500m-1km’ (or 0.5-1 mile) (Laska et al., 2010a). Road
network buffers are thought be to more accurate than Euclidian buffers as land

use and access are taken into account. However, road network buffers may
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miss footpaths and ‘shortcuts’ important when assessing access via walking

routes.

Availability measures

Presence: the presence (yes or no)
of a food outlet or specified type of
food outlet within a geographic
area.

Density: total number (count) of food
outlets or a type of food outlet
present within a specified geographic
area.

Variety: a measure of the different
types of food outlets present within
a geographicarea, may be
presented as a count or ratio.

Accessibility measures

Proximity: distance to the nearest
food outlet or type of food outlet
from pointof interest. May be
straight line or road network.

Figure 3 Methods for measuring food outlet exposure

The presence of a food outlet or specified type of food outlet is the simplest

measure of availability at the population level. Density of food outlets contained

within a set buffer is the most commonly used method of assessing access to

food outlets. The density of fast food outlets, convenience stores and

supermarkets have been assessed; rarer are studies counting the total number
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of all food outlets contained within an area. The proximity to food outlets has
been reported according to straight-line distance and road network distance,
and, as with density, can be examined in terms of closest food outlet (any type)

or a specified type of food outlet e.g. fast food.

Finally, for studies exploring access to more than one type of food outlet, the
variety of food outlets within a specified area is often explored. Food outlet
categories are commonly used to calculate proxy measures of food
environment ‘healthiness’ usually through the calculation of ratios indicating the
presence of presumed ‘less healthful outlets’ to the presence of ‘more healthful’
outlets. Examples of such ratios include the Retail Food Environment Index
(RFEI) (California Center for Public Health Advocacy et al., 2008; Spence et al.,
2009) and the Physical Food Environment Indicator (PFEI) (Truong et al.,
2010). With the RFEI, a higher proportion of fast food outlets and convenience
stores to full service restaurants and supermarkets are taken as an indication of
a less healthful community food environment (California Center for Public
Health Advocacy et al., 2008). The PFEI expands on the RFEI concept by
taking a ratio of fast food restaurants, convenience stores and small food stores
to all food stores (the aforementioned plus supermarkets and produce vendors),
again a higher ratio is taken to indicate a ‘less healthful’ food environment
(Truong et al., 2010).

However, evidence suggests that an analysis based purely on food outlet
categories cannot give the full picture of the ‘healthiness’ of the community food
environment (Kelly et al., 2011). A measure of the consumer food environment
in conjunction with community measures is preferable in order to assess the
healthiness of the food choices available within an outlet (further discussed in
section 2.5.4). For example, a study by Farley et al. (2009) found that in all
store types a greater amount of shelf space was allocated to displaying "less
healthful” foods than “more healthful” foods and therefore supermarkets were
not necessarily more conducive to healthy food choices than convenience
stores as is often assumed. In addition, traditional fast food outlets were found
to offer healthier food choices than convenience stores (Creel et al., 2008). It
has also been reported that food from Subway contains as many calories as
food from McDonalds despite the former often being perceived to be the

healthier choice (Lesser et al., 2013).
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The following section outlines the current evidence for a relationship between
the community food environment assessed via the exposure to food outlets
surrounding school and the home of young people and health outcomes such

as dietary intake and/or adiposity.

2.4.4The relationship between exposure to food outlets and health

outcomes

In a systematic review of the relationship between obesity and measures of the
community and/or consumer food environment, Holsten (2009) reported mixed
results. Focusing on access to fast food and obesity, Fleischhacker et al. (2011)
also reported mixed evidence of a relationship. Of 15 identified studies including
a measure of BMI in adults or children, seven reported an increase in obesity
with increased access to fast food outlets and eight studies reported no

association.

In a systematic review of local food environment and diet Caspi et al. (2012)
identified 34 studies using GIS methods to assess community food
environment. Sixteen studies found a positive association between the
environment and diet, the most commonly employed measures were store
density (availability) and distance to store (accessibility). However, 15 of the
studies reported null associations and three reported results in the unexpected
direction. This suggests that the evidence of a potential relationship between
exposure to food outlets and diet exists, although the evidence varies according

to the population and exposure measures used.

2.4.4.1 Relationship between exposure to food outlets surrounding

schools and health

The food outlet environment surrounding schools has also been referred to as
the ‘school fringe’ (Sinclair and Winkler, 2008). Spatial clustering of food outlets
around schools has been reported worldwide (Sturm, 2008; Zenk and Powell,
2008; Seliske et al., 2009b; Day and Pearce, 2011; Ellaway et al., 2012), and
the majority of school fringe studies investigate the opportunities students have

to obtain food within a buffer distance of the school grounds.

A large scale spatial analysis of food outlet access in relation to USA secondary

schools (n=31,434) reported that 37% of all schools had one or more fast food
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outlets within 0.5 mile buffer and 33% had at least one convenience store within

the same distance (Zenk and Powell, 2008).

Differences in the density of food outlets have been found in relation to area
level socio-economic deprivation although results vary. Schools in more
deprived areas have been reported to be surrounded by a higher number and
proportion of fast food and convenience outlets than schools in less deprived
areas (Day and Pearce, 2011). In contrast, Ellaway et al. (2012) found no clear
relationship between levels of socio-economic deprivation and access to food

outlets located within 400m of secondary schools in Glasgow.

Although the body of research indicates a possible tendency for food outlets,
particularly fast food outlets, to cluster around schools, the evidence linking
access to food outlets surrounding schools with health outcomes in young

people is less clear.

Investigations into the relationship between school fringe outlet exposure and
BMI have shown mixed results. A Canadian study (Seliske et al., 2009a) found
that attending a school with at least one food outlet within a 1km buffer was
associated with a lower odds of being overweight (odds ratio [OR]=0.70, CI:
0.61-0.81), opposite to the hypothesised effect. A strength of this study is that
Seliske et al. (2009a) accounted for the total food outlet environment and with
this in mind, repeating the same analysis focusing only on one type of outlet
such as fast food could draw different results. For example, Davis and
Carpenter (2009) found that students attending high schools with a fast food
restaurant located within 0.5 miles were more likely to be overweight (OR=1.06,
Cl: 1.02-1.10) or obese (OR=1.07, CI: 1.02-1.12) than those who attended
schools without a fast food restaurant present, although the effect sizes in this
case were small. Similarly, the reported relationship between exposure to
school fringe food outlets and dietary outcomes are ambiguous. The reported
food outlet use at lunchtime in adolescents attending a Canadian school with
two or more food outlets within a 1km circular buffer was higher than for those
who had zero food outlets present within the same buffer distance (Seliske et
al., 2013). The likelihood of food outlet use increased with food outlet density, 1-
2 outlets, OR=1.10 (CI: 0.57-2.11), =5 outlets, OR=2.94 (ClI: 1.71-5.09). The

same analysis using road network buffers showed stronger relationships
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(OR=1.20, CI: 0.74-1.95 and OR=3.54, CI: 2.08-6.02, respectively). In this
study, food outlets were defined as convenience stores, fast food restaurants
and coffee/donut shops. These were matched with student questionnaire data
from the Health Behaviour in School Children (HBSC) survey regarding
obtaining lunch at a “snack-bar, fast food restaurant or café”. It is therefore
possible that the measures of exposure and outlet use may not match up as the
terminology is open to interpretation.

Also using HBSC survey data from the USA, Canada and Scotland, Héroux et
al. (2012) found that almost half (43.7%) of students in Scotland reported
routinely eating their lunch at a food retailer during the school week, much
higher than the rates seen in both Canada (7.7%) and the USA (2.6%). No
relationship between chain food retailer density surrounding schools and BMI
was found for any of the three countries and increased density of outlets was
found to be related to lunchtime use in Canada only. Using access to chain food
outlets can have restrictions, particularly across countries. Only 1.5% of all food
outlets in Glasgow are chains although 39% of food outlets are takeaways
(Ellaway et al., 2012). This highlights the importance of defining and
differentiating between food outlet types and taking into account cultural factors
when classifying food outlets.

In the USA, An and Sturm (2012) found no robust relationship between access
to food outlets (density and variety) from school with adolescent reported intake
of fruits, vegetables, juice, milk, soda, high-sugar foods and fast food (n=5236,
age 12-17 years). Similarly in the UK, Smith et al. (2013) found only weak
associations between access to school fringe food outlets and unhealthy diet
score (calculated based on reported frequency of consumption of six food

items).

In a Canadian study, younger adolescents (n=632, aged 11-14 years) who
attended schools in close proximity to convenience and/or fast food outlets had
lower Healthy Eating Indicator (HEI) scores, an indication of lower diet quality
(He et al., 2012b). The same study found that a high density of fast food outlets
within 1km also had lower HEI scores (He et al., 2012b). Davis and Carpenter

(2009) reported a decrease in fruit and vegetable intake and an increase in
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soda intake with higher fast food density within a 0.5 mile buffer of middle and

high schools in California, USA.

The above studies all assess diet using proxy measures such as general
guestionnaires or food frequency questionnaires. No studies to date have
investigated the potential relationship between use of school fringe food outlets

and total dietary intake.

2.4.4.2 Relationship between exposure to food outlets surrounding the

home and health

The home food environment has been identified as an important factor in
shaping food choice (Pinard et al., 2012). As such, the relationship between
exposure to food outlets surrounding the home and dietary behaviours has

been investigated.

A large study (n=33,594) in Leeds, UK found a higher density of fast food
outlets within residential Lower Super Output Area (LSOA)? (Fraser and
Edwards, 2010) was significantly associated with child overweight and obesity.
However, proximity to fast food outlets measured using straight line distance
was not significantly associated with overweight and obesity. These findings
were reported for children aged between 3 and 14 years. It is possible that the
food environment surrounding the home has a greater impact on older
adolescents (14+) than younger age groups as older age groups are likely to
make more food choice decisions and purchases for themselves. Using a road
network measurement of proximity may also impact the results; the closest
outlet via straight line may not be the most accessible in terms of travel time.

Thornton et al. (2009) investigated the use of chain fast food outlets for home
consumption in relation to access to the same outlets surrounding the home in
an Australian adult population (n=2547, 18+ years). Increased variety of fast
food chains within a 3km buffer of the home was associated with reported
monthly purchasing of fast food; however this association disappeared when

adjusted for co-founding factors such as age and socio-economic

z Super Output Areas are the output geographies used in the UK Census. A Lower Super Output Area
(LSOA) refers to a geographic area with a population between 1000-3000 people or 400-1200 households.
There were 32,844 LSOAs included in the 2011 Census (Office for National Statistics, 2011).
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characteristics. The findings have limited application beyond this population as
only five fast food chains were included in the study. The highest frequency of
fast food purchasing was reported in the younger age groups.

As with schools, the relationship between access to food outlet surrounding the
home and dietary intake is unclear. An and Sturm (2012) found no significant
relationship between food environment surrounding the home and intake of
fruits, vegetables, juice, milk, soda, high-sugar foods and fast food for American

children or adolescents.

Ding et al. (2012) explored the perceived food environment and asked
adolescent participants (n=171) to estimate the distance (in minutes) to the
nearest food outlet from their home. Both more-healthful (supermarkets, grocery
markets and restaurants) and less-healthful (fast food and convenience stores)
food outlets were assessed although no significant relationship was found
between the perceived proximity of food outlets to the home and mean daily
fruit and vegetable intake.

Some studies have investigated the use of food outlets in relation to food
environment exposure. Almost two thirds (65%) of 11-14 years olds (n=810) in
a Canadian study (He et al., 2012a) reported self-purchasing from fast food
outlets or convenience stores. Proximity of less than 1km from home to either a
fast food or convenience outlet was found to increase the likelihood of visiting
these outlet types at least once per week (He et al., 2012a). However, this study
did not indicate whether the outlets visited were those located around the home

or in another location entirely.

Recent evidence suggests that food outlets used by individuals are often
located outside of the residential buffers commonly applied in food environment
research (Kerr et al., 2012; Burgoine and Monsivais, 2013). Food outlets visited
for out-of-home eating events and food shopping trips for home consumptions
were recorded by young people aged 18-23 years in a study by Laska et al.
(2010a). The majority of out-of-home eating events occurred at geographic
locations beyond GIS buffers around residential addresses, at a mean of 6.7
miles from home. Fifty-eight percent of shopping trips were contained within a 2
mile buffer of home. Only 12% of reported shopping trips and out-of-home

eating events were contained within 0.5 mile buffer zone.
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With activities often conducted outside of the immediate residential area, using
neighbourhood area measures has the potential to underestimate access to
food outlets. Identifying travel routes or other spaces frequently used by
individuals such as workplaces or relatives homes may open up opportunities to
further explore exposure to food outlets at the individual level (Laska et al.,
2010a). With this in mind, the next section investigates the use of Global
Positioning System (GPS) technology in health research to link individual

environmental exposures to health outcomes.

2.4.5Using Global Positioning System and travel routes to investigate

exposure to food outlets

Further to the methods of identifying geographic spaces such as buffers,
neighbourhoods etc. discussed in the previous section, GPS technology has
more recently been used to measure travel routes and activity spaces, which

can be linked in a GIS to food outlets to measure the food environment.

Such approaches indicate that the individual activity space covers a greater
geographic area than neighbourhood (Zenk et al., 2011) or geographic census
tract (Christian, 2012). Whilst GPS is commonly used in physical activity
research (Maddison and Ni Mhurchu, 2009; Wheeler et al., 2010; Krenn et al.,
2011; Rainham et al., 2012; Rodriguez et al., 2012), it has become more
prevalent within the food environment literature in recent years (Christian, 2012;
Chaix et al., 2013).

Kestens et al. (2010) used travel survey data to identify geographic spaces
frequented by individuals (n=159,514), expanding on research of the home or
workplace/school. Locations where an activity had taken place were counted as
‘anchor points’ and food outlet exposure was calculated using kernel density
estimations®. The density of food outlets surrounding identified anchor points
was significantly higher than that surrounding the home. Children (under 20
years) were exposed to the lowest density of food outlets, with young adults

(20-29 years) exposed to the greatest density of all food outlet types. Although

% Kernel density estimations involve the transformation of geographic reference point data into a smooth
continuous surface. Similar to a buffer it estimates the number of ‘cases’ (e.g. food outlets) within the
radius of a specified point (e.g. home). The calculation is weighted so that those ‘cases’ closer to the point
of interest are weighted more heavily than those close to the edge. (Kloog et al., 2009; Charreire et al.,
2010)
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this study added to the evidence base by exploring the activity space
surrounding anchor points, the travel routes and mode of transport used

between the home and these destinations were not examined.

Burgoine and Monsivais (2013) explored the food environment surrounding
home, workplace and travel routes for UK adults (n=2696, 29-60 years). They
found that the residential food environment accounted for only 30% of food
outlet exposures with workplace and commuter travel routes each contributing
to at least proportion. In terms of proximity to food outlets, with the exception of
convenience stores, individuals were likely to be closer to food outlets when at
work than at home. Using the shortest road network distance to estimate
commuting routes does not take into account the possibility that individuals will
not always use the same travel route or the shortest route available to them.
This study did consider modes of transport when estimating exposure via travel
routes and applied different buffer sizes accordingly (100m for walking/cycling
and 500m for car use).These were considerably smaller buffer sizes than used

by others employing similar methods.

In a pilot study by Zenk et al. (2011), American participants (18+ years, n=120)
carried GPS loggers for a 7 day period; a 0.5 mile buffer was applied to the
GPS points to determine activity space. Greater activity space fast food density
was associated with increased saturated fat intake and decreased whole grain
intake (p<0.05 in each case) although no significant relationship was reported
for fruit and vegetable intake. Presence of a supermarket within the activity
space was not significantly associated with these three dietary outcomes.

Gustafson et al. (2013) also used a 0.5 mile buffer around GPS points
(recorded over 3 days) to explore the relationship between food outlet exposure
and diet. The authors found no associations between food outlet density and
variety (assessed using RFEI) within the GPS based activity spaces and six
dichotomous dietary intake variables (fruits and vegetables, dairy/calcium,
whole grain/ fibre, added sugars, red meat, and processed meat in the past

month).

A study by Christian (2012) used GPS to estimate individual exposure to food
outlets of individuals and relate this to the diet intake and BMI of adult

participants (n=101). A 0.5 mile buffer was applied to GPS track lines, food
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outlet variety was assessed using the RFEI. Diet was assessed using a 25 item
food frequency questionnaire (FFQ). From five dietary variables examined, the
only significant relationship was between whole grain intake and RFEI where
individuals with a higher RFEI score (less healthy food environment) were more
likely to have lower whole grain intake. In addition, those who had a higher
RFEI were significantly more likely to be obese. No other statistically significant

results were reported.

Christian (2012) used GPS to collect travel data with less participant burden
than handwritten diaries. However, evidence suggests that GPS should be used
in conjunction with, and not in lieu of, diary methods (Bricka et al., 2012).
Diaries facilitate the recording of contextual details that GPS alone would miss
i.e. the use of particular food outlets. Estimating diet using FFQs is common in
studies of food outlet exposure and more detailed dietary intake data in relation
to purchasing patterns and travel routes are needed to improve the
understanding of how individual activity spaces influence food outlet choice, and

food choices within those outlets.

The GPS and activity space studies described above were all conducted with
adult populations. Although the technology has been used with children and
adolescents for physical activity (Jones et al., 2009; Wheeler et al., 2010) and
travel studies (Bamford et al., 2008), no previous research has linked activity
space with access to food outlets in young people. Neither have studies used a
combination of GPS and diary methods to assess the relationship between

exposure to food outlets and the use of those outlets.

Having examined the current literature assessing the exposure food
environment of young people, the following section focuses on exploring the

food sources used by young people.
2.5 Visited food environment

The visited food environment is defined as the food sources used by individuals
and includes environments at the organisational level i.e. home, school and
workplace, and the community level, and represents the food outlets used by
individuals and the food choices available within those food outlets (consumer

food environment). These environment types are described below.
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2.5.10rganisational food environment

The organisational food environment is defined by Glanz et al. (2005) as those
food sources ‘generally available to defined [user] groups rather than to the

general population’.
The organisational food environment includes the following environments:

e Home - available to the household unit, extended family and friends

e School — including cafeterias, vending machines and other food outlets
available to students and teachers

e Work — canteens, vending machines, food schemes (free fruit, business
lunches) available to employees

e Other — ‘restricted access’ locations including friends’ and relatives’

homes, healthcare settings and places of worship.

Each of the environments above is discussed in turn within this section with a
focus on the relationship between the environment in question and diet and/or

adiposity outcome measures.
2.5.1.1 Home food environment

As a nutrition environment concept, Glanz describes the home food
environment as “the most complex and dynamic food source” (Glanz et al.,
2005, p331). The home food environment is affected by a host of other factors
including, but not limited to, availability of food at other source outlets when
shopping for home food provision (supermarkets, grocers etc.), frequency of
food shopping, and the influence the principal food shopper/ preparer has on
the household.

Research has shown that young adults eat a substantial proportion of meals at
home. Laska et al. (2010a) reported 59% of eating events recorded by 18-23
year olds occurred within the home. In a study of younger adolescents (aged
11-12 years) 72% of total energy was consumed in the home (Adamson et al.,
1996) and with this in mind, the contribution of home sourced food to dietary

intake should not be overlooked (Lake et al., Submitted December 2013).
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Habitual food intake is likely to be highly influenced by the home food
environment, specifically food availability in the home (Swinburn et al., 1999;
Bryant and Stevens, 2006). Parents and the home food environment have been
identified as having the most influence on individual food choice and eating
behaviour of adolescents (Walsh and Nelson, 2010). This builds on previous
findings from the USA (Neumark-Sztainer et al., 1999), suggesting that although
adolescents are influenced by a range of factors such as media, friends and
desire for independence, they continue to look to their homes and parents for
food availability and guidance in food choices. Assessing the behaviours, socio-
economic and personal factors pertaining to adolescent fruit and vegetable
intake, Neumark-Sztainer et al. (2003b) found two correlates directly impacted

intake; home availability of fruits and vegetables and personal preferences.

Most studies of the home food environment have focused on younger
adolescents and aspects of parental influence regarding food choice (Briggs
and Lake, 2011; Pinard et al., 2012). Campbell et al. (2007) reported on the
associations between multiple aspects of home food environment and obesity
promoting dietary behaviours in 12-13 year olds. The availability of “unhealthy”
food (e.g. “junk food”) at home was found to predict the consumption of high

energy density foods and drinks, particularly for girls.

Ding et al. (2012) assessed the relationship between home food availability and
fruit and vegetable intake. A home food environment ratio of more to less
healthful foods was generated where adolescents (n=171, mean age 14.6
years) rated the home availability of 16 food items (Campbell et al., 2007) using
a 5-point scale (always to never). Mean daily intake of fruit and vegetable
portions was estimated from questionnaire responses. A higher ratio of healthier
food availability in the home was associated with greater fruit and vegetable
intake (p<0.05) (Ding et al., 2012) suggesting that a healthier home food

environment encourages fruit and vegetable intake.

In addition to availability of food in the home, the social aspects of eating at
home may influence dietary intake. Data from Project EAT in the USA
(Neumark-Sztainer et al., 2003a) indicated that the frequency of family meals
was associated with dietary intake of foods and nutrients. A greater reported

frequency of family meal times during the week was associated with higher
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intakes of fruits, vegetables, grains, and dairy foods, and lower soft drink
consumption. In terms of nutrient intake, frequency of family meals was
positively associated with total energy; protein (% energy); calcium; iron; fibre;
and a variety of vitamins. Longitudinal data from the same Project EAT dataset
has indicated that frequency of family meals in adolescence (age 15 years) is
positively associated with intake of fruits and vegetables and negatively
associated with soft drink intake in young adults (mean age 20.4 years) (Larson
et al., 2007). Recently this association was shown to track further into adulthood
with adolescent family meal frequency associated with the frequency of shared
meals in young adulthood (age 25 years) (Larson et al., 2013). Shared meals
continue to be associated with more preferable dietary intake, a greater
frequency of shared meals was associated with less frequent consumption of
soft drinks in both males and females and greater intake of fruit in males
(Larson et al., 2013).

The contribution of food from the home to total dietary intake is understudied
(Adamson et al., 1996). The majority of studies use questionnaires to estimate
the frequency of consumption of food in the home and dietary intake from
different food sources. Very few use diary methods which would provide a

better estimate of dietary intake than questionnaires (Kirkpatrick et al., 2014).

Although the home food environment appears be an important influence on
adolescent food intake, this group have increasing independence in food intake
outside the home (Cohen et al., 2012) and therefore food availability and
choices made in out-of-home settings needs to be addressed in order to

improve the overall quality of dietary assessment.
2.5.1.2 School food environment

The school food environment has a potentially important influence on a young
person’s food choice both in terms of what is consumed during the school day
and the education provided in relation to healthy food and lifestyle choices. In
2011, 76% of 16-18 year olds in the UK were in full time education (Department
for Education, 2012a). At the time of the present study, young people were able
to leave school and enter the workforce at the age of 16 years. However, from
2013 young people are required by law to remain in some form of education or

training until the end of the academic year in which they turn 17 years old
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(Department for Education, 2012b). This change gives schools and other
educational establishments the opportunity to influence young people’s food
choice for an increased period of time.

The school food environment is complex and the availability of foods within
schools has been subjected to increased scrutiny and change in recent years.
In 2006, the UK School Food Trust (now Children’s Food Trust) introduced a set
of nutrient- and food-based standards for the provision of school lunches and
other school food, such as vending machines and tuck shops (Department for
Education and Schools, 2006). These guidelines refer only to food sold on the
school premises and do not apply to foods brought to school from home (i.e.
packed lunches) or from food outlets operating outside of school grounds. Nor
do the guidelines apply to independent sixth form colleges, higher education
colleges or universities, public schools or academies which make up half of
post-16 educational institutes (Children's Food Trust, 2013).

