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THESIS SUMMARY

Toddlerhood is an important period of life when nutritional experiences shape
children’s growth, health and development. Exposure to foods during this period
influences the development of food preferences and thus current and future eating
patterns. Yet toddlers begin to exert their independence in food choices and
demonstrate fussy eating behaviours, placing them at risk of poor nutrition. Current
dietary intakes of toddlers fall short of dietary recommendations, suggesting many
are at ‘dietary risk’, a term used to describe ‘inappropriate dietary patterns’ that may
impair health. As poor dietary behaviours may persist over time and influence short-
and long-term health, early risk identification is important so that intervention can be
initiated. Traditional dietary assessment methods are associated with limitations,
such as being costly, time-intensive and burdensome on researchers and responders.
Short questionnaires are an attractive alternative to assess dietary intake. The
literature review presented in chapter one highlights that there are no short (<50
item) valid and reliable dietary assessment tools to measure diet of Australian
toddlers. Thus, the primary aim of this thesis was to develop and validate a short
dietary assessment tool for measuring dietary risk in Australian toddlers aged 12 - 36

months.

Dietary patterns of Australian toddlers were characterised by applying principal
components analysis to food intake data collected for two Australian studies. This
analysis guided selection of tool items and is described in chapter two. Patterns
were similar at two ages, 14 and 24 months, representing ‘core’ (items recommended
to be consumed every day, such as fruit, vegetables, lean meat, dairy, high-fibre
bread and water) and ‘non-core’ (high-fat, -sugar and/or -salt items not included in
the ‘core’ food groups such as spreads, snacks, chocolate, processed meat and
sweetened beverages) intake. Based on extracted patterns and the Australian Dietary
Guidelines a 19-item Toddler Dietary Questionnaire (TDQ) that assesses the
previous week’s food-group intake was developed, and is described in chapter

three. Intake is evaluated using a scoring system to determine dietary risk (0 - 100;



higher score = higher risk) and stratified into four risk categories (low, moderate,

high, very high).

Evaluation of the TDQ psychometric properties, detailed in chapter three, showed
that risk scores were highly correlated and not significantly different between
administrations or compared with a valid and reliable FFQ. Further, all participants
were classified into the same or adjacent risk category (low — very high). However,
analyses were conducted on data collected from a relatively advantaged sample of
Australian toddlers. Thus, the TDQ has reliability and comparative validity as a short
toddler dietary risk assessment tool for Australian toddlers from relatively
advantaged backgrounds. Further testing was undertaken to determine the convergent
validity of the dietary risk construct, and is presented in chapter four. Risk scores
were associated with nutrient intakes in expected directions; lower and higher risk
scores reflect better and poorer nutrient intakes, respectively. Risk scores were
positively associated with socio-demographic factors but not BMI z-scores. These
findings demonstrate that dietary risk scores measure intake that may impair health
but currently do not specifically assess obesity risk. The key findings, strengths and
limitations, the implications for practice, and areas for further research are
summarised in chapter five. In conclusion, the newly developed TDQ is a valid and
reliable screening tool for assessing dietary risk of relatively advantaged populations

of toddlers, and may therefore be useful in early childhood nutrition promotion.
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OVERVIEW OF THESIS STRUCTURE

This thesis is structured as five chapters, with four comprising material already
published or accepted for publication, summarised in Table 0-1 (see Appendix 1 -

Papers, conference presentations and awards/prizes arising from this thesis).

Chapter one provides the thesis context, outlining the aims and significance of the
research. Included in this chapter is a systematic review of the literature on short
dietary assessment tools for children aged less than five years, published in the

Journal of Obesity.

Chapter two characterises dietary patterns of Australian toddlers aged 14 and 24
months by applying principal components analysis (PCA) to dietary data from two
Australian studies. This work has been published in the European Journal of Clinical

Nutrition.

The next two chapters detail the development and testing of a short dietary risk
assessment tool for Australian toddlers, the Toddler Dietary Questionnaire (TDQ).
Two published papers were derived from these chapters: (1) the development of the
TDQ and testing of its test-retest reliability and relative validity, published in the
British Journal of Nutrition (chapter three) and, (2) testing of the convergent
validity of the TDQ, accepted for publication in Nutrition & Dietetics (chapter

four).

Chapter five brings together the thesis findings. The relevance of the findings to
clinical practice and research are discussed in the context of the thesis strengths and

limitations, leading to a thesis conclusion.
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publication status at the time of submission
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1 Bell L, Golley R, Magarey A (2013) Short tools to assess Published” [1]
young children’s dietary intake: a systematic review
focusing on application to dietary index research, Journal
of Obesity, Article ID 709626, 17 pages, Epub 26 Sept
2013.
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patterns of Australian children aged 14 and 24 months
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3 Bell L, Golley R, Magarey A (2014) A short food-group  Published? [3]
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4 Bell L, Golley R, Magarey A (2014) Dietary risk scores  Accepted? [4]
of Australian toddlers are associated with nutrient intakes
and socio-demographic factors, but not adiposity,
accepted 8" March 2015 Nutrition & Dietetics

The review was conceived and designed by AM, RG and LB. LB was responsible for the
review's conduct and synthesis with input from AM and RG. LB drafted the initial
manuscript and AM and RG provided critical review and feedback. All authors read and
approved the final manuscript.

>The study was conceived and designed by AM, RG and LB. LB was responsible for the
study’s conduct and performed all statistical analysis with input from AM and RG. LB
drafted the initial manuscript and AM and RG provided critical review and feedback. All
authors read and approved the final manuscript
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1 ASSESSMENT OF TODDLERS'’ DIETARY INTAKE

1.1 Overview

This chapter discusses the importance of assessing toddlers’ dietary intakes using
brief and accurate measures to determine dietary risk. It comprises three sections.
The first section details why adequate nutrition in early life, in particular toddlerhood
(1 - 3 years), is important, and describes the health consequences of poor diet during
this period of life. The current state of toddlers’ dietary intakes is compared to age-
appropriate dietary guidelines leading to a conclusion on toddlers’ dietary risk status.
The second section of this chapter describes the strengths and limitations of
traditional versus more novel dietary assessment methodologies, highlighting the
benefits of short dietary assessment methods. A review of the literature on short tools
that assess young children’s dietary intake highlights the need for brief methods that
assess whole diets of Australian toddlers. This review has been published in the
Journal of Obesity. The third section discusses development of a dietary assessment
tool based on whole-of-diet analysis, including how current dietary patterns of
Australian toddlers can inform tool items and how a dietary index can be applied to
collected dietary data to derive a measure of toddlers’ dietary risk. The chapter
concludes with the formulation of the aims which this thesis will address.
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1.2 Early life nutrition

Human nutrition is the requirement to obtain essential nutrients necessary to support
life and provides the foundation for physical and mental growth and development,
performance, and health and well-being [5]. Optimal nutrition is fundamental across
the entire life span, from conception, foetal development and birth, through to
infancy, childhood, adolescence and adulthood [5]. However the role of nutrition in
the first years of life is of particular interest as it can have lasting effects on an
individual’s diet, health and development [6, 7].

1.2.1 Importance of nutrition in early life

Adequate nutrition in the early years is of high importance for optimal growth, health
and development. This important period of life is defined by rapid dietary change
and the establishment of nutrition-related skills, and food preferences and habits.
These are the foundations for adequate nutrition throughout life. This section reviews

the evidence on why nutrition in early life is crucial for life-long health.

1.2.1.1 Early life nutritional requirements for growth, health and
development

Up until five years of age children experience rapid physical, social, emotional and
cognitive growth [8]. It has been demonstrated that dietary practices during this
period impact on children’s growth and development. For example, breastfeeding in
infancy has been shown to slow a child’s growth trajectory [9] and enhance their
cognitive development [10-12], whilst consumption of meat between four and 16
months of age has been positively associated with psychomotor developments at 22
months of age [13]. Further, a “junk food” diet pattern at 3 - 4 years of age has been
shown to be associated with poorer school attainment, measured as Key Stage scores,
at 6 - 7 years and 10 - 11 years of age [14] and increased hyperactivity, measured
using the Strengths and Difficulties Questionnaire, at age seven [15]. These findings

highlight the importance of adequate nutrition in the first years of life.
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Studies have also demonstrated the influence of early life diet on later adiposity and
cardiovascular health. For example, consumption of a diet pattern by 12 month olds
that was consistent with infant guidelines was associated with better lean mass at
four years of age [16], whilst a meat-based diet pattern at three [17] and five [18]
years of age was associated with increased odds of being overweight. Further, less
healthy dietary patterns between six and 24 months of age were associated with
higher blood pressure at seven and a half years of age [19]. Other studies have also
demonstrated a positive association between sodium intake in the first few months of
life and blood pressure in childhood and adolescence [20, 21]. Together these
findings demonstrate the potential role of diet in infancy and toddlerhood in chronic

disease development.

1.2.1.2 Early life is a period of rapid dietary change

The role of early nutrition in health, growth and development occurs within the
context of rapid dietary change. Up to about six months of age breast milk and/or
formula is the sole source of nutrition [22]. From this point, dietary patterns change
rapidly over a short period [23]. Complementary foods are consumed in addition to
breast milk and formula milk until one year of age, at which time toddlers expand
their variety of foods and beverages to reflect the family diet [22]. The transition
from a milk-based diet to a diet based on a variety of family foods continues
throughout the second year of life and represents a change from a high-fat, low-
protein, low-fibre single food to a diversified diet that is ideally low to medium-fat
and fibre, and high protein [23]. Rapid dietary change is characteristic of nutritional

experiences in the first years of life.

1.2.1.3 Early life is the period when food-related skills are developed

Food-related skills are also established in the early years of life to support the ability
to self-feed. It is a period when developments in motor and cognitive function are
occurring [24]. Specifically, these years are characterised by the acquisition of gross
and fine food-related motor skills [24]. For example, in a sample of 4 - 24 month old
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children, the mean age of “reaching for a spoon when hungry” was 5.5 months,
“using fingers to push food towards self” was 8.9 months, “chewing and swallowing
firmer foods without choking” was 12.2 months and the establishment of self-feeding
was 13.5 months [25]. In a similar sample of infants and toddlers aged 4 - 24 months,
the majority of children could grasp food with their hand by one year of age, whilst
most were able to drink from a sippy cup unassisted and eat foods that required
chewing by two years of age [26]. These years are important for the development of
food-related skills and coincide with transitioning to the family diet.

1.2.1.4 Early life is the period when dietary preferences and habits are
formed

Early life dietary experiences can shape food-related behaviours throughout life.
Dietary preferences and habits are believed to be well established by the age of five
years [27-29]. More recent studies have shown that children’s likes and dislikes are
established as early as 2 - 3 years of age [30]. Studies have also demonstrated that
these food preferences and subsequent habits persist over time [27-29], highlighting
that the first years of life are a critical period for the formation of positive life-long

dietary preferences and habits.

Children’s food preferences and subsequent eating behaviours are known to be
shaped by a combination of genetic predispositions and the eating environment [31,
32]. A study that assessed 3 — 4 year olds’ food preferences found that approximately
half the variance in the preference for a particular food was due to its sweetness
(genetically determined) and its familiarity (experience via the eating environment)
[33]. Genetically humans are predisposed to prefer sweet and salty food, to reject
sour and bitter flavours, and to reject novel foods [28]. However, young children’s
innate food preferences and unwillingness to try unfamiliar foods, known as
neophobia [28], is readily modified by experience and repeated exposure [34]. Thus,
exposure to foods of various flavours and textures in early life is important for

shaping children’s food likes and dislikes.
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Children’s food preferences further predict their dietary patterns and dietary variety.
For example, dietary exposures and food preferences in children as young as two
predict their food preferences and dietary variety at eight years of age [35]. Dietary
patterns have further been shown to track across infancy and toddlerhood [36],
middle childhood [14] and from adolescence into adulthood [37]. Dietary preferences
and behaviours are established over the first years of life, and influence dietary

patterns that track throughout the life course.

1.2.1.5 Summary —the importance of nutrition in early life

Adequate early life nutrition is vital for optimal health, growth and development.
During these years, children transition from a milk-based diet to a diversified family
diet whilst developing food-related gross and fine motor skills. Experiences with
food, flavours and textures during this transitional period shape the development of
present and future food preferences and behaviours. Early childhood is therefore a
critical time for learning to like a wide variety of tastes and textures which influence
dietary intake. Therefore, it is clear that monitoring and optimising early life diet is
important for health and development in both childhood and later life.

1.2.2 A focus on nutrition in toddlerhood (1 - 3 years)

Early life nutrition research has tended to focus on breastfeeding, formula feeding
and the complementary feeding period, with less focus on the toddler years.
Although nutrition is essential throughout all stages of early childhood, ensuring
toddlers, aged 1 - 3 years [23, 38, 39], consume a balanced diet is challenged by
several factors. This section discusses the nutritional and developmental context of

toddlerhood and the challenges faced in ensuring adequate intake.
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1.2.2.1 Nutritional and developmental context of toddlerhood

With increased activity [23] from infancy (birth — 12 months) into toddlerhood (1 — 3
years), toddlers’ energy and nutrient needs become high relative to their size [38,
40]. Yet together with a slowing of weight gain [41], particularly after two years of
age [23], they experience a physiological decrease in appetite [42]. The rate of
weight gain between two and five years of age is 1 - 2kg per year, which is
approximately 20 - 30 percent of that in the first year of life [42]. As a result refusal
of foods normally desired is common in toddlerhood [38]. This contributes to the
large variation in the amount of food consumed from day-to-day and meal-to-meal
by toddlers [43]. Adding to this is that children become more autonomous through
this transitional phase [24] and consequently begin to exert their independence in
food choices [38, 39]. With increasing age, children also develop language, motor
and social skills [44, 45] and are therefore able to better communicate their likes and
dislikes [46]. They therefore begin to have a decisive say in what they will and will
not eat [39]. Parents may perceive their child’s ability to verbalise their preferences
and subsequent rejection of common foods as being stronger as they move through to
toddlerhood [46].

It is also common for toddlers to be unwilling to try new foods that are offered to
them. Neophobia, the innate rejection of novel foods [28], is believed to peak
between two and six years of age [47] and despite being developmentally normal
[27], may be perceived by parents as ‘picky’ or ‘fussy’ eating. Repeated exposure to
new foods and flavours can assist in overcoming neophobia and can therefore
enhance the acceptance of foods by toddlers [44]. However, this is more difficult in
toddlerhood than infancy, with studies showing that the number of exposures
required to improve food acceptance increases from very few in infancy [48, 49] to
approximately 5 - 10 in two year olds [50]. Thus, ensuring adequate nutrition in

toddlerhood is challenged by developmental changes within the nutrition context.
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1.2.2.2 Fussy eating behaviours in toddlers

Despite being developmentally normal for young children’s’ dietary behaviours to
change as they transition into toddlerhood, parents of toddlers who reject certain
foods or food groups may perceive their child to be a “picky’ or “fussy’ eater [51].
Fussy eating, whether real or perceived by parents, is a common phenomenon in
toddlers’ world-wide. In the US, 35 - 50% of toddlers aged 12 - 24 months (n =
3022, 4 - 24 months) were described by their parents as picky eaters [51]. In a study
of 30 month old UK toddlers (n = 455) 15% were described as ‘maybe’ fussy and 8%
described as ‘definitely’ fussy [40]. Similarly, in a cross-sectional study conducted
with 740 Australian toddlers aged 12 - 36 months 20% were perceived by their
mothers as a picky eater [52]. Given the high prevalence of toddlers being classified
as picky or fussy eaters, this behavioural problem has been said to be a normal
feature of toddler life [40].

Fussy eating behaviours in toddlers can be exacerbated by parental expectations and
perceptions. Parental concern may lead to inappropriate parental responses, such as
pressuring fussy eaters to eat [42]. This can in turn aggravate a child's refusal to eat
[32, 53] as they exert their autonomy and resist eating [54], resulting in a decrease,
rather than the intended increase, in intake [55]. For example, a study of Australian 2
- 4 year olds found that greater use of “pressure to eat” predicted higher child food
fussiness and lower child interest in food [56]. Toddlers’ refusal to eat can further
exacerbate parental concern for their child’s eating, fuelling the cycle of fussy eating
behaviours. They can also be heightened by their parents’ responses to their
unwillingness to try a new food. Despite the ability to overcome neophobia through
repeated exposure to the food or flavour [44], a high proportion of toddlers do not
experience the level of exposure required, as parents commonly perceive the initial
rejection of the food as a genuine dislike for the food [34]. This cycle of fussy eating

is a challenge to ensuring toddlers consume a nutritionally complete diet.
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1.2.2.3 Summary —the nutritional context and challenges of
toddlerhood

The desire of parents to ensure their toddler has a balanced, nutritionally complete
diet is challenged by toddlers’ characteristic or perceived fussy eating behaviours
that result from a decreased appetite, an emerging independence in food choices and
food neophobia. Such behaviours are exacerbated by inappropriate parental
responses and are a significant barrier to adequate nutrition during these years.
Consequently toddlerhood may be a particularly vulnerable stage of life nutritionally.
Thus, toddlers are an important population group to monitor and ensure adequate

nutrition is established.

1.2.3 Consequences of poor nutrition in toddlerhood

For toddlers, poor nutrition runs the spectrum from under-nutrition to over-nutrition.
In developing countries, communicable diseases result from under-nutrition and thus
early life nutrition strategies primarily focus on ensuring toddlers receive adequate
nutrition that confers protection and supports adequate growth [57]. Yet in developed
countries, the focus has shifted from adequate nutrition to the role of early life
nutrition in laying the foundation of dietary habits that reduce the risk of non-
communicable diseases, such as cardiovascular disease (CVD) and obesity, later in
life. This section focuses on nutritional consequences in toddlerhood in the
developed world context. Inappropriate milk intake, iron deficiency and energy

imbalance are three major concerns.

1.2.3.1 Inappropriate milk consumption

Over-consumption of milk or consumption of an inappropriate milk type can lead to
nutritional issues for toddlers in the developed world. The Australian dietary
guidelines recommend one and a half serves of dairy foods daily, equivalent to
375ml milk, for children aged 2 - 3 years (Table 1-2). Yet, over-consumption is
common in the toddler years. For example, in British 1.5 — 4.5 year olds, 26%

consumed more than 400g of milk daily over a four day weighed record period [58].
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In Australian 2 - 3 year olds, the average consumption of milk products and dishes
was 4259 per day [59]. As overuse of milk reduces the variety of other foods
consumed, nutritional deficiencies can result. One major concern is iron deficiency.
The inverse association between cow’s milk intake and iron status in toddlers has
been well documented [58, 60, 61]. For example, British children aged 1.5 — 4.5
years consuming more than 400g per day of milk and cream were more likely to have

poor iron status than those consuming less than 4009 per day [58].

Consumption of an appropriate milk type is also important in toddlerhood. The
Australian dietary guidelines recommend whole fat milk for toddlers aged 1 - 2 years
and reduced fat milk for toddlers aged 2 - 3 years [62] (Table 1-2). Yet studies have
reported intake inconsistent with these recommendations. For example,
approximately 90% of Australian 2 - 3 year olds consume regular fat milk products
and dishes, whilst approximately 71% consume regular fat dairy milk [63]. This is
nutritionally concerning as consumption of regular fat milk products beyond two
years of age can increase the saturated fat and energy content of the diet [64] and
thus increase toddlers’ potential for excess weight gain. However, emerging evidence
is demonstrating a positive relationship between whole fat dairy foods and health.
For example, the recent review of evidence that informed the 2013 Australian
Dietary Guidelines suggests that consumption of any dairy by adults, regardless of
the type i.e. regular or reduced fat is associated with a reduced risk of hypertension
[62]. Regardless, inappropriate milk consumption in toddlerhood can negatively

influence toddlers’ iron and/or weight status.

1.2.3.2 Iron deficiency

Iron deficiency is one of the most common micronutrient deficiencies seen in young
children world-wide. Although its prevalence is higher in developing countries, the
average prevalence among children aged 6 - 24 months in the developed world is
approximately 3% [65]. Specifically, in Australia, the prevalence of iron deficiency
in toddlers ranges from 1 - 6% [66]. A common reason for iron deficiency in

toddlerhood is the overuse of cows’ milk, mentioned earlier. Consumption of large
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volumes of milk displaces the intake of iron-rich foods, such as meat, poultry or fish,

or iron-enhancing foods, such as vitamin C containing fruits [38].

Iron deficiency in toddlerhood negatively impacts on health and development as iron
is a component of many body proteins, including haemoglobin, which is particularly
important for the transport of oxygen to body tissues such as the brain [67]. Chronic
iron deficiency in toddlerhood is therefore associated with impaired mental and
psychomotor development [7, 65] and can impact on immunity, growth and
development [68]. For example, in a study of 12 — 23 month old toddlers, those with
iron deficiency anaemia had significantly lower mental and motor test scores, which
had persisted at age five years [69]. This is because the second year of life is the
period of rapid brain growth, which is vital for the development of fundamental
mental and psychomotor processes [70]. Thus, iron deficiency in toddlerhood is a

great concern for life-long psychomotor and cognitive function.

1.2.3.3 Energy imbalance

Energy imbalance, resulting from greater energy consumption than energy
expenditure, is common across the ages. Over recent decades, there has been changes
towards a high fat, energy-dense diet and a sedentary lifestyle resulting from
increased westernisation, urbanisation and mechanisation [71, 72]. This is true for
toddlers. The 2007 Australian National Children’s Nutrition and Physical Activity
Survey found that the greatest contributors to energy intakes of children aged 2 - 3
years were total fat (30.4%), as predominately saturated fat (14.2%), and total sugar
(25.9%) [59]. This is compounded by the fact that in 2011 - 2012 Australian children
aged 2 — 4 years participated in sedentary activities, such as watching TV, DVDs or
playing electronic games, for nearly one and a half hours daily [73]. These
consumption and lifestyle patterns contribute excess energy consumption in

Australian toddlers, with the potential to lead to overweight and obesity.
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Overweight in childhood is one of the greatest current public health concerns [74,
75]. Despite reports suggesting stabilisation in rates of childhood overweight in
Australia [76] and internationally [77-80] over the last 10 years, and more recently a
decline in prevalence rates of obesity among 2 - 5 year old American children [81],
levels remain high. Recent statistics show that approximately one-fifth of Australian
children aged 2 - 3 years are overweight (15.5%) or obese (4%) [59], with higher
levels seen in American 2 - 5 year olds (overweight 27%, obese 12%) [81]. The
consequences of overweight in childhood are well-known and range from biological
and physical (for example, cardiovascular, endocrine, orthopaedic, respiratory,
reproductive, musculoskeletal and gastro-intestinal system complications [82]) to
psychological and social (for example, isolation and discrimination from peers
resulting in poor quality of life, and low body image and self-esteem [83]). Even
more severe consequences are the increased risk of premature illness and death later
in life [20, 83-85].

Compounding the problem of childhood obesity and its associated complications is
the tracking of childhood obesity into later life [86]. This is considered to be one of
the most significant independent long-term health consequences of excess weight in
childhood [87, 88] because obesity in adulthood is well-known to be an independent
risk factor for CVD, type 2 diabetes and its associated retinal and renal
comorbidities, polycystic ovary syndrome, liver disease, obstructive sleep apnoea,
mental health illness and certain cancers [71, 89, 90]. Further, there is evidence
suggesting that excess weight in childhood is an independent risk factor for the
majority of chronic diseases such as CVD [91], diabetes [90], and even cancer [92].
For example, Barker et al 2005 [93] demonstrated that excessive weight gain from 2
- 11 years of age was associated with later coronary events. Given that childhood
obesity independently influences chronic disease development and predicts adult
obesity and its associated disorders, overweight in toddlerhood is a concern for life-

long health.

32



1.2.3.4 Summary - health consequences of poor nutrition in
toddlerhood

Poor nutrition in toddlerhood can result in micronutrient deficiencies, such as iron
deficiency, and a positive energy balance. Of concern is that these inadequacies can
impair cognitive and psychomotor development and lead to the development of
childhood obesity and its associated chronic diseases, such as CVD. As poor diet and
overweight in early life have the potential to track across life, perpetuating the diet-
disease relationship, preventing present and future ill-health begins with addressing

one of the major underlying causes; poor diet in toddlerhood.

1.2.4 What are the recommendations for food intake in toddlerhood?

To assist in reducing the risk of diet-related disease and improving health and well-
being, dietary guidelines are provided by health departments worldwide. They
identify the food groups and dietary patterns that promote good nutrition and health,
providing a guide to the public for food selection [8]. This section examines the
dietary guidelines for three major countries of the developed world; Australia, the
USA and the UK.

1.2.4.1 The Australian Dietary Guidelines

The Australian Dietary Guidelines, developed by the National Health and Medical
Research Council (NHMRC), provide dietary advice for all Australians. The 2013
Eat for Health guidelines are composed of five key guidelines applicable beyond 12
months of age (Table 1-1) [62]. Of high importance are guidelines one and two,
which emphasis consuming nutritious foods to meet energy needs, and consuming a
wide variety of foods from the five ‘core’ food groups (that is, foods recommended
to be consumed every day [8, 94]: (1) grain (cereal) foods, (2) vegetables and
legumes/beans, (3) fruit, (4) milk, yoghurt, cheese and/or alternatives, and (5) lean
meats, poultry, fish, eggs, tofu, nuts and seeds, and legumes/beans [62]. This is
represented pictorially in the Australian Guide to Healthy Eating (AGHE) [95]

(Figure 1-1), providing the public with a guide on the proportions of each food group
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that should be consumed each day. There are also guidelines for the recommended
amounts (serving sizes and servings per day) of the five ‘core’ food groups that
children, according to their age, should consume daily [96]. The recommendations
for toddlers are detailed in Table 1-2. Further, the consumption of high-fat, -salt
and/or -sugar foods, otherwise termed ‘non-core’* or “discretionary’ foods, should be
limited, as stated in guideline three [62]. These are energy-dense, nutrient-poor
(EDNP) foods that are not included in the ‘core’ food groups [8, 94]. Continued
breastfeeding beyond 12 months of age is also recommended (guideline four) [62].

1. * ‘non-core’ foods are referred to as ‘discretionary’ foods in the latest 2013
Australian Dietary Guidelines. However, the term “non-core’ foods will be
used throughout the thesis to reflect the term that was in common usage at the
time the literature review and studies of this thesis were conducted.
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Australian Guide to Healthy Eating

Enjoy a wide variety of nutritious foods

from these five food groups every day.

Drink plenty of water. I“'EQE'&"'ES and =¥
legumes/beans

Fruit
Lean meats and
poultry, fish, eggs,
tofu, nuts and seeds
and legumes/beans

Milk, yoghurt, cheese and/or
alternatives, mostly reduced fat

Use small amounts

Only sometimes and in small amounts
-

il Tl 8¢
”W mﬁﬁﬁl:;WWA

Figure 1-1 2013 Australian Guide to Healthy Eating (AGHE) [95]
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Table 1-1 2013 Australian Dietary Guidelines. Adapted from the 2013 Eat for Health Dietary Guidelines [62]

Guideline Message

Sub-message

1

To achieve and maintain a healthy weight, be
physically active and choose amounts of
nutritious foods and drinks to meet your energy
needs

Enjoy a wide- variety or nutritious foods from
these five food groups every day

....and drink plenty of water

Limit intake of foods containing saturated fat,
added salt, added sugars and alcohol

Encourage, support and promote breastfeeding
Care for your food; prepare and store it safely

Children and adolescents should eat sufficient nutritious foods to grow and develop
normally and be physically active every day. Their growth should be checked
regularly.

(1) Vegetables and legumes/beans; consume plenty and include different types and
colours

(2) Fruit

(3) Grain (cereal) foods; such as breads, cereals, rice, pasta, noodles, polenta,
couscous, oats, quinoa and barley. Consume mostly wholegrain and/or high
cereal fibre varieties,

(4) Lean meats and poultry, fish, eggs, tofu, nuts and seeds and legumes/beans

(5) Milk, yoghurt, cheese and/or their alternatives; consume mostly reduced fat
(reduced fat milks are not suitable for children under the age of 2 years)

Limit intake of foods high in saturated fat; such as many biscuits, cakes, pastries, pies,
processed meats, commercial burgers, pizza, fried foods, potato chips, crisps, and
other savoury snacks

Limit intake of foods and drinks containing added salt

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

Limit intake of foods and drinks containing added sugars; such as confectionary,
sugar-sweetened soft drinks and cordials, fruit drinks, vitamin waters, energy and
sports drinks
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Table 1-2 Minimum number of serves per day of the five ‘core’ foods groups recommended
for Australian children aged 2 - 3 years [96]

Vegetablesand  Fruit? Grain Lean meats and poultry, Milk, yoghurt,

legumes/beans! (cereal) fish, eggs, tofu, nuts and cheese®
foods® seeds, and legumes/beans*

2.5 1 4 1 15

11 serve = % cup cooked green or orange vegetables (for example, broccoli, spinach,
carrots or pumpkin); % cup cooked, dried or canned beans, peas or lentils; 1 cup
green leafy or raw salad vegetables; %2 cup sweet corn; ¥2 medium potato or other
starchy vegetables (sweet potato, taro or cassava); 1 medium tomato

?1 serve = 1 medium apple, banana, orange or pear; 2 small apricots, kiwi fruits or
plums; 1 cup diced or canned fruit (with no added sugar); or only occasionally:
125ml (Y2cup) fruit juice (with no added sugar); 30g dried fruit (for example, 4 dried
apricot halves, 1% tablespoons of sultanas)

%1 serve = 1 slice (40g) bread; ¥2 medium (40g) roll or flat bread; % cup (75 — 120g)
cooked rice, pasta, noodles, barley, buckwheat, semolina, polenta, bulgur or quinoa;
Y cup (120g) cooked porridge; 2/3 cup (30g) wheat cereal flakes; ¥ cup (30Q)
muesli; 3 (359) crispbreads; 1 (60g) crumpet; 1 small (35g) English muffin or scone
* 1 serve = 65g cooked lean meats such as beef, lamb, veal, pork, goat or kangaroo
(about 90-100g raw); 80g cooked lean poultry such as chicken or turkey (100g raw);
100g cooked fish fillet (about 115g raw weight) or one small can of fish; 2 large
(120g) eggs; 1 cup (150g) cooked or canned legumes/beans such as lentils, chick
peas or split peas(preferably with no added salt; 170g tofu; 30g nuts, seeds, peanut or
almond butter or tahini or other nut or seed past (no added salt)

>1 serve = 1 cup (250ml) fresh, UHT long life, reconstituted powdered milk or
buttermilk; ¥z cup (120ml) evaporated milk; 2 slices (50g) or 4 x 3 x 2cm (40g) of
hard cheese, such as cheddar; % cup (120g) ricotta cheese; % cup (200g) yoghurt; 1
cup (250ml) soy, rice, or other cereal drink with at least 100mg of added calcium per
100ml
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1.2.4.2 Dietary Guidelines from other western developed countries

The 2010 Dietary Guidelines for Americans [97] aged two years and over comprise
five guidelines that cover two main concepts: (1) maintain calorie balance over time
to achieve and sustain a healthy weight, through decreasing calorie consumption and
increasing calorie expenditure, (2) consume nutrient-dense foods and beverages such
as vegetables, fruits, whole grains, fat-free or low-fat milk/milk products, seafood,
lean meats and poultry, eggs, beans and peas, and nuts and seeds. The guidelines also
advise limiting consumption of high-fat, -sugar and/or —salt foods by replacing
sugary drinks with water, using spices or herbs for flavour instead of salt, and
choosing foods high in saturated fat only occasionally [97]. The pictorial
representation of the American Dietary Guidelines is “My Plate” [97], designed to
illustrate the five essential food groups (fruits, vegetables, dairy, grains and protein)
using a mealtime place setting. For children under two, the Start Healthy Feeding
Guidelines for Infants and Toddlers [98, 99] are applicable. These guidelines
encourage consumption of a variety of foods from all the food groups beyond 12
months of age, including whole milk, other dairy, iron-fortified cereal, fruits,
vegetables, whole grains, meat or alternatives, and margarines or vegetable oils. Iron-
rich foods such as red meats are encouraged, as are other protein foods such as

chicken, legumes, and eggs. Water is recommended as the drink of choice.

The UK Food Standards Agency recently developed the “the eatwell plate” [100],
previously known as “the balance of good health” [101]. The eatwell plate is a visual
representation of what constitutes a healthy balanced diet, illustrating the five main
food groups and their recommended proportions in the diet of people over two years
of age. Consumption of a wide variety of foods from four of the five food groups is
recommended: (1) fruit and vegetables (at least five portions per day), (2) milk and
dairy (primarily low-fat), (3) bread, other cereals and potatoes (primarily wholegrain
varieties), and (4) meat, fish and alternatives. The smallest proportion of the diet
should be the fifth food group; high-fat or -sugar foods and beverages, which are
encouraged to be limited [102]. Specifically, the guidelines encourage foods that are
rich in fibre, that is, wholemeal, wholegrain, brown or high-fibre versions, limited

saturated fat and sugar intake, and consumption of plenty of water [102].
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1.2.4.3 Summary - dietary guidelines for toddlers in developed
countries

Dietary guidelines recommend culturally relevant dietary patterns that promote
health and wellbeing and reduce the risk of nutritional deficiencies and chronic
disease. Although there are variations in dietary guidelines for toddlers in developed
countries world-wide, for example, whether fruits and vegetables are grouped
together (UK) or separately (Australia), the overall key messages are consistent. All
guidelines encourage consumption of a wide variety of ‘core’ foods such as fruits,
vegetables, meat and alternatives, dairy and alternatives, and high-fibre grain foods,
which confer protection against diet-related disease, and limited consumption of
high-fat, high-salt and/or high-sugar foods and beverages, known as ‘non-core’
items, that confer risk for diet-related diseases. Dietary intake in line with these

recommendations is encouraged to promote health and wellbeing.

1.2.5 Do toddlers’ intakes meet the recommendations?

Historically, little is known about what toddlers eat. However, in the last 20 years
dietary intake studies have been conducted in Australia and other developed
countries, providing information on toddlers’ food and nutrient intakes. The aim of
this section is to understand toddlers’ current eating patterns to determine how they
compare to dietary guideline recommendations and thus establish whether toddlers

are at risk of nutritional consequences.

1.2.5.1 Patterns of toddlers’ intakes in Australia

In recent decades, studies of Australian toddlers have identified patterns of
insufficient ‘core’ food intake and excessive ‘non-core’ food intake. The most recent
nationally representative data collected in 2007 for the National Children’s Nutrition
and Physical Activity Survey showed that of 2 - 3 year olds’ energy intake,
approximately 70% came from ‘core’ foods and 30% from ‘non-core’ foods [59]. In
total, approximately 2.9 serves of ‘non-core’ foods were consumed on the day of

recall [59]. A 2005 study that assessed diet of Australian toddlers aged 12 - 36
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months using a 24-hour checklist found that 15% and 11% consumed no vegetables
or fruit, respectively, less than one-quarter consumed eggs, fish and legumes and

89% consumed at least one ‘non-core’ item in the previous 24 hours [52].