For those older students completing post-16 education within a school setting,
there is often an open-gate policy allowing students to leave the school
premises during lunch and break times. In the UK, schools with lunchtime open-
gate policies have been shown to have a higher proportion of students obtaining
their lunch from food outlets located close to school (Sinclair and Winkler,
2008). Similarly in the USA, a closed-gate policy is associated with reduced use

of school fringe outlets at lunchtime (Neumark-Sztainer et al., 2005).

Few studies have attempted to investigate the associations between the school
food environment and adiposity or dietary intake of young people. Those that
have tend to be linked with interventions aiming to improve the healthiness of
school food or increase the number of ‘healthy’ food options available to
students at lunchtime and influence healthier food choices (Sallis et al., 2003;
French et al., 2004; Lytle et al., 2006; Glanz, 2009).

A US national survey (Terry-McElrath et al., 2009) measured food availability in
schools via school administrator/ food service manager completed
questionnaire data linked with questionnaire data obtained from students
attending the same schools. This was a large study with 78,442 students from
684 schools taking part. The availability of breakfast at school was associated

with increased overweight and obesity rates in middle and high schools. Eating
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breakfast is often used as a measure of a more healthful diet, although this
study did not define what breakfast items were served at school. Nor did the
study report rates of breakfast consumption sourced from school, only whether

the students consumed breakfast or not.

A common element of the school food environment is the presence of vending
machines. Rovner et al. (2011) examined the relationship between food sold in
school vending machines and dietary intake of students using HBSC data. The
availability of the following items was examined: fruit and/or vegetables;
chocolates and/or candy; soft drinks; non low-fat salty snacks. The majority of
schools had vending machines on site (83%) and the least healthful food
groups were more commonly available. In younger adolescents (n=3,692, aged
11-14 years) the availability of fruit/vegetables and chocolate/candy was
positively correlated with the dietary intakes of these foods. However, the same
relationships were not seen in the older adolescent group (n=2,238, aged 14-
16). In addition, students attending schools that offered fruit and vegetable
options within vending machines had higher intakes of fruits and vegetables

than those schools who did not offer these options (Rovner et al., 2011).

Schools taking part in the US TACOS intervention had a mean of 2.7 snack and
5.3 soft drink vending machines present in each school (Neumark-Sztainer et
al., 2005). Participants reported purchasing snacks from vending machines a

mean of 0.9 times per week and 1.6 times per week for soft drink purchases.

In the UK, Adamson et al. (1996) reported that 75% of children aged 12-13 ate
at least one meal from school over a six day study period (n=379), contributing
to an average of 14% of the daily intake of energy. In addition, 12% of
participants used school tuck shops as a source of food although the
contribution to energy intake was less than 1%. The nutritional contribution of
food eaten at school to total dietary intake has not been examined in the older

adolescent population.
2.5.1.3 Workplace food environment

The most recent employment figures suggest that only 1% of 16-18 year olds
are currently not in education, employment or training (Department for

Education, 2012a). The listed occupation of the majority of 16-18 year olds will
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be full or part time education. Part time employment of individuals in full time
education may not be accounted for in the national statistics. As the
employment rates of young people are unknown, the workplace needs to be
considered in much the same way as the school environment. Young people
may spend a considerable amount of time in the workplace although the type of
workplace and thus food environment exposure is likely to differ between

individuals.

In terms of food availability, workplaces may be similar to schools in that they
have their own self-contained canteens, vending machines and small stalls. For
others, the workplace itself may be a source of food e.g. restaurants,
supermarkets and other food stores. It is important to consider the types of
workplaces young people are employed as this has an impact on their food
choices and intake. Mulvaney-Day et al. (2012) conducted a qualitative study
investigating the eating behaviours of student fast food employees (n=14, aged
18-25 years). The authors found that although participants were aware the food
they were serving was “unhealthy”, they reported eating those same foods on a
regular basis indicating taste, availability and instant access as factors
influencing the choice of these foods (Mulvaney-Day et al., 2012). The
workplace is therefore a potentially important environment as it is likely that

young people working in food outlets will consume foods sold in those outlets.

Similar to the school food environment, many studies of the workplace food
environment have been conducted in conjunction with intervention studies
aiming to increase the healthiness of the environment for the workforce (French,
2005; Lake et al., 2011).

Although access to food at work has been considered for larger workplaces with
canteens (Department of Health, 2013b), the workplace is understudied in term
of the nutritional contribution of food obtained from work to the total diet and the
nutritional content of foods purchased and consumed at work (Ni Mhurchu et
al., 2010).

2.5.1.4 Other organisational food environments

Other organisational food environments have featured in very few studies.

These other environments are generally only available to defined user groups
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rather than the population as a whole and include churches and healthcare
settings (Glanz et al., 2005). Young people may visit a number of ‘other’ food
environments in their day-to-day life through extra-curricular activities such as
taking part in or spectating at sporting, artistic or performance events, attending
youth groups and churches as well as volunteering and using facilities such as

health and social centres.

Perhaps the most noteworthy of these “other” organisational food environments
are the homes of friends and relatives. Seventy-four per-cent of 12-13 year olds
reported eating at a home other than their own at least once over a six day
period (Adamson et al., 1996). Dietary intake from these ‘other homes’ was
shown to be of lower quality that that sourced from home (Adamson et al.,
1996). Adding to this evidence, Ayala et al. (2008) found that eating food from a
friend or relatives’ home once per week was related to an increase in obesity in

children.

There is evidence to suggest that food related behaviour is different when
guests are present. Research by Cohen et al. (2012) in the U.S. has highlighted
the importance of friends’ homes in the consumption of snack foods high in
solid oils, fats and added sugars (SOFAS) in adolescent girls (n=303, mean
age=16.3). The strength of association between visiting a friend’s home and
consuming SOFAS foods was shown to be twice that of going to a food outlet

and consuming the same foods (Cohen et al., 2012).

Other homes such as those belonging to relatives and friends could provide
substantial contributions to dietary intake. Further exploration of the relationship

between eating at friends and relative’s home and diet/adiposity is required.
2.5.2Visited community food outlet environment

There is an increasing tendency across all age groups to consume foods
prepared outside of the home (The Strategy Unit Cabinet Office, 2008). The
nutritional quality of these foods is thought to be less than those consumed at
home (Poti and Popkin, 2011; Lachat et al., 2012). Access to food is complex
and the pathways through which we obtain and consume food are often blurred.
Although all food originates from either retail (e.g. shop) or catering (e.g.

restaurant) environments, the food source can be defined as either the site of
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food preparation or where the food is consumed. Hot food bought for home
consumption has in the past been classified as home food (Adamson et al.,
1996; Gregory and Lowe, 2000; Henderson et al., 2002). This highlights a
missed opportunity to uncover the impact of ‘takeaway’ food consumed in the
home on total dietary intake. Purchasing data are collected using the same
approach with the Family Food survey (National Statistics, 2012) classifying

takeaway food consumed at home as ‘household purchases’.

A systematic review by Lachat et al. (2012) reported on 29 studies examining
the relationship between out-of-home eating and energy intake, dietary quality
and socio-economic status. The review highlighted the inconsistencies in
defining out-of-home eating, with 13 of the studies reviewed defining out-of-
home eating as the source and place of food preparation. An additional 13
studies used place of consumption to define eating out-of-home. Therefore, as
a method of identifying out-of-hnome eating, the authors recommend determining
the source of food as opposed to the place of consumption (Lachat et al., 2012).
The place of preparation determines the nutritional quality of the food and
studies adopting the latter method may underestimate the impact of out-of-
home eating on diet by excluding occasions such as consuming takeaway foods
at home.

Many of the studies included in the review were conducted at national level
such as the UK National Diet and Nutrition Survey (Department of Health,
2011b). Although strengthened by large sample sizes, many of these studies
used FFQs and 24-hour recalls to assess dietary intake making links to food
source more difficult than when diary methods are used. In addition, the studies
are also dated and the review authors called for an update to the available
evidence linking out-of-home eating to total dietary intake. The review
concluded that out-of-home eating is an important risk factor for higher energy
and fat intake and a lower micronutrient intake (Lachat et al., 2012). Importantly,
out-of-home eating had a greater contribution to daily energy intake in younger
populations, 83% in children (Zoumas-Morse et al., 2001) and 43% young
adults (Nielsen et al., 2002). In young adolescents in the UK (11-12 years,
n=379), 30% of energy intake was attributed to consumption of foods outside
the home (Adamson et al., 1996).
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In the UK, one in six meals are eaten outside of the home equating to 20%
energy intake for women and 25% for men (Office for National Statistics, 2010).
Market research reports have estimated that British adults eat out 2.77 times
per fortnight (Eat Out Magazine, 2012a), and the majority of meals eaten
outside of the home occur at lunchtime (Eat Out Magazine, 2012b). The
frequency of eating out in young adults is thought to be greater. Larson et al.
(2010) reported young American adults (aged 20-31 years) dined out an
average of 13.5 times per month at fast food restaurants and 3.8 times per
month at sit-down restaurants. Three quarters of 11-18 year olds (n=4746)
reported eating at fast food restaurants at least once per week (French et al.,
2001). However these data are from the USA, a breakdown of the frequency

with which young adults in the UK eat out was not available.

The UK Family Food survey 2012 reported an average of £12.09 per person per
week was spent on eating out for all food and alcoholic drinks (Office for
National Statistics, 2013a). The survey reported a downwards trend in eating
out with 12% less food (grams) consumed per person in 2012 compared to
2009 (Office for National Statistics, 2013a). In addition to the amount spent on
‘eating out’, an average of £1.79 per person per week was spent on takeaway
meals brought into the home (National Statistics, 2012; Office for National
Statistics, 2013a). In terms of quantity of food brought into the home as
takeaway, the amount (measured in grams) remained similar over the period
between 2009 and 2012 (Office for National Statistics, 2013a). Meat-based
meals (such as Indian curries and Chinese meals), chips, rice, and pizza made
up the majority of takeaway purchases (assessed separately from eating out
purchases) (National Statistics, 2012; Office for National Statistics, 2013a).
Market research reports have identified Chinese, fish and chips, Indian and
McDonalds as the favourite takeaway outlet types in the UK (Eat Out Magazine,
2012a).

Retail outlets such as convenience stores and other food shops have been
shown to be an important environment to consider when assessing the food
choices of young people (Sinclair and Winkler, 2008; Smith et al., 2013). Kerr et
al. (2012) used travel survey data to link visits to food outlets on the home to
work commute in an adult population (n=4800). Fast food outlets were more

likely to be visited on work days by men, younger participants and those who
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were obese. However, this study found that the most commonly used food
outlet type was grocery stores (31% of trips), and that restaurants were visited
more often than fast food outlets (30% and 19% of trips, respectively). For
adolescents in the USA, the largest contributor to out-of-home food
consumptions shifted from fast food in 1994 to store foods in 2006 highlighting
the importance of identifying where food is sourced (Poti and Popkin, 2011).
Little research has been conducted on the frequency of out-of-home eating from
retail outlets, particularly in younger populations where fast food tends to be at
the core of the research. There is a need to explore the impact of foods

consumed from all types of food outlets on health.

Having outlined the frequency of out-of-home eating, the following section
presents the current evidence of a relationship between consumption of out-of-
home meals and health outcomes, with a focus on adolescents and young

adults.
2.5.3Frequency of eating at food outlets and health outcomes

There has been a research focus on out-of-home eating and food outlet use ,
young adults being highlighted as the most frequent consumers of fast food and
food on-the-go (Laska et al., 2010a; Cohen et al., 2012). Meals sourced from
outside of the home have been described as having a lower nutritional value
than meals prepared at home, often being high in energy, fat and salt (Lachat et
al., 2012; Jaworowska et al., 2013).

A review by Jaworowska et al. (2013) highlighted the high prevalence of studies
focusing on the nutritional quality of food from fast food restaurant chains. The
authors indicated a lack of data regarding the nutrient content of takeaway
meals from small independent outlets, such as those serving ethnic cuisines,
fish and chips, and pizza. There is a need for research considering different
types of food outlet sources when assessing the frequency and nutritional

content of out-of-home eating (Jaworowska et al., 2013).

Most adolescents purchase some food for themselves and this food tends to be
of poor nutritional quality being high in fat and sugars (Walsh and Nelson,
2010). In the US, half of adolescents (n=1796, aged 10-19 years) reported

consuming fast food on one or both days of two non-consecutive diet recalls
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(Paeratakul et al., 2003). Amongst children and adolescents, those who ate fast
food had higher total energy intake, percent energy from fat and saturated fat
and sodium in addition to lower intakes of protein, fibre and vitamin A. For those
who reported fast food consumption on one day only, paired analysis indicated
less favourable energy and nutrient intakes on the fast food consumption days
when compared to the day no fast food was consumed (Paeratakul et al.,
2003). A later study using longitudinal National Health and Nutrition
Examination Survey (NHANES) data spanning from 2003 to 2008 also reported
that consuming food from fast food and full service restaurants was associated
with higher total energy intake and poorer diet quality (Powell and Nguyen,
2013).

Thompson et al. (2004) reported longitudinal tracking of adiposity and
consumption of meals from specified outlet types in adolescent girls assessed
between baseline (median age=8 years) and follow-up (median age=15 years).
Sixty-seven percent of participants consumed meals outside of the home more
than twice per week at follow up compared to 39% at baseline. The study found
that BMI z-score was more likely to increase over time for girls who ate at quick-
service food outlets twice a week or more at baseline, compared to those who
ate at these outlets less frequently.

As part of Project EAT, French et al. (2001) found an association between
frequency of fast food consumption in the past week and higher total fat and
saturated fat intake and lower micronutrient intake in adolescents from the USA
(mean age=14.9, range=11-18). Frequency of consumption was based on a
single question phrased in a way that could suggest fast food chains. The
interpretation of the question and the cultural context is an important
consideration. In the USA, the majority of fast food outlets are chains whereas
in the UK, independent fast food outlets (or takeaways) such as fish and chip
shops make up the majority. This single question could therefore miss a

multitude of food outlet visits, especially if applied in the UK.

A large UK based cohort study found that frequency of fast food consumption
was associated with consumption of less healthy food in adolescents (n=3620,
aged 13 years) (Fraser et al., 2011). The study also found that those who ate at

fast food outlets most often were more likely to have a higher BMI than those
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who consumed fast food less frequently. In contrast, a smaller study conducted
in a deprived borough of London (n=193) found that BMI was inversely related
to frequency of fast food consumption, with adolescents (mean age=12.8, range
11-14) of higher BMI less likely to consume fast food than those with lower BMI
(Patterson et al., 2012). Both these studies assess the relationship in younger
adolescent populations; the relationship between BMI outcomes in relation to
frequency of fast food consumption in older adolescents is understudied.

It is clear that further work is needed to identify the types of food outlets used by
young people and the food choices they make within these environments. The
frequency with which these visits are made and the relationship between these
environmental factors and total diet and adiposity outcomes need to be
explored. The nutritional intake of foods from different food outlet types, not just

fast food, is also an area for exploration.
2.5.4Consumer food environment

The model of nutrition environments (Glanz et al., 2005) defines the community
environment as the ‘within outlet’ food choice environment and as such
encompasses the product choices and information that are available in food
outlets (stores, restaurants etc.) including; availability of healthy options,
marketing (price, promotion and placement) and nutrition information. A variety
of methods have been used to measure the sum of these concepts (Glanz et
al., 2012). Examples for food stores include checklists/surveys (Glanz et al.,
2007; Gloria and Steinhardta, 2010), market baskets (White et al., 2004; Block
and Kouba, 2006), and shelf space surveys (Farley et al., 2009; Cameron et al.,
2013); and for restaurants include checklists/surveys (Cassady et al., 2004;
Saelens et al., 2007; Erdman et al., 2010), menu analysis and promotion counts
(Lewis et al., 2005).

A review of community food environment literature by Charreire et al. (2010)
found only four studies out of 29 that included a measure of the consumer food
environment (Baker et al., 2006; Block and Kouba, 2006; Frank et al., 2006;
Bodor et al., 2008). These studies linked spatial access to food outlets with the
food choice environment available within an outlet. However, the studies in
guestion assessed the theoretical access to food outlet choice and did not link

consumer food choice to dietary intake or adiposity of individuals. The authors
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suggest that future research in the food environment field would benefit from a
combination of GIS analysis and survey methods in order to explore and
understand the influence of the environment on individual food behaviours and
health (Charreire et al., 2010).

A subsequent review paper Kelly et al. (2011) identified methods and measures
available to ascertain and measure the food environment. Caspi et al. (2012)
built on this and included only studies where measures of the local food
environment (including consumer level variables) were linked to a dietary

outcome.

Developing objective surveys for measuring the consumer food environment is
acknowledged as being extremely difficult given that the food choices available
within a store can differ greatly from those found in a restaurant. With this in
mind, much of the consumer food environment research focuses on the impact
food choices within a single type of food outlet, for example fast food, and not
the food outlet environment as a whole. In addition, there is a need to consider
carefully the food items and groups included in such surveys as they need to be
specific to the population group in question and provide an outcome measure

that answers the research questions (Minaker et al., 2012).

A study by Creel et al. (2008) found that over half of opportunities to obtain fast
food in Texas, USA, were through convenience stores and supermarkets. The
options offered in these outlets were often less healthy than those found in
‘traditional’ fast food outlets. This highlights the importance of examining the

types of foods served within outlets, a detail often overlooked.
2.5.5Consumer food environment and health outcomes

Measures of the consumer food environment are rarely conducted at the
individual level, most commonly they are linked with studies assessing
population level access (or exposure) to food outlets with GIS methods. Studies
assessing the relationship between the availability of foods within food outlets
and dietary intake and/or adiposity are rare, the few existing are discussed

below.
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2.5.5.1 In-store environment and health outcomes

Studies relating to the consumer food environment within stores generally focus
on the investigation of food deserts’, reporting the state of food access, in
particular the availability of a healthy diet, within geographic areas of varying
deprivation (White et al., 2004 ; Macintyre et al., 2005). Few studies assess
health outcomes in terms of dietary intake or adiposity and those that do report
these outcomes are conducted at the household level and focus on the adult
population (Gustafson et al., 2012).

A systematic review of measures of the consumer food store environment
(Gustafson et al., 2012) found 12 studies (out of 56 in total) that examined
dietary intake or weight status in relation to the in-store food content. They
found no evidence of an association between fruit and vegetable availability
within food stores and consumption of fruits and vegetables. BMI and fruit and
vegetable availability was found to have an inverse relationship. The review
found that where individuals shop and eat, and not simply their proximity to food
outlets, is an important factor in food environment research. Evidence found
was mostly based in the USA, with only six of the studies examined conducted
in the UK (Cummins and Macintyre, 2002; Guy and David, 2004; Pearson et al.,
2005; Cummins and Macintyre, 2009; Cummins et al., 2010; Smith et al., 2010).

Rose et al. (2009) investigated the proportion of shelf space given to fruit and
vegetables versus snack foods in 307 food stores in Louisiana, USA. An area
level analysis was conducted with residents’ self-reported BMI collected via a
telephone interview (n=1243, aged 18-65 years). A mean of 52.8 metres of fruit
and vegetable shelf space was located within a 1km buffer of participants
homes, compared with 316.4 metres of snack foods. No significant relationship
was reported between fruit and vegetable shelf space and BMI, although an
increase of 100m in snack food shelf space was associated with a 0.1 unit
increase in BMI. Although in-store measurement strengthens this study, the
assumption that residents used the food stores located within 1km of their

homes may not hold true.

Many in-store surveys assess availability of foods for home provision and

preparation and may not be suitable for use with the adolescent population. It is
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important to identify the types of foods purchased from store types used by the
population being studied. For example, surveys assessing the presence of
healthy food options within food stores often measure raw ingredients such as
‘lean beef mince’ or ‘skimmed milk’. These products are unlikely to be
purchased by adolescents who are more likely to be purchasing foods to
consume ‘on the go’ such as sandwiches and snack foods. These are foods
commonly assumed to be provided by fast food outlets although many
supermarkets and convenience stores also provide these options (Sharkey et
al., 2011).

2.5.5.2 Restaurant menu options and health outcomes

Given the large body of literature on the relationship between access to fast
food and health, many more studies have been conducted on aspects of the

consumer food environment influencing food choice within fast food restaurants.

There has been a particular focus on investigating the potential impact of
providing nutritional information on fast food outlet choices. In 2010, it became
law for all chain restaurants in New York City to provide nutritional information
at the point of purchase. This has led to a number of studies assessing the
impact of providing nutritional information on food choice (Vadiveloo et al.,
2011; Angell et al., 2012; Downs et al., 2013).

Prior to these regulations being set, Yamamoto et al. (2005) reported a lack of
adolescent engagement with nutritional information in three fast food restaurant
chains. Seventy-one percent of 11-18 year olds surveyed did not change their
order after seeing calorie information. Females were significantly more likely to
change their order than males, although this effect was only reported for
McDonalds with no effect seen for Panda Express nor Denny’s. Following the
regulations, Block et al. (2013) asked consumers purchasing fast food across
six chains (89 outlets in four USA cities) to estimate the calorie content of their
ordered meal. Identifying the presence of nutritional information had no effect
on calorie estimation with adolescents reporting the highest levels of

underestimation.

Elbel et al. (2011) adopted a natural experiment study design to investigate

child and adolescent food choice before and after the introduction of the
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mandatory nutritional labelling in New York City. Over half of the study sample
was aged between 13-17 years (56%). Older adolescents and those visiting fast
food outlets without a caretaker (e.g. parent) purchased food with greater
energy content. No adolescents reported noticing nutrition labelling before the
legislation began and over half noticed afterwards (57%). However, only 16% of
those who noticed the information reported that it subsequently influenced their
food choice. There was no significant difference between the calorie intake from
fast food before and after introduction of nutritional labelling in children or
adolescents, with or without caretakers (Elbel et al., 2011). Similar findings were
seen in an adult population with 14.5% reporting both noticing and using calorie
information in fast food outlets (Vadiveloo et al., 2011). In this population, those
who noticed the calorie labelling (regardless of whether they reported using it)
consumed fast food less frequently than those who did not notice the labelling
(Vadiveloo et al., 2011).

In a recent study, Lesser et al. (2013) investigated the food choices made by
American adolescents (mean age=16.7 years, range=12-21) in McDonalds and
Subway outlets. Nutrition Environment Measurement Survey for Restaurants
(NEMS-R) (Saelens et al., 2007) was completed to provide an objective
measure of food outlet healthiness and results indicated that Subway was the
healthier outlet. Using the 97 adolescent participants as their own controls, the
study found no significant difference between the energy content of meals
ordered from McDonalds and Subway (mean 1038kcal and 955kcal,
respectively). However, McDonalds provided a significantly greater proportion of
calories from drinks and side dishes and fewer vegetable portions than Subway.
This study highlights the benefit of including a measure of actual dietary intake
linked to food source when investigating the impact of the food environment on
health. Although a greater number of ‘more healthy’ meals options may be
available within outlets such as Subway, these foods are not necessarily those
chosen by consumers. In reality these ‘more healthy’ outlets could be
contributing to energy intake as much as those outlets perceived to be ‘less
healthful’ (e.g. McDonalds). Visiting both Subway and McDonald’s food outlets
was part of the study design and therefore the adolescents involved did not
choose to visit those particular outlets at free will. It is possible that other

outlets, including other fast food chains or independent, unbranded outlets,
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could have a greater impact on adolescent dietary intake and as a result their
health. The frequency with which these outlets are visited should also be
considered. Subway is perceived as a ‘more healthy’ outlet then individuals may
visit this more frequently than McDonalds and therefore the impact of this outlet

on health may be greater.

As of November 2013, 49 UK businesses had signed pledges as part of the
public health responsibility deal (Department of Health, 2013b) to
provide/improve calorie labeling of their out-of-home food offerings. Businesses
include traditional restaurants, fast service outlets, takeaways, cafes, pubs,
sandwich shops, and staff canteens. At present, there is no evidence to indicate
the impact of the initiatives included in the public health responsibility deal on

food choice or health.

Having presented the exposure and visited food environments and the evidence
linking these to health outcomes in young people, the next section of this review
focuses on identifying the individual factors which influence food choice. The
section also outlines the methods available to measure individual level

outcomes of diet and adiposity.
2.6 Individual food environment

The individual food environment includes the measurement of health related
outcomes such as dietary intake, adiposity and physical activity levels in
addition to how the influence of the food environment on behaviour can “be
moderated or mediated by demographic, psychosocial or perceived nutrition
variables” (Glanz et al., 2005, p331).

Having already discussed the relationship between various aspects of the
exposure and visited food environments on dietary intake and adiposity, this
section aims to define the individual food environment of young people. The
section begins by critiquing the methods used to assess dietary intake and
adiposity in the food environment literature before investigating other lifestyle
behaviours associated with adolescent health. The section goes on to identify
psychosocial factors influencing food choice such as individual, family, and peer
values, and socio-demographic variables such as gender, ethnicity, age and

sSOcCio-economic status.
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2.6.1 Measuring health related outcomes in adolescents

This section outlines the methods available to assess diet, adiposity and other

lifestyle factors in young people.
2.6.1.1 Dietary intake

As discussed in the previous sections, dietary patterns and behaviours may be
influenced by the food environment and as such form the outcome measures for
a number of studies assessing the impact of the environment on health.
Selecting an appropriate dietary assessment method is perhaps the most

important part of designing a nutrition study.

The ‘gold standard’ method in dietary assessment is the use of doubly labelled
water as a biomarker of energy intake. However, this method is expensive and
requires specialised equipment and expertise and as such is seldom used in
public health research (National Obesity Observatory, 2010). Self-report
measures of diet are more commonly used, and the different types of self-report
measures available and their pros and cons are discussed below.

Prospective methods collect data about current dietary intake and as such
provide a ‘good standard’ method of estimating nutritional intake in the absence
of biological markers (Collins et al., 2009). Food diaries completed over a period
of 3-7 days give a snapshot of eating behaviours at a particular time point. They
require participants to be literate and as such are not suitable for use with
younger children although can be used with adolescents. Household measures
or estimated food diaries are more common place than weighed diaries as they
are less burdensome on participant and elicit similar accuracy (Bingham et al.,
1994).

Food diary methods are not without flaws however and it has been reported that
individuals may change their eating behaviour when completing a diary. This
can be in the form of intentional or subconscious changes in order to reduce the
burden of diary completion or participants recording a diet they perceive to be
more socially desirable via the inclusion or exclusion of particular foods (Goris
et al., 2001). Food diary methods therefore often involve a researcher
completed interview following diary completion in order to verify recorded

information.

45



Chapter 2: Review of the literature

Despite the validity of this approach, very few food environment studies use
diaries to collect dietary intake data (Kirkpatrick et al., 2014). In a systematic
review of the association between dietary intake and eating out, Lachat et al.
(2012) found only eight of the 29 studies identified used diary methods. Four of
these studies were large cohort studies of nationally representative samples
such as the National Diet and Nutrition Survey (Henderson et al., 2002). Diary
methods can be time consuming from a research perceptive with entries
needing to be coded for analysis by a trained researcher. However, being a
prospective method, diaries benefit from being able to record contextual

information with regards to eating behaviour such as the source of food.

Retrospective methods such as recalls and FFQs are much more commonly
used in public health research and measure the usual intake of foods over a
longer period of time (Collins et al., 2009). The recall method requires a trained
interviewer to collect the data, much like the diary interview. Repeated recalls
can give an estimate of usual intake over time. FFQs are quicker and less
expensive to administer than food diaries or recalls as they can be self-
administered making them ideal for larger studies (Collins et al., 2009). FFQs
assess the intake of a limited number of foods over a specified time point
(week/month/year) to give an estimate of usual intake. They can be used to
determine desirable and undesirable dietary intake patterns such as fruit
consumption (more healthy) and soft drink consumption (less healthy) (Haerens
et al., 2007). Although they can be used as a proxy for dietary intake, they
cannot be used to link dietary intake to the source of food and therefore
analysis using FFQ data is limited to investigating associations with

environmental variables.

In food environment research, dietary intake is often estimated using responses
to single measures within questionnaires such as questions assessing the
intake frequency of a food type (e.g. fast food or fruits and vegetables) or
frequency of eating at a particular outlet type (e.g. fast food outlet) (Caspi et al.,
2012). Questionnaires benefit from being easy and quick to complete and are
therefore more likely to attain higher participant response rates particularly from
hard to reach population groups such as adolescents. Although they provide a
cost effective way of assessing dietary habits, questionnaires do not measure

total dietary intake. Although it is assumed that fast food is consumed at fast
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food outlets, without actual dietary intake data linked to food source this cannot

be concluded.

Dietary intake can be described in a number of ways depicting a less healthful
or a more healthful diet. In terms of nutrient intakes, high levels of energy, fat,
saturated fat, sugars and salt indicate less healthful diets. Lower levels of these
nutrients, alongside higher intakes of dietary fibre and micronutrients such as
vitamins and minerals, indicate a more healthful diet. Food groups are often
used as proxy measures of nutrient level dietary intake. Fast foods are thought
to be high in energy, fat, sugar and salt and therefore frequency of consumption
of these foods is often used to indicate diet healthfulness. Similarly fruit and
vegetable consumption is used to indicate degrees of healthful eating.

To summarise, food diaries are the preferred method of assessing dietary
intake in nutrition studies although few adopt this method especially in hard to
reach populations such as adolescents. Use of these methods is needed to
move forward in the field of food environment research investigating total

dietary intake in relation to the source of food (Kirkpatrick et al., 2014).
2.6.1.2 Adiposity

The assessment of adiposity, or body fatness, is a much debated topic. The
‘gold standard’ methods of assessing body composition include Bod Pod air
displacement, hydro-densitometry and dual-energy x-ray absorptiometry
(Wagner and Heyward, 1999). However these methods are expensive and time
consuming to use in larger populations and therefore the most commonly
employed measure of adiposity is Body Mass Index (BMI; kg/m?). This is
calculated based on the height (m) and weight (kg) of an individual, measures
which are relatively unobtrusive to obtain (Foresight, 2007b). BMI cut-offs are
used to assess overweight and obesity. A healthy adult BMI lies between 20
and 25 kg/m?, 25 to 30 indicates overweight and a BMI above 30 is classified as
obese (World Health Organization, 2006).

BMI is only a proxy measure of adiposity as it does not give an indication of
where fat is distributed within the body. For some groups, such as professional
athletes, BMI is a poor measure of body fatness due to higher weight being due
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to increased muscle mass. At a population level, BMI provides an adequate

estimation of obesity levels (Foresight, 2007b).

The BMI cut-offs for adults do not take into account continuing growth and
therefore lower thresholds are set for children and adolescents. In particular,
adolescence is a period when the composition of the body undergoes changes
including in the location and amount of fat located in the body (Alberga et al.,
2012). With this in mind, the International Obesity Task Force (Cole et al., 2000)

provide specific age and gender related cut-offs to be used up to age 18 years.

Where fat is stored in the body is an important indication of health. Central
adiposity is associated with increased health risks. Waist circumference and
waist to hip ratio can be used to assess central adiposity. Cut-offs for increased-
risk and substantially increased risk are indicated by the WHO (World Health
Organization, 2011).

Anthropometric measures are often self-reported, and therefore susceptible to
reporting bias. In adolescents, height is often over-reported and weight under-
reported, thereby underestimating BMI which in turn may underestimate the
prevalence of overweight/obesity (Brener et al., 2003). Anthropometric data
collected by trained researchers and averaged from repeat measures is

preferred.
2.6.1.3 Other lifestyle factors

Obesity is the result of an energy imbalance with increased energy intake and
lower energy output resulting in weight gain. High energy intake in the diet is
therefore only one side of the equation. Levels of physical activity and
sedentary behaviours influence the output side of the energy equation and

therefore should not be overlooked.

Current guidelines for health in the UK suggest that all children and young
people (aged 5-18 years) should engage in moderate to vigorous intensity
physical activity (MVPA) for at least 60 minutes every day (such as playing
sport) and reduce the amount of time spent in sedentary activities such as
watching television and playing computer games (Department of Health,

2011c). The physical activity guidelines for adults over 19 years are lower,
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recommending at least 30 minutes of MVPA on five days per week (Department
of Health, 2011c).

In a UK study of 176 young people (aged 12-16 years), Pearson et al. (2009)
found that overall only 22% of young people completed over 60 minutes MVPA
per day. Boys were more likely than girls to meet the guidelines and older
adolescents (mean age 15.6 years) engaged in significantly less MVPA per day
than younger adolescents (mean age 13.3) (p<0.001). In this study,
accelerometers (the gold standard approach) were used to measure levels of
physical activity. Studies using self-report methods for assessing physical

activity levels often overestimate activity levels.

In a review of the relationship between physical activity levels and adiposity in
children and adolescents, Jimenez-Pavon et al. (2010) concluded that there
was a strong evidence base to suggest that greater adiposity was related to
lower levels of physical activity. Eighteen studies assessing the relationship in
adolescents (aged 10.5-18 years) reported a negative relationship between
physical activity and adiposity (out of a total of 21 studies) (Jimenez-Pavon et
al., 2010).

Sedentary behaviours including television viewing, playing video games and
computer use are associated with adiposity and dietary intake. Rey-Lopez et al.
(2008) found mixed results when assessing the relationship between sedentary
behaviour and adiposity in children and adolescents although concluded this
was likely due to methodological issues, with studies relying on self-report data
on sedentary behaviour levels and BMI as a proxy adiposity outcome. Stronger
relationships between SB levels and dietary intake were reported in a review by
Pearson and Biddle (2011), where higher levels of sedentary behaviour were

associated with less favourable dietary intake in all age groups.

Having identified methods of assessing individual outcomes of dietary intake
and adiposity and discussed the influence of physical activity and sedentary
behaviouron these outcome variables, the next section investigates the

psychosocial factors influencing food choice in young people.
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2.6.2Psychosocial factors influencing adolescent food choice

Psychosocial variables account for the way in which an individual’s
psychological being develops and interacts with the social environment, both
consciously and unconsciously (Neumark-Sztainer et al., 1999). This section
aims to identify the psychosocial factors that can influence food choice in
adolescents at the individual, family and peer levels and how these factors can

act as barriers and facilitators for healthy eating.
2.6.2.1 Individual level psychosocial factors

A number of individual level psychosocial factors have been identified in relation
to their influence on adolescent food choice. Story et al. (2002) developed a
comprehensive conceptual model of the individual and environment influences
on adolescent eating behaviours. Individual influences identified within the
model included food preferences, taste and sensory perceptions, health and
nutrition, self-efficacy, knowledge, hunger, time and convenience, cost and
meal patterns. Exploring individual influences on food choice is important; these
factors perhaps having a greater effect on the diet of young people than

environmental factors (de Vet et al., 2011).

Qualitative analysis of focus groups conducted with young people aged 12-19
years (n=141) found hunger, taste and appeal of food, time and convenience
were the individual factors perceived to be most important for food choice
(Neumark-Sztainer et al., 1999).

Young people often place taste and preferences above healthfulness when
making food choices. A systematic review of the facilitators and barriers to
healthy eating in young people identified personal preference, particularly for
fast food, as a key factor for food choice (Shepherd et al., 2006). In a study of
fast food purchasing in adolescents, taste was rated above nutrition as the
factor influencing food choice (Elbel et al., 2011) and in the school food
environment, (Contento et al., 2006) cited personal taste as an important factor

influencing the lunchtime food choice.

Price and convenience are factors that have been often reported as important

factors for adolescent food choice (Wills et al., 2005; Share and Stewart-Knox,
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2012). In a review by Shepherd et al. (2006) the price of healthy options was a
perceived barrier to healthy eating, young people indicating that they would be
more likely to choose healthy foods if they were more readily available and
cheaper. Adolescents give less importance to sensory aspects of food choice
than adults and were concerned more with price and convenience (Share and
Stewart-Knox, 2012).

Stevenson et al. (2007) conducted focus groups with young people aged 12-15
years (n=73) in order to identify barriers to healthy eating. Through thematic
qualitative analysis, four barriers were identified: physical and psychological
reinforcement of eating behaviour; perceptions of food and eating behaviour;
perceptions of contradictory food-related social pressures; and perceptions of
the concept of healthy eating itself. The authors found the goal of ‘healthy
eating’ to be absent within the data with competing pressures to eat unhealthily

and to lose weight of greater importance to the young people.

Obesogenic eating patterns have become a ‘normal’ feature of youth culture
with individuals interacting with and making food choices within an environment
that encourages the consumption of energy rich foods (e.g. fast food) and the

media promotion of these foods (Stevenson et al., 2007).

In addition to taste, findings from one-to-one qualitative interviews with 11-18
year olds (n=108) suggested that other important factors influencing school food
choice were; familiarity/habit, health, dieting and ‘fillingness’ (Contento et al.,
2006). This work was conducted referring to the school lunch choice
environment and therefore these influencing factors may not transcend to other

food choice situations.

Wills (2005) conducted qualitative interviews with disadvantaged 13-14 year
olds in Scotland evaluating the factors influencing food choice during the school
day. The speed of food acquisition was a feature of food outlets highly valued
by the young people, the perceived fastest outlets being fast food and high
street bakery outlets. The cost of food was also considered, with young people
demonstrating the ability to obtain the best value option for their budget and

preferences.
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Croll et al. (2001) investigated the meaning of the terms ‘healthy’ and
‘unhealthy’ in relation to diet with adolescent girls in the USA (n=208). |dentified
barriers to healthy eating were time limitations, lack of healthy options provided
at school, and an unconcerned view towards health. Overall the study found
that the girls had a good knowledge of healthy eating and diet but persisted in

consuming foods the participants themselves deemed to be ‘unhealthy’.

Having identified the individual level factors influencing food choice, the next
section focuses on the family and parental factors that may influence the food

choice of young people.
2.6.2.2 Familial and parental influences

Familial influences on food choice include family structure (single/two parent
families, number of siblings), frequency of family meals, and the provision of
food within the home. Parental factors include parenting styles (such as
authoritative, indulgent etc.) and the influence of parental dietary intakes on
child intakes in terms of role modelling.

Evidence suggests that traditional family mealtimes are important in
encouraging adolescents to consume a healthy balanced diet (Larson et al.,
2007). Who meals are consumed with appears to have an influence on the
amount and types of foods consumed. Videon and Manning (2003) found a
positive association between parental presence at an evening meal and
adolescent (mean age 16 years) consumption of fruits, vegetables and dairy

foods.

The same study reported that four in five adolescents are allowed (by parents)
to make their own food choice decisions (Videon and Manning, 2003) and
having this autonomy did not increase the likelihood of selecting less healthful
foods. It did however impact breakfast behaviours with those adolescents who
made their own food choice decisions 25% more likely to skip breakfast.

Utter et al. (2013) found that in young people (n=9,107, aged 13-17 years)

eating family meals more frequently was associated with more healthful eating
behaviours (greater fruit and vegetable consumption and eating breakfast) and
a more healthy home food environment in terms of the types of foods available.

However, the same study found no association between family meals and BMI.
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The influence of parenting styles and family structure on adolescent dietary
intake was investigated by Pearson et al. (2010). In this study more favourable
dietary intakes were reported by those adolescents who also reported their
parents to have an authoritative parenting style. They reported eating more fruit,
breakfast more frequently and snack foods less frequently compared to
individuals who reported authoritarian, neglectful and indulgent parenting styles
(Pearson et al., 2010).

Bassett et al. (2008) presented evidence that suggests autonomy of food choice
is a co-construct between the adolescent and their parents. Breakfast, lunch
and snack choices were mainly made by the adolescents but where the meal
was family based (i.e. evening meal) individual food choice by the adolescent
was restricted. The mother or household food preparer would make decisions

on behalf of the family unit.

A review of environmental correlated of obesity related dietary behaviours on
children and young people (van der Horst et al., 2007) found consistent positive
associations between parental and sibling intake and adolescent energy intake.
For example, parents who Parents perceive their children, particularly older
children, to be less likely to be influenced by the home food environment when
making food choices, often obtaining high fat/high sugar foods away from the
home (Gattshall et al., 2008). Adolescents are likely to make autonomous food
choices outside of the home, a study conducted in the USA reported that 61%
of adolescents (aged 13-17 years) attended fast food outlets without their
parents and therefore chose what they ate themselves (Elbel et al., 2011). With
this in mind, although parents and families influence the intakes and habits of
adolescents, peer group factors may also affect food choice decisions

particularly when outside of the home.
2.6.2.3 Peer influences

Peer norms and fitting in are often cited as key factors influencing adolescent
health behaviours (Story et al., 2002). Outside of the home, friends influence
more ‘risky’ food choice behaviours such as alcohol and fast food consumption
(Walsh and Nelson, 2010).
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“Food is frequently interwoven in social interactions and during adolescence,
making, keeping and impressing friends becomes an important developmental
task” (Cohen et al., 2012, p968). Results from focus groups with young people
(13-15 years) in the North East of England suggested ‘healthy eating’ was bad
for an adolescents’ social development (Stead et al., 2011). The authors
suggested that food choices were used by adolescents as ways to develop self-
image in accordance with peer norm conformity (Stead et al., 2011). Showing
an interest in healthy eating would be judged by others in a negative way and

therefore socially risky as the young person would not it in’.

There is evidence for peer modelling of eating behaviours where individuals
consume more when their eating companions also consume greater amounts
(Salvy et al., 2012). Supporting this view, Wouters et al. (2010) found that
adolescent individual consumption of snack food and soft drinks was associated

with friendship group consumption of the same items.

The social context within which food choices are made may be important. In a
laboratory study (Péneau et al., 2009) with normal weight teenagers aged 15-16
years, more soft drinks were consumed when eating a standard meal whilst
watching television than in control conditions (eating alone, listening to music,
eating in a group). In the same study, males were found to eat more solid food

than females and ingested more soft drinks (soda).

It is apparent from the literature that no single psychosocial factor is influential
in adolescent food choice, but rather a combination of factors is working in
tandem. Although some factors may have greater influence and the importance

of each factor could vary by individual.
2.6.3Socio-demographic factors influencing food choice

It is important to consider the influence of socio-demographic factors including
gender, age, ethnicity and socio-economic status on food choice.

Differences in the health behaviours of males and females have been reported;
mostly the differences have been reported regarding the use of food outlets. For
example, Larson et al. (2010) identified the frequency with which young adults

(aged 20-31 years) ate out at fast food and sit-down restaurants. Men reported
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dining at fast food restaurants more frequently than women, a finding which has

also been reported by others (Kerr et al., 2012).

There is evidence to suggest differences in the influences on behaviour and
autonomy shown by younger and older adolescents. Younger adolescents, 13-
15 years, may be more reliant on parental influence and the home food
environment whereas older adolescents, 16 years and over, may exhibit a
greater degree of freedom in terms of food choices and access. For example,
eating at fast food outlets and convenience stores during the school lunch break
was more commonly reported by older than younger students (Neumark-
Sztainer et al., 2005). High school students reported significantly lower
frequency of family meal times than middle school students (3.9 per week
compared with 5.4) (Neumark-Sztainer et al., 2003a).

The stage of adolescence may be important to food choice motivation and
behaviour, with younger and older adolescents being influenced by differing
factors (Share and Stewart-Knox, 2012). Share and Stewart-Knox (2012)
indicated the presence of a “sensitive period” in middle adolescence (14-17
years) where less healthful habits have a greater potential to develop. To
prevent the development of unhealthy eating habits, nutrition education and
interventions may be best targeted at this age group although how and where to
is best to intervene is unclear. The 16-18 year old phase of adolescence

appears to be understudied in the literature.

Socio-economic status (SES) takes into account the social and economic
background of individuals and can be assessed in a number of ways including
income, education level and occupation in addition to area level measures such
the Index of Multiple Deprivation (IMD) scores and rank. Those of lower socio-
economic status are more likely to have multiple risk factors for obesity (Buck
and Frosini, 2012; Hardy et al., 2012). Hanson and Chen (2007) conducted a
systematic review of the relationships between socio-economic status and
health outcomes including substance use (alcohol, smoking and marijuana)
alongside lifestyle factors such as diet and physical activity. Focusing on dietary
intake, SES was consistently associated with poorer dietary intakes in
adolescence, regardless of the methods of assessing SES or diet. Twenty five

of the 31 identified studies (81%) reported a negative association between SES
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and diet. For example, those individuals with lower SES have lower intakes of

fruits and vegetables and higher intakes of fat and sugars.

2.7

Literature review summary

The definition of adolescence varies and there is a lack of research
focusing on the 16-18 year age range with many studies investigating the
impact of the food environment on younger teenagers (under 16) or young
adults (18-25 years)

There is mixed evidence of a relationship between the exposure (or
community) food environment and dietary intake or adiposity, with many
studies using proxy measures of dietary intake (questionnaires) and
exposure (secondary data and buffers).

There is emerging use of GIS and GPS methods to explore exposure to
environmental factors, but few studies apply these techniques to the food
environment and none to study the food environment of adolescents.
Many studies of food outlet use focus solely on frequency of fast food
consumption. There is a need to investigate the types of food sources
actually used by the adolescent population, particularly the different types
of food outlets used (visited food environment).

The literature notes the importance of the organisational, especially the
home and school, food environment to the adolescent age group.

The nutritional contribution of food from different food sources and food
outlets to total dietary intake is seldom investigated. Few studies link
actual dietary intake to food source.

Measures of the consumer food environment are required to assess the
healthiness of the food choice environment young people are faced with
when making decisions within food outlets. These should be tailored to the
population being studied and no study to date has investigated the
relationship between the consumer food environment and dietary intake in
adolescents.

The impact of the individual level factors influencing food choice should
not be overlooked. Using qualitative techniques in combination with
guantitative methods could help to unpack the drivers of food choice and

help understand the process of food choice in the adolescent population.
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This research aimed to address these gaps in the literature by conducting a
mixed method study identifying and exploring the food choices made by young
people. The specific aims and objective addressed are presented in the next

section, leading into the methods chapters.
2.8 Research aims and objectives

The overarching aim of this PhD research was to explore whether, and to what
extent, the food environment to which a young person is ‘exposed’ has an
influence on individual food intake. This was achieved by addressing the

following four research objectives:

1. To identify the physical food environment of 16-18 year olds living in
Newcastle upon Tyne using a mixed method approach to ‘map’ and

record use of and exposure to food environments at an individual level.

2. To rate the healthiness of the food outlet environments that young people

visit and calculate individual food environment ratings.

3. To examine relationships between individual dietary intake,
anthropometric and socio-demographic measures and visited and

exposure food environment variables.

4. To use gualitative methods to explore and understand the drivers of food

choice in terms of the food environment of young people.
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2.9 Methodology

A mixed method research methodology which utilises both quantitative and
qualitative methods was considered the most suitable to achieve the aims and
objectives of this study. Individual methods were employed from across
disciplines linking together methods traditionally used in nutrition research with
methods from geography (Geographic Information Systems) and the social
sciences (qualitative interviewing). Both quantitative and qualitative methods
have their own strengths and limitations however it is thought that when
combined they can help to provide a better understanding of a research

question than either methodological approach can alone (Bryman, 2006).