These data are supported by earlier studies. A study of intakes recorded during 2002
- 2003 revealed that by 12 months of age over three-quarters of children had been
introduced to hot chips and half to takeaway foods [103]. Three day weighed food
record data of 16 - 24 month old toddlers from 1998 - 2000 revealed that ‘non-core’
foods contributed 27% of daily energy intake, with 90% of children consuming these
foods at least once a day [104]. Similarly, the 1995 National Nutrition Survey found
that for 2 - 3 year olds, ‘non-core’ foods contributed approximately one-third of
energy intake in a 24-hour period [105] and ‘non-core beverages’ contributed
approximately a quarter of 2 - 4 year olds’ energy intake [106]. Clearly, dietary

intakes of toddlers are not in line with dietary recommendations.

Studies have also demonstrated the decline in adherence to dietary guidelines as
children progress through toddlerhood. In 2008 - 2009, 24-hour recalls showed that
the proportion of children (n = 177) consuming ‘non-core’ foods, such as sweetened
beverages (13 v 31%), sweet snacks (38 v 86%), savoury snacks (20 v 63%) and
meat products (12 v 47%), doubled from infancy (9 months) to toddlerhood (18
months), whilst median consumption of vegetables declined (84 v 70g) [36]. The
pattern of increasing over-consumption of ‘non-core’ food and under-consumption of

‘core’ food with age in Australian toddlers is concerning.

1.2.5.2 Patterns of toddlers’ intakes in America

Studies of American toddlers have also identified patterns of intake not in line with
dietary guidelines. The 2008 [107] and 2002 [108] Feeding Infants and Toddlers
Study (FITS) revealed poor intakes of ‘core’ foods and frequent consumption of
‘non-core’ foods in the previous 24 hours. In 2008, desserts and candy (12 - 24
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months — 24 - 36 months; 58 - 68%), salty snacks (16 - 24%), sweetened beverages
(28 - 44%), French fries (15 - 19%) and pre-sweetened cereals (24 - 30%) were
commonly consumed by toddlers aged 1 - 3 years, whilst several did not consume
any fruit (23 — 22%) or vegetables (29 - 29%) [107, 109]. Notably, the percentage
consumers of several ‘non-core’ food items increased between the ages of 12 - 24
months and 24 - 36 months of age [107], highlighting that adherence to dietary
guidelines declines through toddlerhood. Further, consumption of hot dogs, sausages
and cold cuts (23%) by toddlers aged 12 - 24 months (data not available for 24 - 36
month olds) was greater than that of beef (13%) and fish and shellfish (5%) [109],
demonstrating consumption of ‘non-core’ meat products in place of ‘core’ meat

products.

In 2002, ‘non-core’ products were also commonly consumed by 12 - 24 month old
American toddlers. For example, desserts and candy (71%), sweetened beverages
(36%), pre-sweetened cereals (22%) and snacks (21%) were consumed by more than
one-fifth of toddlers in the previous 24 hours [108]. Hot dogs, sausages and cold cuts
(21%) were more commonly consumed than beef (17%) and fish and shellfish (7%)
and approximately a quarter of children did not consume any discrete servings of
fruit (28%) or vegetables (21%) [108]. In fact, one of the most commonly consumed
vegetables was French fries [108]. Investigation of the main contributors of energy to
toddlers’ (12 - 24 month olds) diets showed these to be largely ‘non-core’ foods and
drinks such as juice and other sweetened beverages, spreading fats, cookies and
processed meats [110]. Small improvements, however, were observed between the
2002 and 2008 FITS studies, with reductions in the percentage of toddlers aged 12 -
24 months consuming desserts and candy (71% 2002, 58 — 68% 2008) [109]. Despite
these slight improvements, intake of ‘core’ and ‘non-core’ foods remained
inadequate and common, respectively, in 2008, highlighting that there is still a long
way to go to ensuring toddlers intakes meet the recommendations.
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1.2.5.3 Patterns of toddlers’ intakes in the UK

Similar patterns of ‘core’ and ‘non-core’ food intake have been identified in UK
toddlers. The 2008 - 2009 UK National Diet and Nutrition Survey revealed that
approximately half of 1.5 - 3 year olds consumed cakes, bacon and ham, sausages,
fried potato products, chocolate confectionary, fruit juice or soft drinks at least once
over the four day estimated food diary period [111]. Further, approximately one-
quarter consumed ice-cream, meat pies and pastries, or sugar confectionary [111].
Although nearly all toddlers consumed fruit (95%) and cooked vegetables (87%) at
least once over this period, less than half consumed raw vegetables, fish, and eggs
[111]. Despite these data not being representative of daily intake, it is evident that

dietary patterns of UK toddlers are not in line with dietary recommendations.

1.2.5.4 Summary - patterns of toddlers’ intakes in developed countries

Cross-sectional data from local and international studies show that toddlers’ dietary
intakes fall well short of recommendations. The balance between ‘core’ and ‘non-
core’ food intake is not ideal, with inadequate consumption of fruit, vegetables,
legumes, fish and eggs and common consumption of EDNP foods such as processed
meats, fried potato products, sweets and sugar-sweetened beverages. Consequently,

the contribution of ‘core” and ‘non-core’ intake to energy intake is unbalanced.

1.2.6 Summary — toddlers’ diets place them at ‘dietary risk’

During the first years of life, children experience a rapid change in diet that is not
experienced in any other life stage. Dietary experiences during this period shape
food-related behaviours that are likely to persist [86, 112] and influence health across
the lifespan [7, 113]. Therefore, early life is an important time to set the foundation
for positive eating habits later in life [114]. The period from 1 - 3 years of age is
particularly important as children transition from a milk-based diet to a diet
consisting of family foods. During this transition toddlers experience a decrease in
appetite whilst developing self-feeding skills, food preferences, communication skills
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and a desire to exert their independence in food choices, leading to rejection of foods
normally consumed. They also display food neophobia, an unwillingness to try new
foods. This rebellion around foods can potentially make it difficult for toddlers to
receive the nutrition they need for adequate health, growth and development. Thus,

toddlerhood is a vulnerable period of life nutritionally.

Diet is a risk factor for short- and long-term health consequences. Poor intakes
during toddlerhood can have immediate adverse health outcomes, including iron
deficiency and energy imbalance, which contribute to poor growth and development
and lead to the establishment of obesity and associated comorbidities. Childhood
obesity is one of the most well-known health consequences of poor diet in early life,
affecting children as young as two globally, and impacting on multiple domains of
child and adult health, both physically and psychosocially, in the short- and long-
term. Therefore, an adequate diet in toddlerhood is essential for ensuring children are

well placed to achieve life-long good health.

Age- and population-specific age-appropriate dietary guidelines specify the types and
amounts of foods toddlers need to prevent diet-related health consequences. These
guidelines are consistent between western developed countries. They encourage the
consumption of a wide variety of ‘core’ items (fruits, vegetables, whole grains, dairy
and lean protein sources) which confer protection against diet-related diseases, and
limited consumption of ‘non-core’ items (high-fat, -sugar and/or -salt foods and/or
beverages) that confer risk for diet-related diseases. Current intakes of toddlers fall
well short of these guidelines. ‘Non-core’ items are commonly consumed at the
expense of ‘core’ foods. These discrepancies between toddler’s intakes and dietary
guidelines suggest that toddlers’ dietary patterns are inappropriate and place them at
risk of short- (energy imbalance, nutrient deficiencies) and long- (obesity, CVD)
term health consequences. That is, they are at “dietary risk’, a term used to describe
‘any inappropriate dietary pattern’ that may impair health [115]. This concept
reflects poor adherence to a package of dietary guidelines in terms of both inadequate

and excessive intakes [115].
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1.3 Dietary assessment of toddlers

As dietary habits are a modifiable exposure, the established dietary risk in Australian
toddlers highlights the need to assess and monitor their intakes. Assessing toddlers’
intakes against dietary guidelines will allow for early risk identification and
subsequent targeted interventions to improve dietary patterns and thus reduce the risk
of diet-related health consequences. This section begins by highlighting the need to
assess whole diet to determine dietary risk and presents an overview of the strengths
and limitations of traditional versus novel dietary assessment methodologies such as
short tools. The importance of determining the reliability and validity of a dietary
assessment tool is discussed. This section includes a review of the literature on short

dietary assessment tools that assess total diet of young children.

1.3.1 Assessment of whole diet to determine dietary risk

As dietary risk is a concept that reflects overall ‘dietary patterns’ [115],
encompassing the relationship between health-promoting (for example, fruit and
vegetables, whole grains) and risk-promoting (for example, high-fat, -sugar and/or
salt) foods and nutrients, a dietary intake assessment tool that assesses dietary risk
must assess whole diet. The assessment of whole diets refers to capturing the intake
of all five ‘core’ food groups (fruit, vegetables, grains, meat and alternatives, and
dairy products) and ‘non-core’ food groups (EDNP items) [8, 62], rather than
individual dietary components. Whole diet assessment is advantageous as it takes
into consideration (1) the synergistic effect of foods and nutrients consumed together
[116, 117], (2) that greater consumption of some foods usually means lower
consumption of others [118], and (3) that whole diet provides the complete
nourishment of an individual, reflecting the balance between protective and harmful
components [119]. Further, whole diet assessment allows comparison of intake with
current food-based dietary guidelines [120, 121]. Overall, whole diet assessment
provides a holistic approach to investigating diet, necessary for measuring dietary
risk of Australian toddlers.
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1.3.2 Dietary assessment methods

There are various methods to assess dietary intake of individuals and populations.
The appropriate choice of a method depends on the study question, design and
population, with all methods associated with limitations. For example, whether food
diaries or dietary recalls are the best method for assessing intake depends on the
exposure being characterised, which has implications for the number of days needed to be
evaluated [122]. This section aims to describe major dietary assessment methods and

their advantages and disadvantages.

1.3.2.1 Traditional dietary assessment methods - recalls and records

Diet has traditionally been assessed by quantifying the intake of energy and nutrients
through the use of common methods such as 24-hour dietary recalls, food records or
diaries, and weighed food intake measures [123]. Despite being advantageous
regarding the comprehensiveness of data obtained, these methods are associated with
several difficulties and limitations (summarised in Table 1-3). Administration and
analysis are generally costly and time-intensive for the researcher and completion is
burdensome for respondents [121, 124, 125]. Furthermore, while energy and nutrient
intakes can easily be derived from these detailed methods, it is often difficult to
extrapolate detailed food intake data in a way that allows easy comparison against
food-group based healthy eating guidelines [120]. These limitations restrict easy

comparison of intake with dietary guidelines to determine dietary risk.

1.3.2.2 Alternative dietary assessment methods - questionnaires

Alternative dietary assessment methods that focus more broadly on the intake of
foods and/or food groups allow easy comparison of food intake against dietary
guidelines. Food Frequency Questionnaires (FFQ), for example, assess usual intake
of individual foods and/or food groups over weeks or months, whereby individuals
are ranked based on their responses [126]. Despite variations in design based on their
intended purpose and outcomes of interest, in general they are based on a list of
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foods consumed within a set time period, requiring respondents to simply tick boxes
relating to the food consumed, the frequency of consumption (for example, range,
never to six times per week), and on occasion indicate the portion size usually
consumed [127]. The food items are study-, population- and age-specific, chosen
from a range of possible foods [128]. They allow the collection of information

moderately quickly [129] and from a large sample of participants [121, 130].

FFQ and other questionnaire-style tools are advantageous as they are associated with
reduced cost, participant burden, and data handling and processing in comparison to
traditional dietary assessment methods [121, 127, 130]. However, this may not be the
case if they are poorly designed. For example, respondents may be required to recall
foods consumed over periods of up to 12 months [131, 132]. Further, respondents
may be required to recall intake of a large number of food items. For example, FFQ
typically include 100 or more items [126, 133], and sometimes up to 350 items [127,
128], to capture the range of foods in the diet [126]. Yet, longer questionnaires are
associated with increasing participant burden, which can result in a lack of
completion [134]. It has been suggested that those FFQ’s that include more than 100
food items likely take 30 - 60 minutes to complete [126] and consequently response
and completion rates are likely to be affected due to respondent burden [134]. In light
of this, several research groups have shortened longer questionnaires and re-validated
the resultant FFQ. Results [135, 136], cited in Willett et al [137], have suggested that
there is a rapidly decreasing marginal gain in information obtained with increasingly
detailed questionnaires [128]. Thus, short, simple dietary assessment tools are an

attractive alternative to collect dietary data to determine dietary risk.

1.3.2.3 Short questionnaire-based dietary assessment methods

Short dietary assessment tools are appealing as they are likely to result in higher
compliance and completion rates than longer dietary assessment tools due to lower
respondent burden. These methods are further associated with reduced researcher
burden due to reduced administration and analysis time and cost. Although the

definition of ‘short’ is subjective, a previous review defined brief tools as those that
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take less than 15 minutes to complete, or more specifically, comprise less than 50
items [133]. As they are quick to complete, short dietary assessment tools are useful
methods for “screening” dietary intakes to determine those in greatest need of
intervention or education. They can allow for identification of those at dietary risk

and are ideal in clinical settings or where health promotion is the goal [126].

1.3.2.4 Summary — methods for assessing dietary risk

Traditional dietary assessment methods, such as recalls and records, measure the
intake of energy, nutrients or certain foods in a manner that is costly and time-
intensive and therefore they are impractical for quick screening of dietary intakes
against dietary guidelines to determine dietary risk. Comparatively, questionnaires
that measure food or food group intake are ideal as they are associated with reduced
participant and researcher burden and allow easy comparison of food intake with
dietary guidelines. Yet these latter methods are often limited by increasing length.
Given the benefits of short dietary assessment tools and the need to assess whole
dietary patterns to determine toddlers’ dietary risk, an ideal toddler dietary risk
screening tool would be short and assess total diet at the food or food group level.
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Table 1-3 Advantages and disadvantages of respondent-based dietary assessment methods; recalls, records, FFQ, and targeted questionnaires. Adapted
from Magarey et al 2010 [121] and Collins et al 2010 [125]

Dietary Description Information Advantages Disadvantages Analysis
Assessment Obtained
Method
Food Record ~ Written Quantitative and e  7-day weighed food record is e Weighed records are expensive and e Nutritional
accounts of qualitative referred to as a ‘gold standard’ labour intensive for participant and database
food and drink e Does not rely on participants’ researcher required and
intake overa g oo days memory _ e High respondent burden, requires need
specific time, (week and e Covers a defined recording moderate to high motivation continual up-
eg.3or7days | oorend days) period e Food eaten away from home less dating
required to e Researcher-related accurately reported o Time-
Can be estimate usual ® Training of researchers can be e Procedure may influence habitual Intensive and
weighed or intake group administered dietary habits expensive
estimated e Single day record only required e Reliability decreases over time * Requires
records for reporting the usual intake of e Requires literacy and numeracy skills some
a group e Requires cooperative participants nutritional
Prospective’ e Provides absolute and relative o Expensive to collect and code by knowledge
intakes researchers and skill for
e Provides a reasonable estimate o  Not feasible for epidemiological coding of
of individual intake. studies foods
e Recipes and product information e  Multiple records needed for usual
can be collected intake
Food Recalls A trained Assesses group e Does not require participantsto e Recall relies on participants memory As above
interviewer (in  means have literacy or numeracy skills e  Portion size difficult to estimate
person or Multiple records e Procedure does not alter e Higher respondent burden for multiple

phone) asks

needed for

participants food intake patterns

days
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Dietary Description Information Advantages Disadvantages Analysis
Assessment Obtained
Method

participants to  assessing e Low response burden Interviewer training required

recall all food  individual intake e  Short administration time for Expensive to collect and code data

and drink researchers (phone interviewing could be cheaper)

consumed Several days e Defined recall period Not _feasible for most epidemiological

(usually 24h or required to e Can be telephone administered studies

3-day period)  oimate usual  ®  Dataentry can be automated Multiple records needed to report

intake e Single day record only required usual intake
Retrospective? for reporting the usual intake of
a group

Food Respondents Designed to e Procedure does not influence Recall depends on participants e Nutritional
Frequency report their capture usual participants habitual dietary memory database often
Questionnaire  usual food intake; but habits Literacy and numeracy skills required required
s (FFQ) frequency of ~ some can be e Low respondent burden (unless interviewer-administered);

consumption
of each food
(from a list) for
a specific time
(e.g.1,60r12
months)

Self- or
interviewer-
administered
on paper,

nutrient specific o  Trained interviewers not

required
Collects less e Quick and inexpensive to
detail regarding administer

foods, cooking ® Data entry can be automated

method and e Practical for large-scale studies
portion size; e Possible to assess total diet or
quantification of selected foods or nutrients
intake is e Can rank individuals according
considered less to intake

accurate e Can assess current or past diet

high level of conceptual skills required |

Portion size difficult to estimate; food L?;ﬁ;tjtrelrf
specifications limited by categorical used:

nature qf frequency of response ques"[i onnaires
categories can be
Specific food descriptions not obtained scanned by
Resources involved in development computer

and validation of FFQ

Does not usually provide information
on meal patterns

Limited to most commonly consumed

49



Dietary Description Information Advantages Disadvantages Analysis
Assessment Obtained
Method
computer, web Can assess long-term intake, foods
Retrospective? food patterns and disease Nutrient specific FFQ provides limited
outcomes. intake data and no assessment of total
energy intake, limiting range of
analysis (unable to adjust for energy
intake)
Targeted Respondents Designed to Procedure does not influence Relies on participants memory As above
methods report their measure specific habitual dietary habits Requires participant literacy skills
usual foods, food Low respondent burden unless interviewer-administered
frequency of ~ groups or eating Simple and inexpensive for Requires researching prior to
consumption  patterns (e.g. researchers to administer and questionnaire development
of specific fruit and analyse Can be difficult to assess validity
foods or v_egetables; Suitable for large-scale studies Not able to estimate nutrient intakes
behaviours “junk” food) Data entry can be automated Limited information gathered on food
and/or food- Outcome is food/food group intake
Retrospective? relatec_i risk data, behavioural/attitudinal or A restricted range of hypotheses can
behaviours (e.g. environmental information be investigated
Sbi:égi:‘ggt eating relevant to food intake
in front of TV, Able to monitor trends
fast food

consumption).

Prospective - collects information about current intake

“Retrospective - collects information about food intake from previous months or years
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1.3.3 The reliability and validity of dietary assessment methods

The accurate assessment of dietary intake depends upon the reliability and validity of
the dietary intake assessment method. Reliability refers to the extent to which a tool
can produce the same result when used repeatedly in the same circumstances [138],
whilst validity refers to the ability of a tool to accurately measure what it is supposed

to measure [139].

1.3.3.1 What is reliability?

Reliability, otherwise referred to as reproducibility, repeatability, consistency or test-
re-test variability [140], is the ability of a measure to produce the same result on
repeated occasions [121]. Reliable measures are those that are subject to little
random error [141]. Values obtained from reliable measures are approximately the
same on several occasions, even if completed under different conditions, for
example, at a different time or by a different person [142]. If a measurement is
unreliable, confidence cannot be placed in the measure giving accurate values on any
given occasion [142]. Conversely, if a measurement is reliable, confidence can be

placed in the value as it is not influenced by the measurement process [142].

Different measures of reliability are used in nutrition research; test-retest reliability
(same reporter on two occasions), intra-observer (same observer on two occasions)
or inter-observer (different observers), and inter-rater reliability (different raters)
(Table 1-4). Test re-test reliability is determined by evaluating the extent to which an
instrument produces the same or similar results when performed under similar
circumstances by a given individual on more than one occasion [140, 142]. Inter-
rater reliability is determined when values of a measure are determined by more than
one individual, whilst inter-item reliability is determined when an unobserved

construct is measured based on a set of indicators of the construct [142].
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1.3.3.2 What is validity?

Validity is the accuracy of a measure or the ability of a measure to capture the
underlying concept it is intended to reflect [139, 142]. In nutrition research, validity
refers to a dietary assessment tool measuring food consumption data that represents
the “true’ dietary intake of the individual [140]. That is, valid measures are those that

are subject to little systematic error [141].

Different constructs are used to understand a measure’s validity; absolute validity,
criterion validity, relative validity, convergent validity, discriminant validity, face
validity, internal validity and external validity (Table 1-4) [142]. The highest
standard of validity is absolute validity, sometimes referred to as criterion validity,
determined by comparing against a perfect indicator, or a gold standard assessment
technique [142]. However, there is no absolute measure of true exposure in many
situations [143], particularly for dietary intake, as measurement to complete
precision is impossible in free-living populations [124]. Therefore, in the absence of
a gold standard dietary assessment technique, only relative validity can be
determined. Relative validity is established when a tool is compared with a reference
method believed to be more accurate, that is, with a greater degree of demonstrated
validity [121, 144].

Convergent validity and discriminant validity, subtypes of relative validity, are
established when two similar constructs agree with each other in a way that is
expected (convergent; also referred to as construct validity) [140, 142], or when two
dissimilar constructs are easily differentiated (discriminant) [142]. Face validity and
content validity are subjective measures. The former indicates that a variable appears
to capture the concept it is trying to measure whilst the latter indicates whether a
measure covers all dimensions present in the concept [142]. Internal validity refers to
a measure being valid for individuals in the study sample, whilst external validity
relates to how generalisable the validity is to the broader population [138, 142].
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Table 1-4 Descriptions of measures of reliability and validity. Adapted from Gleason et al

2010 [142]
Term Description
Reliability Extent to which a measurement process gives the same or similar

Test-retest
reliability

Inter-ltem
Reliability

Inter-
Rater/observer

Reliability
Validity

Absolute
validity

Criterion
validity

Relative validity

Face Validity

Content validity

Convergent
validity

Discriminant
validity

Internal validity

External
validity

results when repeated under similar circumstances

Extent to which repeated measurements of the same concept for a
given individual will be similar to one another.

Extent to which multiple indicators of a single construct are correlated.

Extent to which different raters or observers of a given measure come
up with the same value of the measure for a given case

Extent to which a variable or measure captures the underlying concept
it is intended to reflect.

Extent to which a measure exactly captures the concept it is intended
to reflect

Any type of validity based on a comparison of a test measure to a
criterion intended to reflect the exact value of the concept the measure
is intended to reflect.

Extent to which a test measure of a concept agrees with a reference
measure of that concept that has a greater degree of demonstrated
validity.

Extent to which a measure appears to most observers to capture the
concept it is intended to reflect.

Extent to which a measure covers all dimensions present in the concept
it is intended to reflect.

Extent to which several different measures of a concept agree with
each other and with a test measure of that concept

Extent to which a measure of a concept disagrees with each another
measure intended to reflect the opposite of that concept

Extent to which a measure captures the concept is it is intended to
reflect among the sample of individuals being studied

Extent to which a measure captures the concept is it is intended to
reflect not only among the sample of individuals being studied, but
also in the broader population represented by that sample.
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1.3.3.3 Statistical testing of reliability and validity

Several statistics can be used to describe reliability and validity. These are listed in
Table 1-5 together with a definition and, where relevant, criteria for evaluating the

results.

Correlation coefficients describe the strength of the relationship between variables
[142]. That is, the extent to which variation in one measurement is explained by
another [140]. For reliability testing, values obtained in the original test are
compared with those obtained in the retest for the same set of individuals. For
validity testing, values of the test measure are compared with that of the reference
measure for the same set of individuals. Higher correlation coefficients, that is those
closer to +1.0, indicate stronger reliability or validity, whilst values closer to zero
indicate weaker reliability or validity [139]. Pearson’s correlation coefficient is used
for ratio or interval scales [139], the Spearman’s non-parametric rank correlation for
ordinal measures [142], and the intra-class correlation coefficient (ICC) for

continuous measurements [140].

Comparison of mean values of two administrations or two methods for continuous
data can also be undertaken to describe the reliability or validity, respectively, of a
tool. A paired t-test or one-sample t-test can be used to determine if there is a
statistically significant difference between mean values of two measures; between
the initial test and retest (reliability), or between the test measure and the reference
measure (validity) [140]. If there is no statistically significant difference between the
two measures then the measurement tool is considered reliable and/or valid [142]. To
determine whether there is a pattern to any agreement or disagreement, values can be
shown graphically using a Bland-Altman plot [145, 146]. The Bland Altman analysis
identifies the mean bias (difference) and 95% limits of agreement (£2SD of the
difference) between methods to illustrate the level of agreement. The mean of the
two measures are then plotted against the difference between the two measures [146],

with agreement based on author interpretation [138].
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Correlations, T-tests and the Bland-Altman analysis, however, are not appropriate or
possible with categorical variables. In this case, the percentage of subjects classified
into the same category (correct classification) or into the opposite category (gross
misclassification) can be determined. This is otherwise known as percentage
agreement and can be used to determine the reliability and validity between two
measures. However, often agreement of some cases is by chance, especially when the
measure has a limited number of possible values [142]. Cohen’s kappa coefficient, a
summary measure of cross-classification [147], measures the level of agreement
between two categorical measures over and above chance [142]. That is, the kappa
coefficient estimates the proportion of agreement between two administrations of a
questionnaire after correcting for chance or random agreement [140]. However, for
ordinal categories, weighted kappa is often used to reflect the degree of disagreement
[148], where disagreements are weighted by the magnitude of the discrepancy [149].
. Thus, with unweighted kappa, all disagreements are treated equally, whereas with

weighted kappa, disagreements are penalized in terms of their size [148].

The usefulness of these statistical tests depends not only on the nature of the data but
also on their limitations. For example, despite correlation coefficients showing the
degree to which measures are associated, they do not measure their level of
agreement [150]. That is, data may poorly agree yet produce high correlations [150].
Further, the range of values, including outliers, strongly influence the size of
correlation coefficients for the same relationship, with values becoming larger and
therefore more significant as the range of values increases [140]. Therefore,
correlations should not be used alone, but alongside agreement measures such as
kappa statistic and Bland-Altman analysis. Yet as these methods are also associated
with limitations, for example the dependency of kappa on the number of categories
used [151], it is necessary to use more than one statistical method to test for
reliability and/or validity in order to give strength to the results.
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1.3.3.4 Summary — accurate assessment of dietary intake

Dietary assessment tools that provide reliable estimates over time and that measure
the “true’ dietary intake of the individual are essential. Reliability is not useful on its
own as a tool can yield a consistent value even if it doesn’t accurately reflect what it
is intended to measure [142]. Further, to be valid, a measure should also be relatively
free of random error [142]. Thus, unreliable measures cannot be truly valid [142].
Dietary assessment methods should therefore be both reliable and valid at assessing
dietary intake. Various tests can be used to test for reliability and validity, with
agreement methods more accurate than correlations. Ideally a combination of

statistics is used to assess the reliability and validity of a dietary assessment tool.
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Table 1-5 Definitions of statistical terms for measuring reliability and validity

Terminology Definition Criteria
Correlation A measure of the extent to which two or more

variables are related to one another, usually

expressed as a correlation coefficient [141].
Correlation A number, ranging from -1.0 to +1.0, used to
coefficient (r) describe the strength and direction of the linear

relationship between two variables [139].
Pearson’s Used for parametric data to describe the Low <0.50;
correlation relationship between two variables measure on  \oderate 0.51-0.69:
coefficient ratio or interval scales [139]. High >0.70
Spearman’s Used for non-parametric data to describe the Low <0.50;
correlation relationship between two variables measured \joderate 0.51-0.69:
coefficient on ordinal or ranked scales [139]. High >0.70
Intra-class A measure of the extent to which multiple Poor <0.50
correlation measurements taken from the same subject are  Good >0.50
coefficient (ICC)  related, for continuous variables [140]. [152]

A high value of 0.9 indicates that 90% of the

variance is due to ‘true’ variance between

subjects and 10% is due to measurement error,

or within-subject variance [140]
T-tests Identifies whether there is a significant

difference between the average values of two

measures [140]
Cohen’s Kappa A measure of agreement between two different Poor <0.20,
coefficient (k) diagnostic tests for categorical data [139], used Fair 0.21-0.40

Weighted kappa

Bland Altman

analysis

Bland-Altman
plot

to determine reliability [142]

Kappa is 1.0 when agreement is perfect and 0.0
when agreement is no better than would be
expected by chance [141]

Use for ordinal variables to reflect the degree
of disagreement. Kappa coefficients are
weighted so greater emphasis is placed on
large differences between ratings than to small
differences [250]. Various methods of
weighting are available, including linear
weighting and quadratic weighting [250, 253].

Identifies the mean bias and 95% limits of
agreement (£ 2SD of the difference) between
methods, providing an indication of whether a
tool is valid for the assessment of intake at the
individual and/or population level [145, 146]

A plot of the difference (bias) between two
methods against the average of the two
methods; used to evaluate the strength of
agreement [145, 146].

Moderate 0.41-0.60
Good 0.61-0.80

very good 0.81-1.00
[153]

As per Cohen’s Kappa
coefficient (above)

Observed  agreement
based on  author
interpretation [138]
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Wilcoxon Signed Non-parametric test of statistical significance

Rank Test

Cross
classification
analysis

of the differences in means for use with ordinal
data comparing repeated measures by ranking
them first [139] e.g. for use with two correlated
samples such as the same subjects on a before-
and-after measure [141].

Used with categorical data to classify each
respondent or their responses into two or more
mutually exclusive groups

p>0.05 = NS
difference between
means

p<0.05 = significant
difference between
means

58



1.3.4 Short toddler dietary assessment tools — a review of the evidence

Given the benefits of short dietary assessment tools, combined with the need to
assess total diet to determine toddlers’ dietary risk and the importance of assessing
the reliability and validity of dietary assessment methods, an ideal dietary risk
assessment tool would be valid and reliable at measuring overall diet whilst also
being short and simple to complete. Therefore the aim of the following review is to
identify whether any short, reliable and valid tools that assess total diet of young
children, aged 0 — 5 years, exist. The focus is expanded beyond toddlerhood (1 - 3
years) to ensure all tools applicable to toddlers are captured, whilst also identifying
whether any tools outside the 1 - 3 year age range could easily be adapted to toddlers

based on similarities in food consumption patterns.

The following section contains material from:

Bell L, Golley R, Magarey A (2013) Short tools to assess young children’s dietary
intake: a systematic review focusing on application to dietary index research, Journal
of Obesity, Article ID 709626, 17 pages, Epub 26 Sept 2013

As this section is based on the above paper (presented in Appendix 1 - Papers,
conference presentations and awards/prizes arising from this thesis), some repetition
with previous sections might be encountered. Small modifications have been made to
the review content from that which was published. Searches were re-run in February
2014, with no new papers meeting the review inclusion criteria For this review,
dietary risk is conceptualised as a dietary index. The use of dietary indices is an
emerging area of interest in nutrition research. Indices assess whole dietary intake
against pre-determined criteria, termed index components, which generally reflect
current dietary guidelines, to derive a summary score reflecting overall diet. The

level of adherence to dietary guidelines is a reflection of dietary risk.
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1.3.4.1 Introduction

Individuals do not consume single nutrients, foods or food groups, but rather
combinations of foods [118]. Therefore in nutrition research it is appealing to capture
the mix of foods and/or nutrients likely to influence health [116]. Dietary indices, for
example, evaluate diet quality by assessing dietary intake against pre-determined

criteria, usually reflecting current dietary guidelines [154].

Childhood overweight and obesity is a global health problem with 40 million
children under the age of five classified as overweight [74]. Given the consequences
of obesity and the persistence of obesity from childhood into adulthood [86], it is of
major importance to address overweight early in life. As recommendations for
overweight prevention and treatment are consistent with food-based dietary
guidelines [8, 155], dietary indices offer a way of understanding the contribution of

early life food intake to obesity risk.

Evaluation of diet against food-based dietary guidelines using an index [120] still
requires accurate assessment of dietary intake at the food or food group level. In
children under five, indices have commonly been applied to dietary data collected by
24-hour recalls, diet diaries or weighed food records [156]. Yet, these methods are
associated with high respondent burden and are cost and time-intensive in terms of
administration and analysis [121]. The use of these dietary assessment methods is a
challenge in large epidemiological studies. Additionally, while energy and nutrient
intakes can easily be derived from these detailed methods, it is often difficult to
extract food intake data in a way that allows meaningful comparison with food-based
dietary guidelines [8, 155].

Short, simple dietary assessment instruments are an attractive alternative to collect
data from which to derive a diet quality score, as they are associated with reduced
participant burden, data handling and processing, and costs. They are consequently
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suitable for survey or epidemiological research [129]. Further, as they supply
information quickly [129] they are useful in clinical settings for the rapid assessment
of individuals’ food intake against food-based dietary guidelines. In view of the high
worldwide childhood obesity rates, simple tools that assess early life obesogenic
dietary habits are crucial. Given their advantages, short tools that enable evaluation
of young children’s dietary intake against food-based dietary guidelines using a

dietary index are required.

Thus, this review aimed to: (1) examine short tools, including their reliability and
validity, that measure whole diets of children aged 0 — 5 years; (2) identify the short
tools that could be used in dietary index research, including screening of obesogenic

dietary behaviours.

1.3.4.2 Methods

1.34.21 Search and selection strategy

A six-stage systematic search (Appendix 2 - Literature review search process) was
conducted to identify existing short tools that measure whole diets in young children.
The search strategy and article selection are summarised in Figure 1-2. In stage one,
MEDLINE via PubMed, Web of Science and SCOPUS were searched for relevant
articles published prior to June 2011. The search terms were developed and
combined under the following headings: (1) child (birth-5 years), for example,
infant, toddler, preschooler, child; (2) diet, for example, food, nutrition, dietary
intake, dietary pattern, eating pattern, food intake; (3) assessment tool, for example,
tool, dietary assessment, evaluate, questionnaire, checklist, validity, reproducibility.
Search term lists were comprehensive with small adaptations made for individual
databases searched. Stage two involved elimination of irrelevant articles in Endnote
using specific term searches through ‘title’ and ‘keywords’ (all terms presented in
Appendix 2 - Literature review search process). At stage three, the title and abstract
of the remaining 3303 articles were screened against the review inclusion and

exclusion criteria, outlined below. Stage four involved screening of the full article. In

61



stage five, reference lists of all included articles and relevant reviews were searched
for additional studies. Lastly, searches were re-run in April 2013 to identify and
screen articles published after June 2011 (stage six). All articles were assessed for
eligibility independently by the primary author but in consultation with all co-

authors.

1.3.4.2.2 Inclusion and exclusion criteria

The included studies were determined using the following criteria:

Types of outcome measures: Studies with whole-of diet intake data (that is, those
covering the five ‘core food groups: fruits; vegetables; cereals [e.g. bread, rice, pasta,
noodles]; meat and alternatives [e.g. fish, eggs, nuts]; dairy; with or without
capturing intake of ‘non-core’ (energy-dense, low nutrient) items) were included.
Those assessing individual foods, food groups, nutrients or behaviours and/or
household, family or group consumption were excluded.

Types of dietary assessment methods: Studies assessing dietary intake using a short
dietary assessment tool were included. For example food frequency questionnaires,
checklists and other dietary questionnaires, classified as 50 food intake questions or
less. This criterion was set by the authors as a previous review by Calfas et al 2000
[133] defined brief tools as those that comprise less than 50 items or take less than 15
minutes to complete. Articles were excluded if dietary assessment tools such as 24-
hour recalls, diet histories or food records were used to measure food intake, as they
are considered standardised methods that are limited by complex researcher-based
administration [157]. If the number of questionnaire items was not reported, or if the

tool had been captured in a previously identified paper, articles were excluded.