An explanatory sequential research design was used whereby quantitative
information from a first phase is further explored using qualitative methods in a
second phase (Creswell and Plano Clark, 2007). Based on the explanatory
model, qualitative methods (individual interviews) were used to seek more in-
depth findings with a subsample of participants based on data collected via
guantitative methods (food diaries and GPS). Although quantitative methods are
useful in determining the behaviours of individuals, the results do not provide
any insight into the individual motivations behind preferences and behaviours.
This approach results in the generation of complimentary data sets which
together help to give a more comprehensive answer to the research questions
(Nau, 1995).

Some of the methods adopted (including a food diary, text messaging,
photographs, receipt collection, anthropometric measurements and Measuring
Food Environments surveys) were established prior to this PhD study (see
Chapter 4, Methods). Others were newly introduced and therefore required
development and testing for use in the current study. Chapter 3 describes the
development of these new methods including questionnaires, use of GPS/GIS
to identify food outlet exposure, and the acceptability of the data collection
methods to the target population. In addition, a pilot study was completed in
order to trial and streamline the data collection process and generate data to

develop an analysis plan for the main study.
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Chapter 3 Methods development

Chapter overview:

¢ Introduction

e Acceptability of methods

¢ Lifestyle questionnaire development

e Questionnaire database development

¢ Global Positioning System device testing and selection
¢ Pilot study

¢ Analysis plan development

¢ Development of a topic guide for individual interviews

e Summary

Following completion of the literature review, it was clear that although there
was an abundance of research identifying the “place-based” environmental
influences of food choice (using GIS methods to study exposure), little work
focused on “people-based” environmental influences (Kestens et al., 2010).
GPS technology has been used in a number of studies measuring physical
activity in relation to the environment in children and young people (Jones et al.,
2009; Wheeler et al., 2010). However, only now are studies beginning to
emerge using the method to identify the food environment relating to individuals
(Christian, 2012; Thornton et al., 2012). Because a limited number of studies
used GPS at the start of this research process, the feasibility of using this
method to assess the food environment needed to be explored.

This chapter presents the methods development process including acceptability
testing of methods, the development of a lifestyle questionnaire (LSQ), and the
trialling and selection of a GPS device. A full pilot study was conducted with
young people in Durham (UK) results from which are reported in Section 3.5.
Data collected in the pilot study were used to guide development of methods for
identifying and assessing the visited and exposure food environments of

individuals.
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Some of the methods adopted in this PhD research were developed as part of a
programme of work entitled “Combating the Obesogenic Environment” led by Dr
Amelia Lake as part of an NIHR post-doctoral fellowship (2006-2008). An

outline of the methods development process can be seen in Figure 4.

Methods development:

* LSQ development

* Questionnaire Access database
* GPS device selection

]

Pilot study — Durham

Previously used methods:

r

4 * Fooddiary
Development of VFE and EFE * Receiptcollection
analysis methods * EMAtext messages
1 * Food Photographs
« HFEQ

Interview topic guide development
pice P * MFE survey tools

* Food outlet classification tool
Final study methods

Figure 4 Flowchart of methods development process

The development of a food diary used in conjunction with receipt collection,
Ecological Momentary Assessment (EMA) text messaging and photography is
reported in Lake et al. (Submitted October 2013b). The development and
testing of three Measuring Food Environments (MFE) survey tools for assessing
the healthiness of the consumer food environment (shop, restaurant and
vending MFE surveys), and a questionnaire assessing factors relating to food
availability and choice in the home food environment (HFEQ) is reported in
Lake et al. (Submitted October 2013a). A modified version of the published food
outlet classification tool (Lake et al., 2010; Lake et al., 2012) was used to
classify and categorise food outlets in the pilot and main studies. A full
description of each of these previously developed methods (food diary, receipt
collection, text messages, photographs, HFEQ, MFE surveys and food outlet

classification tool) used within the current study is presented in Chapter 4.

The remainder of this chapter focuses on the development of methods unique

to this PhD research study.

60



Chapter 3: Methods development

3.1 Acceptability of methods

As part of the initial research development, three Beacon North East workshops
were conducted with young people (n=34, mean age 17, range 16-20 years) in
order to generate discussion and allow a targeted review of the proposed

research methods (Tyrrell et al., 2010; Newcastle University, 2012).

Four potential methods: text messaging, photographs, social networking
websites, and GPS monitoring; were discussed during the workshops. Groups
of 3-4 individuals were provided with posters illustrating the methods and active
discussion was encouraged. Table 2 contains illustrative quotes from young
people involved in the workshops; these are presented under the four method
headings presented with a discussion of the factors identified in the data
generated during the workshop sessions. Research methods were revised in

line with workshop comments and suggestions.
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Table 2 Summary of discussion from Beacon North East workshops with young people and
changes implemented

Method Factors Example comments Change
implemented
Text Length and number of “Quite an effort to reply” Investigated the
messaging texts ‘too annoying” minimum number of
“people wouldn't take this text messages
seriously” needed to obtain
Time constraints “not going to do if already required study data.
with other people — busy”
Personal expense “Would they be getting their
phones topped up?”
“What if we had no credit?”
Photographs Personal feelings “self-conscious” Option to use
“uncomfortable” personal mobile
“feeling stupid” phone to take

Increasing acceptability
— support of others

“[if] they told people they
were with why they were
taking photographs”

Time factors/ forgetting

“if I had time, too busy”
“eat & go, not think”

photographs rather
than study digital
camera in order to
reduce feelings of
embarrassment.
Provided example
sheet to encourage
adoption of method.

Social network | Familiarity “a well-known network” Explored options for
websites Facebook social networking use
Online safety concerns | “anyone could add you and in relation to
ask you out when you don’t participant
know the person” comments.*
Positive feedback ‘good idea”
“something that people would
come across and more likely
to give their views”
More likely to succeed “if it
was interesting [using]
multimedia, photo, sound
[and be] interactive”
GPS monitor Dislike of watch “Is everyone going to want to | GPS device options
(specifically a wear it?” explored including
Garmin wrist “It’s not fashionable” mobile phone

watch device)

“you would look weird
wearing it”

Suggestions

“attractive accessory”
“so you can't see it”

Privacy concerns

“It's wrong and stalkerish and
you wouldn’t have no privacy”
“It’s a bit like being a criminal

with a tag on”

Need for more
information

“‘would like to know where the
signal is going to”

applications and small
GPS devices.

Use term ‘logging’
instead of ‘monitoring’
Ensure participant
awareness of data
use including security
and anonymity
protocols.

4 A number of websites were considered and Facebook was believed to be the most popular and
frequently used. However, the use of Facebook for data collection purposes was not pursued. The use of
Facebook or similar websites, particularly in a context where participants may interact, could impact the
nature of the data collected, and may act as an intervention strategy rather than an observational study. In
addition, a website used in this context would require strict monitoring of content by researchers which
may be time intensive. The aim of the study was to observe behaviour, not to influence or encourage
behaviour change and therefore online social networking was deemed inappropriate in the context of the

study.
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3.2 Lifestyle Questionnaire development

The Lifestyle Questionnaire (LSQ) was designed to measure psychosocial
factors including preferences, attitudes, self-efficacy and social support in
respect of food (Haerens et al., 2007), and other relevant health behaviours,
such as smoking, alcohol intake, and physical activity (Currie et al., 2008).
Individual questions were pooled from existing validated tools (Currie et al.,
2004; Campbell et al., 2007; Lake et al., 2009) within one questionnaire under
ten sub-headings; ethnic origin, your family, jobs and transport, food, television
and computers, physical activity, dieting behaviours, smoking and alcohol,

family activities, and friend activities.

Questions were chosen based on evidence of lifestyle behaviour sharing a
tendency to cluster (Pearson et al., 2009). The current study did not have the
scope to collect primary data on physical activity for instance and therefore the
LSQ asked questions to allow an estimate of physical activity levels to be
calculated. These were based on methods used in other studies (Currie et al.,
2004).

The LSQ was first administered in the pilot study (Section 3.5.4). A copy of the
LSQ including citations for individual questions can be found in Appendix A.

3.3 Questionnaire database development

Three questionnaires were used in this study; Home Food Environment
Questionnaire (HFEQ) (see section 4.3.6.2and Appendix B) (Briggs and Lake,
2011; Lake et al., Submitted October 2013a), Lifestyle Questionnaire (LSQ)
(see section 4.3.6.1 Appendix A) and the Adolescent Food Habits Checklist
(AFHC) (Johnson et al., 2002) (ref section 4.3.6.3 and Appendix C). With the
aim to streamline the data collection and subsequent data entry process, the
guestionnaires were integrated into an online Microsoft Access Database. This
enabled participants to enter information directly into the online database,
minimising the risk of errors occurring during data entry. Use of the database

was trialled in the pilot study (see section 3.5).
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3.4 Global Positioning System device testing and selection

Using GPS data in conjunction with GIS analysis techniques is an emerging
method in health research linking individuals to the environment they
experience (Wiehe et al., 2008a; Christian, 2012; Gustafson et al., 2013. In the
current study, the aim was to explore the food environment to which young
people are exposed by linking participant collected GPS data with food outlet
locations. It was important to select a GPS device that would yield the best data
in relation to the study requirements. GPS recorded using mobile smartphones
has previously been used with adolescents {Bamford, 2008 #1689) and
traditional type GPS devices have been used with children (Jones et al., 2009;
Wheeler et al., 2010). Results from Beacon North East workshops (section 3.1)
indicated that the acceptability of using a traditional GPS device, particularly in

terms of appearance, with young people needed to be explored.

Two GPS logging devices, QStarz BT-Q1000XT and i-gotu GT-600, were
selected for testing based on advice from other researchers employing GPS in
health research (Appendix D). The devices were tested for suitability according
to seven identified factors; accuracy and sensitivity of data, battery life, fix time,
data storage capacity, ease of use, appearance, and affordability. Specifications
for the ‘ideal’ device and detailed results from the testing period can be found in
Appendix E. The QStarz device was selected for use in the pilot and main
study, out-performing the i-gotU device in most criteria, particularly in terms of
accuracy and sensitivity of data, and battery life (Appendix E). The QStarz
device was also considered acceptable by the target population. Young people
aged 14-15 years who took part in workshops were agreed that the method was
acceptable and showed no preference between the two GPS devices in terms

of appearance and wear-ability®.

® Informal survey conducted as part of a STEM (Science, Technology, Engineering and Mathematics)
Horizon Careers engagement event at a secondary school in Durham, UK (November 2010). Five classes
of Year 9 students (aged 14-15) were asked to state their preference of two GPS devices via a show of
hands. Preference was evenly split with a trend for girls to prefer the white coloured ‘i-gotU’ device and
boys preferring the black ‘QStaz’ device. Workshops conducted by Rachel Tyrrell and Rachel Gallo,
Newcastle University.
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The next section outlines the results from the pilot study, describing the
recruitment approach, advantages and disadvantages of working with schools,
and the fine-tuning of the data collection protocol.

3.5 Pilot study

A full pilot study was conducted to integrate the newly developed methods with
a study protocol used within previous pilot studies assessing the food
environment of young people (Lake et al., Submitted December 2013; Lake et
al., Submitted October 2013a; Lake et al., Submitted October 2013b). The aims

of the pilot study were:

1. To trial recruitment of participants through the school environment
2. To test the data collection process and modify this where necessary
3. To collect food diary and GPS data in order to develop methods to

identify the visited and exposure food environments of individuals

This section outlines the new methods tested in the pilot study and identifies
where changes to the protocol were made to these methods prior to the main
study. The section pays particular focus to the inclusion of GPS methods and
collecting questionnaire data via the Access database. The advantages and
disadvantages of recruiting participants through the school environment are
also discussed.

3.5.1Ethical approval and incentives

The pilot study was approved by Newcastle University Ethic Committee. Three

researchers involved in the pilot study held enhanced Criminal Records Bureau
clearance. Volunteers received an incentive for their contribution (£10 shopping
voucher), details of which were included on the posters and information leaflets
advertising the study and reiterated by researchers during recruitment

presentations.
3.5.2 Study sample

Young people attending a school-based sixth form college located in Durham

were invited to take part in the pilot study. Use of another city in the North East
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of England avoided exhausting the main study recruitment pool whilst ensuring

the food environments of the two samples were not too dissimilar.

The head of sixth form acted as a ‘gatekeeper’ to organise meetings between
the researcher and study volunteers. Students studying for AS level
qualifications (school year 12) in ‘Sports Science’ and ‘Health and Social Care’
attended one of two short recruitment presentations. The gatekeeper had
control over who was invited to take part in the pilot study, potentially selecting
students studying courses where this health research study tied in with
curriculum requirements. This may have limited the range of experiences and

characteristics of participants.

Eleven individuals were invited by teacher gatekeepers to take part in the pilot
study and ten participants completed the pilot study in its entirety (91%
participation rate). Of the ten participants, six were male and the group had a
mean age of 17 years (range 16-19 years). One individual was excluded from
the pilot study due to foreign travel plans during the study period. As the study
was designed to assess ‘usual’ behaviours, a new eligibility criterion was
established for the main study: participant plans to remain within the study area
(within reason) for the duration of the study period. One participant was above
the age cut-off criteria of 18 years but was included in the pilot study as they
met all other set criteria. The pilot study sample size was sufficient to thoroughly
test the recruitment and data collection processes and provide data with which

to develop an analysis plan.
3.5.3Pilot study timeline

The pilot study was completed over a two week period in March 2011. All
meetings with participants took place during school hours and on the school
premises. There was a period of five weeks between initial contact with the
gatekeeper and the researchers’ first visit to the school for recruitment. This
was mainly due to scheduled school holidays and exam periods. This
demonstrated the need to allow for time in the data collection schedule for
arranging suitable recruitment dates with schools. The pilot study school was
accessed via a personal contact and it was expected that the time between
initial contact and the start of recruitment would be similar or longer when ‘cold

calling’ schools to recruit participants for the main study.
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3.5.3.1 Group recruitment and collection

Two group recruitment sessions were conducted during the pilot study.
Interested students attended a short researcher-led presentation outlining the
requirements of the pilot study where volunteers received a leaflet containing
study information and were given the opportunity to ask questions. Written

informed consent was obtained from those wishing to take part (Appendix F).

Group recruitment was the ideal approach for recruiting within the school
environment. Delivering a PowerPoint presentation ensured all volunteers
received the same explanation of the study requirements, and volunteers had
the benefit of hearing answers to questions posed by others in the group
setting. Researcher contact details were provided on information leaflets for

participants use should any questions arise during the study period.

Consenting participants were each given a study pack at the recruitment
meeting and asked to begin collecting study data on the following day. The
study pack contained the following items:

¢ Information leaflet/ parent letter (Appendices G and H)
¢ Food diary and pen (Appendix I)

e QStarz GPS logger

¢ Food photograph guidance (Appendix J)

The QStarz GPS devices were configured to record waypoints at 10 second
intervals and the power saving function was active. The devices were fully
charged and switched to ‘LOG’ by the researcher before distribution.
Participants were asked to carry the QStarz GPS device for the same 4-day
period they were completing the food diary. They were instructed to carry the
GPS device at all times in a clothes pocket or the outside pocket of a bag and

were asked not to turn the device off at any time.

Unlike other health studies using GPS technology (Maddison et al., 2010; Oliver
et al., 2010), participants were not required to wait for the GPS device to
acquire a ‘fix when leaving buildings or to re-charge the device. This was to

ensure participant burden was kept to a minimum and to avoid interference with
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usual behaviour. All loggers were returned with food diaries at the collection

meeting.

Seven GPS devices were available for use in the pilot study. This limited the
number of young people that could be recruited and start the study at one time
point. Recruitment sessions were therefore staggered over a two week period in
order to allow a rollover period and all interested volunteers the opportunity to
take part.

In order to effectively manage the logistics of the study, a recruitment timetable
was established. Dates for recruitment and collection sessions were selected to
best suit the gatekeeper and participant schedules. The aim was to complete
collection interviews within five days of food diary completion.

The data collection period was relatively short and ran efficiently. A rolling
programme for data collection was completed over a two week period with a
team of two trained researchers visiting the school on four occasions to conduct
recruitment and data collection sessions. A private room was made available for
the food diary collection interviews and anthropometric measurements. Some
meetings were conducted with pairs of participants completing the interview in
tandem although efforts were made to keep body measurement and diary
details confidential.

During the pilot study, a checklist was developed to aid the researcher when
preparing for and completing individual measures (e.g. equipment and task lists
for meetings). This was also a place for the researcher to make notes of any
feedback obtained from the participants (Appendix K).

3.5.4Questionnaire administration

Pilot participants completed three study questionnaires; Home Food
Environment Questionnaire (HFEQ, Appendix B), Adolescent Food Habits
Checklist (AFHC, Appendix C), and Lifestyle Questionnaire (LSQ, Appendix A).
Pen and paper versions of the HFEQ and AFHC had been used in previous
studies (Johnson et al., 2002; Briggs and Lake, 2011; Lake et al., Submitted
October 2013a). The pilot study aimed to test their administration via a
Microsoft Access database. The LSQ was also assessed for understanding and

ease of completion. To administer all three questionnaires in one sitting risked
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introducing questionnaire fatigue and therefore the LSQ was completed at

recruitment with the HFEQ and AFHC completed during the collection interview.

Participants completed all three questionnaires electronically, directly into the
database using a laptop. Completing the LSQ electronically posed a logistical
problem in the group recruitment setting. Participants in recruitment group 1
(n=6) waited up to 50 minutes for laptop access. A pen and paper version of the
LSQ was developed for use in subsequent group recruitment sessions thereby
streamlining the data collection process. Data were then entered into the

database by the researcher.

Participants were asked to raise any problems they had completing the
questionnaires with the researcher. Overall, participants reported that the
electronic questionnaire was easy to use. There was some confusion regarding
the ‘your family’ section of LSQ, particularly where participants wished to report
living at more than one address. The question was not changed following the
pilot study however help was provided with completion of this section where
required. A researcher was present to check all sections of the questionnaires
were complete and to ensure the database was saved correctly reducing the

risk of data loss.
3.5.5Working with schools and gatekeepers

There were a number of advantages and disadvantages to working with schools
and gatekeepers. Schools have the potential to provide researchers with access
to a large recruitment pool of young people. However, there may be specific
security and ethical requirements a researcher needs to meet before being
provided with that access (Morrow, 2008). Although parental consent was not
required for participation in the study, the pilot school requested an information
letter be sent to the parents of consenting volunteers. The parent letter
(Appendix H) contained the same information as the participant information
leaflet (Appendix G). Provision of a parental letter was a simple solution to
address the schools request and ensure responsibility of the study process and
materials was attributed to the researcher and Newcastle University, not the
school. Organising collection interviews in school time was challenging due to
the time commitment involved for both the school and participants. An hour long

one-to-one appointment was required with each participant to complete the food
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diary collection, questionnaires and anthropometric measures. These sessions
needed to fit into student timetables in order to avoid disruption to teaching
time. Text messages were sent to all consenting participants to inform of the
researcher visit and remind participants to bring their study packs to school.
However, the decision of when and with whom the interviews took place was

made by the gatekeeper.
3.6 Analysis plan development

The collection of food diary and GPS data in the pilot study was essential to
allow for development of a method for identifying the visited and exposure food
environments of individuals. This section describes the extraction of data from
the food diary and GPS device and the subsequent development of an analysis
plan for the main study. The first section outlines the method for identifying and
measuring the source of food with particular focus on food outlets (Visited food
environment; VFE), including results from the pilot study. This is followed by the
development of a method for identifying the food outlets individuals were
exposed to (Exposure food environment; EFE), again with pilot study results.
The final section discusses the strengths and limitations of the pilot VFE and
EFE analysis methods alongside modifications to the data collection and
processing methods that were applied in the main study.

3.6.11dentifying and measuring the Visited Food Environment

The visited food environment (VFE) is defined as the food outlets individuals
use as a source of food during the study period. Eating events were identified
within the food diaries according to the time of consumption reported by
participants. The eating events were coded into two food source categories;
‘home/ friends/ relative’ and ‘out-of-home’ based on the assumption that food
sourced from outside the home is of lower nutritional quality (Lachat et al.,
2012; Jaworowska et al., 2013).

For ‘out-of-home’ eating events, the name and location details of food outlets
were extracted from the food diaries, supplemented with descriptions obtained
during collection interviews. A Google search was conducted in order to obtain
complete business names and addresses. Where necessary, the Royal Mail

postcode finder (Royal Mail Group Ltd) was used to obtain postcodes for the
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food outlets. GeoConvert (UK Data Service Census Support) was used to
convert postcode data into latitude and longitude coordinates (postcode

centroid) for mapping.

Seventy-nine percent of the food outlets identified through the food diaries were
visited in person by a researcher, 21% (n=6) were not identified by the
participant within the food diary or were not publicly accessible e.g. schools. At
this visit, the food outlet was classified using a 15 point classification tool
(Appendix L, adjusted from Lake et al. (2010)) and, where appropriate, a
Measuring Food Environments (MFE) survey was completed (Appendices M
and N).

A total of 231 eating events were recorded by pilot study participants; a mean of
5.8/ person/ day. The home (including friends’ and relatives’ homes) was the
main source of food (74.9% of eating events), while for 25.1% of eating events
food was sourced outside of the home. Of these, food was most commonly
sourced from ‘supermarkets’ (n=11), ‘closed/ private food outlets’ (including
school/ workplace) (n=11), and ‘takeaway & fast food’ (n=10). Four of the 15
food outlet categories were not visited by the participants; ‘specialist’, ‘mobile
food’, ‘vending machine’, ‘health & leisure’. The high number of ‘closed/ private
food outlet’ eating events highlighted the need to investigate school food as a

separate out-of-home food source to food outlets.

All participants used out-of-home food outlets at least twice over 4-days (range
2-11 eating events per person) with a mean of 1.5 food outlet eating
events/person/day. Note that the same food outlet may have been visited more
than once throughout the food diary period and food from one food outlet visit

may be the source for multiple eating events; this is not reflected in the results.

A number of changes were made to the methods used to identify the food
source and VFE following the pilot study. The food source classification was
expanded to give five categories; ‘home/friends/relatives’ was split to give two
categories (home and friends’ and relatives’ homes) and ‘out-of-home’ was split
into three categories (school, work, and food outlet). The 15 point food outlet
classification tool was amalgamated to form five groups for analysis, details of
which can be found in the methods chapter (Chapter 4). The food diary layout

worked well in the pilot study however there was a need for researchers to

71



Chapter 3: Methods development

probe for additional details regarding the names and addresses associated with

food outlet eating events to ensure the best possible dataset was attained.
3.6.2ldentifying and measuring the Exposure Food Environment

The Exposure Food Environment (EFE) is defined as the food outlets to which
an individual is exposed during their day-to-day activities and represents the
opportunities individuals may have to obtain food outside of the home. This
section describes the use of Geographic Information System (GIS) techniques
to develop a method linking GPS data to food outlet location information in
order to estimate the number and type of food outlets to which individuals are
exposed. Considerations for GPS device battery life and quality of data are
presented here along with details of modifications made to the GPS data

collection protocol following analysis of pilot study data.
3.6.2.1 Extraction and cleaning of Global Positioning System data

Data were extracted from the QStarz GPS device using QTravel™ V1 software
(QStarz International Co. Ltd., 2006). Data were presented in the form of
waypoints, a reference point to a geographic space, with each recorded
waypoint containing date, time, latitude, longitude, altitude, and speed
measurements. Waypoint data were automatically cleaned for GPS error by the
QTravel software. Errors in waypoint recording can occur where the GPS signal
is altered by atmospheric effects, for example adverse weather (e.g. cloud and
rain) or urban canyons (tall buildings and infrastructure). Waypoint data were
exported to a Microsoft Excel CSV spreadsheet where manual cleaning and
coding was completed.

Any waypoints recorded either side of the 4-day study period were removed.
Longitude figures were transformed to give negative values in order to make the
data compatible with ArcGIS. Data columns were added to the spread sheet to
link waypoints to participant ID, study day and weekday and track number®.

® Track number — the QStarz GPS device starts a new GPS ‘track’ recording each time the device loses
signal or exits the sleep mode function. The track number is a record of the number of track recorded for
each participant.
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3.6.2.2 QStarz Global Positioning System device performance: results

from pilot study

Raw ‘un-cleaned’ data are only available for five out of ten pilot study
participants. This is a result of researcher error in the process of extracting,
saving and cleaning of GPS data using the QTravel software. A standardised
protocol was subsequently developed and followed to eliminate the potential
risk of this error re-occurring in the main study.

For these five participants, a total of 108.94 hours of data were recorded, a
mean of 21.8 hours per person. The GPS data were date matched to the start
of the food diary recording resulting in a total of 79.46 hours data (Table 3). This
equates to a GPS recording rate of 16.6% of the potential total of 480 hours
(24hours x 4 days x 5 participants). The GPS device was not expected to record
waypoint data continuously over the study period. The power saving function
allows data recording to cease when the device is static i.e. when participants
are indoors at school/home and overnight. With this in mind, the collection rate
of 17% seen in the pilot data was considered acceptable considering other
‘exposure’ research suggests around 80% of time is spent indoor where GPS
signal is likely to be lost (World Health Organization, 1999; Kornartit et al.,
2010).

Table 3 Number of GPS active hours —total running time calculated using data for participants
where raw un-cleaned data available (n=5)

ID Total number Number study Number active
waypoints® waypoints” (%) hours®

515 10162 7291(72) 20.25

516 8646 7156 (83) 19.88

517 62 56 (90) 0.16

518 14968 11362 (76) 31.56

519 5378 2738 (51) 7.61

Total 79.46

Mean 15.89

& Total number waypoints recorded by GPS device
® Total number waypoints recorded on study days (total waypoints trimmed to study period)
¢ Active hours=study waypoints /6 /60 presented in decimal hours, data recorded at 10 second intervals

A travel study by Oliver et al. (2010) reported that only 11% of potential trips
were recorded by GPS. The authors allocated this data loss to participants’
inability to meet with researchers to change the device battery. Similarly, in this
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pilot study it appears battery life is the main reason for GPS data loss. All ten
participants had some data recorded on the first two study days. Supplying the
GPS logger powered on prior to the study start date resulted in waypoints being
removed to time match the data to the food diaries. This data loss equated to
27% of the total hours of GPS data recorded. Short battery life, shake awake
function failure and participant non-compliance to carry the GPS device are all
potential explanations for the data loss seen here.

In order to reduce this data loss in the main study, the protocol was adapted to
give participants responsibility for powering on the GPS device at the start of
study day 1. Verbal and written GPS device instructions (Appendix J) were
provided at recruitment in addition to a reminder text message on the first study

day.
3.6.2.3 Adjusting for speed of travel and data trimming

It is thought that the influence of food outlet exposure and the likelihood of
making food purchases will be greater when passing outlets at a lower speed or
using active transport such as walking or cycling (Laska et al., 2010b).
Interviews conducted as part of the UrbanDiary London study (Neuhaus, 2011)
indicated that “perception of space changes with time, mode of transport and
especially with speed”. This research highlighted the lack of attention paid to the
surrounding area when travelling on passive transport. For example, when
travelling on buses, individuals “...ignore the route and concentrate on a book,
the music playing through their headphones or simply just sit and look out the
window...” (Neuhaus, 2011). In contrast, Christian (2012) noted that although
exposure to food outlets in moving transport might not provide opportunities to
obtain food it would contribute to an individuals’ knowledge of the food

environment in the active space.

Oliver et al. (2010) reported the average speed of travel by transport-related
physical activity e.g. walking and cycling for travel purposes, to be 8.4mph
(SD=4.0). This was significantly different to figures reported for motorised
transportation (mean=20.6mph, SD=9.3, p>0.01). However, data from the
National Travel Survey (Department of Transport, 2013)indicated that only a
minority of cycling trips made by 17-20 year olds (0.02%). Time spent in

motorised transport add complication when measuring time append outdoors
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(Cooper, 2010). In a study investigating the time spent outdoors in physical
activity by UK children (PEACH project), data recorded above 15 km/h
(approximately 10mph) was excluded from the time outdoors calculation
(Cooper, 2010). However, slow moving traffic data was not removed via this

approach (Wheeler et al., 2010).

As the current study aimed to assess exposure to food outlets and opportunities
to obtain food, a cut off of 5Smph was deemed appropriate. Speeds recorded
above this were likely to indicate motorised transport such as car, bus or metro.
A speed cut-off of 5 mph (8.05km/h) was therefore applied to the GPS data and
any waypoint with a recorded speed above 5mph was removed from the data
(5838 waypoints (61.5%) remained in the pilot study dataset).

When travelling, the mode of transport cannot be determined directly from the
GPS data. There is a need to establish some context when using GPS in health
surveys and GPS devices should be used in conjunction with, not in lieu of,
diary methods (Bricka et al., 2012). Using a food diary and face-to-face
collection interview alongside GPS did allow for some contextual information
regarding travel methods used when visiting food outlets to be obtained. In
addition, the possession of a driving licence and motor vehicle access was
reported in the LSQ (section 4.3.6.1). However this data was not
comprehensive enough to identify travel methods within the GPS data and
therefore no attempt was made to remove waypoints where individuals were
using motorised transport such as cars or buses and travelling at less than
5mph (i.e. slow moving or stationary traffic, or bus stops). This has been
identified as a limitation in other studies using GPS to record activity (Wheeler
et al., 2010).

The number of GPS waypoints recorded (post cleaning) varied greatly by
individual with a range of 30—-1963 waypoints recorded over 2—4 days. To allow
a fair comparison between pilot study participants, GPS data were trimmed to
include study day 1 only. The mean number of GPS waypoints recorded on

study day 1, following adjustment for speed of travel, was 212 (range of 4—-451).
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3.6.2.4 Identifying Exposure Food Environment outlets using Geographic

Information System

Many studies use secondary data sources to identify and locate food outlets in
a given geographic area. Data were collected on the food outlet locations in the
North East of England from local council databases as part of a study mapping

the food outlet provision in the North East (Burgoine, 2010).

Pilot study GPS data were layered with the food outlet location data in order to
estimate the EFE of individuals. Distance buffers have commonly been used to
characterise the food environment surrounding geographic points such as
individuals’ homes or schools. Buffer sizes reported in the literature vary greatly
and no standard size has been established. Many studies rely on a buffer of
approximately 800m around a participants’ home or school, representing about
half a mile in distance or a 10 minute walk. As this study collected data on
actual routes taken, the application of a smaller buffer to the GPS points was
considered more appropriate to capture exposure to food outlets. It should be
noted that studies have been recently published using 0.5 mile buffers around
travel routes although these were not available at the time of method
development for the current study (Christian, 2012; Burgoine and Monsivais,
2013).

Using ArcGIS software, circular distance buffers were applied to each recorded
GPS waypoints. These waypoint buffers were merged to form one EFE-buffer
area unique to the participant. The EFE-buffer was layered with the food outlet
location data (Burgoine, 2010); the outlets contained within the EFE-buffer

formed the EFE-count for individual participants.

A variety of buffer sizes were applied to the data for study day 1 only. Figure 5
shows the EFE-count for a variety of potential EFE-buffer sizes for the pilot

study participants.
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Figure 5 Exposure Food Environment Count for pilot study participants (n=10) at 25, 50, 100, 200
and 400 metre buffer sizes surrounding GPS waypoints. The data lines represent the individual
pilot study participants (n=10).

An example of the GPS data can be seen mapped in Figure 6. This
demonstrates the variation in the number of food outlets contained within each
buffer size, and highlights how food outlet count increases with increasing buffer

size.

The GIS analysis of the pilot data was used to estimate the potential workload
for completing MFE surveys (section 4.4.4) in the main study. Based on the
results presented in Figure 5, a buffer size of 50 metres was selected for use. A
mean EFE-Count of 22 food outlets per person were present within the 50
metre buffer for study day 1. Over 4 days and 50 individuals, it was estimated
that the total EFE could contain around 4320 food outlets. Although this figure
was thought to be an over-estimation of the number of unique exposure food
outlets that would be identified, the decision was made for MFE surveys to be

completed only for the visited food outlets recorded in participant food diaries.

The decision was also made to retrace routes to enable the collection of primary
data on the locations of exposure food outlets (Figure 7). A data collection
exercise was completed in an area of high food outlet density. Outlets were
geo-tagged by the researcher and this primary data was compared to

secondary data collated by Burgoine (2010) using postcode centroid. The 50
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metre buffer encompassed both sides of the road recorded using the GPS
device (Figure 7). The primary data gave a more accurate depiction of food
outlet location.
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Figure 6 Map depicting GPS waypoints, food outlet locations (Burgoine, 2010) and range of buffer
sizes tested in pilot study (ID515)
© Crown Copyright/database right 2010. An Ordnance Survey/EDINA supplied service
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Figure 7 Map depicting primary and secondary data collection of food outlet locations and the use
of varying buffer sizes in relation to GPS waypoints located on a single road.
© Crown Copyright/database right 2010. An Ordnance Survey/EDINA supplied service
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Development of a topic guide for individual interviews

A topic guide for the individual interview was developed guided by the findings

from the pilot study. In addition, a number of topic guides used in other studies

exploring the food behaviours of young people were obtained and used to

inform the topic guide development (Wills et al., 2005; Wills et al., 2008; Wills et

al., 2011). A pilot interview was conducted with one 16 year old female to trial

the topic guide and interview process. No changes were made following the

pilot interview. Further details can be found in section 4.7.2 and a copy of the

final topic guide in Appendix O.

3.8

Summary

GPS and GIS techniques were introduced to the study protocol to identify
the Exposure Food Environment of individuals.

The acceptability of proposed methods was established through
workshops conducted with young people with particular focus on the GPS
techniques.

QStarz BT1000XT GPS device was selected following testing and the use
of this device was trialled during a full pilot study.

Data collected during the pilot study helped to develop the analysis plan
and further work on measuring the food environment was completed.

The method for identifying food outlet locations in the main study was
modified following the pilot study, to include the collection of primary data,
increasing the accuracy with which the individual exposure to food outlets
could be estimated.

A lifestyle questionnaire was developed and the administration of all
guestionnaires electronically was tested and the protocol was modified
accordingly.

A topic guide for individual qualitative interviews was developed based on
pilot study data. This was tested for concept and was used in the main

study unchanged following the pilot interview.
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Chapter 4 Methods

Chapter overview:

Introduction

Funding and ethics approval

Recruitment, consent and incentives
Individual Food Environment — Data collection
Visited Food Environment

Exposure Food Environment

Quantitative data analysis

Individual qualitative interviews

Summary

This chapter describes the methods used in this PhD research. This multi-

disciplinary study combines methods used in nutritional science, geography and

social science to assess relationships between the food environment, nutrient

intake and adiposity in young people. Figure 8 outlines the methods used to

identify and measure the individual, visited and exposure food environments.

The following sections describe each of these methods and the recruitment of

participants in detail.
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4.1 Funding and ethics approval

This study was funded through the Food Standards Agency Postgraduate
Scholarship Scheme (PG1024). The study method was approved by Newcastle
University Ethics Committee on 27th September 2010 (Application number:
000322/2010). The researchers who worked with the young people in this study

were in possession of enhanced Criminal Records Bureau (CRB) clearance.
4.2 Recruitment, consent and incentives

Participants were recruited between August 2011 and March 2012. Contact
details for secondary school sixth form centres and colleges in Newcastle upon
Tyne were obtained from the Newcastle City Council website (n=16). This list
was supplemented with personal and professional contacts from previous work
with young people. Initial contact was made via email and/ or telephone, which
was followed by a postal pack containing a covering letter (Appendix P),

recruitment posters (Appendix Q) and information leaflets (Appendix G).

School gatekeepers (predominantly teachers) were encouraged to distribute
study information to young people fitting the recruitment criteria. In addition to
schools, representatives at community centres (n=16), youth groups (n=12),
sports and leisure centres (n=8), apprenticeship providers (n=7), and youth
sports teams (n=3) were also contacted and encouraged to disseminate the
study information to potential recruits. Posters were displayed in a number of
city centre retail store staff rooms (n=19) for the attention of young people
themselves and to encourage word of mouth recruitment through family and
friends.

4.2.1Recruitment criteria
The following recruitment criteria were set for the study:

e Aged between 16-18 years on recruitment

e Currently living with parent and/or legal guardian

¢ Resident in Newcastle upon Tyne or immediate surrounding area

¢ Participants planned to remain in Newcastle upon Tyne area for the study

period
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This was an exploratory study and a target sample size of 50 participants was

chosen as a practical, manageable sample.
4.2.2 Study contact details

A number of communication routes were provided for participants to contact the
research team. Following standard research procedures, office address and
telephone contact details for the primary researcher (Rachel Tyrrell) and
responsible supervisor (Prof. Ashley Adamson) were provided. In addition, a
designated email address (food.environment@newcastle.ac.uk) and mobile
phone number were active contact routes throughout the study period. Work
previously conducted with this age group (Lake et al., Submitted December
2013; Lake et al., Submitted October 2013a; Lake et al., Submitted October
2013b) indicated that SMS text messaging and email were preferred and more
effective than telephone calls and therefore these were the communication
methods predominantly used. Contact details were included on the recruitment
poster, information sheet, consent form and food diary.

4.2 3Information leaflet

An information leaflet was developed with guidance from a youth worker® to be
both appealing and appropriate to the target audience (Appendix G). The
information leaflet was handed out during presentations or meetings with

potential participants.
4.2.4Consent form

A consent form was developed to collect contact details and personal
information from participants including full name, home address including
postcode, home telephone number, mobile telephone number, email address
and date of birth (Appendix F). Participants were informed of their right to refuse
to participate and told they could withdraw from the study at any point without

giving a reason to the research team.

8 Catherine Purvis-Mawson, Enterprise and STEM (Science, Technology, Engineering and Mathematics)
Enrichment Manager
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4.2 5Incentives and reimbursement

Participants received a £10 shopping voucher following completion of all
aspects of the study. This incentive was used to encourage participation in the
study and was advertised on the posters and information leaflets and discussed
by the researcher during recruitment. The voucher was given during the food
diary collection interview when the food diary and GPS device were returned.
Any travel costs incurred by the participants in attending the study meetings

were reimbursed.
4.3 Individual Food Environment — Data Collection

This section describes the methods used with participants following recruitment,
including an assessment of dietary intake using a food diary, receipt collection,
text messaging and photographs and the collection of anthropometric
measures. Data on home food availability and parental rules, usual food habits
and a range of non-food related behaviours such as smoking and physical
activity were assessed via questionnaires. A GPS logging device provided data
on the routes travelled by participants. This section also describes how diet and

adiposity outcome measures were assessed.
4.3.1 Participation timeline

Each participant completed the study over a one week period. This included an
initial meeting, either one-to-one or group based, to hand out the study pack
and instructions (Figure 9), four data collection days, and an hour long data

collection interview. A timeline of the methods is presented in Figure 10.
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Figure 9 Photograph of a study pack which contained the following: information leaflet;
photograph example sheet; QStarz GPS device and instructions; food diary; and a pen.
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4.3.2Food diary

This section describes the food diary used by participants to record their food
and drink intake. Coding of the data is described in terms of identifying the
visited food environment of individuals and the assessment of dietary intake as

an outcome measure.

Participants recorded their dietary intake in a 4-day food diary specifically
designed for the purpose of this study (Appendix I). The food diary was
designed based on formats previously used within the Human Nutrition
Research Centre (HNRC) at Newcastle University. In addition, the diary
incorporated methods used in the National Diet and Nutrition Survey Food and
Drink Diary (Gregory and Lowe, 2000) and the Expenditure and Food Survey
(National Statistics & Office for National Statistics, 2001). The diary was tested
during pre-PhD methods development (Lake et al., Submitted October 2013b).
Following participant feedback, minor modifications to the format were made for
this PhD project.

Four consecutive days were recorded including at least one weekend day.
Recruitment of participants was staggered to allow representation of each day
of the week from across the sample, although the start and finish dates were
arranged to be those most convenient to the individual participants.

Each page of the diary included space to record the following information:

e Day and date of dietary record

e Time food or beverage consumed

Detail of food or beverage item consumed; including brand name and

flavour

Amount of item consumed (excluding leftovers)

Food source: where the item was obtained prior to consumption e.g. shop,

restaurant, home

How much the item cost to purchase (if applicable)

Eating location: where the item was consumed e.g. home, school canteen

With whom the item was consumed e.g. on own, with family, with friends

How the patrticipant travelled to obtain the item e.g. car, walk, cycle
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e Any supplements and/or non-prescription medication taken

Towards the back of the food diary, five single pages were available for
participants to record any recipe details. On the back cover page, participants
noted any comments they had about what they had eaten over the study period
and whether they thought it reflected their usual food intake.

4.3.2.1 Food diary collection interview

As soon as possible after completion of the food diary, participants met with a
trained researcher to complete a food diary collection interview. This was
usually conducted within three days of food diary completion in order to
minimise problems with recall. However, in order to maximise response rates
and enable time-flexibility with the young people this was not always possible.
Eighty-seven percent of participants completed the collection interview within
three days, 97% with five days and 100% within nine days. The single
participant who completed within nine days had missed appointments with the
researcher. Collection interviews were conducted on a one to one basis in a
private room either at the participants’ school or in the Human Nutrition
Research Centre (HNRC) at Newcastle University. The diary entries were
reviewed in detail in order to estimate portion sizes consumed and minimise
missing data. This included checking for commonly missed food items such as
spreads and sauces, missing beverages, as well as confirming and adding

detail to food items, food source and eating location information.
4.3.2.2 Portion size estimation

Participants’ estimated their food and beverage portion sizes using a food
photograph atlas developed at Newcastle University for use with young people
aged 11-16 years (Foster et al., 2010). This atlas contains a series of seven
portion size photographs for each of 104 food and beverage items that are likely
to be consumed by the adolescent population. Participants were introduced to
the atlas at the beginning of the food diary collection interview and asked to
identify the photograph which best represented the amount they consumed of
each food item listed at the particular time point recorded in their diary. The
researcher documented the portion size codes which were later entered into a

database containing the associated food weights. The food weights were
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extracted and linked with food composition tables to calculate individual nutrient

intakes.
4.3.2.3 Food composition tables

The food diary data was coded and analysed using McCance and Widdowson’s
Composition of Foods (Food Standards Agency, 2008). For recipes or products
made up of several components, each individual food ingredient was allocated
to the appropriate food code and weight calculated as a proportion of the
complete product weight. Ingredients were either that reported in participant
food diaries or obtained from manufacturer’s data. The majority of foods were
assigned to existing food codes. Sports drinks such as ‘protein shakes’ and
‘energy drinks’ were frequently consumed by young people however no suitable
food codes were present in the composition tables. New food codes were

generated for these products.
4.3.2.4 Identifying ‘eating events’

Participants recorded the time each food or drink item was consumed. An
‘eating event’ consisted of either a single item e.g. ‘crisps’ or a number of food
items consumed at the same time point e.g. ‘tuna sandwich (bread, tuna,
mayonnaise), crisps and orange juice’. No attempt was made to define meals
(e.g. breakfast, lunch, dinner) or snacks within the data. Each new time
recorded in the food diary by the participant was used to define a new eating
event. Where food events were timed very close together (within 15 minutes) or
where the food source was consistent over a period of time when eating out-of-
home. For example, where separate times were recorded for different courses
of a meal e.g. starter, main and dessert consumed in a restaurant, these were
counted as a single eating event. Where food for a single eating event was
obtained from multiple sources (e.g. food outlet and home), each individual food

item was assigned to a food source.
4.3.3Receipt collection

Participants were asked to collect till receipts for any food purchases they made
for themselves over the 4-day study period. An envelope was provided for this
purpose in the back of the food diary. Receipts provided information on the

products bought, and the amounts spent on food outside of the home. The
91



Chapter 4: Methods

receipts also assisted researchers when identifying the exact location of food

outlets visited by participants.
4.3.4 Text messaging

Text messaging was used for two purposes: reminders, and Ecological
Momentary Assessment (EMA) (Stone and Shiffman, 2002). Personal mobile
phone numbers were extracted from the consent forms of agreeing participants
and used within text message campaigns sent using Text Anywhere

(www.textanywhere.net), an online text messaging service®. The methods used

are described in the following two sections.
4.3.4.1 Reminders

Reminder texts were sent to participants to confirm meeting times and places.
They indicated the start of the study period, encouraging food diary completion
and use of the GPS device (see section 4.3.9). A maximum of four reminder
text messages were sent to participants. The text messages were personalised
and sent via either Text Anywhere or the study mobile phone. An example of

the timing, content and purpose of these reminder texts is outlined in Table 4.
4.3.4.2 Ecological Momentary Assessment

Ecological Momentary Assessment (EMA) are “methods using repeated
collection of real-time data on subjects’ behaviour and experience in their
natural environments” (Stone and Shiffman, 2002; Shiffman et al., 2008, p3).
Using text messages to collect EMA data provides a snapshot of eating
behaviour. This assisted in the validation of food diary entries in terms of what
was eaten, the time at which it was eaten and the context of the eating event.

EMA text messages were introduced during pre-PhD development, where the
method was tested for acceptability and modified accordingly during pilot work
(Lake et al., Submitted October 2013b). Participant feedback indicated a need

to reduce the number of text messages sent in order to obtain and maintain

° Text Anywhere (http://www.textanywhere.net/) is an online text messaging service which allows
researchers to set up personalised text messages to be sent out at specified time points to multiple users.
Reply messages are collected within the online system reducing researcher burden in sending, tracking
and collating outgoing and incoming messages from multiple participants at one time.
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response rates and quality of the data throughout the study period (originally
three text messages per day as reported in Lake et al. (Submitted October
2013b)). Participants found the text messages “irritating” and any more than
one text message was deemed too burdensome in both time and monetary
commitment. A reduction to one text message per day was trialled and a higher
text message response rate was reported, 54.8% non-response with three texts
per day compared with 34.5% when reduced to one text per day (Lake et al.,
Submitted October 2013b).

In the current study, a total of four personalised EMA messages were sent to
each participant, once per day throughout the study period (the content and
timing of these texts can be seen in Table 4). Participants replied to these
messages stating where they were, what they were doing, and what they last
ate and/ or drank. Participant were reminded that there were no right or wrong
answers to the questions and to keep this in mind when reporting their
behaviour. The messages were sent at specific times, based on meal time
estimates collated from 20 food diaries (80 days) collected as part of the ASH17
study at Newcastle University (Hossack, 2010).