Types of participants: Studies assessing dietary intake of healthy children aged 0 — 5
years, reported by a parent or primary caregiver without assistance from the child,
were included. Studies not applicable to the general population (for example, preterm
infants or children with disabilities, health conditions, or behavioural/learning

difficulties) were excluded.
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Other: Studies were limited to the English language, humans and those with an
abstract. Review studies, reports, conference papers, and similar documents were

excluded.

1.3.4.2.3 Data extraction and analysis

Data, including sample characteristics, questionnaire details and measures of
reliability and validity were extracted into standardized tables by the principal author
and checked for completion and accuracy by co-authors. Data synthesis comprised
grouping studies by age group and comparing in terms of dietary assessment
characteristics; reliability (that is, tool reproducibility or repeatability using a test-
retest procedure [142]); validity (that is, the ability to accurately measure food
consumption data that represents the true intake of the individual [139], determined
by comparison with an already validated method); and usefulness for current dietary
index applications and screening obesogenic dietary behaviours. Applicability of
tools to dietary indices was determined by comparing tool characteristics with
characteristics of available indices for children aged up to five years, based on those
identified in a recent review [156]. Tools were defined as applicable to dietary
indices if all index components could be assessed both easily and accurately. Indices
covering the five ‘core’” food groups (that is, foods recommended to be consumed
every day including fruits; vegetables; cereals [for example, bread, rice, pasta,
noodles]; meat and alternatives [for example, fish, eggs, nuts]; dairy), are
highlighted. Indices suitable for screening obesogenic dietary behaviours were
defined by the assessment of foods not included in the “core’ food groups, described

as ‘non-core’ foods and recommended to be consumed in minimal amounts [8, 94].
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Potentially relevant
articles identified and
screened for retrieval (n =
3303)

|—

Studies retrieved for
more detailed evaluation
(n = 265)

Studies excluded on the basis of abstract and title (n =
3039) because of
e Study outcome data (n = 2146)
Study methodology (n = 391)
Study participants (n = 234)
Review/report articles (n = 201)
Not human studies (n = 37)
No abstract (n = 29)
Not English (n = 1)

—

Studies eligible for
review (n = 14)

Studies excluded on the basis of full article (n = 251)
because of
e Study methodology (n = 68)
Study participants (n = 37)
Not assess whole diet (n = 64)
Not parent reported (n = 19)
Tool length; more than 50 items (n = 59)
Tool length; unknown number of items (n = 4)

| =

Search updated April
2013 and potentially
relevant articles identified
and screened for retrieval
(n =383)

Additional studies identified from reference lists of
studies to be included in the review and relevant
review articles (n = 0)

 —

Additional studies
eligible for review (n=2)

Studies excluded (n = 381) because of
e Study outcome data (n = 237)
Study methodology (n = 68)
Study participants (n = 55)
Review/report articles (n = 5)
Not assess whole diet (n = 6)
Tool length; more than 50 items (n = 6)
Tool identified in previous article (n = 4)

|

Studies eligible for review (n = 15 tools described in 16 papers)
Infants and toddlers, birth-24 months (n = 7)
Preschoolers, 2-5 years (n = 8 tools described in 9 papers)

Figure 1-2 Quorum statement flow diagram. Studies assessing whole-of-diet intake of
infants and toddlers (birth — 24 months) and preschoolers (2 — 5 years) using a short

assessment tool
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1.3.4.3 Results

1.3.4.3.1 General description of included studies

Sixteen studies met the review inclusion criteria (Table 1-6). The most common
reason for exclusion was the type of outcome data (n = 2383), followed by study
assessment methodology (n = 526) and study participants (n = 322). The final 16
papers reported on 15 tools developed to assess dietary intake in early childhood
(birth - 5 years); seven evaluate infant and toddler (birth — 24 months) dietary intake
[158-164] and eight evaluate preschoolers 2 — 5 years) dietary intake [131, 165-
172]). Studies included a range of population groups from predominately European
[131, 159-164, 166-168, 171] and other western countries [163, 165, 169, 170, 172]
and were largely published from 2006 onwards [131, 159, 162, 163, 165-172], with
no retrieved papers published prior to 2000. The number of participants varied from
44 [167] to 27 763 [160], with three studies presenting data from large, prospective
birth cohorts; UK Southampton Women’s Study (SWS) [159], UK Avon
Longitudinal Study of Parents and Children (ALSPAC) [162] and the Norwegian
Mother and Child Cohort Study (MoBa) [160].

1.3.4.3.2 Dietary assessment methods and testing

Most (n = 14 of 15) tools used a Food Frequency Questionnaire (FFQ) format [131,
158-162, 164-168, 170-172], with one innovative tool, the NutriSTEP nutrition
screening tool for preschoolers, identified [169]. The majority of tools were self-
administered [131, 160-169, 171, 172] and non-quantitative [158, 160, 162, 163,
165-167, 169, 172]. The average tool length was 33 items (range 6-47), with 5 tools
comprising less than 25 items [161, 163-165, 169]. Reference periods for recalling
foods varied from the past week [158, 159, 163] to past year [171]. Fourteen of the
16 studies reviewed reported food or food group intake as a tool outcome measure
[131, 158, 160-170, 172], whilst two reported energy and nutrient intakes only [159,
171]. Overall, testing was undertaken on approximately half of identified tools (n =
7/15, described in eight papers) (Table 1-7). A range of tests to assess reliability and
validity were reported. Validity (Table 1-8) and/or reliability (Table 1-9) were most

commonly tested using correlations, although agreement statistics were also used.
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1.3.4.3.2.1 Infants and toddlers (Birth - 24 months)

All seven [158-164] tools assessing infant and toddler dietary intakes were FFQ’s,
ranging in length from 15 [161] to 43 [162] items. Three tools were evaluated for
relative validity [159, 161, 164] (Table 1-8) whilst none were evaluated for
reliability.

Validity testing revealed that the FFQ’s overestimated energy and nutrient intakes
compared with the selected reference standard (all weighed dietary records, WDR)
[159, 161, 164]. Correlations for energy and nutrients were low to moderate and
slightly higher when energy-adjusted [161, 164]. Bland Altman plots for nutrient
intakes showed mostly positive mean differences [159], systematic increases in
difference with increasing intake for most nutrients [161, 164] and large limits of
agreement [161, 164]. Little gross misclassification (3% [164], 5% [161]), defined as
classification of intake by the tool in the opposite quartile or tertile of intake, was
reported with over one-third of subjects (38% [164], 36% [161]) classified into the
same category of nutrient intake. At the food level, FFQ’s generally revealed higher
median intakes for several food items (11/17 [164] and 7/15 foods [161]) than the
WDR [161, 164]. Correlations for most foods were low or moderate with low (r =
0.48 [161]) and moderate (r = 0.62 [164]) overall median correlations. Importantly,

no studies used agreement statistics at the food level.

1.3.4.3.2.2 Preschool children (2 - 5 years)

Of the eight tools evaluating preschoolers’ dietary intakes, described in nine papers
[131, 165-172], seven were FFQ’s [131, 165-168, 170-172] but length varied widely
(six [169] to 47 [131, 171, 172] items). Overall, three tools were assessed for
reliability only [166, 167, 169] and one for reliability and validity of food [131] and
nutrient [171] intake (Table 1-8 and Table 1-9).
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To assess test-retest reliability [131, 166, 167, 169, 171] the period between
administrations varied, ranging from two to four weeks [169] to an average of four
months (range 0 - 364 days) [166]. No tool was assessed for reliability of energy
intake and only one for nutrients [171]. The latter revealed that for average daily
calcium intakes re-administrations were not significantly different (p = 0.26), were
highly correlated (r = 0.80) with moderate agreement (k = 0.60) and that nearly all
subjects were classified into the same or adjacent quartile of intake (93%) [171]. The
reproducibility of food intake was assessed for four tools [131, 166, 167, 169] and
showed no statistically significant differences for most foods (38/43 [166], 13/13
foods [131]). Mean spearman’s correlations were moderate (r = 0.59 [166], r = 0.62
[167] and r = 0.64 [131]) with good Intraclass correlation coefficients (ICC’s)
reported for many food items (n = 28/39 [167]; n = 13/13 [131]) and moderate
overall mean ICC’s (r = 0.59 [131, 167]). Two studies showed moderate overall
agreement for food items (k = 0.48 [166], k = 0.55 [169]).

Only one tool was assessed for validity, reported in two studies [131, 171]. This tool
significantly underestimated calcium intake measured by an estimated dietary record
(EDR), yet methods were moderately correlated (r = 0.52, adjusted r = 0.59) [171].
Sensitivity and specificity of calcium intake was 62% and 77% respectively [171]
and nearly half (42%) of subjects were correctly classified [171]. Agreement
statistics showed fair agreement (k = 0.38) and large differences for higher average
nutrient intakes (Bland-Altman plot) [171]. For food intake, mean differences were
predominately less than 30% (12/13 foods) [131], whilst the median correlation was
low (r = 0.48 [131]) and agreement mostly poor (4/13 foods) or fair (4/13 foods)
[131]. Gross misclassification was less than 10% for all food groups whilst
classification into the same or adjacent category ranged from 67% (meat products) to
88% (fruit juice) [131].
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Table 1-6 Characteristics of included studies (n=16) and their tools (n=15)

Age diet Dijetary intake measurement Outcomes
assessed, " _ (food
Reference sample  size Type and Number Tool Self- or Number Other tool details ener’
details, (gender name (if of food reference interviewer response d/gy
country provided) of items period administered  categories andfor
tool 2 (Range) nutrient
intakes)
Infants and toddlers (birth - 24months)
Smithers et al 6 mo, Non- 43 “nowadays  Self Report  “x” Items include milk drinks (including Foods
(2012) [162]; n=7052 (NR) quantitative 7 times aweek formula, BM), cereals (baby, other),
UK FFQ rusks, bread/toast, biscuits, ready-to-eat
meat/fish/vegetables/baby puddings (fruit,
milk), home-cooked
meat/fish/vegetables/potatoes/other
vegetables/puddings (fruit, milk), raw
fruit/vegetables, beverages (juice, fizzy
drinks, tea, coffee, water), sweets, crisps,
chocolate
Ystrom et al 18 mo, Non- 36 “Current Self Drinks, never Items include dairy products (milk, Foods
(2009) [160]; n=27763 quantitative diet”; NFS to >5 yoghurt), meat, fish, fruit, vegetables,
Norway (51% boys) FFQ times/day; potato, porridge, bread, rice, water, fruit
Foods, never juice, soda, chocolate, sweets, desserts,
to >3 cakes.
times/day)
Dee et al 6 mo, Non- 21 1 wk Self Report Items include milk (BM, formula, cows, Foods
(2008) n=1984 quantitative number  of rice, goat, soy), other dairy (yoghurt, Nutrients
[163]; USA (NR) FFQ feedings per cheese, ice-cream, pudding), other soy
day or per foods (tofu, soy desserts), fruit and
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Age  diet Dietary intake measurement Outcomes
R assessed, 1 . (food,
eference sample  size Type and Number Tool Self- Number Other tool details ener
details, (gender name (if of food reference interviewer response an d/g)r/
country provided) of items period administered  categories .
tool 2 (Range) nutrient
intakes)
week vegetable juice, sweet drinks, baby cereal,
other cereals (breakfast cereals, biscuits,
breads, rice, pasta etc.), fruit, vegetables,
French fries, meat and chicken, fish, nut-
based foods, eggs, sweet foods (candy,
cookies, cake etc.), other.
Marriott et al 6 mo, n=50 Quantitative 34 1wk Interviewer Open Items include meat, fish, vegetables, Energy
(2008) [159]; (50% boys)  FFQ responses fruits, cereals and snack foods and Nytrients
UK commercial baby foods, non-milk drinks
and human milk, baby formulas and other
milks. Portion size estimated using
household measures.
Andersen et al 24-mo, Semi- 15 2wk Self Not specified 125 foods grouped into 15 questions Foods
(2004) [161]; n=187 (53% quantitative (never/ based on the Norwegian meal pattern. Energy
Norway boys) FFQ <l/month to Items include dairy (milk, yoghurt, Nutrients

several
times/day)

cheese), bread, potatoes, vegetables, fruit,
meat, fish, cake, chocolate, and soft
drinks. Other questions on supplements,
food habits, child nutrition information
sources. Portion size estimated using a
photographic booklet with four different
sizes (small — large) or household units
(e.g. slices, pieces, spoons).

69



Age diet Dietary intake measurement Outcomes

R assessed, 1 . (food

eference sample  size Type and Number Tool Self- or Number Other tool details ener,

details, (gender name (if of food reference interviewer response an d/g)r/

country provided) of items period administered  categories .

tool 2 (Range) nutrient
intakes)

Andersen et al 12 mo, n=64 Semi- 18 2wk Self Not specified 140 foods grouped into 18 questions Foods

(2003) [164]; (58% boys) quantitative (never/ based on the Norwegian meal pattern. Energy

Norway FFQ <l/month to Items include dairy (milk, yoghurt, Nutrients

several cheese), baby cereal, bread, potatoes,

times/day) vegetables, fruit, meat, sweetened drinks
and commercial baby foods. Other
guestions on dietary supplements food
habits, child nutrition information sources.
Portion  size estimated using a
photographic booklet with four different
sized (small — large) or household units
(e.g. slices, pieces, spoons).

Lartey et al 1-6 mo Non- 28 1wk NR NR Items include porridges, fruits, vegetables, Foods

(2000) [158]; n=216 (53% quantitative soups, cereals, legumes, roots and tubers,

Ghana girls) FFQ animal products, cereal-legume mixtures,
cereal-animal product mixtures. Other
guestions on breastfeeding frequency and
daily number other milk feedings.

Preschoolers (2 - 5 years; 25 - 60 months)

Pabayo et al 4-5 y, Non- 20 Usual Self Report total Items include: fruits, vegetables, grain Foods

(2012) [165]; n=2015 quantitative intake; NFS number  of products (bread, cereal, pasta, rice), milk

Canada (51.5% boys) FFQ daily or and alternatives (white or flavoured, soy

weekly or rice beverages, cheese, yogurt), and
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Age  diet Dietary intake measurement Outcomes
R assessed, 1 . (food,
eference sample  size Type and Number Tool Self- or Number Other tool details ener
details, (gender name (if of food reference interviewer response and /g¥
country provided) of items period administered  categories .
tool 2 (Range) nutrient
intakes)
servings meat and alternatives (meat, poultry, fish,
peanut butter, nuts, tofu); chips, French
fries, candy, chocolate, regular soft
drinks, and cakes and cookies.
Lanfer et al 2-9y Non- 43 4wk Self 8 (never/ Items include vegetables, potatoes, fruit, Foods
(2011) [166]; (2-< 6y, quantitative <l/week to meat, fish, egg, cereals, bread, pasta, dairy
IDEFICS 39.5%: 6- FFQ; >4/day and ‘I (cheese, milk, yoghurt), sweetened
consortium; <10y, Children’s have no beverages, spreads, sauces, take-away
European 60.5%), Eating Habits idea’) products, salty snacks, chocolate, candy,
countries® n=258 (44% Questionnaire cake and ice-cream. Screening instrument
boys) (CEHQ-FFQ) investigating food consumption frequency
and behaviours associated with child
overweight, obesity and general health.
Ebeneger et al Mean 5y, Non- 39 4wk Self 7 (NR) Items include fruit, vegetables, potato, Foods
(2010) [167]; n=44 (64% quantitative meat, fish, dairy (yoghurt, cheese, dairy
Switzerland boys) FFQ desserts), bread, cereal, sauces, sweets
and snacks (e.g. chocolate), drinks (e.g.
cola). Other guestions on eating habits.
Kleiser et al 3-17y, (3-6y, Semi- 45 Previous Self 10 (never to Items include vegetables, fruit, fish, Foods
(2009) [168]; 7-10y, 11- quantitative “few wks”; >5/day) bread/cereal, rice/pasta/potatoes, Energy
Germany 17y), FFQ NFS milk/dairy products, eggs, meat, fats, Nutrients
n=14105 sweets/fatty snacks/soft drinks, other
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Age  diet Dietary intake measurement Outcomes
assessed, 1 . (food
Reference sample  size Type and Number Tool Self- or Number Other tool details '
details, (gender name (if of food reference interviewer response eng;gy
country provided) of items period administered  categories ant _ort
tool 2 (Range) nutrien
intakes)
(51% boys) beverages. Other questions on eating
habits, supplement intake, fortified foods,
light products, convenience food and
probiotic products. Portion size estimated
using illustrations or standard household
measures.
Huybrechts et 2.5-6-5y, Items include beverages (water, juice,
al (2009) n=650 milk drinks), dairy (cheese, yoghurt),
[131]; validity meat and meat alternatives (fish, eggs),
Belgium n=124 Semi- 6 (every day bread, pasta, rice, vegetables, fruit, Food
reproducibilit quantitative 47 12mo Self to never or potatoes (including fried), meat/fish ~000S
y (NR) FFQ less than 1 products, chocolate, sweet snacks, salty
day/month)  snacks, and desserts. Other questions on Energy
Huybrechts et 2:5-6-5, food habits of some product groups -
al (2006) Mean 4.5y . : ) ' Nutrients
[171]; n=1052, Portion size estimated using examples of
Belgium (50% boys) common standard measures.
Randall 3-4y, n=269 Non- 6 Usual Self NR Iltems include grains, milk, fruit, Foods
Simpson et al validity quantitative intake; NFS vegetables, meat, fast food. Other
(2008) [169]; n=140 Screening guestions on nutrition risk constructs;
Canada reproducibilit Tool; physical growth, physical activity and
y (94% girls) NutriSTEP sedentary behaviour, and factors affecting

food intake.
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Age  diet Dietary intake measurement Outcomes
R assessed, 1 . (food,
eference sample  size Type and Number Tool Self- or Number Other tool details ener
details, (gender name (if of food reference interviewer response and /g¥
country provided) of items period administered  categories .
tool 2 (Range) nutrient
intakes)
Romaguera et 2-9y (mean Semi- 46 NR Interviewer NR Items include cereals/grains, Foods
al (2008) boys=5.1; quantitative potatoes/tubers, pulses, fish, meat/meat Energy
[170]; girls=5.2), FFQ products, eggs, milk/dairy products, fruits Nutrients
Argentina n=360 (NR) and vegetables, fats, added oil, sugary
drinks, herbal teas, added sugar and
sweets, sweet and milky desserts. Portion
sizes determined according to the
observed amount usually consumed in
population, measured prior to study.
Sullivan et al <60mo, Non- 47 2mo Self 9 (1, 2, Items include fruits, vegetables, legumes Foods
(2006) [172]; n=191 (59% quantitative 3/day; 1, 2, and nuts, dairy products, meat, fish, and
USA boys) FFQ 3/week; 0,1, poultry.
2/month)

Abbreviations: FFQ, Food Frequency Questionnaire; IDEFICS, Identification and prevention of dietary- and lifestyle-induced health effects in children
and infants; NFS, not further specified; mo, months; NR, Not Reported; USA, United States of America; UK, United Kingdom; y, years
Tools were defined as quantitative (quantity of food consumed was estimated using weights, measures or food models), semi-quantitative (quantity of
food consumed estimated using a standard portion size, serving or a predetermined amount and respondent asked about the number of portions

consumed) or non-quantitative (quantity of food consumed not assessed)

*Self-administered (primary caregiver completed the dietary assessment without assistance); Interviewer-administered (a trained interviewer elicited the

dietary assessment information from the primary care-giver in a one-on-one setting)
%Italy, Estonia, Cyprus, Belgium, Sweden, Germany, Hungary and Spain
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Table 1-7 Summary of availability of validity and reproducibility data for each study
according to energy and/or nutrient intake and food intake

Reference details

Reliability

Energy
and/or
nutrients

Foods

Foods

Infants and toddlers (birth - 24
months)

Smithers et al (2012) [162]
Ystrom et al (2009) [160]
Dee et al (2008) [163]
Marriott et al (2008) [159]
Andersen et al (2004) [161]
Andersen et al (2003) [164]
Lartey et al (2000) [158]
Preschoolers (2 - 5 years)
Pabayo et al (2012) [165]
Lanfer et al (2011) [166]
Ebeneger et al (2010) [167]
Kleiser et al (2009) [168]
Huybrechts et al (2009) [131]
Huybrechts et al (2006) [171]
Randall Simpson (2008) [169]
Romaguera et al (2008) [170]
Sullivan et al (2006) [172]

2 1 2 2

2
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Table 1-8 Short dietary assessment tool validity studies among infants and toddlers (birth - 24 months) and preschoolers (2 - 5 years)

Reference details; tool length; validation standard, reference period; sample size

Infants and toddlers (birth - 24 months) Preschoolers (2 - 5 years)
Tests Marriott et a! (2008) Andersen eF al Anderson et al (2004) Huybrechts et al (2009) [131]; Huybrec.:hts et al (?006)
[159]; (2003) [164]; 18- : _ L _ [171]; 47-items; 3d
34-items: 4d WDR: items: 7d WDR: [161]; 7d WDR; 15 47-items; 3d EDR; EDR:
15days: n=50 12 weeks; n=64 oM 1-2weeks; n=187 1 week; n=650 1 week; n=1052

Energy and nutrients

Significantly lower

All median intakes All median intakes . )
mean Ca intake:

All median intakes

Mean/median L : significant higher significant higher
nutrient significant higher . 05 except  (p<0.05), except protein, ] 777mg/d v
(p<0.05), except 838+305mg/d,;
intakes) p<LLS), excep Ca Carb, SFA, Ca _ +305mg/d;
sodium difference 61+294mg/d
(p<0-001)
No significant No significant
differences except  differences except for
Mean/median for protein, SFA,  protein, SFA, MUFA,
nutrient - MUFA, Fibre, Fibre, Vitamin A, - -
densities Vitamin A, Vitamin C, Calcium,
Vitamin C, Iron
Calcium, Iron
, r = 0-52, corrected for
Pearson’s i e
correlation - - - - intra-variability: r
=0-59
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Tests

Reference details; tool length; validation standard, reference period; sample size

Infants and toddlers (birth - 24 months)

Preschoolers (2 - 5 years)

Marriott et al (2008)
[159];
34-items; 4d WDR,;
15 days; n=50

Andersen et al
(2003) [164]; 18-
items; 7d WDR,;
1-2 weeks; n=64

Anderson et al (2004)
[161]; 7d WDR; 15
items; 1-2 weeks; n=187

Huybrechts et al (2009) [131];

47-items; 3d EDR;
1 week; n=650

Huybrechts et al (2006)
[171]; 47-items; 3d
EDR;

1 week; n=1052

Spearman’s
correlation
(nutrients)

Spearman’s
correlation
(foods)
Specificity
Sensitivity

Bland Altman,
mean bias

Bland Altman,
limits of
agreement

r=0.63 (range 0.39 -
0.86)

energy-adjusted: r =
0.55-0.89

Mostly positive, all
nutrients within range

-12.5% to 12.5%,

except vitamin B12 (-
18.9%).

r =0.50 (range
0.18-0.72)
energy-adjusted r
=0.50 (0.16 -
0.79):

r =0.62 (range
0.28 - 0.83)

Systematic
increase in
difference with
increasing intake,
except Ca

Large for all
nutrients

r =0.38 (range 0.26 —
0.50)

energy-adjusted r = 0.52
(range 0.46 — 0.66)

r = 0.48 (range 0.26 —
0.69)

Systematic increase in
difference with
increasing intake for
most nutrients

Large for all nutrients

r =0.48 (range 0.23 - 0.62)

corrected: r=0.32-0.75

7%
62%

Large differences,
higher for greater mean
intakes
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Reference details; tool length; validation standard, reference period; sample size

Infants and toddlers (birth - 24 months)

Preschoolers (2 - 5 years)

Tests Marriott et al (2008) Andersen et al Anderson et al (2004) Huybrechts et al (2009) [131]; Huybrechts (_et al (2006)
[159]; (2003) [164]; 18- _ i . _ _ [171]; 47-items; 3d
34-items: 4d WDR: items: 7d WDR: ' [161]; 7d WDR; 15 47-items; 3d EDR,; EDR:
15 days; n=50 1-2 weeks: n=64  '€mMs; 1-2 weeks; n=187 1 week; n=650 1 week; n=1052
Same quartile, 36% : .
Same quartile, (range 29% fat - 44% Sarr_lte;]quartlleé;;%,
Cross 38% (range 22%  vitamin A); Opposite, N nosite 2 4%:
classification; - Fibre - 56% SFA); >% - d-ﬁPp e iy
: Opposite, 3% Enerav-adiusted ifference between
nutrients ' gy-ad) quartiles p<0.001
Same, 42%; opposite,
4%
Foods

Mean/median
food group
intakes

Wilcoxon
signed rank
test

Significantly
- higher intakes
11/17 food groups,

Significantly higher
intakes 7/15 food
groups, Significantly

Mean differences within £10%
6/13 food groups, 11-30% 6/13,
>40% 1/13; Median differences
within £10% 5/13 food groups,

11-20% 1/13, >20% 6/13; 100%

for 1/13

Significantly different intake

distribution for 6/13 (p<0.01) or
9/13 (p<0.05) food groups; higher
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Tests

Reference details; tool length; validation standard, reference period; sample size

Infants and toddlers (birth - 24 months)

Preschoolers (2 - 5 years)

Marriott et al (2008)

[159];

34-items; 4d WDR,;
15 days; n=50

Andersen et al
(2003) [164]; 18-
items; 7d WDR,;
1-2 weeks; n=64

Anderson et al (2004)
[161]; 7d WDR; 15
items; 1-2 weeks; n=187

Huybrechts et al (2006)
[171]; 47-items; 3d
EDR;

1 week; n=1052

Huybrechts et al (2009) [131];
47-items; 3d EDR;
1 week; n=650

Kappa statistic

Bland Altman,
mean bias

Cross
classification;
foods

NS differences
6/17

lower intakes 3/1, NS
difference for 5/15

5/13, lower 4/13, NS difference
4/13

<0.20 4/13 food groups, 0.20-0.40
4/13, 0.41-0.60 2/13, NR 3/13

0.38 (95% CI 0.34,
0.42)

Increasing bias with increasing
intakes for “many foods” (n not
reported)

Same=NR, within one=67% —
88%, opposite <10% (2% fruit,
fruit juices, milk products — 9%

meat products)

Abbreviations: Ca, calcium; carb, carbohydrates; d, day; EDR, estimated dietary record; LOA, limits of agreement; MUFA, monounsaturated fatty
acids; NR, not reported; NS, not significant; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; WDR, weighed dietary record; %, percent
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Table 1-9 Short dietary assessment tool reliability studies among preschoolers (2-5 years)

Reference details; tool length; re-administration period; sample size

Lanfer et al (2011) [166];  Ebenneger et al (2010) Huybrechts et al Huybrechts et al Randall Simpson et al
Tests 43-items; [167]; (2009) [131]; (2006) [171]; (2008) [169];
0-354 daysy average 4 39-itemS; 47-item5; 5-itemS;
months; within 4-weeks; 5 weeks; 2-4 weeks;
n=258 n=44 n=124 n=140
Mean/median Mean intakes 12/13
differences food groups within
(foods) +10%, 1/13 >10%
(11%). Intakes
- - generally lower first - -
administration.
Median intakes 10/13
within £10%,
3/13>20%
Paired t-test p=0.26; 23.8 £
0
i i 161.2mg Ca/d (95% 0<0.001

Pearson’s
Correlation

Spearman’s
Correlation
(foods)

r=0.59 (range 0.32 -
0.76); p<0.001 (r <0.50
for 8/43 foods, 0.51-0.69

for 26/43, r >0.70 for

r=0.62 (r <0.50 for 8/39
(7 p<0.05 and 1 NS)
,0.50-0.70 for 22/39 (all
p<0.01), >0.70 for 9/39

r =0.64 (r=0.5-0.7 for
10/13,>0.7 for 3/13)

CI17-8, 65-5; 774 +
252 v 751 + 255)

r =0.80 for Ca
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Reference details; tool length; re-administration period; sample size

Lanfer et al (2011) [166];  Ebenneger et al (2010) Huybrechts et al Huybrechts et al Randall Simpson et al
Tests 43-items; [167]; (2009) [131]; (2006) [171]; (2008) [169];
0-354 days, average 4 39-items; 47-items; 47-items; 5-items;
months; within 4-weeks; 5 weeks; 5 weeks; 2-4 weeks;
n=258 n=44 n=124 n=124 n=140
9/43); re-administration (all p<0.01)
>4 months (0.28-0.73), <
4 months (0.31-0.87)
Icc : 059 (>0.50 28/39 foods)  0-°9 (0-30 13/13 : :
foods)
.. 0, -
Kappa Statistic 0.48 (0.23-0.68) i i 0.60 (98 /7of)l 0.49 0.54 (0.39 - 0.71)
Wilcoxon p<0.05 for 5/43 items, NS
signed-rank ' . ' - NS for 13/13 foods
, for 38/43 items
test:
Cross grossly
Classification misclassified=0%,
i i i correctly i
classified=56.7%,
adjacent

quartile=36.7%

Abbreviations: Ca, calcium; NS, not significant
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1.3.4.3.3 Dietary index applications

Dietary indices developed to characterise the diet quality of infants, toddlers or
preschool-aged children are summarised in Table 1-10. Overall, data from six tools
(n = 2, infants and toddlers [161, 164]; n = 4, preschoolers [131, 168, 170, 172]) can
be applied to five measures of diet quality reviewed [168, 172-175], all developed for
use in preschoolers (Table 1-10). Two have been tested for validity only [161, 164]
and one for both validity and reliability [131]. Of these six short tools, two [168,
172], both for use in preschoolers, have previously been used in dietary index
applications. The Healthy Nutrition Score for Kids and Youth (HuSKY) has been
applied to the 54-item (45 food-item) semi-quantitative FFQ assessing intakes of
three to six-year-old German children [168], whilst the 47-item non-quantitative FFQ

has been used to assess dietary diversity in American children under five [172].

No other short tools were identified that provide dietary data to which a dietary index
could be applied, because the level of detail provided by the tool was often too
minimal for application of an index. This is particularly evident for those indices
comprising food-group subcategories (for example, ‘vitamin A rich vegetables’)
[176-181]. Additionally, use of several tools to derive an index score would require
detailed analysis to determine nutrient (for example, total fat, cholesterol, iron)
intakes [178, 179, 182-185]. Lastly, portion size quantification is required for the
majority of dietary indices reviewed [168, 173-176, 178, 179, 181-187] and thus only
quantitative or semi-quantitative tools provide data to which these indices could be

applied.

1.3.4.34 Screening obesogenic behaviours

Of the 15 tools reviewed, 13 assess the intake of ‘non-core’ foods and/or beverages
(n = 6, infant and toddlers [159-164]; n = 7 preschoolers [131, 165-171]). Three of
these were specifically designed to screen obesity related behaviours [166, 167, 169]
whilst five were identified (above) as being useful for application of a dietary index.
Of the 19 indices reviewed [156], three (n = 1, infants and toddlers [23]; n = 4,
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preschoolers [168]) included food items associated with poor diet quality, such as
intake of high fat or sugary foods and/or beverages. Two of these indices can be used
with the short tools identified in this review [168, 174].
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Table 1-10 Studies examining diet quality indices among infants and toddlers (birth - 24 months) and preschoolers (2 - 5 years), details of the content of
the indices and their applicability to short dietary assessment tools identified in Table 1-6. Adapted from Smithers et al 2011 [156].

Index name, country;
reference details; age of
sample

Index properties

Applicability to short tools identified in

Table 1-6

Can be applied

Number of components: component labels

Assessment
of food-
group sub-
categories

Requires to dietary data
assessed by short

Detailed Portion size tools reviewed

Infants and toddlers (birth-24 months)

Mean Adequacy Ratio
(MAR), USA; Hoerr et al
2006 [183]; 11-25m

Dietary Diversity Score,
Brazil, Ghana, India,
Norway, Oman, USA;
Dewey et al 2006 [177]; 1-

2y

Healthy Eating Index-
Canada (HEI-C), Canada;
Glanville and Mcintyre
2006 [182] ; 1-3y

Food Variety Score (FVS),
South Africa; Steyn et al
2006 [188]; 1-3y

Diet Quality Score 2
(DQS2), USA; Caliendo et

Nutrients included in ratio score vary according to
research interests. 8 key nutrients used in [46].

8 or 9 food groups: cereals, roots and tubers,
vitamin A-rich fruit and vegetables, other fruit and
vegetables, legumes and nuts , meat and
alternatives, fats and oils, dairy, eggs, (fruits and
vegetables separate for 9-food group DDS)

9: grains, fruit and vegetables, milk, meat, other
foods (high in fat, sodium and sat fat), total fat,
saturated fat, cholesterol, variety

1: Dietary diversity. One point for every food item
consumed over 24-hour period from 45-item list”.