Following study completion, replies to EMA text messages were downloaded
from Text Anywhere into an Excel spread sheet. Replies for each participant
were collated, printed and discussed during the food diary collection interview,

cross-validating the text data with information recorded within the food diary.
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Table 4 Reminder and Ecological Momentary Assessment (EMA) text message content and

schedule
Text Text | Text content Day Time Participant
number | type* reply
required?
1 R Hi [Name]. Thanx 4 taking part in the Prior to 10:00 No
MFE study. Ur meeting 2 collect ur meeting
study pack is @ [time] @ [venue]. Call | 1
[study mobile number] if u need
directions.
2 R Hi [Name] jst to remind u that u r to Prior to 20:00 No
start ur food diary 2moz so plz dnt study
forget to fill it in, carry GPS, take lots day 1,
of pics & reply to our txts. Good luck! following
meeting
1
3 R Hi [Name]. Please switch ur GPS to Study 07:00- No
LOG as soon as possible & remember | day 1 10:00 —
to carry it with u for the next 4 days. sent at
Thanx! time
agreed
with
participant
4 S Hi [Name]. Thanx 4 taking part in this | Study 19:00 Yes
research. Where r u? Who r u with? day 1
What r u eating &/ drinking? Or when
& what did u eat last? Ur replies r
important!
5 S As text number 4S Study 14:00 Yes
day 2
6 S As text number 4S Study 19:00 Yes
day 3
7 S As text number 4S Study 14:00 Yes
day 4
8 R Hi [Name]. Thanx 4 taking part in the Prior to 20:00 No
MFE study. Plz remember to bring in food
ur study pack 2 our meeting 2moz. | diary
will see you @[time] at [venue] :) collection
meeting -
day 4/5

*R=reminder text message, S= study text message using EMA method

4.3.5Photography

Participants were asked to take photographs during the study period in the

following contexts:

¢ any food/ beverage items they ate, before they consumed it

e where the food was obtained e.g. shop, home etc.

e with whom/where they were when eating the food (if appropriate)

An instruction sheet was provided in the study pack depicting examples of food

environment photographs (see Appendix J). If available, participants used their

personal mobile phone with integrated camera to take the photographs.
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Previous work with young people indicated the need for discretion when taking
photographs of their food and therefore individuals preferred to use their own
mobile phone rather than a digital camera (see section 3.1). A digital camera
was offered to those individuals who either did not have access to a mobile
phone with integrated camera or did not want to use it for whatever reason.
These photographs were used during the food diary collection interview to aid
dietary recall and portion size estimation. Researchers uploaded photographs
onto a secure, encrypted laptop during the food diary collection interview. A
content analysis of the photographs may be conducted at a later date but was

beyond the scope of the current study analysis.
4.3.6 Questionnaires

Participants completed three questionnaires to assess the home food
environment, lifestyle factors and usual food choice habits. All three
questionnaires were available in both pen and paper and electronic format (MS
Access 2010 database) in order to suit individual and group data collection
scenarios. Effort was made to use the electronic format wherever possible for
ease of completion for the participant and reduction in data entry burden for the
researcher. Content and administration routes of each questionnaire are
discussed in the following sections.

4.3.6.1 Lifestyle Questionnaire

As outlined in the methods development section, the Lifestyle Questionnaire
(LSQ) was designed to measure psychosocial factors including preferences,
attitudes, self-efficacy and social support in respect of food (Haerens et al.,
2007), and other relevant health behaviours, such as smoking, alcohol intake,
and physical activity (Currie et al., 2008). The questionnaire was divided into ten
sections as described in Table 5 and a copy of the LSQ can be found in

Appendix A.
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Table 5 Description of the measures included in the Lifestyle Questionnaire (LSQ) and the original

source references

Section heading

Description of measures

Question source

Ethnic origin Ethnic origin of participant My Place, My Plate, My
Perspective (Lake et al.,
2009)

Your family Family structure including who lives in their | Health Behaviours in

home and details of second homes

School Aged Children
(Currie et al., 2004)

My Place, My Plate, My
Perspective (Lake et al.,
2009)

Jobs and transport

Data on employment status, working hours
and voluntary work. Family and personal
access to private transport.

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Neopean Kids Growing Up
— Students Questionnire
(Campbell et al., 2007)

Food

Questions about food purchasing habits
outside of the home and how often fast
food and other restaurants are visited with
family and friends

My Place, My Plate, My
Perspective (Lake et al.,
2009)

Neopean Kids Growing Up
— Students Questionnire
(Campbell et al., 2007)

Television and
computers

Hours spent watching television and/ or
using a computer

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Physical activity

Hours spent over past 7 days in moderate
to vigorous physical activity

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Dieting behaviours

Weight loss diet behaviours and
assessment of body image perception

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Smoking and
alcohol

Current tobacco smoking behaviour and
past month alcohol behaviours

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Family activities

Frequency of activities done with friends

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Friend activities

Frequency of activities done with family

Health Behaviours in
School Aged Children
(Currie et al., 2004)

Participants completed the LSQ during the recruitment meeting. This was the

longest and most demanding of the three questionnaires in terms of number of

guestions and time taken to complete. The LSQ was administered separately to

the other questionnaires in order to reduce risk of questionnaire fatigue. The

LSQ contained few questions addressing food related issues and was therefore
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thought to be unlikely to influence food diary recording if administered prior to

completing the other study measures.

When participants were recruited as a group, the pen and paper version of the
LSQ was completed by participants as only one laptop was available for the
purpose of questionnaire completion. The data were later entered into the
Access database by researchers. Where participants were recruited singly, the
LSQ was completed electronically directly onto the database.

Data were extracted from the Access database and a descriptive analysis of

each question was performed.
4.3.6.2 Home Food Environment Questionnaire

Development of the Home Food Environment Questionnaire (HFEQ) is reported
in two papers (Briggs and Lake, 2011; Lake et al., Submitted October 2013a).
The HFEQ was designed to capture information about the ‘usual’ availability of
a range of foods in the home, food related behaviours conducted within the
home, and details of any parental enforced food rules (see Appendix B).
Individual questions were identified and pooled from existing questionnaires
(Currie et al., 2004; Campbell et al., 2007; Gattshall et al., 2008; Lake et al.,
2009). Some adaptations were made to reflect the availability of foods identified
as commonly consumed by young people in the UK (Gregory and Lowe, 2000;
Foster et al., 2008).

The question and response format and phrasing remained mostly unchanged
from the original questionnaires. However, some descriptions of foods were
changed to reflect UK definitions e.g. USA term ‘potato chips’ changed to UK

‘crisps’.

The HFEQ was completed by participants at the beginning of the food diary
collection interview. All participants completed the HFEQ using the Access
database format. Previous analysis of the HFEQ had involved scoring a number
of the HFEQ questions to give a score indicative of the healthiness of the home
food environment (Lake et al., Submitted October 2013a). However, in the

current study all HFEQ data were analysed and presented descriptively.
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4.3.6.3 Adolescent Food Habits Checklist

The Adolescent Food Habits Checklist (AFHC) (Johnson et al., 2002) is a
validated tool for assessing usual food choice habits of adolescents in the UK
(see Appendix C). No changes were made to the wording or ordering of
questions from the original questionnaire. The questionnaire was delivered in an
electronic format (Access 2010), which was developed and tested during the
pilot study (section 3.3). The AFHC was administered following the HFEQ

during the food diary collection interview.

A total score was generated for each participant using the original formula
presented in Johnson et al. (2002). One point was allocated for every ‘healthy’
response to a question. Final scores were adjusted for ‘not applicable’ options

and missing responses.

AFHC Score = Number of healthy responses x  Total number of questions (n=23)
Number of questions completed

4.3.7 Anthropometric measurements and calculations

Measures of height, weight, waist circumference and hip circumference were
taken by a trained researcher during the food diary collection interview. In order
to comply with the study risk assessment, two researchers were present when
body measurements were being taken. Duplicate measurements were taken to
increase the accuracy of results, there were recorded on the back page of the

participant food diaries.
4.3.7.1 Height

Height was recorded to the nearest 0.1cm using a Leicester Height Measure
placed on a level surface and supported by a wall. Participants were asked to
remove their shoes for this measurement and adopt the position depicted in
Figure 11. Duplicate measurements were taken; a third measurement was
recorded if the first two were not within 0.2cm. An average was calculated from

the recorded figures.
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4alLeicester
height
measure

"™ Looking straight ahead
with Frank furt plane
harizontal

Shoulders relaxed

Arms et sides

Legs straight and
knees together

{ Feet fat and with heels
l alin ozt together

Figure 11 Position adopted for height measurement

4.3.7.2 Weight

Tanita electronic bio impedance scales were used to measure weight to the
nearest 0.1kg. Participants were asked to remove shoes, socks, bulky jumpers
and items from their pockets. A 1.0kg allowance for remaining clothing was
applied to the weight measurements (McCarthy et al., 2003). Duplicate

measurements were taken and the average weight calculated.
4.3.7.3 Body Mass Index

Mean height and weight measurements were used to calculate Body Mass
Index (BMI) with the formula BMI = weight (kg)/ height (m?). International
Obesity Task Force age and gender specific cut-offs for underweight (Cole et
al., 2007), overweight and obese (Cole et al., 2000) were applied to the BMI
data (Table 6). BMI data were used to establish two adiposity groups; ‘healthy
and underweight’ where BMI <25 and ‘overweight and obese’ where BMI=25 (or

equivalent age related cut-off).

Table 6 International Obesity Task Force age specific cut-offs for underweight, overweight and
obesity, for young adults aged 16-18 years (Cole et al., 2000) (Cole et al., 2007)

BMI cut-off for BMI cut-off for BMI cut-off for obese

underweight overweight
Age (years) | Males Females Males Females Males Females
16 17.54 17.91 23.90 24.37 28.88 29.43
16.5 17.80 18.09 24.19 24.54 29.14 29.56
17 18.05 18.25 24.46 24.70 29.41 29.69
17.5 18.28 18.38 24.73 24.85 29.70 29.84
18+ 18.50 18.50 25 25 30 30
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4.3.7.4 Waist and Hip Circumferences

Waist and hip circumference were measured to the nearest 0.1cm using a tape
measure over light clothing. Participants were asked to remove any items from
their pockets and stand with their hands by their sides with their feet hip
distance apart. For the waist measurement, participants were asked to locate
their waist by placing their thumb on their lowest rib and their forefinger on the
iliac crest (National Institute of Health, 2000). The tape measure was passed
between the thumb and forefinger to measure the waist. For hip circumference,
the tape measure was placed horizontally around the hips over the fullest part

of the buttocks. The reading was taken from the side, to the nearest 0.1cm.

Measurements for waist and hip circumference were completed in duplicate for
all participants and average measurements were calculated. Where the first two

measurements differed by more than 0.2cm, a third measurement was taken.
4.3.7.5 Waist to hip ratio (WHR)

Waist to hip ratio was calculated using mean measurements of waist and hip

circumference using the following formula:

WHR = Mean waist circumference
Mean hip circumference

Using World Health Organization (World Health Organization, 2011) cut-offs for
risk of health complications were applied to establish two groups; ‘healthy’ and

‘increased risk’ (Table 7).

Table 7 World Health Organization waist circumference and waist-hip ratio cut-off points and risk
of metabolic complications (World Health Organization, 2011)

Increased risk Substantially increased risk

Males Females Males Females
Waist circumference (cm) >94 >80 >102 >88
Waist-hip ratio (cm) =20.90 =0.85

4.3.8Socio-economic status

The Index of Multiple Deprivation (IMD) is a measure of area-level deprivation.
There are seven IMD domains are measured: income, employment, health,
education and training, access/barriers to services, living environment/housing,

physical environment, and crime. Each of these domains is weighted and the
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overall IMD score is the combination of the weighted individual domain scores
presented at the Lower Super Output Area level (LSOA) (Payne and Abel,
2012).

Home postcode recorded on the consent form was used to establish the socio-
economic status (SES) of participants using IMD score. A higher IMD score is
indicative of higher area level of deprivation. IMD score was used as a
continuous variable for correlation analysis. Due to the small sample size, for all
analyses comparing groups, participants were grouped into two social groups

comprising those above and those below the group median IMD score (31.5).

Participants were categorised into two SES groups above and below the
median IMD score. The ‘low SES’ group contains those individuals living in an
area of higher deprivation, and the ‘high SES’ group contains those individuals

living in an area of lower deprivation.
4.3.9Global Positioning System device

In this study GPS data were used to identify the geographic space used by
individuals, to allow the assessment of individual food environment exposure
(see Chapter 3). Participants carried a QStarz BT-Q1000XT Bluetooth Data
Logger GPS Receiver (QStarz International Co. Ltd., 2006) over the same 4-
day period during which they completed the food diary. Both verbal and written
instructions regarding device operation were provided during the recruitment
meeting (Appendix J). Participants were instructed to activate the device on the
morning of study day 1 and were reminded to do this via text message.
Participants were not required to recharge the GPS device and were
encouraged to carry the device on their person, in a trouser or jacket pocket or
in the outer pocket of a bag for the duration of the 4-day study period. Prior
acceptability testing with young people showed a preference for a device hidden
from view (see Table 2, p62). The risk of reduced accuracy of GPS recording

was accepted in return for a potential good rate of compliance.

QStarz BT-Q1000XT GPS devices were programmed to record latitude,
longitude, and local time at ten-second intervals. The integrated vibration
sensor was activated which initialised a ‘sleep’ mode following 10 minutes

without movement. The device was reactivated when movement was detected.
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This allowed the logger to conserve battery life at times participants were not
moving, for example overnight whilst sleeping, and other stationary periods
such as time at home or school. This method also reduced participant burden in
relation to the GPS device in that they were not required to turn the logger off/
on at any point following initial activation. Many studies require participants to
wait for the GPS device to obtain a satellite fix when leaving buildings (Badland
et al., 2010). However, a potential loss of data was accepted in this instance as
waiting for a fix might cause participants to alter their behaviour thus not
recording their ‘usual’ behaviour or not to carry the device as sought by the

researchers.

The GPS data were extracted from the devices, cleaned, adjusted and used to
calculate individual exposure to food outlets. Details of this process can be
found in section 4.5. The following sections present the methods used to
identify and quantify the visited and exposure food environments at the
individual level using data extracted from food diaries and GPS devices in

conjunction with researcher collected data.
4.4 Visited Food Environment

This section describes the process of identifying and measuring the visited food
environment (VFE) of individuals. This process was conducted in three steps.
The first step involved identifying food sources linked to eating events recorded
in participant completed food diaries. The second involved linking the eating
events to an eating location. The final step involved further classification and
measurement of those eating events where the food source was a food outlet.
Here the process of classifying the food outlets is described and the methods
used to measure the objective ‘healthiness’ of the environment at the consumer
level is explained. The section closes with a description of the VFE measures
used for descriptive and statistical analysis at the individual and group levels.

4.4.11dentifying and categorising the source of food

The food source for each eating event identified in the food diaries was coded

to one of the following six options;

1.Home — where the participant lives with parent and/or guardian

2.Friend — homes of friends and relatives such as grandparents
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3.Work — outlets identified by participants as their place of employment
4.School — including other educational establishments such as colleges
5.Food outlet — includes shops, restaurants, vending machines etc.

6.0ther — food source not specified in the food diary

Where an eating event was sourced from multiple locations, e.g. takeaway fish
and chips purchased from a food outlet and a drink taken from home, each food
item was coded to the relevant source. Where there was not enough
information recorded in the food diary to assign a food source, the ‘other’
category was used. However, this was used for only seven eating events overall

and was therefore excluded from further analysis.
4.4.21dentifying and categorising the eating location

The eating location for each eating event identified in the food diaries was

coded to one of the following seven options;

1.Home — where the participant lives with parent and/or guardian
2.Friend — homes of friends and relatives such as grandparents
3.Work — outlets identified by participants as their place of employment
4.School — including other educational establishments such as colleges
5.Food outlet — includes shops, restaurants, vending machines etc.
6.In transit — consumed whilst travelling e.g. in a car or on a bus
7.0ther — outdoor locations such as parks or the beach or no location

recorded
4.4.3Identifying and classifying visited food outlets

Where the food source was identified as ‘food outlet’, additional detail was
sought. Business names of food outlets were extracted from the completed 4-
day food diaries. Participants were asked to provide as much detail as possible
about the location of food outlets they had visited during the study and were

probed for further detail in the food diary collection interview.

Food outlet address and postcode details were found via an internet search

(see section 3.6.1). All identified food outlets were visited by a trained

researcher (Rachel Tyrrell or Victoria Cox) in order to classify the outlet type

and assess for outlet ‘healthiness’ using the appropriate Measuring Food
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Environments (MFE) survey tool (Appendices M and N). To enable geographic
mapping of food outlets, latitude and longitude data were recorded using a
handheld GPS device Garmin eTrex Vista HCx.

A detailed 15 category food outlet classification system was used in this study,
adapted from a 21-point tool developed by Lake et al. (2010) (Appendix L). The
adapted tool has 88 subcategories and groups together similar food outlet types
for analysis. Each food outlet was allocated a unique identification number and
assigned a classification category and sub-category dependent on the type of

foods sold and services offered as observed during the visit by a researcher.

Although no formal validation of the classification system was completed, the
food outlet classification system was developed using a ground up approach as
a direct result of fieldwork conducted in the geographical area in which the tool
was to be used. Developing the system in this way enabled a full and
comprehensive list of food outlet classifications to be included and allowed for
modifications to the category descriptions to be made for new types of food
outlets. Two research papers have been published using the system (Lake et
al., 2010; Lake et al., 2012) and it has been included in a systematic review of

the validity of food outlet secondary data sources (Fleischhacker et al., 2013).

The 15 category system was amalgamated to give five broader food outlet
categories. Table 8 contains a description of the food outlet categories

contained within each of the broader categories.
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Table 8 Outline of food outlet classification system categories contained within amalgamated food

outlet categories

Amalgamated food outlet category Food outlet classification system categories
(code number)
Traditional eateries Traditional/pub/hotel restaurant (1)

Sit-in café/coffee/sandwich shop (3)
Health and Leisure (14)

Takeaway eateries Takeaway café/coffee/sandwich shop (4)
Retail baker (5)

Takeaway and fast food outlet (6)

Mobile food and market (10)

Grocery outlets Supermarket (7)
Specialist supplier (9)
Convenience and incidental outlets Convenience store (8)

Vending machine (11)
Non-food store (12)
Entertainment (13)

Closed/private/age restricted outlets Pub (no food) (2)
Closed/private outlet (15)

4.4.4 Assessing the ‘healthiness’ of food outlets using Measuring Food

Environment surveys

The development of the Measuring Food Environment (MFE) surveys through
the completion of three pilot studies is documented in Lake et al. (Submitted
October 2013a). Three MFE surveys were developed and tested, revised and
validated to measure the “healthiness” of the consumer food environment.
These surveys were specifically designed to assess the presence of “more
healthy” and “less healthy” food and menu options relating to foods commonly
consumed by young people within shops (MFE-S), restaurants (MFE-R) and
vending machines (MFE-V) (Appendix N).

The surveys were based on the USA developed Nutrition Environment
Measures Study (NEMS) surveys of stores (Glanz et al., 2007) and restaurants
(Saelens et al., 2007) alongside a number of UK based surveys (Gregory and
Lowe, 2000; White et al., 2004; Newcastle City Council and Trust, 2008;
Hossack, 2010). A user guide was developed to aid the training of researchers
in using the tools and ensure consistency and reliability in their use (Appendix
M).

The MFE surveys were used to assess and score food outlets making up the
visited food environment of participants. Each unique food outlet identified

through the participant food diaries was visited by a researcher who completed
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the most appropriate MFE survey on site. Each on-site visit took approximately
20 minutes to complete. A description of the measures making up each of the
tools and examples of the types of outlets assessed by each tool are discussed

in the following sections.
4.4.4.1 Measuring Food Environments Shop survey (MFE-S)

The MFE-Shop (MFE-S) survey aimed to assess the healthiness of the ‘in-store’
food environment (Appendix N). The MFE-S survey was used to assess a
variety of retail type food outlets, including supermarkets, convenience stores,

and takeaway sandwich shops.

MFE-S measures were presented within five headings described in Table 9.

The number of checkouts was recorded to give an indication of the size of the
shop outlet. Outlet business hours were also logged within the MFE-S survey.
Space was available on the survey sheet to allow the researcher to add other

contextual details.

Table 9 Description of the measures included in the MFE-Shop survey

Measure heading Description
Facilitators and supports to Measured the presence of store features thought to
healthy eating encourage and promote ‘more healthy’ food choices e.g.

nutrition labelling, promotions for healthier products and meal
deals and the prominent location of ‘more healthful’ products.

Barriers to healthy eating Measured the presence of barriers to healthy food choices
such as promotions for ‘less healthy’ food items and meal
deals.

Comparative pricing Designed to assess the cost of a ‘more healthy’ option to its

‘less healthy’ or ‘regular’ counterpart. If available, the retail
price of two similar products was compared.

Beverages Recorded the availability and variety of a number of
population specific beverage categories e.g. ‘carbonated soft
drinks, not diet’ and ‘carbonated soft drinks, diet’. Responses
were two fold (1) was a product meeting the category
description present in the store? (2) If yes, how many
varieties were available?

Food Items Recorded the availability and variety of a number of
population specific food item categories e.g. fruit, savoury
shacks. Responses were two fold (1) was a product meeting
the category description present in the store? (2) If yes, how
many varieties were available?

Categories included in the beverages and food items sections were selected to
represent food groups popular with the young adult population. National

(Gregory and Lowe, 2000) and local (Hossack, 2010) level data were used to
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inform the selection of food groups. Selections of ‘more healthy’ and ‘less
healthy’ foods were based on measures used by White et al (White et al., 2004)
and the Heart of Newcastle Award (Newcastle City Council and Trust, 2008).

4.4.4.2 Measuring Food Environments Restaurant survey (MFE-R)

The MFE-Restaurant (MFE-R) survey tool aimed to assess the healthiness of
the menu options available in the restaurant food environment (Appendix N).
The MFE-R survey was used in the assessment of a variety of restaurant
outlets, including traditional waiter service sit-down restaurants, fast-casual

restaurants, sit-in cafes, fast food and takeaways.

In line with the MFE-S tool, the MFE-R measures were presented within the five
headings described in Table 10. The number of tables and/ or seating capacity
was recorded to give an indication of the size of the restaurant outlet and food
service opening hours (breakfast, lunch and dinner) were noted. A copy of the
menu was obtained if available and a record made of availability of food to
takeaway. Space was available on the survey sheet to allow the researcher to

add other relevant contextual details.

Table 10 Description of the measures included in the MFE-Restaurant survey

Measure heading Description
Facilitators and supports to Measured the presence of factors thought to encourage
healthy eating healthy eating in the restaurant environment e.g. nutritional

information on the menu, indicators of healthier choices, and
reduced portion size options.

Barriers to healthy eating Measured the presence of promotions for ‘less healthy’ menu
items or combination deals such as buy one get one free and
‘upgrade’ to large portion size.

Comparative pricing Assessed the cost of ‘healthier’ menu options compared to
‘less healthy’ or ‘regular’ options. This is only applicable to
those restaurants with clear indicators of healthier menu
options. The cost of a combination meal is compared to the
cost of the items if purchased separately.

Food menu options Recorded the availability of ‘healthier’ food items and the
number of options present. Healthier food menu options
included: the use of ‘more healthy’ cooking methods;
vegetables served with main dishes, main dish salad options;
oily fish; and healthier desserts.

Beverage options Recorded the availability and variety of a number of
population specific beverage categories e.g. ‘carbonated soft
drinks, not diet’. Responses were two fold (1) was a product
meeting the category description present in the store? (2) If
yes, how many varieties were available? Similar to the MFE-
S categories with the addition of hot drinks and alcohol.
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4.4.4.3 Measuring Food Environments Vending survey (MFE-V)

The MFE-Vending (MFE-V) tool aimed to assess the healthiness of the food
and beverage options available within the vending machine food environment
(Appendix N). Where more than one vending machine was located in the same
space, only one MFE-V survey was completed for each vending machine area,
not each individual vending machine. The survey was split into three sections
assessing the presence of hot beverages, cold beverages and food items
(Table 11). Each section was only completed when a machine serving those

items was present in the vending machine area.

Table 11 Description of the measures included in the MFE-Vending survey

Measure heading Description

Hot beverages Measure of the presence of tea, coffee, hot chocolate and
soup options in addition to the option to add extra sugar to
hot drinks.

Cold beverages Recorded the availability and variety of a number of

population specific beverage categories e.g. ‘carbonated soft
drinks, not diet’. Responses were two fold (1) was a product
meeting the category description present in the store? (2) If
yes, how many varieties were available?

Food items Eight categories of food items commonly available in vending
machines (e.g. savoury snacks and confectionery) were
assessed for availability and variety.

The brand or company ownership of the vending machine was recorded and the
type of machine depending on the product categories sold e.g. hot or cold
beverages, or food items. Some contextual information regarding the vending
machine area was recorded including the number of each type of vending
machine present, the queue size (average if more than one machine) and the

presence and number of tables and/or seating provided in the area.
4.4.5Measuring Food Environment survey scoring

A points scoring systems was developed for each of the three MFE surveys and
used to assign a score to each individual food outlet. For all surveys, points
were awarded for the availability of ‘more healthful’ options and unavailability of
‘less healthy’ options. A higher percentage score indicates a ‘more healthy’ food
environment. The score sheets can be seen with the corresponding surveys in

Appendices M and N.

108




Chapter 4: Methods

Food outlet scores were used to assess the healthiness of the food outlet
categories. The scores were also used to generate an individual MFE score,
details of which can be found in section 4.4.6.3.

4.4.5.1 Reliability of the Measuring Food Environment surveys

It is important to test measures of the food environment in order to ensure the
tools selected and used measure the concept relevant to the research
guestions and do so in a reliable manner (Minaker et al., 2012). Inter-rater and
test re-test reliability was explored for the MFE-Shop and MFE-Restaurant
surveys using the methods outlined in the following sections. Due to a lack of
vending machine food outlet visits, the MFE-V survey was not assessed for
these qualities.

4.4.5.2 Inter-Rater reliability

Prior to the present study, the MFE surveys were tested for inter-rater reliability

in two ways:

1. Outlet assessment reliability — the ability to complete the tool
consistently between researchers

2. Researcher scoring reliability — the ability to score the tools consistently

The MFE-Shop and MFE-Restaurant surveys showed good inter-rater reliability;

detailed results are reported in Lake et al. (Submitted October 2013a).
4.45.3 Test Re-Test reliability

The test re-test reliability of the MFE surveys was explored. A list of food outlets
visited by a sub-sample of study participants (n=10) was extracted from
completed food diaries (Cox, 2012). These food outlets (n=30) were visited by
the same researcher on two separate occasions, where the appropriate MFE
survey was completed and scored for each time point (MFE-S n=12, MFE-R
n=18). Percentage agreement was used to determine the reliability of the

measure between the two visits.
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Table 12 Test re-test reliability of the MFE-Shop and MFE-Restaurant surveys, difference between
time point 1 (T1) and time point 2 (T2)

Difference between MFE-S MFE-R All surveys
Tland T2
Mean difference — n (SD) 3.0(5.49) 0.6 (4.6) 1.54 (5.0)
No difference — n (%) 0() 1(5) 1(3)
+/- 1-5 points — n (%) 7 (58) 14 (78) 21 (70)
> +/-5 points — n (%) 5(42) 3(17) 8 (27)

Seventy-three percent of the surveys were scored within plus or minus five
points indicating moderate test re-test reliability. The MFE-R survey performed
more reliably than the MFE-S survey although the standard deviation (SD) was

large for all surveys.
4 4 6Individual measures of the visited food outlet environment

This section describes the calculation of three measures of the Visited Food
Environment; VFE-Count, VFE-Ratio and individual MFE score. These
measures assess the food outlet environment at an individual level and form the

VFE predictor variables used in statistical analysis.
4.4.6.1 Visited Food Environment Count

The Visited Food Environment count (VFE-Count) is a measure of frequency of
the food outlet use by individuals. It was calculated by identifying the total
number of food outlet eating events recorded by a participant in their food diary.

For this measure, the same food outlet can be counted multiple times.
4.4.6.2 Visited Food Environment Ratio

The Visited Food Environment Ratio (VFE-Ratio) is a measure of the variety of
food outlet types an individual visits. The proportion of ‘less healthy’ to ‘more
healthy’ food outlets was assessed, an approach adopted in a number of other
studies (Spence et al., 2009; Truong et al., 2010). It was calculated using the
formula below based on the food outlet classification categories making up the
VFE-Count.

VFE-Ratio = ‘Takeaway eatery’ + ‘Convenience’ eating events
VFE-Count (total number food outlet eating events)
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A VFE-Ratio 20.5 was indicative of a greater proportion of ‘takeaway eatery’
and ‘convenience’ outlets to ‘traditional eatery’ and ‘grocery’ outlets and
assumes a ‘less healthy’ visited food environment. A VFE-Ratio <0.05 indicates
a greater proportion of ‘traditional eatery’ and ‘grocery’ outlets to ‘takeaway
eatery’ and ‘convenience’ outlets and therefore assumes a ‘more healthy’

visited food environment.
4.4.6.3 Individual Measuring Food Environment score

In order to assess the consumer food choice environment of individuals, an
individual MFE score was calculated based on the results of the MFE surveys
for VFE-Count food outlets (Figure 12).

DAY 1 DAY 2 DAY 3 DAY 4
b £ l v v
V1F1 V2F2 V3F3 V4F1 V5F2
F1S F25 F3S F1S F2S

Individual MFE score = [(F15*2)+(F25*2)+F3S]/nV

Where V = visit (eating event), F = food outlet, 5 = score, nV = total number visits (in this example n=5)

Figure 12 Calculation of Individual Measuring Food Environment Score

The Individual MFE score is a mean of the MFE survey scores for all the food
outlet eating events forming the VFE-Count for a participant. This method takes

into account use of the same outlet multiple times over the study period.
4.5 Exposure Food Environment

This study aimed to examine the relationship between the Exposure Food
Environment and dietary intake at the individual level. The Exposure Food
Environment (EFE) is defined as the opportunities an individual has to obtain
food and is assessed according to the number and type of food outlets present
within the geographic space an individual uses. Two sets of data were required

in order to establish EFE at the individual level:
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1. Global Positioning System (GPS) data identifying the geographic space
used by individuals
2. Details of food outlets (opportunities to obtain food) located within the

identified geographic space used by individuals

This section describes the steps taken to collect the necessary data and

subsequent calculation of individual EFE measures.
4.5.1Extraction and cleaning of the Global Positioning System data

GPS data were used to establish the geographic space used by individuals over
the 4-day study period. Data in the form of waypoints were extracted from the
QStarz GPS device carried for four days by study participants. A waypoint is
defined as a reference point to a specific geographic space. Waypoint
characteristics include: date, time, latitude and longitude co-ordinates, altitude

and speed.

Waypoint data were cleaned using the method described in section 3.6.2.1. A
review of the GPS data revealed that time gaps were present resulting in
unknown routes between destinations, possibly due to failure of the devices to
fix an adequate satellite reception. A decision was made to accept face errors in
the GPS data and not to correct GPS points beyond those adjustments made
automatically using the QTravel software. Efforts were made to ensure
participants were aware of the study requirement to stay within Newcastle upon
Tyne and the surrounding area for the duration of the 4-day study period.
However, travel outside of the Newcastle area occurred on two occasions and

these data were excluded from analysis.

Adjustments were made to the GPS data to account for speed of travel. GPS
waypoints were excluded where the recorded speed exceeded five miles per
hour (8.05 kilometres per hour). This decision was discussed in the methods
development chapter (see section 3.6.2.3).

4.5.2Identifying and classifying exposure food outlets

This section describes the process of identifying and classifying the food outlets
making up the exposure food environment of individuals. A flow diagram of this

process can be seen in Figure 13.
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Using Geographic Information System software, ArcGIS version 10.1 (ESRI;
Redlands, CA), GPS data were overlaid onto a base map of Newcastle upon
Tyne and the surrounding area obtained from Ordnance Survey (Ordnance
Survey, 2010). Street level routes were re-traced onto a hard copy Newcastle
upon Tyne A-Z map (Geographers' A-Z Map Co Ltd, 2007). A researcher-
completed walking survey was conducted where the routes taken by
participants were re-traced in order to identify food outlets present. Areas with
very low waypoint densities were excluded from the re-tracing exercise. By
excluding waypoints with a speed above 5mph, these ‘stray’ waypoints were
likely to represent times when participants were stationary for example when
travelling in motorised transport stopped at traffic lights or a bus stop.

During the fieldwork exercise, opportunities to obtain food, or food outlets,
present along the observed routes were recorded on a data collection sheet
(Appendix R). The business name, business address (street name and building
number if available) and details of food outlet type were noted on site for outlets
present on both sides of the street being surveyed. A photograph of the food
outlet exterior was taken using a mobile phone with integrated camera. Latitude
and longitude figures (geo-tag) were recorded for all food outlets using a
Garmin eTrex Vista HCx Handheld GPS device. Food outlets housed within
buildings with multiple entrances, shopping centres, department stores and

multi-stall static markets were geo-coded according to postcode centroid™.

Additional address details, including postcode, for each identified EFE food
outlet were ascertained via an Internet search using websites such as Google,
Google Maps and Royal Mail Postcode Finder. As with the VFE food outlets,
EFE food outlets were classified and categorised using the 15-point outlet
classification tool (Appendix L, Lake et al. (2010)) and amalgamated into the
five food outlet type categories (see section 4.4.3). These details were entered
into an Excel spread sheet, referred to from this point forward as food outlet

database’.

Y The term ‘postcode centroid’ refers to the geographic centre point of a collection of (usually) adjacent
addresses, typically 15. A number of addresses sharing the same postcode would also share the same
postcode centroid for example, a row of businesses would share the same geographic location.
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A set of coding rules were applied to the food outlet classification system for
outlets that could be classified within multiple categories (Appendix S). One
example was the case of combination post office/newsagents; these were

classified according to the dominant signage on the premise exterior.

A number of food outlets were excluded from the EFE analysis as they did not
provide equal opportunity to obtain food for the whole population. This included
outlets which required entry by membership (e.g. social clubs), educational
establishments and workplaces, and seasonal markets. Specifically, outlets
excluded were; schools, workplace canteens, working/ social clubs, churches,
Christmas market, Monument Mall (demolished during data collection), and a
football stadium.
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Participant GPS waypoint data extracted from QStarz
GPS device using QTravel

L J

GPS waypoint data cleaning and coding:

* Remove errant waypoints using QTravel

* Remove waypoints where speed =>5mph

* Code study days in line with food diary days (1-4)

* Remove waypoints present either side of food diary
collection days

* Exclusion of areas with low waypoint density

|

Primary identification of food outlets:
* Participant GPS routes re-traced
* Researcher completed audit

w w

Food outlet database

1. Business name/ address

2. Latitude/ longitude location (geo-tag)
3. Food outlet classification

Import data into ArcGIS v10.1
1. GPS waypoints
2. Food outlet database

I 3

L 4

ArcGIS used to calculate:
1. EFE-Count
2. EFE-Ratio

Figure 13 Flowchart to show the steps taken to link the Global Positioning System data with food
outlet locations to establish the Exposure Food Environment of individuals

4.5.3 Calculating the Exposure Food Environment measures

Two measures of the Exposure Food Environment were calculated using

participant GPS waypoints and the food outlet database:

e EFE-Count
e EFE-Ratio
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4.5.3.1 Exposure Food Environment count

The Exposure Food Environment Count (EFE-Count) was defined as the total
number of food outlets present within a 50 metre buffer of GPS waypoints
recorded for by an individual participant. Figure 14 describes the process of

calculating the EFE-Count for each participant using ArcGIS v10.1.

1. A 50 metre buffer was applied to GPS waypoints recaorded on study day 1 with a speed <5mph

0+ () (

2. Resulting buffers were merged to create a single GPS buffer for each individual participant

3. Individual GPS buffer was layered with food outlet location database

*
4. EFE-Count calculated by identifying number of food outlets present within individual GPS buffer
Key:
X = GPS waypoint
O = 50m buffer

+=Food outlet
4 =EFE-Count food outlet

Figure 14 Process of calculating the EFE-Count from GPS waypoints and food outlet database
using ArcGIS v10.1

Only the data for study day 1 was used to calculate the EFE measures as this
was consistently available for all study participants regardless of GPS device

battery life (as discussed in Chapter 3).

A list of the identified food outlets making up the EFE-Count was exported from
ArcGIS as an Excel CSV file for each participant. The data included the food
outlet classification information for each food outlet identified. The EFE-Count
was used as continuous variable and dichotomised above and below the
median value of 14.0; this gave two groups indicating ‘low’ (<14.0) and ‘high’

(>14.0) exposure to food outlets.
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4.5.3.2 Exposure food environment ratio

The EFE-Ratio assessed the ratio of ‘less healthy’ food outlets to ‘more healthy’
food outlets. It was calculated based on the food outlets types identified via the
EFE-Count using the following formula:

EFE-Ratio = ‘Takeaway eatery’ + ‘Convenience’ exposure food outlets
EFE-Count (total number food outlet exposures)

An EFE-Ratio <0.5 indicated a ‘more healthy’ exposure food environment with
exposure to a greater proportion of ‘traditional eateries’ and ‘grocery outlets’. An
EFE-Ratio >0.5 indicated a less healthy’ exposure food environment with
exposure to a greater proportion of ‘takeaway eateries’ and ‘convenience
outlets’ The EFE-Ratio was used as a continuous variable and also
dichotomised above and below the value of 0.50 indicating ‘more healthy’ and

‘less healthy’ exposure food environments.
4.6 Quantitative data analysis

This section outlines the outcome variables used in the study analysis. The
statistical analysis methods adopted in the preparation of the results chapters
are described.

4.6.1Dietary analysis

A Microsoft Access 2010 database was developed for the study to manage the
dietary data linked to the McCance and Widdowson’s composition of foods
database (Food Standards Agency, 2008). Intake of dietary variables were
calculated as total intake over four days, total intake per day, mean daily intake

and mean intake on week and weekend days.

Total intake of nutrients was calculated by eating event and assigned to food
source and, where appropriate, food outlet classification category. Nutrient
density was calculated for each eating event and these data were used to
assess the nutrient density of food from each food source. The same process
was used to calculate the energy density of eating events by food outlet

classification categories.
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Participants were dichotomised according to their mean dietary intake of
energy, fat, saturated fat, and fruit and vegetable intake in relation to the dietary
guidelines (Department of Health, 1991):

e Energy — above/below 11.51MJ for males and 8.83MJ for females
¢ % energy from fat — mean daily intake above/below 33% total energy

¢ % energy from saturated fat — mean daily intake above/below 11% total
energy

¢ Fruit and vegetable intake — above/below two 80g portions

4.6.2 Statistical tests

All statistical analyses were conducted using SPSS Version 19 for Windows.
Continuous variables were expressed as mean values and standard deviation
(SD). The distribution of each variable was tested for normality using probability
plots (histograms). Plots that did not follow the expected normality curve were
considered to be non-parametric distributions and treated as such in statistical
analysis. In addition, the Shapiro-Wilk statistic was used to confirm data
normality, a value of p>0.05 was indicative of a normal distribution. Bi-modal
distributions when two bell curves were identified were treated as normal.
Correlations were conducted using Pearson correlation co-efficient (r) and
Spearman Rank (rs) statistics for normally and non-normally distributed data as

appropriate. Correlations were considered significant where p<0.05.

Comparison between two groups (e.g. male/ female) was carried out using
independent sample t-tests for normally distributed data and Mann-Whitney
tests for non-parametric data. Where more than two groups were compared,
ANOVA was used for normally distributed data and Kruskal-Wallis tests for non-
parametric data. Bonferroni corrections were applied where the differences
between more than three groups were tested.

Comparisons with set values, such as those between study participants and
national figures (e.g. dietary intake compared to National Diet and Nutrition
Survey (Department of Health, 2011b)) were carried out using one-sample t-
tests. Paired sample t-tests were used to compare intakes between week and
weekend days. Chi-Squared tests (X?) were used to investigate the distributions
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of categorical data. All statistical tests were considered to be significant where

the p-value was below the 0.05 threshold.
4.7 Individual qualitative interviews

Qualitative interviews were conducted in order to explore and unpack the
environmental drivers of food choices and behaviours of participants in greater
detail. Individual interviews rather than focus groups were chosen as the most
appropriate qualitative method to use in this context. Interviews allowed
participants to reflect on their food choice decisions and discuss their thoughts
and opinions surrounding food without the direct influence of others (such as
peers, parents, and teachers). Focus groups would not have elicited the same
depth of detail (Denzin and Lincoln, 2000). This section describes the process
of recruiting participants and conducting the interviews, before detailing the

method of analysis used.
4.7.1 Recruitment, consent and incentives

Participants were informed of the individual interview phase of the study in the
original recruitment session and information leaflet (see section 4.2). During the
food diary collection interview, participants were asked if they had any objection
to being contacted again should the researcher wish them to complete an
interview. All participants gave their consent to be contacted for this purpose.

Following the food diary phase of data collection, participants were purposefully
selected for interview using theoretical sampling (Hammersley, 1990). This
process ensured a range of experiences relating to the individual food

environment could be explored.
The interview sample was selected based on a variety of factors including:

e VFE-Count and type of food outlets recorded in 4-day food diary and
EFE-Count estimated using pilot study method (section 3.6.2.4)

e School attended

o Age

e Gender

e Social-economic status
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Selected participants were invited for interview via email and/ or text message.
It was anticipated that 15-25 participants would be invited to complete an
interview in order to achieve an adequate range of experiences and reach
saturation of emergent themes (Strauss, 1987). Seventeen participants were
invited to take part in the individual interviews. Six participants completed the
interview phase giving a completion rate of 35%. Of the 11 non-respondents,
two individuals declined participation, four did not attend an arranged interview
appointment (only one gave notice) and five did not respond to the invitation.
Although the interview sample was not sufficient to investigate differences
between groups (for example, gender or adiposity), enough data was generated
to give detailed insight into the factors and processes influencing adolescent
food choice within different social contexts. The two-stage study design adopted
to allow the qualitative data to build upon and compliment the quantitative data
(Brannen, 2005).

All interviews were completed in privacy on a one-to-one basis with the
researcher. They were conducted at a time and location convenient to the
participants. Five of the interviews were conducted at the Human Nutrition
Research Centre at Newcastle University and one was completed on school
premises (arranged with participant and teacher). Participants received a £10
shopping voucher upon completion of the individual interview; this was in

addition to the £10 voucher received on completion of the food diary.

Interviews were digitally audio recorded with participant consent and transcribed
verbatim. It was anticipated that interviews would be approximately one hour in
duration and recordings ranged from 29 and 53 minutes. All participant names
(and those of people they talked about) cited in this thesis are pseudonyms and
some place names have been removed or changed to respect anonymity and
confidentiality.

4.7.2Topic guide and supporting documents

A topic guide was developed in order to steer discussion during the interviews
(Appendix O) using examples from other studies exploring the food behaviours
of young people (Wills et al., 2005; Wills et al., 2008; Wills et al., 2011) and data
collected during the pilot study (section 3.7). Food diaries collected during the

pilot study gave an indication of the food sources and eating locations used by
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young people and context within which eating occurred, for example meals with
friends or family. These were used as the basis for exploring food consumption
outside of the home.

The topic guide followed a semi-structured interview format (Britten et al., 1995)
where participants were asked to talk through a typical weekday, explaining
what they ate, where they got their food and with whom they ate. Interviewees
were specifically asked to describe situations where they would obtain food
outside of the home. As this was one of the focal points of this research, it was
important to discuss this in detail with the interviewees. Participants were asked
about occasions when they visited restaurants with friends or family, ate
takeaway food at home or at friends’ homes, and used shops to purchase food.
Where these behaviours occurred, the young people were asked to consider

what and who decides on where they go and what they eat.

After discussing the typical weekday, participants were asked to consider
occasions where the ‘normal routine’ may be different. For example, were there
any days where they made their own evening meal if a parent usually did this or
occasions when they ate at a different time to fit around an extra-curricular
activity. As weekend behaviours tend to differ from those on weekdays (Haines
et al., 2003; Wiehe et al., 2008b), participants were asked to describe a typical

weekend in the same manner as for a weekday.

Conducting the qualitative interviews as a follow-up phase of the study allowed
for the use of data collected during the food diary collection period to support
and steer discussion (Brannen, 2005). Visual maps, unique to the individual
participant, were created using ArcGIS software depicting GPS data alongside
location data of the food outlets recorded in the food diaries (VFE-Count). An
estimate of food outlet exposure was calculated using a secondary food outlet
database (Burgoine, 2010). Completed food diaries and any food photographs
taken by the interviewee were used alongside the maps to encourage

conversation during the interviews.

The semi-structured interview method provided a controlled approach to
questioning with the researcher following the topic guide protocol, ensuring
essential topics were discussed. However, the method also allowed the

researcher to invite participants to elaborate on topics most relevant to them
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and allow further questioning where the discussion was appropriate to the
research questions (Denzin and Lincoln, 2000; DiCicco-Bloom and Crabtree,
2006).

4.7.3Qualitative data analysis

The completion and analysis of interviews followed a grounded theory
approach. Grounded theory is the process of building a theory derived from
data, although the approach can be used more generically to develop
theoretical constructs from qualitative data collection and analysis (Strauss,
1987).

In the first stage of analysis, the researcher repeatedly listened to audio
recordings and read transcripts of the interviews in order to become familiar
with the data. Transcripts were imported into the analysis software programme
NVivo Version 9 which was used to organise the data and develop a coding

frame.

The data were open-coded in order to identify the emerging concepts.
Grounded theory suggests that at this stage, the concepts should be derived
from the data itself, using words and terms used by the interview participants
(Strauss, 1987). Transcripts were coded as soon as possible following data
collection to allow for emergent findings to be further explored during
subsequent interviews. Following interview two, additional prompt questions
were added to the topic guide to explore the concepts of repeatedly ordering
‘favourite’ meals when visiting particular restaurants, and the location of

takeaway food outlets used by family in relation to the home.

A selection of transcripts were read by another researcher (supervisor Wendy
Wills) independently and the emergent coding frame was discussed in detail at
various points in the analysis. This was to ensure the coding of transcripts and
emergent themes were justified and appropriate to the research questions. This
also ensured that the interpretation of data was not solely that of the primary
researcher. Any disagreements regarding the interpretation of the data were

discussed until consensus was reached.
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Two key emergent themes were selected to investigate in greater detail:

1. Eating out
2. Takeaway food

These themes emerged from the data following open-coding and were selected
for their close links to the overarching research aim to explore the out-of-home
food environment of young people. The qualitative analysis was conducted prior
to the statistical analysis of quantitative data and was therefore was not
influenced by these findings. Although the data are closely linked; the interview

data added depth, meaning and context.

A number of themes emerged from the data that were not further explored in
this research. These include, school food and the school fringe food

environment, family eating patterns, and food preparation at home.
4.8 Summary

¢ The study adopted a multi-disciplinary approach drawing on methods used
in nutritional science, geography and the social science.

e Four-day food diaries were used in conjunction with text messages,
photography and receipt collection to estimate the dietary intake of young
people.

e Three questionnaires (LSQ, HFEQ and AFHC) were completed to assess
lifestyle behaviours, home food environment and usual food habits.

e Anthropometric measures (height, weight, waist and hip circumference)
were recorded and BMI and WHR calculated.

e Socio-economic status was assigned using area-level IMD scores linked to
individual home postcode.

e GPS devices were carried by participants for the 4-day study period in
order to collect data on the activity space used by individuals.

o Eating events were identified within the food diaries and assigned to one
of five food sources.

e Food outlets identified within the food diaries were visited by a researcher
where the outlet was coded using the food outlet classification categories

and a MFE survey was completed.
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An individual food environment score was calculated based on the results
from the MFE surveys relating the food outlet consumer environment to
the individual participant.