6: Vegetables, fruit, breads and cereals, meat and
milk, citrus fruit, dark green, and yellow vegetables

nutrient  quantification (Table 1-6)
analysis 3

v v N

- - N

v v N

- - N

- ~ N
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Index properties Applicability to short tools identified in

Table 1-6 Can be applied
Index name, country; ASSESSes Requires to dietary data
reference details; age of Five Assessment assessed by short
sample Number of components: component labels ‘core’  Non- of food- Detailed  Portionsize  tools rewe_wed
food® core roUD SUb- nutrient  quantification (Table 1-6)
foods? ~ 9roupst analysis 3
groups categories

al 1977 [176] ; 1-4y
Child Feeding Index, Latin  7: breastfeeding, does not use bottle®, dietary
American countries; Ruel diversity, food frequency, (egg/fish/poultry), food
et al 2002 [189]; 1- 3y frequency (meat), food, frequency (grains/tubers), ) ) N

meal frequency
Nutrient Adequacy Score, 12: milk and milk products, whole grains, enriched
USA; Krebs-smith et al grains, total grains, citrus fruit, other fruit and
1989 [181]; 1-3y vegetables, total fruit, green and yellow vegetables, - \ N

starchy  vegetables, other vegetables, total

vegetables, meat and alternatives
Preschoolers (2-5 years)
Diet Score (DS), UK; 5: bread, other cereals, or potatoes; fruit or Y [131, 161,
Crombie et al 2009 [174]; vegetables; dairy products; meat, fish or alternatives; - \ 164, 168, 170,
2y high-fat or high-sugar snacks 171]
Nutrient Quality Index 17 nutrients: Vitamins A, E, K, B6, Bl12, C,
(NQI), Germany; Libuda et thiamine, riboflavin, niacin, pantothenic acid, folate; N N N
al 2009 [185]; 2-4y minerals calcium, magnesium, iron, phosphorus,

potassium, zinc
Healthy Eating Index 10: Grains, vegetables, fruits, milk, meat, total fat
(HEI), USA; Manios et al (% calories), saturated fat (% calories), total , \ \ N

2009 [187]; 2-5y

cholesterol, sodium, variety
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Index properties

Applicability to short tools identified in

Table 1-6 Can be applied
In?ex na(ljmte,_I _ country]i ASSESSes Requires to diega;y dz;tat
P Number of components: component labels ‘core’ co(r)g’- of food- nﬁt?ileﬁt ug:ltli?‘inc;izgn (Table 1.6)
food* > group sub- . quantr?
food - analysis
groups categories
Servings/day, USA; Kranz 5: fruit, vegetables, grains, milk/dairy, Y [131, 161,
et al 2009 [175]; 2-5y meat/alternatives \ - - - \ 164, 168, 170,
171]

HEI-2005, USA; Fungwe 12: whole fruit (not juice), total vegetables, dark
et al 2009 [178] ;2-5y green and orange vegetables and legumes, total

grains, whole grains, milk and milk products, meat N N N N N N

and alternatives and beans, food oils, Saturated fat,

sodium, extra calories from solid fats (including fat

in milk), added sugars
Healthy Nutrition score for 11: beverages, vegetables, fruit, fish, breads and
Kids and Youth (HuSKY); cereals, other starchy foods (pasta, rice, potato), Y [168]
Germany; Kleiser et al dairy products, eggs, meat and sausage, fats and oils \ \ - - \
2009 [168]; 3-6y (butter/margarine), sweets and fatty snacks and soft

drinks
Revised Children’s Diet 13: added sugar, total fat, fat quality — linoleic, fat
Quality Index (RC-DQI), quality - eicosapentaenoic, fat quality -
USA; Kranz et al 2008 docosahexaenoic, total grains, whole grains, - N N N N N
[179] Kranz et al 2006 vegetables, fruits, 100% fruit juice, dairy, iron
[180]; 2-5y intake, energy balance
Dietary Diversity Score, Dietary diversity. 7: grains-roots-tubers, legumes N ) N ) ) Y [172]

Malawi; Sullivan et al

and nuts, dairy, meat-poultry-fish-eggs, Vitamin A

85



Index properties

Applicability to short tools identified in

Table 1-6 Can be applied
Index name, country; ASSESSes to dietary data
reference details; age of Five Assessment assessed by short
sample Number of components: component labels ‘core’  Non- of food- Portion size  to0ls reviewed

1 core quantification (Table 1-6)
food foods?  9roup sub- 3
groups categories
2006 [172]; <5y rich fruits and vegetables, other fruits and
vegetables, foods cooked with fat or oil

Diet Quality Index for 8: % total energy as added sugars, total fat, saturated
Children, USA; Kranz etal fat, number of servings of grains, fruit and - - - N
2004 [184]; 2-5y vegetables, dairy, excessive juice, iron (mg/d)
Variety Index for toddlers 5:bread group, vegetable group, fruit group, dairy Y [131, 161,
(VIT), USA; Cox et al group, meat group \ - - 164, 168, 170,
1997 [173]; 2-3y 171]
Diet Quality Score 1 6: Milk, meat and alternatives, fruit and vegetables,
(DQSYL), Canada; breads and cereals, additional vegetables, vitamin A N i N N
Campbell et al 1992 [186]; rich vegetables
2-4y
Diversity Score (DS), 1. dietary diversity using items consumed by 20% or
USA; Caliendo et al 1977 more of the study samples. One point for every food - - - N

[176]; 2-4y

item consumed from a list of 20 food items®.

Abbreviations: Freq, frequency; FFQ, Food Frequency Questionnaire; N, no; Y, yes

YCore’ foods — foods recommended to be consumed daily e.g. fruit, vegetables, dairy, meat and alternatives, cereals [8, 94]
?Non-core’ foods — foods recommended to be consumed in minimal amounts e.g. high fat, salt and/or sugar foods [8, 94]

*If portion size-quantification required, index is only useful for data collected using semi-quantitative or quantitative methods
“Unlikely any short tool assess the same x-items

*No tool assess bottle use
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1.3.4.4 Discussion

This review identified 16 papers reporting on 15 short dietary assessment tools that
measure whole diets of children under five years (n = 7, infants and toddlers; n = 8,
preschoolers). Tool reliability and validity, and applicability to dietary indices and
for screening obesogenic dietary behaviours are highlighted. All but one tool was a
FFQ, and approximately half (n = 7) of all tools were tested for either reliability or
validity, and one tested for both. Six tools provide dietary intake data to which an
index can be applied, five of which screen obesogenic dietary behaviours. Overall,
testing of tool properties was limited and few tools are applicable to current dietary
indices that screen obesogenic dietary behaviours of children birth to five years of

age.

Of the 15 tools identified in this review, only seven were tested for validity and/or
reliability at the food or food group level. In general, there was a lack of reliability
testing to accompany validity testing with only one of four tools assessed for validity
also assessed for reliability. As validity requires reliability [141], the remaining three
tools cannot be considered as valid. Moreover, there was a high reliance on
correlations which assess association only and thus should not be used alone but
alongside agreement measures such as kappa statistic and Bland-Altman analysis
[145, 146]. Further, although the reference period covered by the validation standard
should correspond to that of the questionnaire [128], 3 or 7-day food records were
commonly used in the reviewed studies to assess the validity of FFQ’s covering two
weeks [161, 164] or 12 months intake [131, 171]. For reliability studies, if re-
administration periods are too close subjects may remember their previous responses,
or if too far apart, lower reliability may reflect true variation in diet [128],
particularly in young children at an age when dietary habits are rapidly changing
[190]. This is evident as an average re-administration period of four months yielded
weaker agreement [166] than studies with shorter re-administration periods. Despite
these limitations in tool testing, and in considering the realistic estimates of
measurement error between two dietary assessment methods [138] in conjunction

with unstable dietary habits of young children, the reliability and validity results
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presented here can be considered reasonable. Thus, several short dietary assessment

tools can be judged as useful for characterising whole diets of children under 5.

Given the increasing interest in assessing diet quality using an index, resulting from
an increased understanding of the complexity in which individuals consume foods
[191], determining those short tools that are useful for dietary index applications is of
interest. For the current indices available for children under five years of age,
summarised in this review, diet quality is assessed based on intake of particular foods
or food groups, nutrients or a combination of both. Although most of the tools
reviewed estimate whole-of-diet food intake making them potentially useful for food
or food-group based index applications, few (n = 6 of 15) can be directly applied to
current indices of diet quality [131, 161, 164, 168, 170, 172]. Further, these tools are
limited by a lack of testing, with only one tested for reliability and validity [131,
171]. Thus the accuracy of the other five tools in assessing dietary intake, and diet
quality when applied to an index, is questionable. Therefore, testing of tool

properties is recommended prior to dietary index applications.

Several factors explain why other short tools reviewed are not useful for dietary
index applications. First, as mentioned, many indices assess diet quality based on
nutrient intakes or a combination of nutrient and food intakes. Applying an index of
this type to a questionnaire-type tool requires linkage with appropriate food
composition data to derive nutrient intakes. Alternatively, questionnaire-type tools
are most useful for food-based indices. Further, several indices assess food-group
subcategories, such as ‘vitamin A rich vegetables’ or ‘dark green vegetables’, which
are not measured by the short tools reviewed. Also limiting applicability is that
portion size quantification is required to apply dietary data to several indices.
Although these factors limit the applicability of short tools to current indices, several
tools that capture food groups of interest are ideal for development of a suitable
index. For example, the 47-item FFQ by Huybrechts et al [131] is suitable as it
assesses ‘core’ and ‘non-core’ food intake and was the one tool tested for both
reliability and validity of food intake. Development of a dietary index based on food

intake assessed using this short tool would be appropriate. Alternatively, future
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research to develop suitable short dietary assessment tools that measure whole diets

to which a current index can be applied is ideal.

Moreover, in view of the high rates of overweight and obesity among children under
five worldwide [74], indices are potentially a useful tool to evaluate early life dietary
behaviours that contribute to obesity risk. Yet few current indices for children less
than five years assess obesogenic dietary behaviours, with many evaluating ‘core’
food and/or nutrient intakes only. Thus, future indices based on “core’ and ‘non-core’
food intake are warranted. Additionally, considering that few short tools assess ‘non-
core’ intakes and are useful for application of a dietary intake, there is a need for
future development of short tools that are useful for both dietary index applications
and screening obesogenic dietary behaviours in children under five, particularly in

those less than two years of age.

Overall, this systematic review highlights the lack of high quality short dietary intake
assessment tools for young children, particularly less than two years, to which a
dietary index can be applied. Further, as the majority of those tools available for
dietary index applications were developed and tested in European populations,
restricting their generalisability outside the European context, there is a need for
short dietary assessment tools developed for use in other populations of young
children to which an index can be applied. Lastly, it is important to note that several
rapid dietary assessment tools have been designed for use in young children, yet are
not presented in this review as they focus on limited aspects of food intake, for
example fruit and vegetables [95], beverages [62], and obesity-related food and
beverages only [192], not total diet. Future rapid dietary assessment tools should be
designed to comprehensively measure young children’s whole-of-diet intake,
including obesogenic dietary behaviours, and should be tested for reliability and

validity of food intake.
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1.3.4.5 Conclusion

A key finding of this review is that although several short dietary assessment tools
were identified as useful for characterising whole diet of children O - 5 years, there is
an overall lack of brief, valid and reliable dietary assessment tools available for use
in this age group. This highlights a need for greater testing of existing short tools. A
second key finding is that few short dietary assessment tools, particularly those
developed for under 2’s, are suitable for dietary index applications and for screening
obesogenic dietary behaviours of young children. Due to the benefits of assessing
diet quality using indices and of capturing dietary intake using less demanding, time-
consuming and expensive dietary assessment methodologies, this review identifies
opportunities for short tool development for use in children under five that are
adequately reliable and valid for use, applicable to dietary indices, and that assess
obesogenic dietary behaviours.
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1.3.5 Summary —rapid, accurate assessment of toddlers’ dietary risk

Dietary intake assessment is essential for identifying dietary behaviours that may
increase risk for or confer protection against disease. Traditional dietary assessment
methods, such as 24-hour recalls, food diaries and weighed food records, are
associated with high respondent burden and high administration and analysis costs,
whilst extracted data cannot be quickly compared to food-group based dietary
guidelines. These limitations have led to an increased interest in alternative dietary
assessment methods such as FFQ’s that measure food or food-group based dietary
intake. These questionnaire-style dietary assessment methods are advantageous over
traditional dietary assessment methods as they are less time-intensive and
burdensome and extracted data can easily be compared to food-group-based dietary
guidelines. Nonetheless, increasing questionnaire length can result in reduced
cooperation and completion and thus to collect dietary intake information from
individuals to identify those at-risk requiring intervention, ideally a dietary intake
assessment tool would be short and simple. Further, to assess dietary risk a dietary
assessment tool must capture the foods or food groups representing total diet and
must be reliable and valid to accurately assess dietary intake. Thus, an ideal dietary

risk assessment tool would be short, valid and reliable, and assess whole diet.

To determine whether any such tools exist for use in toddlers, the evidence was
reviewed. Detailed synthesis of the literature showed that there are few valid and
reliable, brief dietary assessment tools that measure whole diets of children aged O -
5 years. More importantly, none were developed for and tested in Australian
populations of young children. This gap in the literature highlights that the
development of a short, reliable and valid dietary assessment tool that measures

whole diets of Australian toddlers is warranted.
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1.4 Developing a dietary risk assessment tool for toddlers

In recent decades whole-of-diet assessment has become a focus of nutrition
epidemiology. That is, the interest has turned from investigating the impact of single
dietary components, such as specific nutrients or foods, on nutritional and health
outcomes, to describing overall diet. Whole-of-diet assessment provides a useful
means for understanding the influence of diet, a complex exposure, on health,
through examining the effect of combinations of foods and nutrients consumed
together. This section describes the characterisation of whole diet and how this body
of literature can be used to guide the development of a short dietary risk assessment

tool for toddlers.

1.4.1 Characterising whole diet

Whole diet patterns are characterised through summarising multiple dietary
components into an overall diet measure. There are two main methods (1) a priori
assessment using score based approaches (for example, dietary indices), and (2) a
posteriori assessment whereby variables are reduced through statistical manipulation
into a small number of components and evaluated (for example, dietary pattern
analysis) [154].

1.4.1.1 Characterising whole diet through dietary indices

Dietary indices evaluate diet by assessing intake against pre-determined criteria,
termed index components. Components generally reflect current nutrition guidelines
or recommendations [154]. On application to dietary intake, index components are
quantified and summed to yield scores that indicate level of adherence to dietary
guidelines [193, 194]. Resultant scores reflect a holistic assessment of diet and are
easily understood and interpreted by health professionals, policy makers and the

general public [193].
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Dietary indices are constructed for a number of different purposes, and index and
scoring characteristics will differ depending on the intended use. They are developed
to (1) compare within and between individuals or groups of individuals to identify
those with poorer dietary patterns who require dietary counselling [193], (2)
determine how well individuals and/or populations comply with dietary guidelines
and monitor compliance or changes over time [193, 194], (3) identify specific areas
for improvement in the diets of individuals or populations based on adherence or not
to individual index components, which can inform intervention development [193],
(4) evaluate the effectiveness of these interventions [193], and (5) explore the
relationship between diet quality and health outcomes [194]. Overall, dietary indices
provide a holistic assessment of diet encompassed a simple summary score that
reflects the level of compliance with dietary guidelines

1.4.1.2 Characterising whole diet through dietary patterns

In comparison to dietary indices that assess diet a priori, dietary pattern analyses are
data-driven techniques that use correlations between food intakes to describe general
patterns of consumption. These methods differ from dietary indices as they involve
application of statistical methods to collected dietary data, for example, from 24-hour
recalls, diet records or FFQ’s, and therefore do not depend on defining a healthy
pattern or determining what components are included in an index a priori [154].

There are two approaches to derive dietary patterns; cluster and factor analysis.

Cluster analysis is a multivariate method that separates individuals into mutually
exclusive groups based upon their consumption of similar types of foods [117, 156].
Individuals are aggregated into relatively homogeneous subgroups with similar diets
based on consumption frequency, consumption quantity (in grams), percent energy
contribution, nutrient intakes, or a combination of dietary and biochemical measures
[116]. Factor analysis is a generic term that includes both principal components
analysis (PCA) and common factor analysis (CFA) [191]. These multivariate
analysis techniques describe the variation in intake in the population based on

correlations between dietary items [117]. The underlying structure in the data matrix
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is identified by transforming a large set of correlated variables into smaller sets of
non-correlated variables [195] that best represent the interrelationships among the set

of variables [139], known as principal components or factors.

PCA is the most widely used factor analysis approach. In nutrition analysis, PCA
identifies underlying ‘patterns’ of foods in a large number of variables by grouping
foods that are commonly consumed together based on underlying linear
dependencies among variables [116, 117, 162]. Through a strict algebraic procedure,
PCA reveals similarities in people’s dietary habits whereby those foods with wide
frequencies of consumption have a stronger influence on the pattern than those foods
with narrow frequencies of consumption [196]. A qualitative and quantitative output
are produced; loadings of variables on each component or pattern, and the factor
scores for each factor-subject combination [197]. Principal components are named
based on the foods which load most heavily on each pattern. A summary score is
derived for each pattern and this can be used to examine the relationships between
patterns and outcomes of interest, such as nutrient intake or health outcomes, via
correlation or regression analysis [116, 197]. Overall, PCA summarises large

complex dietary data into practical and meaningful information.
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Table 1-11 Strengths and limitations of methods that characterise whole diet. Adapted from
Moeller et al 2007 [117]

Strengths

Limitations

Score based
methods; a
priori .

Data driven °
methods; a
posteriori

Characterise total diet
Intuitively appealing
Analytically simple to
complete

Easily reproducible and
comparable

Produce meaningful and
interpretable results that
are associated with health
outcomes

Characterise total diet
Account for biologic
interactions between
nutrients

Produce meaningful and
interpretable results that
are associated with health
outcomes and show some
reproducibility across
populations

Dichotomous components (e.g.
guidelines met v not met) do not
consider the full range or amounts
of foods consumed
Non-dichotomous components
(those where components include a
range of points) do consider
variability in intake of foods but
not extreme amounts

Dependent on the selected
underlying dietary guidelines,
which are generally not specific to
one type of disease

Interpretation of the guidelines and
construction of the scores is
subjective

Equally weighted dietary
component scores implies that
each component is equally
important

Limited data on the reproducibility
and validity of methods

Few rigorous statistical tests have
been used to examine the validity
of derived solutions

Procedure is highly subjective;
grouping of dietary items,
classification of input variables
(e.g. grams, servings, percent
energy), analytical choices and
options (e.g. statistical algorithms,
use of rotation), selecting a final
pattern solution
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1.4.2 Characterising whole diet to inform tool development

Dietary assessment questionnaires are commonly developed based on age- and
population-specific dietary guidelines. Although this approach is sound, it can be
difficult to identify what food or food-group items are most important to include in a
short questionnaire of limited items that captures whole diet intake. A novel
approach is to base tool items on current evidence; that is, age- and population-
specific dietary intakes. This method is advantageous as it identifies the food items
most relevant to the consumption patterns of the target population. Population-
specific, evidence-based dietary patterns and dietary indices are therefore useful
techniques that can inform the development of a short dietary risk assessment tool for
Australian toddlers.

Developing a short dietary assessment tool based on dietary patterns is ideal. Dietary
patterns measure overall diet, which is needed to determine dietary risk, and
extracted patterns comprise food groups that represent the greatest variation in diet in
a population group and which can therefore be used to distinguish between children
of poor- and high-quality dietary patterns. Including the foods that load strongly on
extracted dietary patterns in the tool will allow the variation between individuals’
intake to be captured to determine those at greatest dietary risk. Therefore,
characterising dietary patterns of Australian toddlers is important to provide age- and
population-specific evidence-based information on foods to include in a short dietary
assessment tool that identifies dietary risk of Australian toddlers. Dietary indices also
encapsulate holistic diet, allowing for the evaluation of dietary intake against food-
group based dietary recommendations to produce an overall rating of intake on a
numerical scale. Thus, to assess toddlers’ dietary risk, a dietary quality index, or
similar, could be applied to dietary intake to derive dietary risk scores based on
discrepancies between intake and dietary guidelines. Resultant scores can then be
used by health professionals to rapidly identify ‘at-risk’ toddlers who require

intervention to improve their dietary patterns.
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1.4.3 Summary — development of a short dietary risk assessment tool
for toddlers

Whole-of-diet analyses assess the combinations of foods and nutrients that represent
overall diet. They have become increasingly widespread as a means of summarizing
the multidimensional nature of dietary data and thus the complexity of individual
food consumption. These methods include (1) dietary indices and (2) dietary pattern
analysis. Dietary indices and dietary patterns are useful, novel methods for informing
the development of a short tool that assesses whole diets of Australian toddlers and
from which a measure of dietary risk can be derived. That is, to assess toddlers’
dietary risk, a dietary index could be applied to overall intake measured using a short

dietary assessment tool comprising items informed by current dietary patterns.
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1.5 Thesis aims

1.5.1 Thesis general aim

Given the vulnerability of toddlers to poor diet, the importance of early “dietary risk’
identification, and the lack of tools that rapidly and accurately evaluate whole diets
of Australian toddlers, the primary aim of this thesis is to develop and validate a
short dietary assessment tool for measuring dietary risk in Australian toddlers aged
12 - 36 months. Further, as tool development based on dietary indices and dietary
patterns is a novel and advantageous approach, dietary risk will be measured by the

application of a scoring criterion to food intake data collected using a short tool that

considers whole dietary patterns. It will be readily completed by parents, and easy to

administer and score.

1.5.2 Thesis specific aims

The studies undertaken in this thesis aim to:

(1) Characterise whole-of-diet patterns of Australian toddlers using principal

components analysis (PCA) to aid the selection of items to be included in the
short tool (chapter two)

(2) Develop a short, simple food-group based dietary assessment questionnaire
for Australian toddlers aged 12 - 36 months informed by dietary patterns, and
from which a measure of overall diet, expressed as a dietary risk score, can be
derived (chapter three)

(3) Determine the test-retest reliability and relative validity of questionnaire-
derived dietary risk scores by examining variability of scores measured on
two occasions and comparing scores to those derived from a validated food
frequency questionnaire (chapter three)

(4) Determine the convergent validity of questionnaire-derived dietary risk

scores by examining associations with nutrient intakes, demographic factors

and a health outcome, namely toddler weight status (chapter four)
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2 DIETARY PATTERNS OF AUSTRALIAN TODDLERS

2.1 Overview

This chapter describes the first step in the development of a short food-group based
dietary assessment tool for measuring dietary risk in Australian toddlers (Figure 2-1).
That is, dietary patterns of Australian toddlers aged 14 and 24 months are determined
using principal components analysis (PCA), and validated, to identify food-group
items that distinguish variation in dietary patterns and that can inform the selection of
items to include in a new dietary assessment tool for Australian toddlers. The chapter
begins with a critique of the dietary pattern literature, including validation of dietary
patterns, before presentation of the paper “Dietary patterns of Australian children
aged 14 and 24 months, and associations with socio-demographic factors and

adiposity”. This paper was published in the European Journal of Clinical Nutrition.

Step 1: specific thesis aim #1

Characterise dietary patterns of Australian toddlers to aid the selection of items to be
included in the short tool

|

Step 2: specific thesis aim #2

Develop a short food-group based dietary risk assessment questionnaire for
Australian toddlers

J

Step 3: specific thesis aim #3

Determine the test-retest reliability and relative validity of questionnaire-derived
dietary risk scores

J

Step 4: specific thesis aim #4
Determine the convergent validity of questionnaire-derived dietary risk scores

Figure 2-1 Tool development and validation flow diagram; step 1 of 4
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2.2 Dietary patterns in toddlers

To understand how dietary patterns are extracted using PCA, the literature on PCA-
derived dietary patterns of toddlers from developed countries was critiqued.
However, the usefulness of derived dietary patterns for research applications, such as
tool development, remains uncertain without an understanding of their validity. This
is because valid dietary patterns indicate that are they an accurate measure of dietary
intake [154] and thus development of a tool based on valid dietary patterns is
required to be certain that the tool provides useful information about diet. This can be
achieved by determining whether patterns reflect underlying differences in food and
nutrient intake, are associated with factors known to predict dietary intake, and/or are
associated with health outcomes. The level of validation of dietary patterns against

these three measures was examined.

2.2.1 Summary of studies

In recent years there has been an increase in the use of dietary pattern analysis in
adult [118, 154] and child [156] populations. In children, similar PCA-derived
dietary patterns have been observed across studies and populations. A review by
Smithers et al [156] in 2011 identified 14 studies that characterised whole-of-diet
patterns of children aged 1 - 5 years using PCA. Common patterns identified were a
‘healthy’ pattern, characterised by fruit, vegetables, whole-grains and home prepared

foods and an “unhealthy’ pattern, characterised by EDNP items.

In toddlers, aged 1 - 3 years, PCA-derived dietary patterns have been investigated in
ten studies [17, 160, 162, 198-204] from seven different cohorts, detailed in Table
2-1. Four publications were derived from the UK prospective birth cohort, the Avon
Longitudinal Study of Parents and Children (ALSPAC) [162, 198, 200, 201]. Other
cohorts were from the UK (Southampton Women’s Survey (SWS) [199]), Norway
(Norwegian Mother and Baby Cohort [160] and Norwegian National Dietary Survey
[202]), Ukraine (European Longitudinal Study of Pregnancy and Childhood
(ELSPAC) [17]), the Netherlands [204] and Australia (INFANT trial) [203]. The
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majority of studies (n = 8/10) were conducted in samples larger than 1000 (range, n =
398 - 27763) [160, 162, 198-202, 204]. Nearly all studies derived patterns from data
collected using FFQ’s, varying in number of items entered into the PCA (n = 21
[204] — 72 [200]), whilst one used 24-hour recall data [203].

2.2.2 Summary of extracted dietary patterns

The number of patterns extracted varied from two [160, 199, 204] to six [17], with a
four-component solution most commonly extracted [162, 198, 200, 202] (Table 2-1).
Patterns were similar between studies with common patterns emerging. For example,

variations of “healthy” and “unhealthy” patterns were commonly observed.

Similar foods loaded strongly on the “unhealthy” patterns across studies. For
example, the ‘junk’ food pattern identified in UK three year olds [198], the
‘discretionary’ foods pattern identified in UK 15 and 24 month olds [162, 200], and
the ‘unhealthy’ pattern identified in Norwegian 18 month olds [160] were all
characterized by chocolate, sweets, and soft drinks. The ‘junk’ [198] and
‘discretionary’ [162, 200] patterns shared further similarities, both characterised by
crisps/potato chips. The ‘unhealthy’ pattern identified in two year old Norwegian
children [202] was also similar to these patterns, particularly the ‘junk’ pattern in
three year old UK children [198], with both characterised by sweets, soft drinks,

fried potato products, pizza and burgers/burger buns.

Similar foods loaded strongly on the “healthy” patterns across studies. The “healthy’
[198, 202], ‘wholesome’ [160] and ‘health conscious’ [204] patterns included pasta,
rice and fish whilst vegetables and legumes/beans/pulses loaded strongly on three
[160, 202, 204] of these four patterns, and fruit [160, 202], cheese [160, 198] and
potatoes [202, 204] loaded strongly on two of these four patterns. The ‘bread and
spread-based’ pattern identified in Norwegian two year olds [202] was similar to the

‘vegemite and bread’ pattern extracted in Australian 18 month olds [203]. That is,
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bread, margarine and spreads loaded strongly on both patterns. ‘Traditional” patterns,
characterised primarily by meat, vegetables, and potatoes were common in UK [162,
198, 200] and Norwegian [202] toddlers. Patterns characterised by convenience
foods such as commercial baby foods [162, 202] or biscuits, bread, yoghurt,

sweetened drinks [200] were also observed.

2.2.3 Validation of dietary patterns

Despite the widespread validation of dietary patterns in the adult literature [205] and
some in children [156], few studies in toddlers (Table 2-1) have conducted further
testing of patterns following extraction. This section examines studies that have
validated extracted dietary patterns identified in toddlers, by investigating their

association with nutrient intakes, socio-demographic factors and/or health outcomes.

2.2.3.1 Associations with nutrient intakes

Establishing the relationship between patterns and nutrient intake has been widely
undertaken in studies of adults [118, 205-207], yet only three studies in toddlers have
reported this relationship [204, 208, 209] (Table 2-1). Both the ‘home-made
contemporary’ (15 month old UK toddlers [204, 208]) and ‘health conscious’ (14
month old Norwegian [204] and three year old UK toddlers [209]) patterns were
negatively associated with total and saturated fat intakes, and positively associated
with health-promoting nutrient intakes such as polyunsaturated fat [204], fibre [209]
and/or several vitamins and minerals [208, 209]. Both the ‘traditional’ patterns in 15
month old and three year old UK toddlers were positively correlated with protein and
several micronutrients [208, 209]. Alternatively, the ‘western-like’ [204] pattern in
Norwegian 14 month olds and the ‘processed’ pattern in three year old UK children
were both positively associated with energy and total fat intake [204, 209] and
negatively associated with protein intake [204] or energy-adjusted nutrient intakes of
fibre, iron, zinc, magnesium and folate [209]. Similarly, the “discretionary’ pattern in

UK 15 month olds was associated with lower intakes of zinc, phosphorous and
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magnesium, and slightly higher intakes of sodium [208]. These studies highlight that

toddlers’ dietary patterns reflect underlying nutrient intakes in expected directions.

2.2.3.2 Associations with demographic factors

Consistent with the adult literature [118, 154], dietary pattern studies have shown
“healthy” and “unhealthy” patterns in toddlerhood to be associated with various
socio-demographic factors (n = 7/10) [17, 162, 198, 199, 201, 202, 204] (Table 2-1).
Several studies (n = 6) reported a relationship between “healthier” dietary patterns in
toddlers and higher maternal or paternal age and/or level of education [160, 162, 198,
199, 201, 202]. Additionally, “unhealthy” dietary patterns in toddlers have been
shown to be associated with greater number of siblings [160, 198, 199, 204] and
maternal smoking [160, 199, 202]. The association between white ethnicity and
dietary patterns, however, was mixed. “Healthy” patterns were shown to be
positively [198] and negatively [162] associated with white ethnicity, or positively
associated with non-white ethnicity [201]. Evidently, toddlers’ dietary patterns
reflect variations in their socio-demographic characteristics.

2.2.3.3 Associations with health outcomes

Several studies in adults have investigated the effect of dietary patterns on health
outcomes [118, 154, 205], yet, just over half of the studies characterising toddlers’
dietary patterns have examined this relationship (n = 6/10) [17, 162, 198-200, 204]
(Table 2-1). Outcomes were predominately adiposity-related and psychological
measures, with varied results published across the papers. In 12 month old toddlers
from the SWS cohort [199], no association was observed between “healthier” dietary
patterns and weight, length or skinfolds cross-sectionally [210]. However, follow up
at four years revealed a positive association between “healthier” patterns and lean
mass [16] but not BMI [16], fat mass [16] or bone mass [211]. “Healthier” patterns at

one year of age in this sample were positively associated with intelligence quotient
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(IQ) at four years of age [10]. In the ALSPAC toddler sample, a weak negative
association was found between the ‘junk’ pattern at three years and level of school
attainment [14]. “Healthier” dietary patterns at 15 and 24 months were positively
associated with 1Q at eight years of age, with the reverse seen for “unhealthy”
patterns [162, 200]. In three year old Ukrainian children, consumption of meat-
dominated patterns were associated with higher odds of being overweight [17]. In
Norwegian two year olds, the “health conscious’ pattern was negatively associated
with constipation at 24 months [204], whilst the ‘western-like’ pattern was positively
associated with constipation at 36 and 48 months [212]. Dietary patterns of toddlers

show associations with a range of health and development outcomes.

2.2.4 Summary — PCA-derived dietary patterns in toddlers

Dietary pattern analysis is a new, dynamic field in diet characterisation, with PCA-
derived toddler dietary patterns characterised in predominately European
populations. These patterns are not generalizable to Australian populations due to
variations in food intake resulting from cultural and food supply differences. One
study described dietary patterns of Australian 18 month olds [203], yet patterns were
not assessed against nutrient intake, socio-demographic factors, or health outcomes,
inhibiting their usefulness in informing tool items of a newly developed dietary risk
assessment tool for Australian toddlers. Thus, the lack of knowledge of valid dietary
patterns of Australian toddlers restricts development of a tool informed by age- and
population-specific, evidence-based dietary patterns. Nonetheless, these studies
demonstrate that dietary patterns can be described in toddlers, with similarities in
patterns between studies and across populations, highlighting the usefulness of PCA
to derive dietary patterns in populations of toddlers. Increasing our understanding of
Australian toddlers’ dietary patterns, and demonstrating their validity, will enable
identification of foods that show the highest variation within the population. These
foods will aid the selection of items to be included in the development of a short

dietary risk assessment tool for Australian toddlers.
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Table 2-1 Studies deriving dietary patterns of toddlers, aged 1 - 3 years, using principal components analysis (PCA) and testing of their properties.
Adapted from Smithers et al 2011 [156]

First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting, (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
Spence etal Intervention n=398/480 24-hour recall - -
(2013) study, (83%), Fruit — fruit, legumes,
[203] Australia, The  18mo meat meals with high
Melbourne veg content, and not
INFANT sweet drinks, crisps and
Program, savoury snacks, potato
(2008-2010) with fat, red meat
Vegetables — cooked,
non-starchy veg, starchy
veg other than potato,
potato with no fat, red
meat
Vegemite and bread —
vegemite, bread,
margarine, water,
confectionary, sweet
snacks
Kristiansen  Cross-sectional n=1373, 131-item FFQ reduced to  Unhealthy — lower scores associated -
etal (2012) study, Norway, 2y 46 food groups with girls ( -0.14 [-0.24, -0.04]),
[202] Norwegian Unhealthy — Sweets, breastfed children at 12mo (-0.17 [-
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,

year diet age diet description of PCA

assessed (if assessed patterns

available)

National salty snacks, sugar- 0.28, -0.06]), higher maternal age (<24y

Dietary Survey
(1999)

sweetened drinks, ice-
cream and pudding,
sausages, ketchup, cakes
and biscuits, hamburger
buns, sweet cereals, fried
potatoes, pizza

Healthy — veg, pasta,
potatoes, fruits and
berries, rice, fish, water,
stew with meat, veg and
potato, poultry

Bread and spread-based
— semi- and whole-grain
bread, butter/margarine,
meat, cheese, sweet
spreads and NOT
porridge and
unsweetened cereals

Low-fat milk, pancakes,
fruits and berries — low-
fat milk, pancakes, fruits
and berries and NOT
full-fat milk

v >335y, p-0.48 [-0.72, -0.25]), higher
maternal (e.g. school v university >4y,
-0.32 [-0.49, -0.14]) and paternal (p -
0.33[-0.49, -0.18]) education levels.
Higher scores associated more than one
child (e.g. 1 v>3, $0.27 [0.12, 0.42])

Healthy — lower scores associated with
girls (B-0.15 [-0.26, -0.04])

Bread and spread-based — lower scores
associated with girls (B-0.17 [-0.28, -
0.07]) and higher maternal age (<24y v
>35y B-0.31 [-0.56, -0.07]); higher
scores associated with >1 child (1 v 2,
B0.18 [0.05, 0.31]), mothers working
full-time ($-0.10 [-0.24, -0.04])

Low-fat milk, pancakes, fruits and
berries — lower scores associated with
girls (B-0.14 [-0.24, -0.03]); higher
scores associated with higher maternal
(e.g. school v university >4y, 8 0.26
[0.08, 0.44]) and paternal (B 0.20 [0.04,
0.36]) education levels and with >1child
(e.g. 1 v>3,$0.35[0.19, 0.51])
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,

year diet age diet description of PCA

assessed (if assessed patterns

available)
Kristiansen  Cross-sectional n=1472, 151-item FFQ reduced to  Unhealthy — lower scores associated -
etal (2012) study, Norway, 2y 47 food groups with girls (B-0.11 [-0.21, -0.01]), BF
[202] Norwegian Unhealthy — Sweets, children at 12 mo ($-0.14 [-0.25, -0.04]),

National higher maternal age ($-0.27 [-0.51, -

Dietary Survey
(2007)

salty snacks, ice-cream
and pudding, sweetened
drinks, ketchup, fried
potatoes, pizza, cakes/
biscuits, hamburger buns

Traditional — meat,
potatoes, fish, veg,
butter/margarine, semi-
and whole-grain bread,
sauces, stew with meat,
veg and potatoes, eggs

Healthy — pasta, rice,
pancakes, rice porridge,
tomato soup/other soup,
water, poultry, fish, veg,
fruits and berries

Baby food — porridge and
unsweetened cereals,
commercial baby food,
sugar: NOT grain breads
or cheese

0.02]), and mothers on leave ($-0.24 [-
0.41, -0.06]). Higher scores associated
>1 child ($0.68 [0.53, 0.82]), smoking
mothers ($0.16 [0.03, 0.30]).

Healthy —higher scores associated with
higher paternal education (e.g. school v
university >4y $0.19 [0.05, 0.34])

Baby food — lower scores associated
with mothers with more than one child
(e.g. 1 v2,p-0.19 [-0.31, -0.08]) and
higher maternal education level (e.g.
school v university >4y, 3-0.21 [-0.36, -
0.06]); higher scores associated with
higher maternal age (<24y v >35y, p0.33
[0.07, 0.58], and mothers on leave (full-
time v leave, 0.48 [0.30, 0.66])
Traditional — lower scores associated
with girls ($-0.15 [-0.25, -0.05]); higher
scores associated with smoking mothers
(no v yes, f0.25[0.11, 0.39]
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,

year diet age diet description of PCA

assessed (if assessed patterns

available)
Kiefte de Population- n=5088/789 211-item FFQ, reduced Health conscious - positively associated  Nutrient associations:
Jong et al based, 3 (20%) to 21 food groups with single parents ($0.30 [0.07, 0.52]),  (In Kiefte de Jong et al 2012 [204])
(2012) prospective 14mo Health conscious — pasta fully BF children to 4mo ([3018 ['0003, . _ "
[204] birth-cohort and rice, fruit, 0.36]); negatively with girls ($-0.11 [- Health conscious — positively correlated

study,
Rotterdam,
The
Netherlands

vegetables, potatoes,
legumes, meat, fish

Western-like — refined
bread and breakfast
cereals, soup and sauces,
savoury snacks, animal
fats, confectionary,
sugar-containing
beverages, meat.

0.20, -0.01]), maternal alcohol intake
during pregnancy ($-0.10 [-0.20, -0.01]),
maternal comorbidity (B-0.29 [-0.57, -
0.01])

Western-like — positively associated with
low paternal education (high v mid, -
0.16 [-0.07, 0.25; high v low B-0.41
[0.13, 0.70])]) and household income (3
0. 91 [0.07, 0.32]), paternal smoking
(B0.12 [0.03, 0.21]), maternal smoking
(B0.16 [0.04, 0.27]), high maternal BMI
(B0.02 [0.01, 0.03]), multi-parity (0.22
[0.16, 0.29]), high infant age ($0.10
[0.08, 0.12]); negatively with paternal
(B-0.01 [-0.02, -0.003]) and maternal
age (B-0.03 [-0.04, -0.01]), girls (-0.19 [~
0.26, -0.11]), solids after 6 mo (p-0.14 [-
0.22, -0.05]).

with energy (r=0.3), protein (0.10),
polyunsaturated fat (0.10); negatively with
total fat (-0.10) and saturated fat (-0.10)

Western-like — positively associated with
energy (0.5) and fat (total [0.10], saturated
[0.11], monounsaturated [0.10],
polyunsaturated [0.20]), and negatively
with protein (-0.20)

Health/development associations:

(In Kiefte de Jong et al 2013 [212])

Health conscious — associated with a lower
prevalence of constipation at 24mo (OR
0.65 [0.44, -0.96]), but not 36 or 48mo

Western-like — no association with
constipation at 24mo but positively
associated with constipation at 36 (DNR)
and 48mo (OR 1.39 [1.02, 1.87])
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
Smitherset  Prospective n=5610/145  70-item FFQ Herbs, raw fruit and vegetables/home- Nutrient associations:
al (2012) Cohort Study, 41 (39%) Herbs, raw fruit and made contemporary - positively (In Smithers et al (2012) [162])
[162] UK, 15mo vegetable (later termed ~ associated W-lth maternal age (p 0.48 Home-made contemporary- negatively
Avon Home-made [0.30,0.67]); negatively assaciated With s iateq with total fat (T1 v T3, 48.0 v
Longitudinal contemporary) — herbs, ~ Peing married (-0.12 [0-0.20, -0.04]) 46.6g) and saturated fat (23.4 v 2’1.89)'
Study of spices, legumes, nuts, and white ethnicity (8-0.37 [-0.53, - positively with vitamin and minerals (é.g.
Parents and raw fruit, raw veg, raw  0.20]). Mg 146 v 158mg, folate 124 v 131ug)
Children carrot, other veg, cheese, Discretionary foods — positively

(1991-1992)

fish, apple juice
Discretionary foods —
biscuits, chocolate,
sweets, crisps, other
savoury snacks, baked
beans, sauces, fizzy
drinks, added sugar

Ready-prepared baby
foods — Baby: milk
pudding, fruit pudding,
meat, fish, veg, rice
cereal/other cereal/rusks
Reverse meat, vegetables
and desserts (Home-
made traditional) —
negative on meat, fish,

associated with maternal BMI >30kg/m*
(B0.43[0.31, 0.55])

Ready-prepared baby foods — positively
associated with older maternal age
(B0.29 [0.10, 0.48]), not being married
(B-0.12 [-0.20, -0.03]), and no siblings
(none v 2+, -0.24 [-0.33, -0.15]).

Reverse meat, vegetables and
dessert/Traditional - negatively
associated with mother being married
(B-0.25[-0.33, -0.16])

Discretionary — negatively associated with
zinc (5.1 v 4.6mg), phosphorous (900 v
860mg) and Mg (157 v 144mg); positively
with Na (1.38 v 1.429)

Ready-prepared baby foods —positively
associated with sugar (71.7 v 76.7g), iron
(4.8 v 5.1); negatively with Na (1.5 v 1.49)
Traditional —positively associated with
protein (40.1 v 42.6Q), saturated fat (21.8 v
22.8g), Ca (764 v 817mg), vitamin B12
(2.9 v 3.2ug), phosphorus (866 v 901mg);
negatively with CHO (139 v 136g), vitamin
D (1.2 v 1.1ug), vitamin E (4.4 v 3.9mg)
Health/development associations:

(In Smithers et al (2012) [200] )

Home-made contemporary - associated
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
yoghurt, pudding, with IQ at 8y (full scale 1Q, $0.67 [0.07,
potatoes, veg, sauces 1.26]; verbal 1Q f0.63 [0.004, 1.25]).
Discretionary foods - weak negative
association with IQ 8y (full scale, $-0.86 [-
1.52, -0.20]; verbal -1.20 [-1.90, -0.50]).
Ready-prepared pattern — weak negative
association with IQ at 8y (full scale, p-1.11
[-1.71, -0.50]; verbal p-1.18 [-1.78, -0.59];
performance -0.71 [-1.34, -0.09]).
Smitherset  Prospective n=6366/145 72-item FFQ - Health/development associations:
al (2012) Cohort Study, 41 (44%) Home-made traditional — (In Smithers et al (2012) [200])
[200] UK, 24mo potatoes, other Home-made traditional — weak negative
Avon vegetables, meat association with 1Q at 8y (full scale 1Q, B-
Longitudinal products, gravy/soy 0.57 [-1.03, 0.01])
gggztggn q sauce, green beans Contemporary — positive association with
Children Contemporary — 1Q at 8y (full scale IQ, $0.90 [0.13, 1.66];

(1991-1992)

legumes, raw apple,
other, raw fruit, herbs,
cheese, apple juice, other
fruit juice, egg
Discretionary — crisps,
sweets, fizzy drinks,

verbal IQ B0.80 [0.08, 1.52]).

Discretionary — weak negative association
with 1Q 8y (full scale, p-0.68 [-1.36, -0.01])

Ready-to-eat foods —positively associated
with 1Q 8y (full scale, $0.76 [0.23, 1.29];
verbal $0.90 [0.36, 1.44])
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
chocolate, cola, tomato
ketchup, savoury snacks,
baked beans, biscuits
Ready-to-eat foods —
biscuits, bread/toast,
breakfast cereal, cola,
yoghurt, milk pudding
Northstone  Prospective n=10422/14  53-item FFQ Family foods - positively associated -
and Emmett  Cohort Study, 541 (72%) Family foods — bread, with maternal age ($0.19 [SE 0.06]) and
(2012) UK, 24mo breakfast cereal, biscuits, €ducation (B 0.50 [0.03]); negatively
[201] Avon milk-based and fruit- with children living in council/housing
Longitudinal based puddings, meat, accommodation (-0.27 [0.03]), non-
Study of fish, cheese, potatoes, white ethnicity (white v non-white, -

Parents and
Children [213]
(1991-1992))

other vegetables, fresh
fruit, yoghurts, squash/
cordial, cow’s milk

Sweet and easy —
potatoes, baked beans,
peas, soup, fizzy drinks,
tea/coffee, flavoured
milk, crisps, sweets,
chocolate

Health conscious —

0.48 (0.06])

Sweet and easy - negatively associated
with maternal age ($-0.56 [0.06]) and
education ($-0.47 [0.03]); positively
with living in council accommodation (3
0.20 [0.04]), parity ($0.17[0.33]),
maternal unemployment (0.11 [0.02]),
financial difficulties ($0.09 [0.02])

Health conscious -positively associated
with maternal age ($0.34 [0.06]),
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:

(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
legumes, raw veg, other  education ($0.06 [0.03]) non-white
veg, fresh fruit, fish, ethnicity ($0.42 [0.06]), maternal ‘health
eggs, cheese, fruit juice,  conscious’ dietary pattern (per 1SD
fruit puddings, nuts increase, $1.25 [0.04]).
Friedman et  Prospective n=883/4510  104-item FFQ reducedto - Health/development associations:
al (2009) cohort study,  (20%) 22 food items Meat (unadjusted OR 1.37 [1.04, 1.81] p =
[17] Ukraine, 3y Meat 0.024; adjusted OR 1.62 [1.13, 2.33] p =
EUfOPea(T_ I Staples 0.008), but not other patterns, associated
ongitudina ith i th i
Stud%/ o Noodles and pasta with increased odds of BMI >85" percentile
Pregnancy and Fruit and Vegetables
Childhood Breakfast foods
(ELSPAC) Snacks
(1992-1993) (Food loadings not
reported)
Ystrometal Survey, n=27763/28, 36-item FFQ Unhealthy — negatively associated with
(2009) Norway, 242 (98%), Unhealthy — Chocolate’ maternal age (B-003 ['004, ‘003]),
Child Cohort drinkS, Cakes’ Cookies’ pOSitively with SmOking (BOO9 [015,
Study (MoBa) waffles, bread and jam  0.23]), BMI ($0.02[0.02, 0.02]),
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:
(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
(1999-2008) or honey, pancakes several children ($0.37 [0.35, 0.39]) and
Wholesome — raw and maternal negative affectivity ($0.09
boiled vegetables, fish, ~ [0.07,0.10]).
fruit, plain yoghurt, rice, Wholesome — negatively associated with
peas, beans, bread with maternal BMI ($-0.01 [-0.01, -0.01]),
fish, cheese or meat smoking ($-0.19 [-0.24, 0.15]), several
products, soured milk, children (-0.10 [-0.12, -0.08]), boys (B-
pasta and meat 0.07 [-0.10, -0.04)); positively with
maternal age ($0.02 [0.02, 0.03]),
education ($0.08 [0.07, 0.08]).
Robinson et Prospective n=1434/198 78-item FFQ reduced to  Infant guidelines — associated with Health/development associations:
al (2007) cohort study, 1(72%), 46 food groups maternal education (0.06 [0.02, -0.10]),  |nfant guidelines/adult foods - not
[199] UK, 12mo Infant guidelines —home-  prudent diet ($0.28, [0.22, 0.34]), lower  associated with weight, length or skinfolds
Southampton prepared foods, cooked ~ birth order ($-0.14 [-0.21, -0.08]). (Baird et al 2008 [210])
\S/\L/J?\r/zi/n(i998- and salad veg, beans, Adult foods - negatively associated with  |nfant guidelines - No association with
meat, fls_h, egg, cheese, maternal age (p-0.04 [-0.05, -0.03]), bone mass 4y (Harvey et al 2009 [211])
2001) fresh fruit education (-0.11 [-0.15, -0.07]),

Adult foods —cow’s milk,
white bread, French
fries, sweets, chips,
processed meat, tinned
veg, biscuit

prudent diet ($-0.22 [-0.27, -0.16]);
positively with maternal BMI ($0.01
[0.004, 0.02]), smoking ($0.07 [0.001,
0.14]), higher birth order (f0.29 [0.23,
0.34), earlier solid intro ($-0.22 [-0.28, -
0.16]).

Infant guidelines — positively associated
with lean mass, but not fat mass or BMI at
4y (Robinson et al 2009 [16])

Infant guidelines - positively associated
with 1Q at 4y (Gale et al 2009 [10])
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First author, Study design, Sample size  Dietary intake tool, Associations with child, family or socio- Associations with nutrient intakes:

(year) country/setting,  (particip- dietary data processing demographic factors associations with health or development
reference cohort name, ation rate), prior to pattern analysis,
year diet age diet description of PCA
assessed (if assessed patterns
available)
North and Prospective n=10139/14  43-item FFQ Junk — associated with younger (3-0.68  Health/development associations:
Emmett cohortstudy, 541 (70%),  Junk (later termed [0.80, -0.56]), less educated (B-0.73 [ (In Feinstein et al 2008 [14] ~-DNR)
(2000) UK, Avon 3y processed) — sweets, soft 0.81, -0.63]), unemployed (no v yes, B- 5,5 pattern - negatively associated with
1 ' 1 o level of school attainment (6-7y and 10-
Study of buraers. pies. chips [0.19, 0.39]) mothers, older siblings (>1 . .
gers, pies, chips, 11y) - weak following adjustment
Parents and white bread, pizza v 0, 0.22 [0.18, 0.26]) ) ; )
Children . ’ . . . Health conscious - associated with
flavoured milk Healthy — associated with white .
ALSPAC) . attainment at 10-11y
( Healthy (later termed ethnicity (B0.53 [0.42, 0.64]), maternal : o
(1991-1992) health conscious — education (B0.57 [0.49, 0.65]), Nutrient associations:
pu|sesi Vegetarian fOOdS, Vegetarianism (B102 [093, 1.1 1]) (In Cribb et al 2013 [209])
rice, pasta, salad, fruit Traditional British —associated with Processed — positively correlated with
juice, fish, water, eggs, girls (boys v girls, B-0.11 [0.16, -0.07]),  energy (0.48), total fat (0.26), MUFA
cheese no siblings (>1 v 0, -0.15 [-0.19, (0.41), SFA (0.14), sugar (0.15)
Traditional British (later 0-10]), smoking mothers (0.16 [0.06,  Health conscious — negatively correlated
termed traditional) — 0.27]) with total fat (-0.15), MUFA (-0.21), SFA
meat, poultry, green and  Snacks — associated with higher (-0.17), CHO (-0.01), sugar (-0.11)
root veg, peas, sweet maternal education (30.41 [0.33, 0.50]),  Traditional — negatively correlated with
corn older siblings (B0.17 [0.12, 0.21]), non-  total fat (-0.06), MUFA (-0.06), PUFA (-
Snacks — puddings, white ethnicity (white v non-white (B-  0.06), SFA (-0.03), CHO (-0.23), sugar (-
biscuits, cakes/buns, 0.38[-0.50, -0.27]) 0.04), Na (-0.05)

squash, fruit

Abbreviations: BF, breastfed; Ca, calcium; CHO, carbohydrate; DNR, data not reported; mo, months; Mg, magnesium; MUFA, monounsaturated fatty
acids; Na, sodium; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; T, tertile; veg, vegetables; y, years
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2.3 Dietary patterns of Australian toddlers

The following section aims to describe, and validate, dietary patterns of Australian

toddlers. It contains material from:

Bell L, Golley R, Daniels L, Magarey A (2013) Dietary patterns of Australian
children aged 14 and 24 months and associations with socio-demographic factors and

adiposity, European Journal of Clinical Nutrition, 67(6): 638-45

As this section is based on the above paper (presented in Appendix 1 - Papers,
conference presentations and awards/prizes arising from this thesis), some repetition
with previous sections might be encountered. Small alterations have been made to
the published manuscript to provide further depth to this thesis, including additional
tables, figures and discussion content. At the time of publication, no studies had
described dietary of Australian toddlers. However, in 2013 Spence et al [203]
published data on PCA-derived-dietary patterns of toddlers aged 18 months of age
from the Melbourne Infant Feeding Activity and Nutrition Trial (INFANT) program.

Details of this study have been incorporated into this section where applicable.

2.3.1 Introduction

Nutritional research has expanded to consider the effect of whole diets, in addition to
individual nutrients and foods on health [116]. Summarising multiple dietary
components into an overall diet measure takes into account correlations between

dietary constituents by exploring the effect of food combinations [116, 117].

Whole diet measures can be based on food intake assessed against a pre-determined
index, or empirically, whereby variables are reduced into a small number of
components through statistical manipulation [116]. For example, factor analysis is
used to derive a dietary pattern score reflecting foods that correlate with each other

[162]. In adults, and less so in children [156], dietary patterns have been shown to be
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associated with health outcomes [118, 154, 156, 205] and socio-demographic factors
[118, 156].

Although early life is a significant period when dietary preferences and habits are
first established, laying the foundation of adult eating habits [28, 29, 44, 214] whole
of diet patterns have rarely been characterised in children under two years [156]. As
dietary patterns are likely to be age-specific, understanding early life dietary patterns,
their determinants and their influence on later health is important for developing
strategies to improve nutrition in early childhood. Principal components analysis
(PCA) is a common type of factor analysis technique [117] that has shown “healthy”
and “unhealthy” patterns in the first two years of life to be associated with adiposity
measures [16], later 1Q [16, 160], and maternal age and education level [160, 162,
199, 201]. However, these patterns have been characterised in predominantly
European populations [160, 162, 199, 201, 204].

Given that dietary pattern analyses are data-dependent, and thus not generalisable to
other populations, understanding Australian early life dietary patterns and their
predictors is important. Further, as comparison of dietary pattern scores against
nutrient intakes provides an important verification that pattern analysis can detect
meaningful differences in nutrient intake [156], it is necessary to determine the
underlying nutrient profiles of extracted patterns. Lastly, considering that in 2007
21% and 18% of Australian boys and girls, respectively, aged 2 - 3 years, were
reported as being overweight [59], it is of interest to investigate whether early life
dietary patterns predict adiposity. To our knowledge, only one study has described
PCA-derived dietary intakes of Australian toddlers [203], yet patterns were not

assessed against nutrient intakes, demographic factors or health outcomes.

We aimed to (1) describe dietary patterns of Australian children aged 14 and 24

months; (2) identify the socio-demographic determinants of observed dietary
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patterns; (3) investigate the underlying food, energy and nutrient profiles of dietary

patterns; and (4) examine associations between dietary patterns and child adiposity.

2.3.2 Methods

2.3.2.1 Study design

A secondary analysis of dietary data collected for two Australian studies (described
below) was conducted. Dietary patterns of Australian toddlers and socio-
demographic predictors were determined using cross-sectional data collected at two
points; when children were aged approximately 13 - 16 months and 22 - 25 months.
The association between dietary patterns and child adiposity was assessed both cross-
sectionally and longitudinally

2.3.2.2 Dataset

Data from the NOURISH [211] and South Australian Infant Dietary Intake (SAIDI)
studies were used to determine dietary patterns of Australian toddlers. NOURISH
was a multi-site (Brisbane and Adelaide, Australia) obesity prevention randomised
controlled trial, comparing a feeding intervention with usual practice [215]. Data
from control participants are used in the present study (Figure 2-4). SAIDI was a
concurrent longitudinal study of infant and toddler dietary intake [216]. Common

recruitment, assessment and dietary intake protocols were used for both studies.

Subjects were recruited between March 2008 - April 2009 (NOURISH) and
September 2008 - March 2009 (SAIDI) in a two-stage process; mothers delivering
healthy infants (>37 weeks gestation, >2500g) were approached (stage one) for
permission to be re-contacted approximately three months later for full enrolment in

the study when written informed consent was obtained (stage two) (Figure 2-4).
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NOURISH participants were first time mother-infant dyads recruited from post-natal

wards of major maternity hospitals in metropolitan Adelaide (Flinders Medical

Centre, Lyell McEwin and Children, Youth and Women's Health Service) and

Brisbane (Royal Brishane Women's Hospital, Logan Hospital and Mater Hospital).

SAIDI participants were not necessarily first-time mothers and were recruited

postnatally from hospitals in metropolitan Adelaide (as above) and regional South

Australia (Murray Bridge Soldiers Memorial Hospital, Mt Barker Hospital, Mt

Gambier and Districts Health Service, Whyalla Hospital, Port Lincoln Hospital).

Inclusion and exclusion criteria for each study are detailed in Table 2-2. Ethics

approval was obtained from Flinders Medical Centre, Queensland University of

Technology and the ethics committees required to cover all recruitment sites.

Table 2-2 NOURISH and SAIDI study inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Healthy term infants (=37 weeks,
>2500g)

Mothers delivering this infant as their
first live infant (NOURISH only)

Mothers at least 18 years of age

Mothers willing and able to attend
sessions at designated metropolitan
child health clinics

Mothers with facility with written and
spoken English

Infants with a diagnosed congenital
abnormality or chronic condition likely to
influence normal development (including
feeding behaviour)

Mother with a documented history of
domestic violence or intravenous substance
abuse

Mother with a self-reported eating,
psychiatric disorder or mental health
problem (measured by The Kessler
Psychological Distress Scale (K10) [33].
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2.3.2.3 Data collection and entry

2.3.2.3.1 Dietary data

Primary caregivers were phone interviewed by a Dietitian trained in a standard
protocol about their child’s food and beverage intake using a multiple-pass 24-hour
recall [217]. Caregivers recalled everything their child ate or drank in the previous 24
hours (pass one) and the amount consumed (pass two). Following that, the Dietitian
repeated what and how much was consumed to confirm (pass three). Measuring
spoons and a measuring sheet with life-size images of spoon, cup and bottle sizes
were provided to assist with estimating serve sizes. Times not suitable to be called
were previously identified to maximise successful contact. Unscheduled recalls
aimed to avoid primary caregivers knowing when they would be called to ensure
feeding on the day recalled was usual practice. For dishes prepared at home, recipes
with ingredient quantities and the amount the child consumed were recalled. For
breastfeeds, time (in minutes) the child spent suckling was recorded, and breast milk
consumption quantified as 10g per minute to a maximum of 10 minutes per feed
[218]. Post interview, primary caregivers were allocated two days on which to record
their child’s food and beverage intake in a food diary, thus providing three days of

dietary intake (two weekdays and one weekend day).

Data were entered by Dietitians into FoodWorks Professional [219] version 9, using
the AUSNUT 2007 food composition database from the 2007 National Children’s
Nutrition and Physical Activity Survey [220]. Additional commercial infant food and
formula product data were sourced from websites, the companies or nutrient
information panels. Foods entered into FoodWorks have an eight-digit code
(available from Food Standards Australia New Zealand for all items in the
AUSTNUT 2007 database [220]) which allows categorisation of foods into food
groups at a number of levels; (i) the first two digits categorize foods into the broad
food group such as cereal products and dishes, milk products and dishes, fruit,
vegetables, non-alcoholic beverages etc.; (ii) the first three digits categorize foods

into sub-groups within the broad food groups, for example, up to 11 vegetable sub-
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groups such as potatoes, carrot and similar root vegetables, peas and beans; (iii) the
first five digits categorize foods further into sub-groups, for example, potato dishes
and potato products (iv) the seven or eight digits represent the individual food, for
example, mashed potato or potato chips. Additional new foods were assigned an
appropriate code. Unclear coding decisions were discussed between study
investigators and managed by a single dietitian. For recipes including items from
several food groups, this code was based on the item that made the greatest
contribution by weight while also reflecting that it was a mixed dish. Although
macro- and micro-nutrient data are provided for all foods entered in the AUSNUT
2007 database, the complete nutrient profile was often not available for additional
infant products. A data-cleaning protocol was applied and included assessing
reasonability of food and beverage quantities, and checking for extreme energy and
nutrient intakes. Data were exported from FoodWorks into Access, merged with the
food code and exported into SPSS (SPSS Inc., Chicago, IL, USA).

2.3.2.3.2 Anthropometric data

Child weight (to the nearest 10g, 13 - 16 months, or 50g, 22 - 25 months) and
length/height (to the nearest 0.5cm, 13 - 16 months, or 0.1cm, 22 - 25 months) were
measured without clothing (13 - 16 months) or without shoes and heavy garments
(22 - 25months) by trained study staff at an assessment appointment. If unable to
attend an assessment appointment, children were weighed and measured at their local
Child Health Clinic or General Practitioner (approximately 17%). Body Mass Index
(BMI, kg/m?) was calculated and converted to age- and sex- specific z-scores using a

computer program containing World Health Organisation reference data [221].

2.3.2.3.3 Child and maternal socio-demographic data

At birth, child gender and maternal parity were collected from medical records.
Maternal age, education, country of birth, marital status and self-report pre-
pregnancy weight status were collected via questionnaire. Maternal education was
reported as the highest completed level of six categories (Table 2-3) and collapsed
into three: (1) school, (2) trade/TAFE, (3) university. Marital status was reported
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from five (Table 2-3) categories, and collapsed into two: (1) partnered, (2) not
partnered. Maternal weight status was reported from five three categories (Table 2-3)

and collapsed into two: (1) overweight, (2) not overweight.

At 13 - 16 and 22 - 25 months, maternal smoking status, age of introduction to solids,
and breastfeeding status (yes/no), including age of breastfeeding cessation if
applicable, were obtained via questionnaire (Table 2-3). Information from both times
was combined to provide complete data. Breastfeeding data were categorised into
four categories reflecting duration: (1) never breastfed, (2) up to 6 months, (3) 6 to
12 months, (4) longer than 12 months. Smoking status was reported from four
categories (Table 2-3) and collapsed into three: (1) never smoked, (2) quit, (3)

current smoker.

Child age at each time was calculated using date of birth and the respective recall
date (Table 2-3). The Index of Relative Socio-Economic Advantage and
Disadvantage, one of four Socio-Economic Index for Areas indices that rank
geographic areas across Australia, was applied to postal code (Table 2-3). The Index
of Relative Socio-Economic Advantage and Disadvantage scores areas on a
continuum of disadvantage (lowest score, 1) to advantage (highest score, 10) [222],
providing a Socio-Economic Index for Areas (SEIFA) decile.
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Table 2-3 Summary of socio-demographic data collected at birth (stage 1 recruitment), 13 -
16 months and 22 - 25 months'

(Brar;rc]ical Birth/s_tage 1 Recruitment 13 - 1(_3 mon_ths 22 - 25 mopths
notes) (questionnaire) (questionnaire) (questionnaire)
Child Country of birth Smoking status Smoking status
gender  Australia (yes/no) e Do not e Do not
If no, country of birth was smoke at all smoke at all
specified e Usedto e Usedto
smoke, but smoke, but
no longer do no longer do
e Lessthan e Lessthan
once a day once a day
e At least once e At least once
a day a day
Maternal Maternal age Breastfeeding Breastfeeding
parity Calculated using maternal ~ duration duration

DOB and child’s DOB

Highest education level

Less than year 10
Year 10/11

Year 12
Trade/apprenticeship
TAFE/college
certificate

University

Marital status

Single/never married
Married

Defacto
Divorced/separated
Widowed

Self-reported pre-pregnancy
weight status

underweight
normal weight
overweight

Q: Are you currently
breastfeeding your
child? (yes/no)

If no; Q: how old
was your child when
you stopped
breastfeeding?

Age of introduction
to solids

Q: At what age was
your child first given
solid or semi-solid
food regularly??

Child age®
Calculated using
recall date and DOB

Q: Are you currently
breastfeeding your
child? (yes/no)

If no; Q: how old
was your child when
you stopped
breastfeeding?

Age of introduction
to solids

Q: At what age was
your child first given
solid or semi-solid
food regularly??

Child age®
Calculated using
recall date and DOB

Abbreviations: DOB, date of birth
'all factors are maternal characteristics, unless otherwise specified
“regularly = more than twice a week for several continuous weeks
3data not collected via questionnaire
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2.3.2.4 Dietary pattern analysis

Dietary patterns were extracted using PCA. All dietary data (13 - 16 months/22 - 25
months; 1 day n = 136 (25%)/122 (25%), 2 days n = 7(2%)/7 (1.4%) and 3 days, n =
409 (74%)/364 (74%)) were kept in the analysis. Two and three days data were
averaged and daily food (g), energy and nutrient intake determined per person.

23.24.1 Food grouping

The large number of foods and beverage items consumed (1621, 13 - 16 months;
1967, 22 - 25 months) were grouped into interpretable and meaningful categories to
use as input variables for PCA. First, dietary supplements and cooking agents (for
example, gelatin, wine) were eliminated as they do not represent children’s usual
intake. Second, foods were grouped into food groups of interest based on their
nutrient profiles, recommendations for consumption according to the Australian
Dietary Guidelines [8] and the accompanying Australian Guide to Healthy Eating
[94], and the new Australian Food Modelling System categorisation [223]. Foods
recommended to be consumed every day are described as “‘core’ foods, covering five
‘core’ food groups (fruit; vegetables/legumes; breads/cereals/rice/pasta/noodles; lean
meat/fish/poultry/eggs/nuts/legumes; milk/yoghurt/cheese) [8, 94]. Foods not
included in the “core’ food groups are described as ‘non-core’ (that is, energy-dense,
low-nutrient) foods. Sixty-nine groups at 13 - 16 months and 73 groups at 22 - 25

months were created and included in the analysis (Table 2-4).

123



Table 2-4 Food groups and food group descriptions

Food group Food group description
Infant meat-based dinners Commercial infant egg-, fish-, meat-based dinners
Fruit: fresh Raw or stewed fresh fruit (pome, berry, citrus, stone, tropical, other)

Infant fruit-based desserts
Flours and grains

Formula

Bread: non-white

Infant vegetable-based dinners
Infant milk-based desserts
Vegetables: other

Cheese

Butter

Eggs

Oil

Nuts and seeds

Infant cereal products

Poultry and feathered game
Vegetables: green and brassica
Pasta

Water

Potatoes: high fat

Meat; muscle, game and organ
Potatoes: low fat

Other beverages
Chocolate and chocolate
products

Commercial infant fruit and fruit-based desserts.

Rice (brown/white), flour (wheat-based, gluten-free, cornflour), barley, quinoa, polenta, semolina, couscous, sago,
food thickener, millet, tapioca

All infant and toddler formula

Rye, wholemeal, wholegrain breads and bread rolls

Commercial infant vegetable and vegetable-based dinners

Commercial infant custard or yoghurt

All other vegetables including mixtures of two or more vegetables

Cheese, cream cheese, cream cheese dips

Butter, ghee

Eggs (boiled, poached, fried, baked), mixed dishes where egg is the MC (e.g. scrambled eggs)

Oil (all types)

Seeds, seed products (e.g. tahini), nuts, nut products (e.g. peanut paste, coconut milk/cream)
Commercial infant cereal (e.g. porridge, mixed grain cereal), commercial infant pasta and rice dishes
Chicken, duck, turkey

Broccoli, brussel sprouts, cabbage, cauliflower, lettuce, spinach, green peas, green beans

Pasta (white/wholemeal-based; plain/filled) without sauce, noodles (rice/wheat-based)

Water (still, carbonated, sports type, added to formula, added to drinks e.g. juice or cordial)

Potato fries, chips, gems/nuggets, wedges, hash browns (commercial, frozen-style, home-made)
Beef, lamb, veal, pork, rabbit, kangaroo, lamb brains

Potatoes boiled, potatoes mashed (with/without milk/butter), potatoes scalloped/baked (with/without
milk/butter/cheese)

Flavoured beverage bases, probiotic drink, sports drink powder

Chocolate and yoghurt-based confectionary
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Vegetables: orange

Dairy yoghurt: whole fat
Tea and coffee

Custard

Flavourings

Vegetables: home-style MD
Soup

Fish and seafood: packaged
Bread: white

Dairy milk: whole fat
Margarine and table spreads
Fruit and vegetable juice
VVegemite-type spreads
Breast milk

Fish and seafood: fresh
Frozen milk products
Breakfast cereal: cold type
Processed meat

Sugar and sugar products
Savoury sauces and
condiments

Pastries

Breakfast cereal: hot type
Cordial and soft drink
Cereal: home-style MD

Infant drinks
Cereal, fruit and nut bars
Legumes and pulses

Carrot, sweet potato, pumpkin

Whole or high fat dairy yoghurt

Tea (regular, herbal), coffee

Dairy custard

Salt, pepper, herbs, spices, seasonings, stock, essences

Mixed dishes where vegetables are the MC (e.g. vegetable pasta sauce, vegetable mash)

Homemade, prepared/ready to eat soup, canned condensed soup, dry soup mix

Canned fish (e.g. tuna, salmon, anchovy)

White flour breads and bread rolls (including high fibre white)

Whole or high fat milk (cow, sheep and goat), evaporated milk, condensed milk, milk powder

Margarine and table spreads

Fruit and/or vegetable juice (regular, no added sugar, added vitamin c)

Vegemite, promite, marmite

Human breast milk

Fresh fish, crustacea and molluscs, fish roe

Ice cream, frozen yoghurt

Breakfast cereals typically consumed cold (e.g. wheat-based, multigrain, puffed rice, flakes, muesli)
Sausage, bacon, ham, corned beef, frankfurt/cheerios/saveloy, devon/fritz, kabana/cabanossi, mortadella, salami,
chicken/turkey roll, mixed dishes where pork/bacon/ham are the MC

Sugar, honey, syrup (golden, maple), jams and sweet spreads, sweet sauces, toppings, sugar-based desserts
Gravies and savoury sauces (including pasta and simmer sauces), pickles, chutneys and relishes, salad dressings

Pie, sausage roll, pasty, quiche, spring roll, dim sim, croissant, savoury scroll, pastry sweets (e.g. éclair, custard tart)
Breakfast cereals typically consumed hot (e.g. oats, porridge, semolina)

Cordial (<25% fruit juice, cordial concentrate) and soft drink

Sandwiches and filled rolls, taco’s, savoury pasta/noodle and sauce dishes (e.g. lasagne, stir-fry noodles), savoury rice-
based dishes (e.g. sushi, risotto, fried rice, rice porridge) (homemade or commercial)

Commercial infant fruit juice

Muesli bar (chocolate/non-chocolate coated), fruit bar, cake-based bar, fruit-based confectionary (e.g. apricot delight)
Beans (cannellini, mixed, red kidney, chickpea, soy) and lentils
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Sweet biscuits and cakes
Bread: other

Other dairy products
Confectionary

Meat: home-style MD
Snack products

Poultry: home-style MD
Cereal: take away-style MD?
Poultry: high fat MD?

Fruit: dried?

Fish and seafood: home-style
MD?

Legume and pulse MD

Infant gels

Fish and seafood: high fat
Savoury biscuits

Infant desserts: other
Dairy milk: reduced fat
Dairy yoghurt: reduced fat
Dairy alternatives

Dairy blends

Fruit: home-style MD*
Fruit: packaged

Meat: high fat MD?