Visited food environment measures, VFE-Count and VFE-Ratio, were
calculated using food outlet eating event data recorded in the food diaries.
GPS data were linked to researcher collected food outlet location data to
form the exposure food environment measures, EFE-Count and EFE-
Ratio.

Qualitative interviews were conducted using a grounded theory approach
with a sub-sample of the study participants to explore and unpack the

drivers of food choice in young people.
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The next seven chapters contain the results of the study as outlined below:

Chapter 5:

Chapter 6:

Chapter 7:

Chapter 8:

Chapter 9:

Chapter 10:

Chapter 11:

Participant characteristics including gender, age, socio-
demographics, socio-economic status and the prevalence of

overweight and obesity.
Results from the HFEQ and LSQ questionnaires.

Overview of dietary intake and by gender, adiposity, and SES.
Dietary intake is compared to national figures. Results from
AFHC.

Identification of food sources used by participants, contribution of
food sources to dietary intake and nutrient density of eating

events from different food sources.

Identifies and explores the visited food outlet environment
including nutrient density of eating events sourced from different
types of food outlets and relationship between visited food

environment measures and dietary intake.

Identifies the exposure food environment of young people and
explores the relationship between the exposure food environment

measures and dietary intake, adiposity and SES.

Results from qualitative interviews exploring the factors and

drivers influencing the food choice of young people.
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Chapter 5 Results: Participant characteristics

Chapter overview:

¢ Introduction

e Ethnic origin, living arrangements and education/employment status
e Socio-economic status

e Anthropometric measurements

e Summary

The aims of this chapter are: to describe the demographic characteristics of the
young people participating in the study in terms of their ethnic origin, living
arrangements, education/employment status and socio-economic status; and to

report the results of the anthropometric measurements.
5.1 Ethnic origin, living arrangements and education/employment status

Out of 52 young people who expressed an interest in the study, a total of 45
young people consented to take part (86%). All participants who provided
consent completed the study. Participants had a mean age of 17.1 years (range
16.08-19.58) and all resided in the Newcastle upon Tyne area. Seventeen

participants were male (36%) and 28 were female (64%).

The majority of the participants (77%) described themselves as White British.
Eleven percent of participants identified themselves as Asian and 7% were from
a mixed background. All participants lived with their parent(s)/ guardian(s) or
grandparents. The majority of participants reported residing in one home only. A
quarter of participants reported spending time in a second home, for example if

their parents did not live together.

Ninety-three percent of participants were recruited through one of six schools
(n=42). Two participants were recruited through word of mouth and one
participant was recruited via a health centre. All participants were in full time
education at the time of the study. In one of the schools, participants were
recruited via AS/A Level classes in health and social care (n=7) and sports
science (n=13). Thirty-eight percent (n=17) reported having a part-time job;

working hours ranging from 2-17 per week.
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5.2 Socio-economic status

The mean Index of Multiple Deprivation (IMD) score for the group was 34.2
(range 4.6-76.1), where a higher score indicates greater area level deprivation.
There was no statistically significant difference between the mean IMD score of
the study population and the mean IMD score for North East England (28.14,
range 1.74-78.4). This indicates that the study sample is likely to be
representative of the population of the North East.

40%

35%

30%

25%

20%

15%

10%

Participants (%)

5%

0%
1-least 2 3 4 5- most
deprived deprived

IMD Quintiles

Figure 15 Distribution of participants within Index of Multiple Deprivation (IMD) quintiles for the
North East of England

5.3 Anthropometric measurements

Anthropometric measurements of participants, including height, weight, Body
Mass Index (BMI), waist circumference (WC), hip circumference and waist-hip
ratio (WHR) are presented in Table 13.
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Characteristic

Total (n=45)

Male (n=17)

Female (n=28)

Height (m)
Weight (kg)
BMI (kg/m?)

Waist Circumference (WC)
(cm)

Hip Circumference (HC) (cm)
Waist to hip ratio (WHR)

Mean (range)
1.68 (1.53-1.83)
62.6 (44.4-96.2)
22.1(17.4 —30.7)
75.3 (63.0 — 96.3)

98.5 (84.4-113.6)
0.76 (0.67 — 0.85)

Mean (range)
1.74 (1.61-1.83)
65.5 (47.5-96.2)
21.7 (17.4 — 30.7)
76.8 (68.4 — 96.3)

96.7 (84.4-113.6)
0.79 (0.73 — 0.85)

Mean (range)
1.65 (1.53-1.74)
60.7 (44.4-82.2)
22.3(18.0 — 30.2)
74.3 (63.0 — 88.0)

99.6 (87.8-110.3)
0.75 (0.67 — 0.82)

On average, male participants were taller and heavier than female participants.
Adiposity of participants was assessed using BMI (weight (kg)/height (m?)),
waist circumference (WC), and waist to hip ratio (WHR). The mean BMI for all
participants was 22.1, which falls within the healthy weight range (Cole et al.,
2000) (Cole et al., 2007). Female participants had a higher BMI than male
participants, however this difference was not statistically significant (p=0.215).

There was no significant association between IMD score and BMI.

The participants were categorised into four BMI groups (‘underweight’, ‘healthy’,
‘overweight’ and ‘obese’) using the age and sex specific International Obesity
Task Force (IOTF) cut-offs (Cole et al., 2000; Cole et al., 2007) (see Table 6,
p99). Table 14 shows the prevalence of overweight and obesity in the study

population was 20%.

Table 14 Prevalence of underweight, healthy weight, overweight and obesity assessed using BMI
and International Obesity Task Force cut-offs (Cole et al., 2000) (Cole et al., 2007)

BMI classification
n n(%) n(%) n(%) n(%)
Underweight Healthy Overweight Obese
Males 17 2(12) 11 (65) 3(18) 1(6)
Females 28 0(0) 23 (82) 4 (24) 1(4)
Total 45 2 (4) 34 (76) 7 (16) 2(4)

Due to small numbers in the underweight and obese categories, the BMI

classification was amalgamated into two groups:

1.'Healthy and underweight’
2.'0Overweight and obese’
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The ‘healthy and underweight’ group had a mean BMI of 20.7 (range 17.4—

24 .3); the ‘overweight and obese’ group had a mean BMI of 27.6 (range 24.7—
30.7). The difference between the mean values for the BMI groups was
statistically significant (p<0.001).

Males had a higher mean WC measurement than female, although this was not
statistically significant (p=0.29), and a significantly higher WHR than females
(p<0.001). Thirteen percent of participants were above the WC cut-off for
increased risk of cardiovascular disease (one male, five females). However, all
participants fell in the ‘healthy’ WHR category. BMI was strongly correlated with
both WC (r=0.91, p<0.001) and moderately correlated with WHR (r=0.40,
p<0.01).

54 Summary

e Participants were all in full-time education, with just over one third also in
part time employment.

e The participants were from a wide range of socio-economic backgrounds
and the mean IMD score was comparable to the local average.

e Twenty percent of the study participants were classified as overweight or
obese using the IOTF cut-offs.

e Males had a significantly higher WHR than females, however using the
WHO cut-off for increased risk all participants’ WHRs were classified as
healthy.

e Gender differences in mean BMI and WC were not statistically significant.
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Chapter 6 Results: Home Food Environment and Lifestyle

Questionnaires

Chapter overview:

¢ Introduction

e Response rates

¢ Visits to fast food, restaurant and takeaway outlets
e Eating behaviours and food rules at home

e Home food availability

e Alcohol consumption habits

¢ Physical activity and sedentary behaviour

e Summary

This chapter reports the results of the Home Food Environment Questionnaire
(HFEQ) and Lifestyle Questionnaire (LSQ) used to explore the lifestyle habits,
home food environment and food habits of the study population. The results
from these two questionnaires are presented descriptively and organised
according to topic (outlined above in Chapter overview). Some figures in this
chapter therefore contain responses from across these two questionnaires.

These are identified within the figure notes.
6.1 Response rates

All participants (n=45) completed the HFEQ and 44 participants (16 male, 28
female) completed the LSQ.

6.2 Visits to fast food, restaurant and takeaway outlets

Within the HFEQ (section 4.3.6.2), over a third (38%) of participants reported
eating takeaway or fast food more than once per week at home, and 36%
reported eating takeaway or fast food away from the home more than once per
week. No participants reported eating takeaway or fast foods every day.

Participants were asked in the LSQ (section 4.3.6.1) about the frequency with
which they visited fast food and other restaurants (i.e. non-fast food) with their
family and friends and about takeaway food consumed at home and out of the

home (Figure 16).
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The majority of participants reported visiting both fast food and other
restaurants never or rarely, or less than once per week with their family. Only

one participant reported visiting any kind of restaurant outlet every day.

Participants reported visiting fast food and other restaurant outlets more
frequently with friends compared to family. Almost a third (30%) reported visiting
fast food outlets 1-3 times per week with friends, compared to 11% with family.
Overall, other restaurants were reported to be visited less frequently (16%) than

fast food when with friends.
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Figure 16 Frequency of visiting fast food, takeaway and other types of restaurant. Source (a) LSQ (n=44), (b) HFEQ (n=45)
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6.3 Eating behaviours and food rules at home

The HFEQ contained questions regarding eating behaviours and food rules
within the home (section 4.3.6.2). Results from these questions are presented in

Figure 17 and Figure 18.

Over half of participants reported eating breakfast at home every day and 73%
reported eating dinner at home more than 4 times per week (Figure 17).
Participants made or helped to make their own breakfast more frequently than
lunch or dinner. Almost a third (29%) of those surveyed reported never deciding
or helping to decide what the whole family eats for a meal. An overall majority
of participants indicated that they helped clean up after a meal at home, at least
once per week. Participants reported more frequent consumption (4-6 times per
week or everyday) of snacks in front of the television than dinner (47% and

33%, respectively).

Food rules were defined as rules imposed by parents or guardians with regards
to eating in the home (Figure 18). A minority of young people reported having
any rules in place regarding portion sizes, eating meals or snacks in front of the
television, or eating sweet or fried snacks (less than 11% in each case). More
participants reported having a rule in place (yes or sometimes) to clean up after
meals (78%) than helping with meal preparation (49%). The majority of
participants indicated that they did have, or sometimes had, a rule dictating they
must eat dinner with their family at home (71%). Over a third (38%) of
participants indicated that ‘limited fast food’ was a rule set by their parent/

guardian.
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6.4 Home food availability

The HFEQ contained questions regarding the availability of a variety of food
items in the home (section 4.3.6.2).

As shown in Figure 19, 93% of survey respondents reported usually or always
having ‘plenty to eat’ in their home. The majority of participants reported a
variety of fruits always being available in their home (69%) and over half (56%)
reported ‘always’ having fruit juice available. Most participants (73%) reported
vegetables ‘always’ or ‘usually’ being served at dinner in their home. No
respondents reported fruits, vegetables or fruit juice never being available in
their home. Very few participants reported never having junk food (n=3),
chocolate/ sweets (n=3) or soft drinks (n=4) in their home.

Figure 20 shows the usual availability of specified fruits and vegetables within
the home food environment. Bananas, peas and apples received the highest
‘always’ available response rate. Tomatoes, baked beans, salad vegetables and
carrots were also reported to be always available by over 30% of respondents.

Pears and canned fruit had the highest ‘never’ available response rates.

Almost half of participants reported fruit juice ‘always’ being available in their
home, no participants reported fruit juice ‘never’ being available (Figure 21).
Just under half of participants reported having chocolate and biscuits ‘always’
available at home. Other ‘less healthy’ food items had a greater spread of
responses over the ‘always’ to ‘never’ scale. A higher number of participants
reported ‘never’ having diet soft drinks available in their home compared with

non-diet soft drinks.
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6.5 Alcohol consumption habits

Alcohol consumption habits were explored within the LSQ (section 4.3.6.1). The
majority of participants reported infrequent consumption (never or rarely) of all
types of alcoholic beverage (Figure 22). No participants reported consuming
any type of alcoholic beverage ‘everyday’. Over half of the participants reported
‘never’ drinking wine. The most commonly reported alcoholic beverages
consumed were spirits/ liquor and beer with 39% and 30% of participants

reporting drinking these ‘every month’ or ‘every week'’.

25

Beer Wine Spirits/ liqguor  Alco-pops Cider Any other drink
that contains
alcohol

B Never MRarely ®Everymonth MEveryweek B Everyday

Figure 22 Frequency of alcohol consumption by beverage type. Source: LSQ (n=44)

6.6 Physical activity and sedentary behaviour

Two questions within the LSQ were used to estimate the time participants spent
in physical activity and sedentary behaviour. With one exception, all participants
reported spending some time in in sedentary screen based activities (such as
watching TV, using PC/laptop/games consoles), most reporting ‘2 hours or less’
or ‘3-4 hours’ on both week and weekend days (Figure 23). Few participants

reported five hours or more of sedentary screen based behaviour per day.
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Figure 23 Self-reported number of hours per day spent in screen based sedentary behaviour on
weekdays and weekend days. Source: LSQ (n=44)

Participants were asked to estimate the amount of time they were physically
active over the previous week. Participants were categorised according to their
self-reported physical activity level. Data were dichotomised to give high
physical activity (>60 mins 25 days/week) and low physical activity (>60 mins <5

days/week) levels.

Figure 24 shows the reported time spent in physical activity overall, by gender
and BMI groups. A third of the young people (33%) reported meeting the
recommended guidelines for physical activity, having at least 60 minutes of
physical activity on 5 or more days a week (Department of Health, 2004). A
greater proportion of males reported physical activity on 5 or more days per
week than females. Those participants who were in the ‘Healthy and
underweight’ BMI category reported being physically active on more days than
those in the ‘overweight and obese’ category. However, Chi Squared tests for
physical activity level and gender, SES and BMI groups revealed no statistically

significant differences.
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Figure 24 Physical activity: Over the past 7 days, on how many days were you physically active for a total of at least 60 minutes per day? Source: LSQ (n=44)
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Summary

Participants reported a greater frequency of fast food and restaurants
visits with friends compared to family; 16% compared to 7% for fast food
and 30% compared to 11% for restaurants for participants reporting visits
more than once per week.

Thirty-eight percent of participants reported eating takeaway or fast food at
home more than once per week.

Almost three quarters of participants reported eating their evening meal at
home more than 4 times per week.

Almost half of participants reported regularly consuming snacks in front of
the television; a third reported regularly consuming dinner in front of the
television.

The majority of participants reported no parental rules restricting their
consumption of snacks or meals whilst watching television.

Over half of participants reported having a variety of fruits and vegetables
‘usually’ or ‘always’ available in their home.

‘Never’ or ‘rarely’ were the most common answers for frequency of
consumption of all types of alcoholic beverages.

Most participants reported spending less than 5 hours in sedentary
activities on either week or weekend days.

A third of participants reported reaching the recommended guidelines for
physical activity. More males and ‘healthy and underweight’ participants
reported reaching the target than females or those ‘overweight and obese’

although these differences were not statistically significant.
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Chapter 7 Results: Dietary intake and habits

Chapter overview:

¢ Introduction

e Normality testing

e Dietary intake compared to current recommendations and national
averages

¢ Dietary intake on week and weekend days

¢ Relationship between dietary intake and adiposity

¢ Relationship between dietary intake and socio-economic status

e Adolescent Food Habits Checklist results

e Summary

This chapter presents the dietary intake of the study participants as measured
by a 4-day food diary (section 4.3.2). The aims of the chapter are: to assess the
distribution of dietary intake data; to present the dietary intake data overall and
by gender and compare these figures to the current recommended intakes and
to appropriate national data; to investigate any differences between week and
weekend days; to assess the relationship between dietary intake and BMI and
SES; and finally to report the results of the Adolescent Food Habits Checklist
(AFHC) and its associations with dietary intake.

7.1 Normality testing

Dietary intake data were tested for normality using histograms with normality
curves and the Shapiro-Wilk statistic (p>0.05 was indicative of a normal
distribution). Pearson correlation co-efficient and independent sample t-tests
were used where data were normally distributed. Spearman rank correlation
and Mann-Whitney non-parametric tests were used where the data were non-
parametrically distributed. Alcohol and fruit intake had bimodal distributions for
non-consumers and consumers and were treated as normal. In addition to total

population analysis, these variables were analysed within ‘consumers only’.
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7.2 Dietary intake compared to current recommendations and national

averages

Participants’ mean daily dietary intake is reported in this section alongside an
analysis of differences in dietary intake by gender. Data from the National Diet
and Nutrition Survey (NDNS) (Department of Health, 2011b; Department of
Health, 2012) has been included to indicate the national averages for dietary
intake by gender. The results of this comparison should be interpreted with
caution as the study population (aged 16-19 years) is at the higher end of the
NDNS age range (11-18 years). The recommended intakes for nutrients,
reported as Dietary Reference Values (DRVs) and Reference Nutrient Intakes

(RNIs) are also included.

Male participants had significantly higher energy (p=0.020) and food weight
(p=0.002) intakes than females; however there was no significant difference in
energy density (KJ/100g food) between males and females (Table 15). Female
participants had significantly higher %E from sugars than males (p=0.017).
Total %E from fat and alcohol was higher in males than females but the
difference was not significant (%E fat 34.2% versus 33.4% and %E alcohol

6.4% versus 4.4%, in males and females respectively).
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Table 15 Mean daily dietary intake of all participants and by gender compared to National Diet and Nutrition Survey (NDNS) Rolling Programme figures for 2008/09 —
2010/11 for 11-18 year olds (Department of Health, 2012) (Iron and Vitamin C 2009/10 figures(Department of Health, 2011b)) and UK recommended intakes for young
people aged 15-18 years (Department of Health, 1991)

Dietary intake/ day (unit) Total All NDNS® Male Male Female Female Dietary Reference Values/
(n=45) (n=17) NDNS (n=28) NDNS Reference Nutrient Intakes
Mean (SD) Mean Mean (SD) Mean Mean (SD) Mean Male ‘ Female
Food weight (g)* 2183 (636) - 2452 (715) - 2020 (532) - -
Total energy (MJ)* 7.8 (2.9) 7.54 9.5 (3.4) 8.28 6.8 (2.0) 6.76 11.51 | 8.83
Energy density (KJ/lOOg)2 385.7 (105.0) - 420.1 (97.6) - 364.8 (107.1) - -
Protein (%E)* 13.9 (4.1) 14.9 14.9 (5.9) 15.1 13.2 (2.3) 14.6 Average intake 15% total energy
Total fat (%E)2 33.1(5.7) 33.9 34.2 (4.1) 33.8 32.4 (6.5) 34.1 33% total energy
Saturated fat (%E)” 10.6 (3.2) 12.5 10.5(3.2) 12.6 10.7 (3.2) 12.4 11% total energy
Carbohydrate (%E)” 49.6 (7.8) 50.3 47.0 (7.3) 50.2 51.1 (7.8) 50.4 47% total energy
Total sugars (%E)* 22.5(5.3) 21.5 20.2 (4.9) 21.5 24.0 (5.1) 215 No recommendation
Fibre - NSP (g)l 8.7 (3.0) 11.8 9.6 (3.3) 12.8 8.2 (2.8) 10.8 18g/ day
Iron (mg)* 8.3(3.5) 9.9 10.0 (4.4) 10.8 7.2 (2.4) 8.9 11.3mg/ day 14.8mg/ day
Vitamin C (mg)* 71.9 (53.2) 84.5 51.9 (32.9) 89.7 84.1 (59.8) 79.0 40mg/ day
Alcohol (%E)? 5.1 (7.1) 0.9 6.4 (8.0) 0.9 4.4 (6.5) 0.9 -
* consumers only*® 11.0 (6.6) 6.0 12.2(7.2) 6.2 10.2 (6.4) 5.8 Average intake 5% total energy
Alcohol (g)° 14.2 (20.9) 2.7 19.0 (22.5) 3.0 11.3 (19.6) 2.3 -
* consumers only*® [ 30.4 (21.0) 18.0 35.8 (18.4) 20.6 26.4 (22.7) 15.3 -
Fruit (g)** 89.8 (83.4) 157 76.4 (85.3) 165 97.9 (82.6) 150 -
- consumers only” | 115.4 (77.1) - 108.2 (82.7) - 119.1 (75.7) - -
Vegetables (g)" 71.5 (44.2) 115 59.1 (31.7) 121 79.0 (49.3) 109 -
Fruit and vegetables (g)** 161.2 (99.6) 177 135.5 (97.4) 182 176.9 (99.3) 172 400g fruits and vegetables
Fruit & veg portions (n)* 2.0(1.2) 2.9 1.7 (1.2) 3.0 2.2(1.2) 2.8 5x 80g portions/ day

"Not normally distributed; means compared using Mann-Whitney test  “Normally distributed; mean compared using independent sample t-test

3Alcohol consumers only; n=21, 9 male, 12 female “NDNS fruit intake calculated using fruit intake plus fruit juice intake, NDNS fruit and vegetable intake does not include fruit juice
°Fruit consumers only; n=35, 12 male, 23 female ®0One sample t-test used to compare mean total sample intake to NDNS

Highlight indicates significant difference between mean total diet and NDNS or between male and female participants (p<0.05)
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Total energy intake patterns for study participants were comparable with those
reported in the NDNS but lower than the DRV recommended by the Department
of Health. As expected, the total food weight and total energy intake were
significantly higher for males than females. Participant intake of protein, total fat,

carbohydrate, sugars and vitamin C were comparable to the NDNS figures.

Overall, intake of protein was slightly lower than the DRV of 15% energy from
protein. Total fat intake of participants met the recommended intake of not more
than 33% total energy. Carbohydrate intake was slightly higher than the DRV.
Total sugars intake of study participants was comparable to the NDNS figures.
However, the intake of sugars was significantly higher for females than for
males (24% and 20%, respectively). Overall, vitamin C intake was almost twice
the RNI, male intake was lower than that of females although this difference

was not significant (p=0.062).

Participant intake of saturated fat, fibre, iron, fruit, vegetables and fruit and
vegetable portions were significantly lower than those reported in the NDNS
(p<0.05). In line with NDNS figures, study participants did not meet the
recommended intakes of fibre, iron and fruits and vegetables. Although females
have a higher RNI for iron than males, females reported a lower mean intake
and this approached significance (p=0.052).

A higher mean alcohol intake was seen in study participants compared with the
NDNS, likely reflecting the older mean age of the current study participants
compared to the NDNS sample. For the alcohol consumers group, the mean
intake of alcohol (%E) was almost twice the amount recommended by the
Department of Health. The alcohol intakes reported in this study were closer to
the adult intakes reported in the NDNS than those for young people. The mean
daily % energy from alcohol reported in the NDNS for the total population of 19-
64 year olds was 5.1 and 8.7% for alcohol consumers only (Department of
Health, 2012).

7.3 Dietary intake on week and weekend days

The difference in dietary intake on week and weekend days was explored. The
mean for each day type was calculated on an individual basis as individuals

reported a range of 2-3 week days and 1-2 weekend days. One individual
147
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recorded intake on four week days only and was excluded from this analysis.

Table 16 shows the mean dietary intake on week and weekend days. Paired

sample t-tests indicated no significant difference between week and weekend

dietary intake.

Table 16 Mean (SD) dietary intake by week and weekend day (n=44)

Weekday Weekend
Dietary intake variable (unit) Mean (SD) Me