Sweet biscuits, cakes, cake-type desserts (buns, muffins, scones) and other batter-based products

English-style muffins, flat breads, savoury filled or topped breads and bread rolls, sweet breads

Dairy desserts (e.g. mousse), cream, flavoured milk

Lollies and other confectionary, liquorice, hundreds and thousands, marshmallow

Home-style mixed dishes where meat (beef/veal/lamb) is the MC (e.g. beef bolognaise, lamb stew)

Crisps (potato-, corn-, soy-, vegetable-based), popcorn, pretzels, extruded cheese/non-cheese flavoured snack, savoury
crackers with cheese dip

Home style mixed dishes where poultry (chicken/duck/turkey) is the MC (e.g. chicken stew/curry/stir fry)

Pizza, hamburgers, savoury dumplings (chain-style, frozen-style, homemade),

High fat mixed dishes where poultry (chicken/duck/turkey) is the MC (e.g. chicken patties, crumbed/topped/filled
chicken, battered duck)

Dried and preserved fruit, dried fruit and nut mix

Mixed dishes where fish or seafood is the MC (e.g. tuna mornay, fish casserole)

Baked beans, hummus, pappadams, beans, lentils, tofu, falafel, vegetarian sausage, mixed dishes where legumes and
pulses are the MC (e.g. lentil/legume curry)

Commercial infant fruit-flavoured gels

Crumbed or battered fish (including fish fingers), crumbed or battered crustacea and molluscs

Savoury biscuits, rice/corn crackers and cakes (flavoured/unflavoured)

Commercial infant rusks, breadsticks, biscuits, muesli, rice bars, cakes

Reduced, skim or non-fat milk (cow, sheep and goat)

Reduced, low or no fat dairy yoghurt

Rice/soy milk, soy-cheese, soy-based ice confection, soy-based yoghurt

Dairy blend spreads

Mixed dishes where fruit is the MC (e.g. fruit with cereal)

Canned/tubs fruit (pome, berry, citrus, stone, tropical, other)

High fat mixed dishes where meat (beef/lamb/veal/pork) is the MC (e.g. meat patties, crumbed/topped meat)

Abbreviation: MC, major component; MD, mixed dishes
'Food group at 13-16 months only
’Food group at 22-25 months only
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2.3.2.4.2 Principal components analysis (PCA)

To determine whether a meaningful PCA could be performed several factors
(correlation matrix, Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy,
Bartlett’s test of sphericity, communalities) were inspected [224]. The correlation
matrix demonstrates the strength of the relationship among food groups [225]. It
should include several sizeable correlations, with at least some exceeding >0.30
[225]. This was true for both 13 - 16 month and 22 - 25 month correlation matrixes
(data not shown). The KMO [226] is a ratio of the sum of squared correlations to the
sum of squared correlations plus the sum of squared partial correlations [225]. It also
represents the strength of the relationship among variables. A KMO >0.5 indicates
sampling adequacy [225]. At 14 and 24 months respectively, the KMO was 0.47 (0.5
rounded) and 0.48 (0.5 rounded), indicating a satisfactory PCA could be performed.
Bartlett’s test of sphericity [227] tests the hypothesis that the correlations in a
correlation matrix are zero. At 13 - 16 and 22 - 25 months, the Bartlett’s test of
sphericity was statistically significant at p<0.001, indicating that the factor analysis
was appropriate [227]. Lastly, communalities measure the percent of variance in a
variable explained by all the extracted dietary patterns jointly [228]. They indicate
whether the variables are a reliable indicator of dietary intake [228]. Those with low
values (that is, <0.1) are said to contribute minimally to extracted dietary patterns. At
13 - 16 and 22 - 25 months all communalities were >0.1 and thus appeared to be
contributors to the extracted dietary patterns (Table 2-5). As all criteria were
sufficient, indicating all variables contributed to extracted dietary patterns, no

variables (that is, food groups) were eliminated for subsequent analysis.

Prior to extraction of dietary patterns, factors were ‘rotated’ to aid interpretability of
the pattern loadings. ‘Rotation’ is a process by which the pattern of loadings is
presented in a more interpretable manner without changing the underlying
mathematical solution [139]. By doing so, the variance within components is
maximised, making them more distinguishable. There are two main approaches to
rotation, both of which produce similar solutions [225]. Orthogonal rotation gives
solutions that are easier to interpret, describe and report, yet require the researcher to
assume that the underlying constructs are independent (that is, not correlated) [225].
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Varimax rotation is the most commonly used orthogonal approach, in which high
loadings are made higher following rotation and lower ones made lower [225]. By
emphasising the differences in loadings, and thus making it clear the variables that
correlate with each factor, interpretation is made easier. Conversely, oblique
approaches allow for the factors to be correlated, with conceptual advantages, but
practical disadvantages in terms of interpretation, describing and reporting of results

[225]. For this study Orthogonal (Varimax) rotation was applied.

The number of dietary patterns identified was based on eigenvalues >1.0,
identification of a break point in the scree plot and interpretability [139, 162].
Eigenvalues represent the total variance explained by that factor. Components with
an eigenvalue less than 1 are not as important from a variance perspective, and thus,
only factors with an eigenvalue of more than 1.0 are retained for further investigation
[139]. Table 2-6 and Table 2-7 show that the first 31 (at 13 - 16 months) and 32 (at
22 - 25 months) components had eigenvalues greater than 1.0, explaining 65.2% and
64.3% of the variance, respectively. The scree plot is a visual representation of the
eigenvalues [229]. Usually the scree plot is negatively decreasing, that is, the
eigenvalue is highest for the first factor and decreases for the next few factors [225].
The plot was inspected to determine a point at which the shape of the curve changes
direction. It is recommended that all factors above the first elbow or break in the plot
are retained as these explain the most variance in the dataset [229]. Figure 2-2 (13 -
16 months) and Figure 2-3 (22 - 25 months) show that the there is a bend in the plot
at the third component and thus the two components above the break were retained.
These components explain 7.3% and 6.6% of the variance at 13 - 16 months (Table
2-6), and 22 - 25 months (Table 2-7), respectively.

Potential PCA solutions (two at 13 - 16 months; two at 22 - 25 months) were
assessed for strength of loadings of food items on and across components to
determine interpretability. Easily interpretable factors are those with which several
variables correlate highly with it (that is, factor loadings > 0.25) and do not correlate

with other factors. That is, each factor is characterised by several strongly loading
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variables, each of which loads strongly on only one component. If few variables load
highly on a factor, interpretation is difficult and thus the factor is not a true “pattern’
of intake. There were few loadings of foods across dietary patterns at both 13 - 16
months (n = 1; formula loaded negatively on both patterns) and 22 - 25 months (n =
0) (Table 2-10). Thus, the numerous strong loadings on each dietary pattern and
minimal cross-loadings indicated two true ‘patterns’ of consumption obtained from
Varimax rotation at 13 - 16 and 22 - 25 months of age (Table 2-10).

For every participant, a dietary pattern score for each identified pattern was
determined by summing the product of standardised grams of each item consumed
by its factor loading. Patterns were approximately normally distributed (mean O,
standard deviation (SD) 1). To simplify the appearance of the PCA matrix and to
assist with interpretability and naming of the extracted patterns, strong loadings (>
0.25) were highlighted. Doing so did not change the dietary pattern scores. Patterns

were named based on those foods loading > 0.25,
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Table 2-5 Communalities for foods included in PCA at 13 — 16 and 22 - 25 months

Foods 13 - 16 months 22 -25 months
Infant meat-based dinners 0.619 0.636
Fruit: fresh 0.664 0.573
Infant fruit-based desserts 0.517 0.591
Flours and grains 0.666 0.670
Formula 0.730 0.590
Bread: non-white 0.732 0.764
Infant vegetable-based dinners 0.647 0.615
Infant milk-based desserts 0.719 0.682
Vegetables: other 0.605 0.621
Cheese 0.592 0.650
Butter 0.700 0.599
Eggs 0.602 0.563
Qil 0.585 0.673
Nuts and seeds 0.589 0.709
Infant cereal products 0.535 0.655
Poultry and feathered game 0.612 0.631
Vegetables: green and brassica 0.524 0.660
Pasta 0.700 0.655
Water 0.657 0.627
Potatoes: high fat 0.587 0.637
Meat: muscle, game and organ 0.593 0.732
Potatoes: low fat 0.665 0.723
Other beverages 0.719 0.615
Chocolate and chocolate products 0.674 0.492
Vegetables: orange 0.630 0.674
Dairy yoghurt: whole fat 0.714 0.649
Tea 0.614 0.544
Custard 0.679 0.633
Flavourings 0.604 0.614
Vegetables: home-style MD 0.648 0.655
Soup 0.626 0.741
Fish and seafood: packaged 0.568 0.617
Bread: white 0.714 0.766
Dairy milk: whole fat 0.792 0.772
Margarine and table spreads 0.702 0.661
Fruit and vegetable juice 0.546 0.501
Vegemite-type spreads 0.745 0.734
Breast milk 0.750 0.696
Fish and seafood: fresh 0.647 0.900
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Frozen milk products
Breakfast cereal: cold type
Processed meat

Sugar and sugar products

Savoury sauces and condiments

Pastries

Breakfast cereal: hot type
Cordial and soft drink
Cereal: home-style MD
Infant drinks

Cereal, fruit and nut bars
Legumes and pulses
Sweet biscuits and cakes
Bread: other

Other dairy
Confectionary

Legume and pulse MD
Infant gels

Fish and seafood: high fat
Savoury biscuits

Infant desserts: other
Dairy milk: reduced fat
Dairy yoghurt: reduced fat
Dairy alternatives

Dairy blends

Fruit: home-style MD
Fruit: packaged

Meat: home-style MD
Snack products

Poultry: home-style MD

Cereal: take away-style MDY

Poultry: high fat MD?
Fruit: dried®

Fish and seafood: home-style MD?

Meat: high fat MD?

0.492
0.666
0.634
0.612
0.650
0.556
0.593
0.515
0.601
0.573
0.601
0.609
0.691
0.686
0.528
0.700
0.774
0.621
0.634
0.542
0.677
0.68
0.622
0.678
0.731

0.687
0.617
0.522
0.660
0.564
0.577
0.588
0.879
0.640

Abbreviations: MD, mixed dishes
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Table 2-6 Total variance explained by each of the 69 components at 13 - 16 months

Initial Eigenvalues

Component Total % of Variance Cumulative %
Tea 2.635 3.818 3.818
Fruit and vegetable juice 2.376 3.444 7.262
Cordial and soft drink 2.064 2.991 10.253
Water 1.927 2.793 13.045
Other beverages 1.790 2.594 15.639
Flours and grains 1.769 2.564 18.203
Bread: white 1.654 2.397 20.600
Bread: non-white 1.628 2.360 22.960
Bread: other 1.595 2.311 25.271
Pasta 1.568 2.273 27.544
Breakfast cereal: hot type 1.529 2.215 29.759
Breakfast cereal: cold type 1.467 2.126 31.885
Sweet biscuits and cakes 1.448 2.098 33.983
Savoury biscuits 1.383 2.005 35.987
Pastries 1.367 1.981 37.969
Cereal: home-style MD 1.346 1.951 39.920
Butter 1.332 1.930 41.850
Dairy blends 1.296 1.879 43.729
Margarine and table spreads 1.247 1.807 45.536
QOil 1.242 1.800 47.336
Fish and seafood: fresh 1.226 1.776 49.112
Fish and seafood: packaged 1.204 1.745 50.857
Fish and seafood: high fat 1.187 1.720 52.578
Fruit: fresh 1.161 1.682 54.260
Fruit: packaged 1.143 1.657 55.917
Fruit: home-style MD 1.137 1.648 57.565
Eggs 1.126 1.632 59.197
Meat: muscle, game and organ 1.075 1.559 60.755
Meat: home-style MD 1.045 1.515 62.270
Poultry and feathered game 1.021 1.479 63.749
Poultry: home-style MD 1.002 1.453 65.202
Processed meat 0.980 1.420 66.622
Dairy milk: whole fat 0.957 1.387 68.009
Dairy milk: reduced fat 0.945 1.370 69.379
Dairy yoghurt: whole fat 0.916 1.328 70.707
Dairy yoghurt: reduced fat 0.892 1.292 71.999
Cheese 0.868 1.257 73.256
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Custard

Frozen milk products

Other dairy

Dairy alternatives

Soup

Nuts and seeds

Savoury sauces and condiments
Potatoes: low fat

Potatoes: high fat

Vegetables: green and brassica
Vegetables: orange
Vegetables: other

Vegetables: home-style MD
Legumes and pulses

Legume and pulse MD

Snack products

Sugar and sugar products
Chocolate and chocolate
Cereal, fruit and nut bars
Confectionary

Vegemite-type spreads
Flavourings

Formula

Breast milk

Infant cereal products

Infant fruit-based desserts
Infant vegetable-based dinners
Infant meat-based dinners
Infant milk-based desserts
Infant gels

Infant desserts: other

Infant drinks

0.839
0.832
0.820
0.804
0.799
0.771
0.763
0.751
0.721
0.711
0.703
0.674
0.650
0.629
0.609
0.594
0.576
0.571
0.553
0.541
0.511
0.490
0.489
0.460
0.432
0.413
0.382
0.370
0.350
0.297
0.200
0.147

1.216
1.206
1.189
1.165
1.158
1.117
1.105
1.088
1.045
1.031
1.019
0.977
0.942
0.912
0.882
0.861
0.835
0.827
0.801
0.784
0.740
0.711
0.708
0.667
0.626
0.599
0.554
0.536
0.508
0.431
0.289
0.214

74.472
75.678
76.867
78.032
79.190
80.307
81.412
82.500
83.546
84.577
85.595
86.573
87.515
88.427
89.309
90.170
91.005
91.832
92.633
93.417
94.157
94.868
95.576
96.243
96.869
97.468
98.022
98.559
99.066
99.497
99.786
100.000
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Table 2-7 Total variance explained by each of the 73 components at 22 - 25 months

Component Initial Eigenvalues
Total % of Variance Cumulative %

Tea 2.557 3.503 3.503
Fruit and vegetable juice 2.260 3.096 6.598
Cordial and soft drink 2.114 2.896 9.494
Water 2.014 2.759 12.253
Other beverages 1.903 2.607 14.861
Flours and grains 1.846 2.528 17.389
Bread: white 1.755 2.405 19.794
Bread: non-white 1.710 2.342 22.136
Bread: other 1.675 2.294 24.430
Pasta 1.629 2.231 26.662
Breakfast cereal: hot type 1.527 2.092 28.754
Breakfast cereal: cold type 1.487 2.037 30.791
Sweet biscuits and cakes 1.454 1.992 32.784
Savoury biscuits 1.449 1.985 34.768
Pastries 1.428 1.955 36.724
Cereal: take away-style MDY 1.389 1.903 38.626
Cereal: home-style MD 1.362 1.865 40.492
Butter 1.312 1.797 42.289
Dairy blends 1.282 1.756 44.045
Margarine and table spreads 1.252 1.715 45.760
QOil 1.231 1.686 47.446
Fish and seafood: fresh 1.216 1.666 49.111
Fish and seafood: packaged 1.201 1.645 50.756
Fish and seafood: high fat 1.168 1.601 52.357
Fish and seafood: home-style 1.163 1.593 53.950
Fruit: fresh 1.142 1.564 55.514
Fruit: packaged 1.110 1.521 57.035
Fruit: home-style MD 1.090 1.493 58.528
Eggs 1.079 1.478 60.006
Meat: muscle, game and organ 1.058 1.449 61.455
Poultry and feathered game 1.044 1.430 62.884
Meat: high fat MD? 1.012 1.386 64.271
Meat: home-style MD 0.975 1.336 65.606
Poultry: high fat MD? 0.961 1.317 66.923
Poultry: home-style MD 0.946 1.296 68.219
Processed meat 0.937 1.284 69.503
Dairy milk: whole fat 0.930 1.274 70.777
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Dairy milk: reduced fat

Dairy yoghurt: whole fat
Dairy yoghurt: reduced fat
Cheese

Frozen milk products

Custard

Other dairy

Dairy alternatives

Nuts and seeds

Soup

Savoury sauces and
Potatoes: low fat

Potatoes: high fat

Vegetables: orange
Vegetables: green and brassica
Vegetables: other

Vegetables: home-style MD
Legumes and pulses

Legume and pulse MD

Snack products

Sugar and sugar products
Chocolate and  chocolate
Cereal, fruit and nut bars
Confectionary

Vegemite-type spreads
Flavourings

Formula

Breast milk

Infant cereal products

Infant fruit-based desserts
Infant vegetable-based dinners
Infant meat-based dinners
Infant milk-based desserts
Infant gels

Infant desserts: other

Infant drinks

0.913
0.892
0.862
0.857
0.832
0.806
0.793
0.778
0.775
0.740
0.730
0.721
0.709
0.676
0.664
0.638
0.606
0.592
0.588
0.576
0.547
0.537
0.522
0.492
0.486
0.481
0.473
0.438
0.414
0.401
0.376
0.364
0.344
0.311
0.262
0.139

1.251
1.222
1.181
1.174
1.139
1.105
1.087
1.066
1.061
1.014
1.000
0.988
0.971
0.926
0.909
0.874
0.830
0.811
0.805
0.788
0.749
0.735
0.715
0.673
0.666
0.659
0.648
0.600
0.567
0.549
0.515
0.498
0.472
0.425
0.359
0.190

72.028
73.250
74.431
75.606
76.745
77.849
78.936
80.002
81.063
82.077
83.077
84.065
85.035
85.962
86.871
87.745
88.575
89.385
90.191
90.979
91.728
92.463
93.178
93.851
94.517
95.176
95.824
96.424
96.991
97.540
98.055
98.553
99.025
99.450
99.810
100.000
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Figure 2-2 Scree-plot for the PCA at 13 - 16 months
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Figure 2-3 Scree plot for the PCA at 22 - 25 months
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2.3.2.5 Statistical analysis

Statistical analyses were conducted using SPSS version 19.0 (SPSS Inc.). All
continuous data were assessed for normality using mean (SD) and visually using
frequency histograms. Data are presented as means (SD) where normally distributed,
and parametric statistics employed, or as medians (interquartile range, IQR), and
non-parametric statistics employed, where not. Dietary patterns scores were divided
into quartiles; quartile 1 has the lowest and quartile 4 has the highest scores on each
dietary pattern. Validity of dietary patterns was investigated by comparing food,
energy and energy-adjusted nutrient intakes across quartiles of dietary pattern scores
using Kruskal-Wallis test for non-parametric data. Analyses were conducted on all

available data and a significance level of p<0.05 was set.

Pearson correlations between dietary patterns at 13 - 16 month and 22 - 25 months
were determined to explore the similarities in patterns across time. Standard linear
regression was employed to investigate the relationship of dietary patterns with
socio-demographic characteristics and BMI z-score. For each time, two regression
models were used which included (1) socio-demographic covariates and respective
dietary pattern scores, and (2) dietary patterns scores and respective BMI z-scores,
adjusting for covariates. The final regression model included 13 - 16 month dietary
pattern scores and 22 - 25 month BMI z-scores, adjusting for covariates. For each
model, univariate and multivariate associations were explored. Regression
assumptions were tested by checking the normality, linearity and variance
(homoscedasticity) of residuals [139]. Regression coefficients (B) and 95%
confidence intervals were used to evaluate the strength and precision of associations.
The level of significance was set at p<0.05.
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2.3.3 Results

Dietary intake data were provided for 552 and 493 children (54% girls at both times)
at 14 (10 — 17) months and 24 (22 — 28) months, respectively (Figure 2-4). At both
14 (552:69 = 8:1) and 24 (493:73 = ~7:1) months, the cases to food variable ratio
was appropriate, being greater than a 5:1 ratio [225]. Participant characteristics are
reported in Table 2-8. Mothers were mostly university educated, partnered, not

overweight, born in Australia, primiparous and had never smoked.
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Stage one - Total providing data at child birth (n=3405)

|

Consent YES (n=2966)

Consent NO (n=439)

|

Stage two - Contacted when child was approximately 4-7 months of age (n=2454)

|

Consent YES (n=1001) Consent NO (n=1378) Became ineligible (n=75)

|

Total providing dietary intake data
at 14 months (n=971):
NOURISH = 698, SAIDI = 273

NOURISH
intervention (n=419) <:|

subjects excluded

A

14 month dietary patterns (n= 552):
NOURISH = 279, SAIDI = 273

Missing socio-demographic

data (n=76) —

Missing BMI data (n=135)

N/

vV

Associations with 14-month dietary
patterns

-Socio-demographics (n=476)

- BMI z-score (n=467)

Total providing dietary intake data

— 24 months (n=742):

NOURISH = 516, SAIDI = 226

NOURISH
intervention (n=249) | {——

subjects excluded

vV

24 month dietary patterns (n= 493):
NOURISH = 267, SAIDI = 226

Missing socio-demographic

data (n=83) {——

Missing BMI data (n=89)

N/

vV

Associations with 24-month dietary
patterns

-Socio-demographics (n=410)

- BMI z-score (n=404)

Figure 2-4 Two-phase recruit process for the NOURISH and SAIDI studies and derivation
of participants for PCA of dietary intake data
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Table 2-8 Characteristics of mother-child dyads included in PCA at 14 and 24 months

14 months (n=552)

24 months (n=493)

Maternal characteristics

Age at child’s birth (years)* 31.2(5.1) 31.3(5.0)
Highest education level?
School 126 (23) 104 (21)
Trade/TAFE 153 (28) 128 (26)
University 273 (49) 261 (53)
Smoking status®
Never smoked 417 (75) 366 (74)
Quit 37 (7) 25 (5)
Current smoker 32 (6) 31 (6)
Not recorded/missing 66 (12) 71 (14)
Marital status®
Not partnered 23 (4) 16 (3)
Partnered 527 (96) 476 (97)
Not recorded/missing 2 (0) 1(0)
Weight status®
Not overweight 438 (79) 386 (78)
Overweight 111 (20) 104 (21)
Not recorded/missing 3(2) 3(1)
Parity
Primiparous 364 (66) 331 (67)
Multiparous 184 (33) 158 (32)
Not recorded/missing 4(1) 4(1)
SEIFA decile®™ 6.3 (2.8) 6.3 (2.8)
Born in Australia
Yes 473 (86) 417 (85)
No 77 (14) 74 (15)
Not recorded/missing 2 (0) 2 (0)
Study
NOURISH 286 (52) 267 (54)
SAIDI 266 (48) 226 (46)
Child characteristics
Gender
Boys 254 (46) 227 (46)
Age (months)* 13.7 (1.2) 23.6 (1.1)
Age of introduction to solids (weeks)" 20.9 (5.1) 20.8 (5.1)
Breastfeeding duration
Never breastfed 18 (3) 14 (3)
Up to 6 months 187 (34) 164 (33)
6 to 12 months 158 (29) 147 (30)
Longer than 12 months 158 (29) 151 (31)
Not recorded/missing 31 (6) 17 (3)

Abbreviations: TAFE, Technical and Further Education; SEIFA, Socio Economic Index for Areas

Yvalues are presented as mean (SD). All other values are presented as number (%). 2Reported at consent and
categorised as: (1) school (less than year 10, year 10/11, year 12), (2) trade/TAFE (trade/apprenticeship,
TAFE/college certificate), (3) university (university degree). *Reported at each time and categorised as: (1)
never smoked (do not smoke at all), (2) quit (used to smoke but no longer do so), (3) current smoker (less
than once/day, at least once/day). “Reported at consent and categorised as: (1) not partnered (single/never
married, separated/divorced, widowed), (2) partnered (de facto, married). °Reported at consent and
categorised as: (1) not overweight (underweight, normal weight), (2) overweight (overweight). °SEIFA
categorised by applying the Index of Relative Socio-Economic Advantage and Disadvantage (IRSAD) to
postal code [222], reported at consent. ‘missing/not reported=12
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2.3.3.1 Food consumption and dietary patterns

At 14 months, foods consumed in greatest amounts (median grams (>10g), IQR)
were whole fat dairy milk (470g, 197 - 637g), water (311g, 198 - 5039), fresh fruit
(101g, 54 - 1509), white bread (23g, 2 - 449), cold breakfast cereals (159, 5 - 24Q)
and cheese (11g, 2 - 20g) (Table 2-9) (data not published).. Two distinct patterns
were extracted at this age (Table 2-10). The first pattern was termed ‘14-month core
foods’ as fruit, grains, non-white bread, vegetables, cheese, eggs, and nuts and seeds
loaded positively. Six commercial baby foods loaded negatively on this pattern. The
second pattern included basic ‘core’ (white bread, milk) and ‘non-core’ (spreads,
juice, and frozen milk products, for example, ice-cream) foods and beverages, with

no fruit or vegetables, and was therefore termed ‘basic combination’.

Similarly, foods consumed in greatest amounts (median grams (>10g), IQR) at 24
months were water (398g, 265 - 600g), whole fat dairy milk (288g, 123 - 485g), fresh
fruit (102g, 19 - 1759), cold breakfast cereals (16g, 3 - 27g), other vegetables (15g, 0
- 469), cheese (119, 2 - 21g) and sweet biscuits and cakes (10g, 0 - 23g) (Table 2-9)
(data not published).. Two distinct patterns were also extracted at 24 months (Table
2-10). The first pattern was similar to that at 14 months, with several foods covering
all ‘core’ food groups, in addition to water, loading positively, and was therefore
named ‘24-month core foods’. The second pattern was labelled ‘non-core foods’, as
it included sweetened beverages, spreads, high-fat potatoes, snack products,
chocolate and processed meat.

As there were similarities between the two dietary patterns at 14 and 24 months we
examined the relationship between ‘core’ food-based patterns and ‘non-core’ food-
based patterns. Pattern scores were moderately correlated (r = 0.35 “14-month core
foods’ and ‘24-month core foods’, r = 0.40 ‘basic combination’ and ‘non-core foods’;
both p < 0.001).
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Table 2-9 Median (IQR) of food group intake in 14 and 24 month old toddlers (n=552)

14 months 24 months
Foods (n=552) (n=493)

Median IQR Median IQR
Infant meat-based dinners* 0 0-0 0 0-0
Fruit: fresh™ 101 53.8-150.2 101.6  19.4-174.7
Infant fruit-based desserts* 0 0-0 0 0-0
Flours and grains™* 0 0-0 0 0-19.6
Formula® 0 0-0 0 0-0
Bread: non-white* 3 0 0-17 9.3 0-32.3
Infant vegetable-based dinners® 0 0-0 0 0-0
Infant milk-based desserts* 0 0-0 0 0-30
Vegetables: other®? 5.6 0-28.1 15 0-46.1
Cheese’ 108  15-20.3 11.1 2.3-21.1
Butter* 0 0-1.3 0 0-1.2
Eggs' 0 0-0 0 0-26
oil* 0 0-0 0 0-0
Nuts and seeds™ 0 0-0 0 0-0.4
Infant cereal products® 0 0-0 0 0-0
Poultry and feathered game 0 0-5.8 0 0-10.8
Vegetables: green® 0 0-16.1 0.6 0-10
Pasta 0 0-32.1 0 0-28.8
Water® 310.6 198.1-503.3 397.5 265 -600
Potatoes: high fat* 0 0-7.6 0 0-5.9
Meat: muscle, game and organ® 0 0-13.8 0 0-11.3
Potatoes: low fat® 0.3 0-29.3 0 0-16.3
Other beverages 0 0-0 0 0-0
Chocolate and chocolate products* 0 0-0 0 0-0
Vegetables: orange® 3.3 0-17.9 0.8 0-128
Dairy yoghurt: whole fat® 0 0 -65.4 0 0-26.9
Tea 0 0-0 0 0-0
Custard?® 0 0-0 0 0-0
Flavourings 0 0-0 0 0-0.1
Vegetables: home-style MD* 0 0-0 0 0-11.7
Soup 0 0-0 0 0-0
Fish and seafood: packaged 0 0-0 0 0-0
Bread: white®* 225  19-44 5 0-25
Dairy milk: whole fat? 470.1  196.7-637.3 288.4 112.9-484.5
Margarine and table spreads® * 0.6 0-3.6 0 0-3.2
Fruit and vegetable juice? * 0 0-24.7 0 0-70.3
Vegemite-type spreads® * 1.5 0-4.1 0 0-24
Breast milk? 0 0-0 0 0-0
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Fish and seafood: fresh? 0 0-0 0 0-0
Frozen milk products? 0 0-0 0 0-15
Breakfast cereal: cold type* 14.8 45 -23.7 155 3.3-26.3
Processed meat* 3.3 0-21 7
Sugar and sugar products 0 1.1
Savoury sauces and condiments 0.6
Pastries

Breakfast cereal: hot type
Cordial and soft drink®
Cereal: home-style MD
Infant drinks

Cereal, fruit and nut bars
Legumes and pulses
Sweet biscuits and cakes
Bread: other

Other dairy

Confectionary
Legume and pulse MD

o
1

N

N

o
|
N

|||
o 0o o~ o

o
|

O OO N ow
o1 o

1
N
o
o~

|
N
w
~

LI |

o O O

O O O O o o
| B |

o O O

|
[y
o
w
[y
o

I
NN
N
(N

| I I |
1 1
O O O O O O O O O O O

Infant gels

Fish and seafood: high fat
Savoury biscuits

Infant desserts: other
Dairy milk: reduced fat
Dairy yoghurt: reduced fat
Dairy alternatives

Dairy blends

Fruit: home-style MD®
Fruit: packaged

Meat: home-style MD
Snack products®

Poultry: home-style MD
Cereal: take away-style MD® -
Poultry: high fat MD® -
Fruit: dried® -
Fish and seafood: home-style MD® - -
Meat: high fat MD® - -
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Abbreviation: MD, mixed dishes

'Foods loading strongly (> 0.25) on the ‘14-month core foods’ pattern

?Foods loading strongly (> 0.25) on the ‘basic combination’ pattern at 14 months
*Foods loading strongly (> 0.25) on the ‘24-month core foods’ pattern

*Foods loading strongly (> 0.25) on the ‘non-core foods’ pattern at 24 months
*Food group at 14 months only

®Food group at 24 months only

144



Table 2-10 Varimax-rotated food group loadings on each of the two dietary patterns
extracted by principal components analysis at 14 and 24 months

14 months® 24 months®
(n=552) (n=493)

Dietary patterns’ Dietary patterns”
Foods? n (%)* 14-month cB(?r?:k():in- n (%)* gg;?othon-core

core foods_ .. foods

ation foods

Infant meat-based dinners 126 (23)  -0.50 -0.19 15 (3) 0.02 -0.02
Fruit: fresh 506 (92) 0.48 -0.05 453 (92) 0.47 -0.01
Infant fruit-based desserts 135(24) -0.47 -0.25 46 (9) -0.11 -0.03
Flours and grains 226 (41) 0.47 -0.36 220 (45) 0.04 -0.37
Formula 188 (34) -0.35 -0.26 56 (11) -0.08 -0.11
Bread: non-white 291 (53) 0.35 -0.03 287 (58) 0.32 -0.16
Infant vegetable-based dinners 41 (7) -0.33 -0.15 5(2) -0.06 -0.03
Infant milk-based desserts 163 (30) -0.32 -0.15 159 (32) -0.21 -0.03
Vegetables: other 387 (70) 0.30 -0.15 356 (72) 041 -0.16
Cheese 394 (71) 0.30 0.12 390(79) 0.20 -0.07
Butter 194 (35) 0.29 -0.06 156 (32) 0.10 -0.11
Eggs 166 (30) 0.29 -0.15 157 (32)  0.00 0.07
Qil 95 (17) 0.29 -0.21 91(18) -0.09 0.02
Nuts and seeds 72 (13) 0.26 -0.19 126 (26)  0.37 -0.17
Infant cereal products 87 (16) -0.26 -0.13 12 (2) -0.01 -0.16
Poultry and feathered game 175 (32) 0.23 0.03 161 (33) 0.19 0.07
Vegetables: green and brassica 299 (54) 0.22 -0.03 254 (52) 0.45 0.10
Pasta 211 (38) 0.20 0.18 212 (43) -0.10 0.02
Water 534 (97) 0.20 0.15 481 (98) 0.32 0.24
Potatoes: high fat 102 (18)  -0.20 0.17 137 (28) -0.21 0.30
Meat: muscle, game and organ 211 (38) 0.20 0.13 177 (36)  0.30 0.08
Potatoes: low fat 267 (48) 0.18 0.07 188 (38) 0.31 0.06
Other beverages 16 (3) -0.17 0.01 52 (11) 0.24 0.13
Chocolate and chocolate
products 34 (6) 0.16 0.05 92(19) -0.11 0.29
Vegetables: orange 352 (64) 0.15 0.02 258 (52) 051 0.04
Dairy yoghurt: whole fat 269 (49) 0.15 0.00 160 (32) 0.30 -0.16
Tea and coffee 7 0.15 -0.01 23 (5) -0.07 -0.05
Custard 64 (12) -0.11 0.04 47 (10) 0.31 -0.08
Flavourings 135 (24) 0.09 -0.08 149 (30) -0.01  -0.07
Vegetables: home-style MD 149 (27) 0.09 -0.02 153 (31) -0.08 -0.26
Soup 45 (8) 0.06 -0.03 48 (10)  -0.07 -0.15
Fish and seafood: packaged 57 (10) 0.05 -0.03 38 (8) 0.17 -0.03
Bread: white 272 (49)  -0.03 0.48 273 (55) 0.01 0.60
Dairy milk: whole fat 445 (81) 0.07 0.43 430 (87) -0.10 -0.16
Margarine and table spreads 174 (32) 0.07 0.43 223 (45) 0.18 0.46
Fruit and vegetable juice 109 (20)  -0.02 0.38 224 (45) -0.14 0.41
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Vegemite-type spreads
Breast milk

Fish and seafood: fresh
Frozen milk products
Breakfast cereal: cold type
Processed meat

Sugar and sugar products

Savoury sauces and condiments

Pastries

Breakfast cereal: hot type
Cordial and soft drink
Cereal: home-style MD
Infant drinks

Cereal, fruit and nut bars
Legumes and pulses
Sweet biscuits and cakes
Bread: other

Other dairy products
Confectionary

Legume and pulse MD
Infant gels

Fish and seafood: high fat
Savoury biscuits

Infant desserts: other
Dairy milk: reduced fat
Dairy yoghurt: reduced fat
Dairy alternatives

Dairy blends

Fruit: home-style MD®
Fruit: packaged

Meat: home-style MD
Meat: home-style MD
Snack products

Poultry: home-style MD

Cereal: take away-style MD’

Poultry: high fat MD’
Fruit: dried’

Fish and seafood: home-style

MD’
Meat: high-fat MD

280 (51)
132 (24)
71 (13)
57 (10)
384 (70)
231 (42)
183 (33)
161 (29)
67 (12)
29 (5)
22 (4)
152 (28)
19 (3)
74 (13)
29 (5)
326 (59)
141 (26)
40 (7)
13 (2)
80 (14)
13 (2)
29 (5)
286 (52)
152 (28)
39 (7)
79 (14)
27 (5)
42 (42)
2 (<1)
125 (23)
78 (14)
78 (14)
38 (7)
88 (16)

0.09
0.12
0.24
0.00
0.10
0.08
0.03
0.08
-0.04
0.10
-0.10
0.03
0.02
0.00
0.15
0.05
0.10
0.06
-0.08
0.11
-0.11
-0.04
0.01
-0.07
0.01
-0.01
0.01
-0.00
0.01
0.0
0.02
0.02
-0.02
-0.01

0.38
-0.32
-0.27
0.25
0.25
0.23
0.23
0.22
0.21
-0.20
0.20
0.19
0.19
0.18
-0.17
0.17
-0.16
0.16
0.14
0.13
0.12
0.11
0.11
-0.09
-0.09
0.08
-0.07
0.05
-0.05
0.04
0.03
0.03
0.03
0.02

247 (50)
35 (7)
56 (11)
133 (27)
384 (78)
286 (58)
272 (55)
253 (51)
108 (22)
23 (5)
71 (14)
160 (32)
12 (2)
109 (22)
11(2)
345 (70)
138 (28)
84 (17)
82 (17)
78 (16)
4(1)
53 911)
297 (60)
36 (7)
84 (17)
91 (18)
27 (5)
75 (15)
85 (17)
81 (16)
81 (16)
109 (22)
50 (10)
39 (8)
89 (18)
215 (44)
15 (15)
16 (3)

0.15
-0.04
0.18
-0.01
0.19
0.04
0.20
0.07
-0.10
0.04
-0.07
0.06
-0.03
-0.12
0.05
-0.07
-0.09
-0.18
-0.02
0.15
0.00
0.09
0.00
-0.14
0.14
0.12
0.01
-0.04
-0.02
0.02
0.02
-0.06
-0.14
-0.21
-0.19
0.16

0.15
-0.04

0.37
-0.02
-0.03
0.05
-0.31
0.28
0.13
0.17
-0.04
-0.13
0.48
0.15
-0.06
0.11
-0.13
0.03
-0.14
0.17
0.24
0.01
-0.00
-0.02
0.07
-0.05
0.02
-0.02
-0.04
0.07
-0.02
-0.17
-0.17
0.29
-0.15
0.02
0.18
-0.10

-0.02
0.00

Abbreviation: MD, mixed dishes

Total number of food groups included in the PCA; 69. 2Total number of food groups

included in the PCA; 74. *Food variables entered into PCA as g/day. “of respondents who
consumed food. *Loadings >0.25 in bold to aid labelling of dietary patterns. ®Food group

at 14 months only. ‘Food group at 24 months only
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2.3.3.2 Construct validity of dietary patterns

To assess the validity of identified dietary patterns, their underlying food, energy and
nutrient profiles were examined. At 14 (Table 2-11) and 24 months (Table 2-12),
respectively, foods loading positively on patterns have an increasing gradient
(median grams) across quartiles of dietary pattern scores, whilst foods loading
negatively decrease across quartiles. Foods consumed in small quantities (for
example, tea, confectionary) do not load on any pattern as there is little variation in
intake and minimal gradient across quartiles. Consistent associations with energy and
nutrients were seen across ages. The ‘14-month core foods’ (Table 2-13) and ‘24-
month core foods’ (Table 2-14) patterns were positively associated with the intake of
energy, protein, dietary fibre and several micronutrients. Conversely, the ‘basic
combination” and ‘non-core foods’ patterns at 14 and 24 months, respectively, were
positively associated with energy and sodium intake, and negatively associated with
iron intake. In addition, the *24-month core foods’ pattern was positively associated
with iron and negatively associated with fat intake, whereas the ‘non-core foods’

pattern was negatively associated with dietary fibre intake.
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Table 2-11 Median (IQR) of food group intake across quartiles of PCA-derived dietary pattern scores in 14 month old toddlers (n=552)

Quartiles of dietary pattern score

Q1 Q2 Q3 Q4
median IQR median IQR median IQR median IQR P
n
14-month core foods
Infant meat-based dinners®  34.3 0.0-1133 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-00  <0.001
Fruit: fresh  44.2 79-849 699 334-1271 109.2 59.8-1658 1575 90.7-221.7 <0.001
Infant fruit-based desserts” 7.1 0.0 - 63.3 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-00  <0.001
Flours and grains 0.0 0.0-0.0 0.0 0.0-6.6 0.0 0.0-12.8 6.4 0.0-36.0 <0.001
Formula®> 1005  0.0-4648 0.0 0.0-132.2 0.0 0.0-4.4 0.0 0.0-0.0  <0.001
Bread: non white 0.0 0.0-11.3 0.0 0.0-13.8 8.5 0.0-23.0 20.4 0.0-43.0 <0.001
Infant vegetable-based dinners? 0.0 0.0 -0.00 0.0 0.0-0.0 0.0 0.0-0.0 0.0 00-0.0  <0.001
Infant milk-based desserts”> 0.0 0.0 - 62.6 0.0 0.0 - 40.0 0.0 0.0-0.0 0.0 0.0-00  <0.001
Vegetables: other 0.0 0.0-14.2 8.7 0.0-23.2 17.2 3.8-37.0 28.6 9.7-26.4  <0.001
Cheese 0.5 0.0-8.4 5.1 0.0-150 135 3.4-21.1 13.2 49-21.8  <0.001
Butter 0.0 0.0-0.0 0.0 0.0-1.1 0.0 0.0-1.6 0.0 0.0-3.0  <0.001
Eggs 0.0 0.0-0.0 0.0 0.0-0.6 0.0 0.0-8.9 0.0 0.0-16.3  <0.001
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Oil 0.0 0.0-0.0 0.0 0.0-0.0 0.0

Nuts and seeds 0.0 0.0-0.0 0.0 0.0-0.0 0.0
Infant cereal products 0.0 0.0-37 0.0 0.0-0.0 0.0
Basic combination

Bread: white 0.0 0.0-5.0 0.0 0.0-83 0.0

Dairy milk: whole fat 30.5 0.0-129.0 116.5 13.6-426.8 408.5
Margarine and table spreads 0.0 0.0-0.0 0.0 00-04 0.0
Fruit and vegetable juice 0.0 0.0-0.0 0.0 0.0-0.0 0.0
VVegemite-type spreads 0.0 0.0-0.7 0.0 0.0-1.0 0.6
Flours and grains® 3.8 0.0-23.2 0.0 0.0-145 0.0

Breast milk® 0.0 0.0-2183 00 0.0-2.6 0.0

Formula? 0.0 0.0-378.7 0.0 0.0-290.3 0.0

Fish and seafood: fresh? 0.0 0.0-0.0 0.0 0.0-0.0 0.0
Frozen milk products 0.0 0.0-0.0 0.0 0.0-0.0 0.0

0.0-0.0
0.0-0.0
0.0-0.0

0.0-16.1

126.1 - 619.3

0.0-1.6
0.0-0.2
0.0-18
0.0-8.6
0.0-0.0
0.0-20.8
0.0-0.0
0.0-0.0

0.0
0.0
0.0

22.5
470.1

0.6
0.0
1.5
0.0
0.0
0.0
0.0
0.0

0.0-0.3
0.0-0.0
0.0-0.0

1.9-44.0

196.7 - 637.3

0.0-3.6
0.0-24.7
00-41
0.0-0.0
0.0-0.0
0.0-0.0
0.0-0.0
0.0-0.0

<0.001

0.001
<0.001

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001

Abbreviation: Q, quartile
'Only food groups loading strongly (>0.25) on identified patterns are presented
’Foods loading negatively on the pattern. All other foods load positively on the pattern.
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Table 2-12 Median (IQR) of food group® intake across quartiles of PCA-derived dietary pattern scores in 24 month old toddlers (n=493)

Quartiles of dietary pattern score

Q1 Q2 Q3 Q4
median IQR median IQR median IQR median IQR p
n 123 123 124 123
24-month core foods

Fruit: fresh ~ 45.0 4.0-99.8 99.0 47.1-137.0 120.6 758-186.9 1553 93.2-252.,0 <0.001
Bread: non white 0.0 0.0 - 10.0 7.8 0.0 - 25.7 16.3 0.0-33.4 26.6 0.0-452  <0.001
Vegetables: other 1.1 0.0-8.7 12.2 0.0-32.7 26.5 5.8 -57.4 456  113-92.1 <0.001
Nuts and seeds 0.0 0.0-0.0 0.0 0.0-05 0.0 0.0-0.7 0.0 00-25  0.051
Vegetables: green 0.0 0.0-06 0.3 0.0-73 2.1 0.0-96 9.8 0.0-276 <0.001
Water 3335  238.3-5000 3702  249.2-500.0 3808  257.1-597.5 520.8 397.2-791.7 <0.001
Meat: muscle, gamgrggﬂ 0.0 0.0-0.0 0.0 0.0-9.2 0.0 00-132 00  00-250 0001
Potatoes: low fat 0.0 0.0-0.0 0.0 0.0-88 0.0 0.0-19.2 6.7 0.0-442  <0.001
Vegetables: orange 0.0 0.0-1.2 0.8 0.0-75 3.0 0.0-13.1 9.3 0.0-275 <0.001
Dairy yoghurt: whole fat 0.0 0.0-0.0 0.0 0.0-6.9 0.0 0.0-36.6 0.0 0.0-62.4 <0.001
Custard 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-0.0 0.0 0.0-00 00438
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Non-core foods

Flours and grains

Potatoes: high fat

Chocolate and chocolate
products

Vegetables: home-style
MD?

Bread: white

Margarine and table
spreads

Fruit and vegetable juice

Vegemite-type spreads
Breakfast cereal: cold
type’

Processed meat

Cordial and soft drink

Snack products

17.4 0.0-42.4
0.0 0.0-0.0
0.0 0.0-0.0
0.0 0.0 -43.0
0.0 0.0-83
0.0 0.0-0.0
0.0 0.0-0.0
0.0 0.0-1.0
25.3 12.1-35.0
0.0 0.0-9.1
0.0 0.0-0.0
0.0 0.0-0.0

0.1
0.0

0.0
0.0

17.5

6.8
0.0
0.0

0.0-18.38
0.0-0.0

0.0-0.0

0.0-134

0.0-10.8

0.0-22

0.0-4338
0.0-2.0

4.3-26.3

0.0-21.0
0.0-0.0
0.0-0.0

0.0
0.0

0.0

0.0

8.5

0.8

0.0
0.9

11.7

11.7
0.0
0.0

0.0-105
00-7.6

0.0-10

0.0-8.2

0.0-243

0.0-3.9

0.0-66.5
0.0-33

3.2-19.0

0.0-26.9
0.0-0.0
0.0-0.3

0.0
0.0

0.0

0.0

30.0

2.2

85.8
1.2

10.0

17.5
0.0
0.0

0.0-0.0
0.0-26.7

0.0-3.3

0.0-0.0

6.3 -49.7

0.0-6.7

0.0-159.0
0.0-3.0

0.0-175

0.0-38.0
0.0-73
0.0-6.7

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

Abbreviation: MD, Mixed Dishes; Q, quartile
'Only food groups loading strongly (>0.25) on identified patterns are presented
’Foods loading negatively on pattern. All other foods load positively on pattern.
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Table 2-13 Median (IQR) of energy-adjusted nutrient intakes across quartiles of PCA-derived dietary pattern scores in 14 month old toddlers (n=552)

Quartiles of dietary pattern score

Q1 Q2 Q3 Q4
Nutrient median IQR median IQR median IQR median IQR pl
n 138 138 138 138
14-month core foods
Total Energy Intake (kJ) 3787 3319- 4352 3833 3365 - 4383 4209 3694 - 4770 4653 4069 -5201 <0.001
Protein (%E)  15.7 14.1-17.8 17.4 155-19.3 18.3 16.2-20.1 17.8 16.1-20.3 <0.001
Fat (%E)  31.7 28.6 - 35.7 32.2 29.9-354 334 30.2-36.9 31.6 28.2-35.2 0.101
CHO (%E)  48.2 43.9 -52.0 46.6 43.2 -49.6 44.6 41.6 -47.5 45.4 415-48.3 <0.001
Fibre (g/MJ) 2.0 15-25 2.2 1.7-238 2.4 2.1-3.0 2.9 2.3-35 <0.001
Fe (mg/MJ) 1.8 1-2.7 15 1.0-22 1.3 1.0-19 1.4 11-1.38 0.001
Ca (mg/MJ) 184 140 - 219 187 149 - 223 175 137 - 210 153 130-192  <0.001
Na (mg/MJ) 178 150 - 223 222 177 - 259 133 195 - 274 217 173 - 276 <0.001
Vitamin C (mg/MJ) 12.4 6.6 - 19.7 11.1 52-17.3 10.2 6.0-14.4 11.6 85-17.2 0.028
Vitamin A (RE/MJ) 124 98 - 166 129 99 - 169 134 108 - 166 142 111-191 0.033
Thiamin (mg/MJ) 0.2 0.1-0.3 0.2 0.2-0.3 0.2 0.2-0.3 0.2 0.2-0.3 0.295
Riboflavin (mg/MJ) 0.4 0.3-05 0.5 0.4-0.6 0.5 0.3-0.6 0.4 0.3-05 0.059
Total Folate (ug/MJ)  42.7 33.2-57.8 51.0 41.6 - 62.0 49.4 39.4 - 68.7 51.8 463 - 66 <0.001
Potassium (mg/MJ) 371 310 - 420 403 349 - 444 411 349 - 457 420 362-485  <0.001
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Basic combination
Total Energy Intake (kJ)
Protein (%E)
Fat (%E)
CHO (%E)
Fibre (g/MJ)
Fe (mg/MJ)
Ca (mg/MJ)
Na (mg/MJ)
Vitamin C (mg/MJ)
Vitamin A (RE/MJ)
Thiamin (mg/MJ)
Riboflavin (mg/MJ)
Total Folate (ug/MJ)
Potassium (mg/MJ)

3833
15.6
315
47.8
2.5
1.7
150
175
13.9
125
0.2

0.3
42.3
382

3331 - 4440
13.8-17.8
27.9-36.1
44.0 -51.7
19-33
1.1-24
117-199
143 - 220
9.8-20.1
102 - 170
0.1-0.3

0.3-04
35.2-53.5
314 - 444

3899
16.9
33.0
45.9
2.4
1.6
182
195
13.1
134
0.2

0.4
45.7
396

3377 - 4526
14.8-19.6
29.0 - 36.3
42.2-49.38
1.9-3.0
1.2-2.4
139 - 212
167 - 238
8.4-19.7
108 - 180
0.2-0.3

0.3-05
36.2 -55.5
348 -459

4031
17.9
321
45.9
2.3
1.3
193
222
9.6
140
0.2

0.5
51.2
413

3548 — 4570
16.2-19.4
29.5-35.7
42.6 - 48.9

1.8-29
09-1.9
150 - 229
180 - 259
5.2-150
108 - 175
0.2-0.2

04-0.6
41.9-65.9
350 - 458

4588
18.1
32.2
45.5
2.4
1.3
167
254
7.9
127
0.3

0.5
59.8
403

4133 - 5413
16.7-20.1
30.1-354
41.6 - 48.8
1.9-3.0
1.0-16
141 - 199
219 - 299
4.7-13.8
99 - 160
0.2-04

0.4-0.6
45.9-82.8
355 - 465

<0.001
<0.001
0.455
0.002
0.405
<0.001
<0.001
<0.001
<0.001
0.197
0.001

<0.001
<0.001
0.025

Abbreviations: MJ, megajoule; Q, quartile; RE, retinol equivalents; %E, percent energy

'Kruskal-Wallis test used to compare differences in energy-adjusted nutrient intakes across quartiles of dietary pattern score
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Table 2-14 Median (IQR) of energy-adjusted nutrient intakes across quartiles of PCA-derived dietary pattern scores in 24 month old toddlers (n=493)

Quartiles of dietary pattern score

Ql Q2 Q3 Q4
Nutrient median IQR median IQR median IQR median IQR p!
n 123 124 123 124
24-month core foods
Total Energy Intake (kJ) 4616 3981-5103 4415  3805-5108 4848  4280-5460 5287  4650-6315 <0.001
Protein (%E) 16.4 149 -18.5 17.1 15.2 - 18.8 17.3 16.0-19.2 18.2 16.1-20.0 <0.001
Fat (%E) 34.1 31.0-37.9 319 29.0-35.2 329 29.1-36.2 31.2 275-34.1 <0.001
CHO (%E) 45.3 42.0-49.4 47.0 42.8 -50.0 45.1 41.7 - 49.7 46.1 42.8 -49.5 0.249
Fibre (g/MJ) 1.9 16-24 2.4 20-238 2.5 2.1-32 2.9 2.4-35 <0.001
Fe (mg/MJ) 1.1 08-14 1.3 1.0-1.6 1.3 1.0-1.6 1.4 1.1-17 <0.001
Ca (mg/MJ) 148 118 - 186 156.5 130 - 186 160 130 - 186 148 125-181 0.427
Na (mg/MJ) 264 229 - 329 261.8 222 - 302 270 229 - 319 253 208 - 293 0.090
Vitamin C (mg/MJ) 8.1 35-14.1 8.7 51-144 9.8 6.6 - 15.8 12.1 8.0-174 <0.001
Vitamin A (RE/MJ) 104 81-124 106 82-131 116 95-139 125 102 - 151 <0.001
Thiamin (mg/MJ) 0.2 0.1-0.3 0.2 0.2-0.3 0.2 0.2-0.3 0.2 0.2-0.3 <0.001
Riboflavin (mg/MJ) 0.4 0.3-0.5 0.4 0.3-0.5 0.4 0.4-05 0.4 0.3-05 0.740
Total Folate (ug/MJ) 445 33.9-58.8 49.9 38.1-64.3 53.6 42.7-745 53.0 445-72.3  <0.001
Potassium (mg/MJ) 345 301 - 387 379 326 - 418 395 349 - 447 427 388 - 472 <0.001
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Non-core foods
Total Energy Intake (kJ)
Protein (%E)
Fat (%E)
CHO (%E)
Fibre (g/MJ)
Fe (mg/MJ)
Ca (mg/MJ)
Na (mg/MJ)
Vitamin C (mg/MJ)
Vitamin A (RE/MJ)
Thiamin (mg/MJ)
Riboflavin (mg/MJ)
Total Folate (ug/MJ)
Potassium (mg/MJ)

4815
17.9
321
45.6
2.7
1.3
170
237
8.0
117
0.2
0.4
46.0
405

4301 - 5590
15.8-19.6
29.1-35.2
42.0-495
2.1-33
1.1-17
144 - 199
195 - 283
45-135
93-141
0.1-0.3
0.3-0.5
37.4-57.1
358 - 449

4494
16.8
325
45.5
2.6
1.3
154
254
10.2
113.2
0.2
0.4
49.8
374

3945 - 5171
15.2-18.8
29.1-36.0
42.8-49.2
22-31
1.0-1.6
128 - 179
224 - 292
6.6 - 16.4
93.0 - 140.0
02-03
0.3-0.5
39.8 - 64.3
328 - 427

4616
17.7
324
45.6
2.3
1.2
157
269
9.6

117.3

0.2
0.4
53.7
390

4078 - 5389
15.9-19.3
29.1-36.5
41.9-491
19-28
09-16
132 - 190
232 - 324
6.0-15.2
87.4-136.8
0.1-0.3
04-0.6
42.3-72.6
331 - 440

4939
16.8
32.7
46.6
2.3
1.2
131
289
11.0
104.0
0.2
0.4
53.0
374

4483 - 5920
14.9-18.6
28.7 - 36.8
42.4-515
1.8-2.8
09-14
108 - 164
242 - 337
5.9-17.7
77.5-128.8
0.2-03
0.3-0.5
39.6 - 78.7
326 - 421

<0.001
0.030
0.717
0.419
<0.001
0.003
<0.001
<0.001
0.007
0.024
0.406
0.009
0.004
0.005

Abbreviation: MJ, megajoule; Q, quartile; RE, retinol equivalents; %E, percent energy
'Kruskal-Wallis test used to compare differences in energy-adjusted nutrient intakes across quartiles of dietary pattern score
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2.3.3.3 Dietary patterns and socio-demographic characteristics

To assess the validity of dietary patterns, their association with socio-demographic
predictors was assessed. Table 2-15 presents the unadjusted estimates for dietary
pattern scores at 14- and 24- months according to socio-demographic characteristics.
Higher scores on the ‘basic combination’ pattern were seen for children of younger,
Australian-born overweight, smoking, multiparous mothers from a lower SEIFA
area, whilst higher scores were associated with older children at assessment, earlier
introduction to solids, and earlier breastfeeding cessation. Alternatively, higher
scores on the “14-month core foods’ pattern were seen in older children of partnered,
Australian-born and not overweight mothers from a higher SEIFA decile area, who
were breastfed for longer. Higher scores on the 24-month core foods’ pattern were
associated with Australian-born, partnered mothers. Scores on the ‘non-core foods’
pattern were positively associated with Australian-born, overweight mothers and
negatively with maternal age, SEIFA decile, partnered mothers, older children at
assessment, longer breastfeeding duration, and being a NOURISH study participant.

After adjustment for covariates several maternal (age, education, smoking status,
country of birth, study) and child (age, breastfeeding duration, age of introduction to
solids) factors were independently associated with 14- and/or 24-month pattern
scores (Table 2-16). For example, a maternal university education was associated
with a 0.16 (95% confidence interval 0.04, 0.28) higher ‘14-month core foods’
pattern score than a maternal school-level education. Higher scores on this pattern at
14 months were also associated with longer breastfeeding duration and older children
at assessment whilst higher scores on the ‘24-month core foods’ pattern were
associated with later solid introduction and Australian-born mothers. Conversely,
‘basic combination’ pattern scores at 14 months were positively associated with
younger mothers, smoking mothers, SAIDI participants, older children at assessment,
and earlier solid introduction and breastfeeding cessation. Younger mothers and
earlier breastfeeding cessation also predicted higher scores on the ‘non-core foods’

pattern at 24 months.
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Table 2-15 Unadjusted associations between dietary patterns and maternal and child characteristics, at 14 and 24 months'

Dietary patterns at 14 months

Dietary patterns at 24 months

(n=476) (n=410)
14-month core foods Basic combination 24-month core foods Non-core foods
beta 95% ClI p beta 95% CI p beta 95% CI p beta 95% ClI p
Maternal characteristics
Age at
child’s irth, 0015 -0.003,0033  0.108 -0.026 -0.042,-0.009 0002 0010 -0.006,0.026 0233 -0.021 -0.037,-0.005 0.010
Highest )
education 0.271 0.159,0.384 <0.001 -0.261 -0.364,-0.158 <0.001 0.172 0.069,0.275 0.001 00112 -0.870,0.100 0.119
level :
SEIFA 0.052 0.021, 0.084 0.001 -0.088 -0.116,-0.060 <0.001 0.029 -0.001,0.059 0.055 -0.069 -0.098,-0.040 <0.001
Smoking -0.138 -0.308,0.032  0.112 0.317 0.163, 0.471 <0.001 -0.133 -0.283,0.017 0.083 0.075 -0.074,0.224 0.324
Marital
Referent = not partnered
Partnered  0.205 -0.296,0.706  0.422 0.031  -0.430,0.491 0.896 0.487 -0.003,0.976 0.051 -0.385 -0.215,-0.009 0.032
Weight
Referent = not overweight
Overweight  0.385 -0.610,-0.159 0.001  0.273 0.066, 0.481 0.010 -0.137 -0.347,0.073 0.199 0.360 0.156, 0.565 0.001
Parity
Referent = primiparous
Multiparous  0.101 -0.295, 0.093 0.307 0.504 0.332,0.677 <0.001 -0.067 -0.246,0.113 0.465 0.333 0.159, 0.507 <0.001
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Born in
Australia

Yes
Study

NOURISH

0.258

0.048

Child characteristics

Gender

Female

Age

Age of solid
introduction

Breastfeed-
ing duration

-0.011

0.023

0.011

0.314

-0.511, -0.006

-0.012, 0.109

-0.192, 0.170

0.005, 0.042

-0.007, 0.029

0.216, 0.412

0.045

0.117

0.906

0.015

0.227

<0.001

0.371

-0.205

-0.043

0.027

0.024

-0.221

0.141, 0.602

-0.257, -0.152

-0.209, 0.123

0.010, 0.044

0.008, 0.040

-0.313, -0.129

Referent = no

0.002

0.243

Referent = SAIDI

<0.001

0.040

Referent = male

0.614

0.002

0.004

<0.001

-0.143

0.013

0.012

0.088

0.008, 0.478

-0.016, 0.096

-0.309, 0.023

-0.006, 0.032

-0.004, 0.029

-0.006, 0.183

0.042

0.160

0.091

0.171

0.136

0.066

0.279

-0.129

0.057

-0.033

0.015

-0.161

0.047,0.511

-0.183, -0.075

-0.107, 0.222

-0.052, -0.015

-0.001, 0.031

-0.253, -0.068

0.019

<0.001

0.493

<0.001

0.072

0.001

'Results were obtained from standard linear regression models with BMI z-score for each age as the dependent variable and all respective dietary

pattern scores and covariates as independent predictors. Data are presented as regression model beta coefficients, 95% confidence intervals (95% CIs)
and p value of significance.
*Maternal (age, education level, smoking status, marital status, weight status, parity, SEIFA decile, study) and child (age, gender, age of introduction to
solids, breastfeeding duration) covariates adjusted for in all analyses.
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Table 2-16 Associations between dietary patterns and maternal and child characteristics after adjustment for covariates

Dietary patterns 14 months Dietary patterns 24 months
(n=476) (n=410)
14-month core foods Basic combination 24-month core foods Non-core foods
beta 95% CI p beta 95% CI p beta 95% CI p beta 95% ClI p
Maternal characteristics
Ageatchild’s o0/ 0014 0023 0654 -0.028 -0.043-0012 0001 0006 -0.011, 0023 0504 -0026 -0.042,-0.009 0.003
birth (years)
Highest

. 0.156 0.035,0.278 0.012 -0.057 -0.161, 0.047 0.279 0.109 -0.003,0.221 0.058 0.030 -0.078,0.138 0.584
education level

SEIFA decile? 0.028 -0.010,0.065 0.146 -0.015 -0.047,0.017 0.371 0.006 -0.031,0.042 0.753 -0.027 -0.063,0.008 0.124

Smoking status  0.006  -0.163,0.175 0.944  0.198 0.054, 0.343 0.007  -0.095 -0.248,0.057 0.220 -0.004 -0.150,0.143  0.959

Marital status Referent = Not Partnered

Partnered 0.024 -0.467,0.516 0.922 0.320 -0.100, 0.740 0.135 0.395 -0.105,0.895 0.121 -0.141 -0.622,0.340 0.565
Weight status Referent = Not Overweight

Overweight -0.181 -0.411,0.049 0.123  0.084 -0.112, 0.280 0.400 -0.017 -0.238,0.205 0.881 0.208 -0.005,0.421 0.056
Parity Referent = Primiparous

Multiparous -0.115 -0.414,0.185 0.453 0.222  -0.034,0.478 0.088 0.016 -0.276,0.308 0.914 0.199 -0.081,0.480 0.164
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Born in
Australia

Yes -0.125 -0.372,0.121 0318 0.155  -0.055, 0.366 0.148 0.342 0.101,0.582 0.005 0.096 -0.135,0.327 0.413

Referent = No

Study Referent = SAIDI
NOURISH -0.022 -.0133,0.090 0.703 -0.186 -0.281,-0.090 <0.001 0.072  -0.053,0.197 0.258 -0.078 -0.198,0.042 0.204

Child characteristics
Gender Referent = Male

Female -0.017 -0.191,0.158 0.851 -0.079 -0.228,0.070 0.297 -0.150 -0.316,0.016 0.077 0.017 -0.142,0.177 0.830
Age (months) 0.023  0.004,0.042 0.020 0.034 0.018, 0.051 <0.001 0.007 -0.021,0.034 0.625 0.002 -0.024,0.029 0.857

Age of solids

introduction 0003 -0020 0026 0784 -0.021 -0041 -0.001 0036 0022 00010043 0041 -0.005 -0.025 0.016 0.659
(weeks)

('jsl:f;‘tsigﬁed'”g 0263 01600366 <0001 -0.157 -0.245-0.070 <0001 0039 -0.058 0.137 0429 -0.119 -0.213,-0.025 0.013

Results were obtained from standard linear regression models with diet pattern score for each age as the dependent variable and all respective
covariables as independent predictors. Data are presented as regression model b coefficients, their 95% confidence intervals (95% CIs) and their p value
of significance. For definitions of maternal and infant predictor terms, see Table 2-8.

“SEIFA decile categorised by applying the Index of Relative Socio-Economic Advantage and Disadvantage (IRSAD) to postal code [222]
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2.3.3.4 Dietary patterns and adiposity

The association between toddlers’ dietary patterns and adiposity was also
investigated. Median BMI z-scores at 14 and 24 months were 0.41 (interquartile
range -0.24, 1.03) and 0.78 (interquartile range 0.05, 1.51), respectively. Table 2-17
and Table 2-18 present the unadjusted and adjusted estimates, respectively, for BMI
z-score according to 14- and 24-month dietary pattern scores. Adjustment for
covariates did not alter the findings; dietary pattern scores at both ages were not

significantly associated with concurrent or subsequent BMI z-scores.
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Table 2-17 Unadjusted associations between BMI z-score and dietary patterns, at 14 and 24 months®

BMI z-score 14 months BMI z-score 24 months
(n=467) (n=404)
beta 95% ClI p beta 95% ClI p
Dietary patterns at 14 months
14-month core foods 0.003 -0.081, 0.087 0.948 0.078 -0.052, 0.209 0.239
Basic combination 0.064 -0.028, 0.156 0.174 -0.031 -0.164, 0.101 0.642
Dietary patterns at 24 months
24-month core foods - - - -0.045 -0.156, 0.065 0.420
Non-core foods - - - 0.089 -0.035, 0.213 0.160

'Results were obtained from standard linear regression models with BMI z-score for each age as the dependent variable and all respective dietary

pattern scores and covariates as independent predictors. Data are presented as regression model beta coefficients, 95% confidence intervals (95% CIs)
and p value of significance.

2Association between dietary patterns at 14 months and BMI z-score at 24 months, n=417
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Table 2-18 Associations between BMI z-score and dietary patterns, at 14 and 24 months, after adjustment for covariates®

BMI z-score 14 months BMI z-score 24 months
(n=467) (n=404)
beta 95% ClI p beta 95% CI p

Dietary patterns at 14 months®
14-month core foods 0.029 -0.060, 0.118 0.521 -0.007 -0.128, 0.113 0.906
Basic combination -0.002 -0.107, 0.103 0.968 0.038 -0.104, 0.180 0.603

Dietary patterns at 24 months

24-month core foods - - - 0.078 -0.034, 0.236 0.144
Non-core foods - - - -0.032 -0.248, 0.033 0.132

®Results were obtained from standard linear regression models with BMI z-score for each age as the dependent variable and all respective dietary
pattern scores and covariates as independent predictors. Data are presented as regression model beta coefficients, 95% confidence intervals (95% CIs)
and p value of significance. Maternal (age, education level, smoking status, marital status, weight status, parity, SEIFA decile, study) and child (age,
gender, age of introduction to solids, breastfeeding duration) covariates adjusted for in all analyses.

®Association between dietary patterns at 14 months and BMI z-score at 24 months, n=417
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2.3.4 Discussion

This study enhances the small body of literature on dietary patterns in early life,
describing the dietary patterns of Australian toddlers aged 14 and 24 months, and
their association with socio-demographic factors and child adiposity.

2.3.4.1 Dietary patterns, 14 and 24 months

Two dietary patterns were identified in 14- and 24-month-old children representing
‘core’ (rich in fruits, vegetables and grains) and ‘non-core’ (low-fibre, fatty and
sugary foods and beverages) intake. Each pattern shares similarities with identified
patterns in other equivalent aged populations. The ‘14-month core foods’ pattern is
similar to the ‘infant guidelines’ pattern extracted in the 12-month Southampton
Women’s Study (SWS) cohort [199] and comparable to the ‘herbs, raw fruit and
vegetables’ (Avon Longitudinal Study of Parents and Children (ALSPAC) sample,
15 months [162]), ‘wholesome’ (Norwegian Mother and Baby Cohort, 18 months
[160]) and ‘health conscious’ (Generation R Study, 14 months [204]) patterns.
Likewise, the ‘basic combination’ pattern at 14 months is consistent with the
Generation R Study [204] ‘western-like’ , the Norwegian Mother and Baby Cohort
[160] ‘unhealthy’, and the Melbourne Infant Feeding Activity and Nutrition Trial
(INFANT) ‘vegemite and bread’ pattern [203]. At 24 months, the ‘24-month core
foods’ and ‘non-core foods’ patterns are similar to the ALSPAC [201] 24-month
‘health-conscious’ and ‘sweet and easy’ patterns, respectively. Thus, our findings
suggest that similar dietary patterns are evident in similar aged populations of

European and Australian toddlers.

Compared with other similar studies, the variance in food groups explained by the
derived patterns, 7.3% and 6.6% at 14 and 24 months respectively, was low. For
example, derived from 12-month infants in the Southampton Women’s Study (SWS)
cohort [199] explained 13.4% of the variance, whilst patterns derived for infants

aged 14 months in the Generation R Study [204] explained 24.5% of the variance.
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The proportion of variance explained by a set of components (i.e. patterns) is
dependent on the number of variables (i.e. food groups) entered into the PCA and the
number retained [199]. In both these published studies, a smaller number of food
groups (n=56 [199]; n=21 [204]) were included in the PCA than that entered in our
study (n=69 14 months; 74 24 months). The larger number of food groups employed
in this study allowed for greater discrimination between types of foods, yet may have

resulted in the relatively small amount of variance explained by the patterns [230].

As diet continually and rapidly changes, assessing toddlers’ dietary patterns over
time can enhance the understanding of the stability of early life dietary patterns. In
adults, dietary patterns have shown reasonable stability over time [231]. Although
dietary patterns are likely to vary more substantially across early life [119], previous
studies have demonstrated tracking of dietary patterns between six and 12 months
[199], and three, four and seven years of age [231, 232]. Similarly, our study
identified patterns at 14 and 24 months that were moderately correlated (‘14-month
core foods’ and ‘24-month core foods’ patterns; ‘basic combination’ and ‘non-core
foods’ patterns), indicating tracking of dietary patterns over the second year of life.
Beyond 12 months of age, children begin to exert independence in food choices and
develop fussy eating behaviours, contributing to rapidly changing day-to-day dietary
habits [38]. However, our findings suggest dietary patterns are relatively stable
longer-term, supporting the persistence of food preferences and eating habits over

time [28, 44] and raising concerns for those with poor dietary patterns in early life.

2.3.4.2 Construct validity of dietary patterns

We described the construct validity of extracted dietary patterns in terms of food,
energy and nutrient intakes across quartiles of pattern scores, which confirmed that
dietary patterns reflect meaningful differences in underlying combinations of food
and nutrient intake. Few studies have reported this relationship in the first years of
life. In children aged six and 15 months, protective micronutrients (for example,
calcium and iron) were associated with healthier dietary patterns and nutrients linked
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to disease risk (for example, sodium, saturated fat) with less healthy patterns [208].
At 14 months, macronutrient (protein, polysaccharide, saturated fat) intakes were
associated with ‘health-conscious’ and ‘western-like’ pattern scores in expected
directions [204]. At three years, the ‘processed’ pattern was found to be energy-
dense and nutrient-poor, whilst the ‘health conscious’ and ‘traditional’ patterns were
associated with a more healthy nutrient profile. Comparing our findings, consistency
is evident as healthier patterns were related to better nutrient intakes, including fibre,
iron, vitamin A and vitamin C, compared with less healthy patterns. Overall, these
relationships can contribute to resolving the controversy around whether data-
reduction techniques measure true differences in nutrient density or reflect greater

food consumption [156].

2.3.4.3 Dietary patterns and socio-demographic characteristics

Understanding the characteristics of toddlers with less optimal diets is crucial for
developing targeted and effective interventions to improve dietary intake. In
accordance with other studies, poorer quality dietary patterns were seen in children
of younger mothers [162, 199, 201] and those breastfeed for shorter durations [199,
204] (at both ages), and in children with smoking mothers [160, 199] and those
introduced to solids earlier [103, 199] (at 14 months only). Conversely, higher-
quality dietary patterns were associated with highly educated mothers (at 14 months)
[160, 162, 199, 201]. Associations between maternal factors and health behaviours
such as diet, are well documented, reflecting the influence of socio-economic
disadvantage on health. At 14 months, poorer-quality dietary patterns were further
associated with SAIDI participants, likely reflecting the multi-parity of SAIDI
mothers and thus the influence of siblings on diet quality, reported elsewhere [162].

Our findings of associations between dietary patterns and toddler feeding practices
(breastfeeding duration and introduction to solids) are similar to previous studies. In
the present study, longer breastfeeding duration was associated with an overall
healthier eating pattern in toddlerhood. Similarly, in a sample of Australian children
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aged 2 - 8 years, breastfeeding duration was positively associated with diet quality
[233], whilst in UK children higher scores on the healthy transition diet between six
and 24 months of age were positively associated with breastfeeding at six months
[234]. Furthermore, the association between earlier solid introduction and poorer
dietary quality found in this study has been reported previously [103, 199]. For
example, higher scores on the ‘adult foods’ pattern was positively associated with
earlier introduction to solids in 12 month old toddlers in the SWS [199].

Overall, these associations of earlier and later breastfeeding cessation and
introduction to solids with poorer- and higher-quality dietary patterns, respectively,
suggest that maternal feeding practices translate between breastfeeding, weaning and
eating patterns. Beyond this, however, these associations may be partially explained
by the effect of early feeding experiences on later food and taste acceptance [34,
235]. For example, previous research found that earlier solid introduction was
associated with liking a greater proportion of ‘non-core’ foods [47] and early solid
introduction (before 17 weeks of age) predicted introduction of ‘non-core’ foods by
52 weeks [103]. These findings suggest that mothers who introduce solids early may
also introduce ‘non-core’ foods early, thus escalating the innate preference for and
acceptance of sweet and salty foods [235]. Furthermore, earlier breastfeeding
cessation has previously been associated with liking a greater proportion of ‘non-
core’ foods [47] whilst longer breastfeeding duration positively influences children’s
taste preferences [236] and vegetable intake [34]. This is likely explained by
evidence that breastfeeding provides ongoing exposure to a variety of flavours not
experienced by formula-fed infants and results in improved later flavour acceptance
[237]. Overall, the association between early feeding practices and dietary patterns
may be influenced by maternal choices or by the effect of early dietary exposures on
children’s food acceptance. Either way, targeting young mothers of potential
disadvantage prior to commencement of early feeding practices may improve their

child’s eating habits.
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The association between diet quality and maternal education level found in this study
has previously been reported in populations of 12 [199], 18 [160, 162, 199, 201] and
24 month old toddlers [201] in expected directions. This relationship is likely
explained by their ability (that is, their education level) to understand and apply
dietary recommendations for practical use [238]. However, this simple interpretation
doesn’t take into consideration the multi-factorial components of the issue. For
example, there is literature to suggest that income and food prices affect food habits
and diet quality [239, 240]. As income was not measured in this study, which may
reflect maternal education status, income may be a likely explanation for the

association observed between maternal education level and toddler diet quality.

Our findings of an association between dietary patterns and smoking mothers, parent
ethnicity and child age have also been reported elsewhere, suggesting agreement
across studies. Our findings showed that maternal smoking was a risk factor for poor
diet quality at 14 months. Previous studies reported that maternal smoking was
negatively associated with a ‘wholesome’ diet [160] and positively associated with an
‘unhealthy’ [160] or ‘adult foods’ [199] pattern. Higher scores on “healthy” patterns
have been associated with ethnicity in several studies [162, 198, 201, 232], yet
associations have been bi-directional; “healthy” and “unhealthy” patterns associated
with white ethnicity. Further, we found that a poorer-quality diet was more common
in older children at 14 months. This has been reported elsewhere, where older infants
were more likely to adhere to a “western-like” diet pattern consisting of high-fat and -
sugar foods and beverages [204]. Together these findings suggest that dietary
interventions should begin early in life and target smoking mothers.

2.3.4.4 Dietary patterns and adiposity

Despite the increase in median BMI z-scores from 14 and 24 months, we did not
show an association between dietary patterns and BMI z-scores. Inconsistent results
have previously been reported between early life dietary patterns and measures of
adiposity [17, 18]. For example, in 12 month old children dietary patterns were
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associated with lean mass but not with other adiposity measures, including BMI [16].
Although weight status is not only influenced by diet, but by genetic, behavioural
(for example, activity levels) and environmental factors (for example, parent-child
interaction), [75] a possible explanation for our findings is that each pattern at both
ages was positively associated with total energy intake. This supports evidence that
children can respond to the energy density of foods consumed and regulate their
daily energy intake [241]. Further, it may be too early to detect the influence of diet
on weight status as previous research has shown that weight gain from birth - 2 years
is largely influenced by intrauterine factors [242], with the effect of environmental
factors not manifesting until 2 -5 years [242, 243], and that weight gain between 2-11
years may be a more important predictor of obesity risk than BMI at two years [244].
Therefore, continuation of a non-nutritious dietary pattern beyond two years may
lead to a clear distinction in weight status across the population later, and thus

investigating this association longitudinally is warranted.

2.3.4.5 Study strengths and limitations

A limitation of the present study is our highly educated sample of mothers who may
have greater knowledge of dietary recommendations and thus may have reported
more favourable dietary intakes [245]. Additionally, associations of dietary patterns
with socio-demographic variables and BMI z-score may be influenced by missing
data or by evaluating associations in different time periods (for example, maternal
weight status reported post-birth and diet reported at 14 and 24 months). Another
consideration is that approximately one-fifth of child anthropometric data were
collected by general practitioners or child health nurses, not by study staff, and thus
accuracy is questionable. In terms of dietary reporting by mothers, social desirability
bias, a phenomenon that occurs when subjects report what they believe to be
acceptable, cannot be ignored. Further, PCA has its own inherent limitations that
must be acknowledged. The multi-step process of PCA is highly subjective as it
involves several decisions to be made by the researcher throughout the analytical
process: (1) if and how data (for example, foods) are grouped, (2) how input

variables should be treated (for example, rotation), (3) how many patterns should be
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retained in the final solution, and (4) how the patterns should be named [154]. These

decisions may influence the composition of extracted dietary patterns.

Nevertheless, our study is strengthened by investigation of dietary patterns at two
different ages in one sample, including tracking over time. Identified patterns were
clearly distinguishable by the type of foods loading on them, defined by very few
cross-loadings and several foods loading strongly on each pattern. The derivation of
patterns from recall and record data, compared with food frequency questionnaires
(FFQ’s) [160, 162, 199, 201, 204] that often lack portion sizes and information on
brands and food type, is a study strength as the former methods provide
comprehensive energy and nutrient data from which construct validity can be
assessed. Additionally, FFQ’s may not cover the full range of foods consumed by
individuals. The use of 24-hour recalls was strengthened by the implementation of a
standardised protocol for interviewers to ensure consistent delivery of recalls across
sites and interviewers, and provision of instructions and equipment to parents to
enable consistent detail to be gathered between the recall and diet record, and

between participants. Together this minimised the risk of measurement bias [138].

2.3.5 Conclusion

In conclusion, dietary patterns reflecting ‘core’ and ‘non-core’ food intake can be
described in Australian toddlers and are influenced by maternal age, breastfeeding
duration and age of introduction to solids in expected directions. Healthier dietary
patterns were associated with a more positive food and nutrient profile than less
healthy patterns. Although we did not find an association between children’s dietary
patterns and adiposity, it is of concern that dietary patterns characterised by non-
nutritious foods were identified at this young age. These findings support the need to
intervene early with parents to promote healthy eating in children and establish
positive life-long eating behaviours. Further longitudinal studies are warranted to
provide evidence of associations of dietary patterns with adiposity beyond two years,
and with a broader range of health outcomes.
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2.4 Chapter summary

This chapter aimed to describe and validate dietary patterns of Australian toddlers to
inform the development of a food-group based dietary risk assessment tool. Dietary
patterns reflecting ‘core’ (nutrient-rich) and ‘non-core’ (EDNP) food intake were
characterised in Australian toddlers aged 14 and 24 months. The validity of patterns
was established by demonstrating that underlying food, energy and nutrient profiles
differ across quartiles of dietary patterns scores in expected directions. That is,
healthier patterns were associated with better nutrient intakes and unhealthier
patterns with poorer nutrient intakes. Additionally, their validity was demonstrated
by showing that patterns are influenced by several maternal and child socio-
demographic predictors. No association was found between patterns and toddler BMI

z-score, cross-sectionally.

At both ages fresh fruit, vegetables, non-white bread, amongst others, loaded
strongly on both the high quality dietary patterns, whilst white bread, margarine and
table spreads, juice and vegemite-type spreads loaded strongly on both the poor-
quality dietary patterns. As PCA is a multivariate statistical data reduction technique
that identifies groups of foods accounting for the largest variation in diet between
individuals, these foods can be used to distinguish between children of high- and
poor-quality dietary patterns and thus can be used as food-group items in a short
questionnaire that distinguishes children’s dietary risk. This is a novel approach to
questionnaire item selection and is advantageous as it identifies the food items most
relevant to the consumption patterns of the target population. Therefore, a newly

developed dietary assessment tool will be based on these foods.
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3 DEVELOPMENT AND TESTING OF A NEW
TODDLER DIETARY QUESTIONNAIRE (TDQ)

3.1 Overview

This chapter addresses the second and third specific aims of the thesis (Figure 3-1),
namely the development of a short, food-group based dietary risk assessment tool for
Australian toddlers aged 12 - 36 months and testing of its reliability and validity. The
chapter begins by presenting the key considerations for tool development and testing
and discussing how dietary indices can be used to derive a measure of dietary risk.
This is followed by presentation of the paper titled “Development, reliability and
relative validity of a simple tool assessing Australian toddlers’ dietary risk”

published in the British Journal of Nutrition.

Step 1: specific thesis aim #1

Characterise dietary patterns of Australian toddlers to aid the selection of items to be
included in the short tool

I

Step 2: specific thesis aim #2

Develop a short food-group based dietary risk assessment questionnaire for
Australian toddlers

4

Step 3: specific thesis aim #3

Determine the test-retest reliability and relative validity of questionnaire-derived
dietary risk scores

J

Step 4: specific thesis aim #4
Determine the convergent validity of questionnaire-derived dietary risk scores

Figure 3-1 Tool development and validation flow diagram; step 2 and 3 of 4
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3.2 Considerations for developing a short dietary risk
assessment tool for Australian toddlers

3.2.1 Selection of tool items using age- and population-specific dietary
patterns

Whole-of-diet patterns of Australian toddlers characterised in chapter two revealed
similarities in the foods loading strongly on patterns across ages (14 and 24 months).
That is, the “healthy” patterns at both ages were characterised by fresh fruit,
vegetables, and non-white bread and the “unhealthy” patterns were characterised by
white bread, margarine and table spreads, vegemite-type spreads, and juice. These
two patterns reflect intake in line or not in line with dietary guidelines, respectively.
Further, the foods loading on these patterns represent those for which there is the
greatest variation in intake between individuals. The consistency in dietary patterns
from the beginning of the second year of life to that of the third year of life
represents consistency in foods that distinguish toddlers of good- and poor-quality
dietary patterns. Given this, these food-groups are ideal to inform the items of a new
short dietary assessment tool that measures whole diets of Australian toddlers and
that aims to distinguish variation in intake across the population enabling
identification of those toddlers at greatest dietary risk. Thus, items in the new short
dietary assessment tool that assesses toddlers’ dietary risk will be based on PCA-

derived dietary patterns identified in Australian toddlers aged 14 and 24 months.

3.2.2 Dietary assessment period of a new short tool

A design consideration for any dietary assessment instrument is the time frame for
which intake is assessed. Asking subjects to recall their dietary intake retrospectively
can be associated with recall bias as it relies on memory [246]. As recall errors
increase with time [247], the chance of recall bias is greater if the recall period is
months or years compared to recall covering only the previous few weeks. Further,
for questionnaires assessing several months’ intake, the season in which it is
administered can influence reporting during the entire year [126]. Compared to the

minimum requirement of two days of intake data for assessing the relationship
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between usual diet and health outcomes at the group level, the clinical assessment of
an individual’s diet generally requires seven or more days of intake data to represent
usual intake [126]. Therefore, to assess dietary risk, the tool will cover dietary intake

over seven or more days.

3.2.3 Should a new short tool be self- or interviewer-administered?

Another key consideration is the mode of questionnaire delivery. Questionnaires may
be interviewer-administered, either in person or via phone, or self-administered. In
certain situations an interviewer may be advantageous as they can immediately check
improbable responses with the respondent [127]. Yet, interviewer-administered
questionnaires are burdened by the cost of employing an interviewer, who requires
standardised training and whose presence may increase the probability of social
desirability bias (the inaccurate reporting of behaviours to appear more favourable
[248]) in subjects’ responses [125, 127]. Therefore, most FFQ’s are designed to be
self-administered as they are less costly, do not rely on trained interviewers, and are
generally subject to less social desirability bias [126]. In light of these advantageous,
the new dietary risk assessment tool for Australian toddlers will be designed to be

self-administered by the parent or caregiver.

3.2.4 Should a new short tool include portion size estimation?

A major consideration in the development of a dietary assessment tool is whether to
query portion size of dietary intake. Although consumption amount is considered
important in estimating dietary intakes, whether or not portion size questions should
be included in FFQ’s is highly debated [126]. Compared with weighing food to
determine intake, portion size estimation is appealing as it is associated with much
lower respondent burden. Portion size can be estimated in three ways; asking
respondents to (1) estimate portion size in an open-ended manner, (2) indicate the
portion size consumed from a set of categorical portion size responses, or (3) indicate
how many portions of food, using a standard portion size, were consumed [126].
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Either way portion size estimation can be difficult as it requires perception,
conceptualisation and memory, and can therefore lead to sources of error and
invalidity [125]. Wide variation has been shown in individuals’ ability to estimate
food portions, with quantification of portions consumed possibly the largest source
of measurement error in most dietary assessment methods [249]. Nonetheless, whilst
some studies have found frequency to be a greater contributor to variance in intake
than serving size, others have found that reporting a usual serving size generates
improvements [126].

Ultimately the inclusion of portion size questions is dependent upon the study
objectives [126]. Given the objective of this study is to measure dietary risk, a
concept that reflects overall dietary patterns and which is largely influenced by the
amount consumed, simply estimating whether a particular food was/is consumed or
not is insufficient. Further, given that toddlers show great variation in intakes from
day-to-day and meal-to-meal [43], contributing to variation in intakes within a
population, capturing this variation requires assessment of amount consumed.
Therefore, the new dietary risk assessment tool for Australian toddlers will be

designed to assess portion size of food intake.

3.2.5 Applying a dietary index scoring system to derive a measure of
dietary risk

With items in the new short toddler dietary risk assessment tool to be based on PCA-
derived dietary patterns of Australian toddlers, and design characteristics of the tool
decided upon, the next step is to determine how a measure of overall diet, expressed
as a dietary risk score, will be derived. Dietary indices are scoring systems that
enable multiple components of diet to be expressed in a single number, often
reflecting degree of adherence to a package of dietary guideline recommendations.
They provide a holistic assessment of diet by capturing the multi-dimensional nature
of people’s diets [191, 250] and the cumulative impact of dietary components [251].
By assessing dietary intake against pre-determined index components to derive a
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summary score, a dietary index can be used to describe dietary risk, through the

calculation of a dietary risk score.

Several decisions must be made regarding the design of the dietary risk scoring
criterion. First, index components can be defined either quantitatively or
qualitatively. Qualitative index scores may be those where a point is assigned for
every food consumed from a defined list reflecting dietary guidelines, to determine,
for example, dietary diversity [116]. These indices are appropriate for tools that
assess frequency but not quantity of intake. Alternatively, quantitative index scores
involve calculating the number of serves consumed and comparing that to the
number of serves recommended by the guidelines. This approach requires knowledge
of portion size intake. As the new dietary risk assessment tool for Australian toddlers
will be designed to assess portion size intake, a quantitative index will be applied to

derive a dietary risk score.

Second, the method for applying a quantitative scoring system to a food-based index
must be decided upon. The most common approach is to use a cut-off for each
component and award “points” [251]. Often a score of zero is applied if consumption
is lower (or higher if an unfavourable component is assessed) than the cut-off value
and a score of one if consumption is higher (or lower) than the cut-point [191]. Other
approaches include using the group median intake of each variable as a cut-off value
or scoring items proportionally based on the extent to which dietary guidelines are
met [191]. An example of the latter is provided by Healthy Eating Index (HEI)
scores, whereby if, for example, the daily requirement of grains is six serves but a
person consumes three, then a score of 5 (range 0 - 10) would be given [252]. This
approach is appealing as scores better represent the degree to which the individuals
meet the recommendations [191] and thus are a better reflection of degree of
guideline adherence. Therefore, this approach will be taken to determine dietary risk

scores derived from the new toddler dietary risk assessment tool.
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The third consideration is the relative contribution of index components to the total
dietary index score [191, 194]. Index components are most commonly weighted
equally [191]. However, some components may have a greater influence on health
outcomes than others. Thus, it may be appropriate to weight subscales [194],
whereby those components known to have a greater impact on health are weighted to
make a higher relative contribution to the final index score [251]. As the food-group
items to be included in the new short dietary risk assessment tool are informed by
PCA-derived dietary patterns that include ‘core’ and ‘non-core’ items, with varied
influence on health relative to consumption amount, it is likely that it will be more

appropriate to weight food group intake to determine dietary risk scores.

In summary, intake assessed by the newly developed tool can be compared to dietary
guidelines and a score that represents dietary risk be established to serve as a
measure of disease risk prediction. That is, by determining whether food-group
consumption does not meet, meets or exceeds recommendations, and by what degree,
will allow for calculation of a dietary risk score for each component, which will be
aggregated to derive a total index, or dietary risk, score. Ideally this score should be
calculated directly from the assessment tool, through a simple addition or awarding
of points, rather than requiring additional, complex analysis before a final score can
be derived [144]. This is due to the benefits of lower participant and researcher

burden and provision of immediate feedback to clients or participants [144].

3.2.6 Summary — developing a short dietary risk assessment tool for
Australian toddlers

Development of a short dietary risk assessment tool for Australian toddlers will be
based on current age- and population-specific evidence on Australian toddlers’ PCA-
derived dietary patterns and a dietary index will be applied to derive index scores
that represent level of dietary risk. The tool will be self-administered by the child’s
parent or caregiver, cover a dietary assessment period of seven or more days and

capture portion size of food intake.
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3.3 Testing the reliability and validity of a new short dietary
risk assessment tool for Australian toddlers

Nutrition research and practice relies on accurate assessment of dietary intake.
Unreliable or invalid measures will yield unreliable and/or invalid results [142]. It is
therefore important that any new dietary assessment method is tested for reliability

and is validated against more established methods [126].

To determine the reliability of a newly developed short dietary risk assessment tool
for toddlers, test-retest reliability can be used to establish the tools’ repeatability.
This involves completion of the same measurement two or more times to yield
repeated values, where the similarity in values reflects the test-retest reliability of the
measure [142]. Importantly, to truly indicate the test—retest reliability of a measure,
the results of the retest should not be influenced by the results of the initial test [142].
Re-administration periods must be carefully considered because if they are too close
it may result in subjects remembering their previous responses, whilst if too long a
lower reliability may reflect true changes in dietary intake [121]. Thus, accurate
assessment of test-retest reliability requires careful planning of administration times.

Determining the validity of a new short toddler dietary risk assessment tool requires
comparison to a reference method. Although doubly labelled water is considered the
‘gold standard’ for determining energy intake [121], being accurate to 1% [125], it is
associated with high costs, is invasive and is impractical for use in large populations
or non-clinical settings [125, 142]. Importantly, this method only validates energy
intake, and is therefore not appropriate for validating food-group intake captured by a
food-group based dietary risk assessment tool. Thus, to determine the validity of
such a tool, comparison to a reference method believed to be superior to establish

relative validity is required.
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Relative validation standards in nutrition research include respondent-based methods
such as weighed or estimated food records, 24-hour recalls or FFQ’s. Common to all
methods are social desirability bias, social approval bias, and recall bias. Social
desirability bias is misreporting on sensitive or embarrassing behaviours to appear
more favourable or to be consistent with social norms or beliefs [248]. In nutrition,
this refers to reporting, either consciously or subconsciously, consumption of foods
and beverages different from actual consumption [125]. Similarly, social approval
bias refers to responding in a way that makes the respondent appear favourable to the
researchers [125], That is, in nutrition research, reporting intake that is closer in line
with what is believed to be the recommendations. Respondents may also simplify
their diet to make recording easier [124], due to the time required and level of
difficulty associated with recording. Reporting also relies on memory, which is
subject to error [246, 247], increasing recall bias. Nonetheless, mere participation in
a study can result in biased reporting of intake, known as the Hawthorn effect [125].

Yet this effect is likely to be consistent across a sample [248].

Further to these common limitations of respondent-based dietary assessment methods
is the limitations of each individual method (highlighted earlier in Table 1-5). Food
diaries, particularly weighed records are expensive and labour intensive for
participants and researchers, requiring highly motivated and cooperative respondents
[125]. Although options of two-, three- or seven-day food diaries can be chosen,
these are often too burdensome for population based studies. Recording periods of
more than four consecutive days result in respondent fatigue and thus inaccurate
reported intakes or incomplete records [126]. Twenty-four hour recalls on the other
hand are limited by reliance on memory, often resulting in recall bias. The cognitive
process of recalling past intake is more difficult for populations with lower literacy
skills, lower concentration skills, limited memory, limited knowledge of food and
food preparation methods, and a lack of familiarity with recipe components [125].
Further, there are high expenses associated with requiring trained interviewers to
deliver 24-hour recall assessments [125, 126] Reporting methods that are less-
burdensome on researchers and respondents, and less costly and time-intensive in

terms of administration and analysis, such as FFQ’s, may result in more accurate
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information. These methods measure diet retrospectively so do not result in changes
in eating habits. Yet they do rely on memory of past dietary intake. As each method
is associated with limitations, choosing a validation standard requires weighing up
their advantages and disadvantages. When choosing a validation method, usually a

compromise between data accuracy and participant burden is required [121].

Above and beyond these limitations, there are two key design factors that need to be
considered when choosing a validation method. First, both the test method and
reference method must measure intake over the same time period [142]. That is, the
reference method should cover a sufficient number of days to represent the interval
of time corresponding to the questionnaire [128]. A large difference in referent
periods may yield differences in results due to true variation in diet. Second, errors in
the validation standard should be independent of those in the dietary assessment
method [142]. If errors are not independent then you cannot be certain that the
resultant correlations are because both the test and reference method accurately
measure the underlying concept, as it may be because they are both measured with
the same type of error [142]. For example, errors in observer-recorded measures are
independent of those in respondent-based measures, whereas respondent-based
methods are subject to similar types of errors and thus their comparison will lead to
artificially inflated correlations [137]. Thirdly, the outcome and context, for example,
the timeframe and resources, also play a role in the choice of reference method. For
example, conducting 24-hour recalls is more time-consuming for researchers than a
participant-completed questionnaire. The former may simply not be possible within
the researchers’ time-frame. Additionally, 24-hour recalls are much more resource
intensive than the latter, for which the research budget may not allow for. Thus,
ideally both measures should measure intake over the same period of time, should be

subject to independent errors and should be feasible within the study constraints.
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Overall, the validity and reliability of a newly developed tool must be established to
be certain it provides accurate evidence on what toddlers are consuming. Test-retest
reliability and relative validity are the most appropriate tests. Yet, determining what
validation standard to use is complicated, with decisions regarding which method to
use usually a compromise between limitations and feasibility. Ideally, it is important
to select a validation measure that (1) is reliable and valid (that is, more superior), (2)
is easy and inexpensive to administer and analyse and non-burdensome for
respondents to complete, (3) has a short reporting period to reduce recall bias and
which covers the dietary intake period of the primary dietary assessment tool, (4) is
subject to errors that are independent to those of the test measure, and (5) which is

appropriate for the study design and within the study constraints.
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3.4 Development and testing of the TDQ

The following section aims to develop, and validate, a short, food-group based
dietary risk assessment tool for Australian toddlers aged 12 - 36 months. It contains

material from:

Bell L, Golley R, Daniels L, Magarey A (2014) A short food-group-based dietary
questionnaire is reliable and valid for assessing toddlers’ dietary risk in relatively
advantaged samples, British Journal of Nutrition, 112(4): 627-37

As this section is based on the above paper (presented in Appendix 1 - Papers,
conference presentations and awards/prizes arising from this thesis), some repetition
with previous sections might be encountered. Small alterations have been made to

the published manuscript.

3.4.1 Introduction

‘Dietary risk’ is a term used to describe ‘any inappropriate dietary pattern’ that may
impair health [115]. Toddlers are vulnerable to dietary risk as they begin to exert
their independence in food choices and demonstrate fussy eating behaviours [38, 46].
As dietary risk habits may persist over time [86, 112] and influence short and long-
term health [7, 113], early risk identification is important.

The current dietary intakes of toddlers are inadequate suggesting many are at dietary
risk. In general, intakes of nutrient-rich foods are below the national dietary
guideline recommendations and consumption of energy-dense, nutrient-poor (EDNP)
foods is common. For example, the 2008 - 2009 UK National Diet and Nutrition
Survey showed that approximately 50% of 1.5 - 3 year olds consumed EDNP items
such as meat products, fried potato products, confectionary and sweetened beverages
over the four day food diary period [111]. Nutrient-rich foods such as fish, raw
vegetables, and eggs were consumed by less than half the sample [111]. Similarly, a

recent Australian study demonstrated that 11 - 15% of 12 - 36 months consumed no
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fruit or vegetables, respectively, less than one-quarter consumed eggs (24%), fish
(11%) and legumes (17%), and nearly all (89%) consumed EDNP item/s in the
previous 24 hours [52]. Similar trends are observed in other countries including the
US [107, 109]. These data highlight that toddlers’ dietary patterns are not consistent
with dietary guidelines and may place them at risk of nutrient (for example, iron and
folate [23, 36]) deficiencies and chronic diseases, including excess weight [6, 86] and
cardiovascular disease [19]. Therefore, the need to screen toddler’s dietary intakes
against current dietary guidelines to identify those at-risk is evident.

Timely, accurate and cost effective assessment of dietary intake is important.
Traditional dietary assessment methods, such as recalls and records, are time-
intensive, costly and burdensome [125]. Further, it can be difficult to easily extract
food intake data from these methods for meaningful comparison with food-group
based dietary guidelines [120]. Conversely, less costly, time-consuming and
laborious methods such as food frequency questionnaires [128] quickly measure food
or food-group intake, allowing easy comparison with food-group based dietary
guidelines [120]. Nonetheless, increasing questionnaire length is associated with
increasing burden, likely resulting in reduced cooperation and completion [134].
Therefore, an ideal screening questionnaire that identifies toddlers at dietary risk
would be short and simple while providing food or food-group data that can easily be

compared with dietary guidelines.

Dietary risk identification requires the assessment of whole diets. In comparison with
that of individual dietary components, the assessment of whole diets refers to
capturing intake of all five ‘core’ food groups (that is, foods recommended to be
consumed every day including fruits; vegetables; grains [for example, bread, rice,
pasta, noodles]; meat and alternatives [for example, fish, eggs, nuts]; dairy) and
‘non-core’ (EDNP) items [62, 95]. However, current short food or food-group based
questionnaires generally aim to measure a specific aspect of diet (for example, fat

intake [253]) or a limited number of food groups (for example, fruit and vegetables
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only [192]). Supporting this, our recent review [1] (in section 0) highlighted the lack

of short tools (<50 items) assessing the whole diets of children aged under five.

Due to the lack of population-specific, age-appropriate, short tools that characterise
the whole diets of Australian toddlers, the present study aimed to develop a short,
simple food-group-based dietary risk assessment tool for toddlers aged 12 - 36

months and determine its reliability and validity.

3.4.2 Methods

The Toddler Dietary Questionnaire (TDQ) is a 19-item, parent-completed, semi-
quantitative tool that assesses food-group intake over the previous seven days
(Appendix 3 - Study data collection forms). The intake of “core’ (for example, fruit,
vegetables, dairy) and ‘non-core’ (for example, high-fat, -sugar and/or -salt foods,
sweetened beverages) food-groups is then evaluated against a dietary risk criterion.
The TDQ risk scores range from 0 to 100, with a higher score representing higher
dietary risk (that is, poorer dietary intake).

3.4.2.1 Development of the TDQ

The development of the TDQ was informed by dietary patterns observed in recent
dietary intake data of Australian toddlers [2], the Australia Dietary Guidelines
Modelling System [223], and the Australian Dietary Guidelines [8, 94].
Questionnaire drafts were pilot tested for readability, understanding and timing with
three parent-toddler dyads (university researchers, n = 2, researcher family member,
n = 1) and changes made to the questionnaire format.
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The TDQ items were informed primarily by dietary patterns of Australian children
[2] (Table 3-1), derived using principal components analysis (PCA). PCA is a
common type of factor analysis technique [191] that identifies underlying ‘patterns’
of intake from a large number of variables by grouping foods commonly consumed
together. PCA was applied to the average of 24-hour recall and record data collected
over three days from 14-month-old (n = 552) and 24-month-old (n = 493) children.
Data were derived from two Australian studies, the control arm of NOURISH [215],
an obesity prevention randomised controlled trial, and the South Australian Infant
Dietary Intake (SAIDI) study [216], a longitudinal study of infants’ and toddlers’
dietary intake. The foods that represent extracted patterns account for the greatest
variation in diet between individuals [196]. At both ages, two patterns were
identified representing (1) ‘core’ (for example, fruit, vegetables, grains, dairy
products, meat and water), and (2) ‘non-core’ (for example, high-fat, high-sugar
and/or high-salt products and sweetened beverages) intake [2] (Table 3-1). Based on
these patterns and the Australian Dietary Guidelines [8, 223], a 19-item questionnaire
comprising three sections was developed. Section one assesses ‘core’ intake (eight
items; fruit, vegetables [green, orange, other], dairy products, grains, lean red meat,
and fish), section two ‘non-core’ intake (eight items; spreadable fats, vegemite-type
spreads, snack products, hot potato products, meat products, sweet biscuits and
cakes, chocolate, ice-cream) and section three ‘usual’ intake (three items; bread type,
milk beverages and non-milk beverages, for example, fruit juice, soft drink, cordial

[a fruit flavoured concentrate that is usually mixed with water]).

As only few items loaded strongly on patterns at both ages (fresh fruit, vegetables,
non-white bread, white bread, margarine and table spreads, juice and vegemite-type
spreads), the use of PCA-derived items in the tool was widened to include those
loading strongly on a pattern at either age. Table 3-1 highlights the items loading
strongly on a pattern at either 14 or 24 months that were used as food-group items in
the TDQ. Sweet biscuits and cakes was included in section two of the TDQ, despite
not loading strongly on a pattern age either age, to ensure both section one and
section two comprised equal number of items and as sweet biscuits and cakes are a

commonly consumed ‘non-core’ item (shown in Table 2-9) by toddlers.
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Sections one and two comprise questions asking respondents to report how often and
how much their child ate of each food group over the previous week. Based on the
appropriateness of categories for a one-week period of intake, four consumption
frequency categories (nil, once, 2-4 times and >5 times) were developed. In addition,
three consumption quantity categories (representing ‘small’ [e.g. <50g], ‘medium’
[e.g. 50g9-100g], ‘large’ [e.g. >100g] portions) were developed. For section one,
portion-size categories were informed by the average serving sizes and weekly
number of servings recommended for 13 — 23 month olds and 2 — 3 year olds
outlined in the Australia Dietary Guidelines Modelling System [223]. For TDQ food
groups not directly comparable to those in the modelling system, a proportion of the
recommended intake was used. For example, for the TDQ food group
‘yoghurt/custard’, portion sizes were informed by applying 25% to the recommended
intake of ‘dairy foods (milks, yoghurts, cheese)’. For section two, portion-size
categories were informed by tertiles of consumption of 24 month old NOURISH and
SAIDI children (n = 742). Food labels that reflect each portion-size category
(‘small’, ‘medium’, ‘large’) were added for each food-group item. For example, a
‘small’ portion of ‘other vegetables’ was labelled ‘less than 1 cup of raw salad

vegetables OR less than % cup cooked vegetables’, representing <75¢g of vegetables.

Section three comprises the following three questions: (1) What proportion of white:
non-white bread (for example, some white: mostly non-white) does your child
usually consume? (2) What milk drinks (breast, plain, flavoured, formula) does your
child usually consume? (3) What non-milk drinks (water, diluted juice, juice,
cordial/soft drink) does your child usually consume? The final questionnaire is given

in Appendix 3 - Study data collection forms.
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Table 3-1 Foods loading strongly (=0.25) on each dietary pattern of 14-(n=552) and 24-month-old (n=493) Australian toddlers

14 months 24 months
14-month core foods Basic combination 24-month core foods Non-core foods
Food Loading Food Loading Food Loading Food Loading
Fruit: fresh' 0.483 Bread: white' 0.483 Vegetables: orange* 0.507 Bread: white' 0.597
Flours and grains* 0.467 Dairy milk: whole fat* 0.430 Fruit: fresh! 0.467 Cordial and soft drink* 0.479
. ial ; . ;

Bread: non white 0351 Margarllne and  table 0427 Vege_tablles. green and 0454 Margarllne and table 0456

spreads brassica spreads
Vegetables: other! 0.300 Fruit and vegetable juice’  0.381 Vegetables: other* 0.407 Fruit and vegetable juice’  0.407

Vegemite-type spreads’ 0.380 Nuts and seeds 0.367 Vegemite-type spreads’ 0.367
Cheese 0.297 Frozen milk products® Water' 0.320 Potatoes: high fat* 0.297
Butters® 0.292 Bread: non white' 0.318 Snack products® 0.294
Eggs 0.291 Custard® 0.314 Chocolate and chocolate 0.287
Oil 0.287 Potatoes: low fat 0.305 Processed meat* 0.281
Nuts and sseds Meat; muscle, game and

0.264 organ® 0.304
Dairy yoghurt: whole fat'  0.303

Infant meat-based dinners 0504 Floursand Grains' -0.357 Flours and grains -0.372
Infant fruit-based desserts -0.469 Breast Milk* -0.319 Breakfast cereal: cold type  -0.313
Formula -0.354 Fish and Seafood; Fresh! -0.269 Vegetables: home-style MD  _q 255
Infant vegetable-based dinners -0.327 Formula® -0.259
Infant milk-based desserts -0.317
Infant cereal products -0.263

Abbreviations: MD, mixed dishes
'Foods or food-groups included in the Toddler Dietary Questionnaire
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3.4.2.2 Scoring of the TDQ

The dietary risk score is derived by evaluating food group intake against a scoring
criterion (Table 3-3). For sections one and two of the TDQ, food-group intake per
week in grams was calculated by multiplying the frequency response (zero [nil], one
[once], three [2-4 times] and seven [>5 times] times per week) with the median
quantity response (e.g. small = <50g, 25g; medium = 50 - 100g, 75g). For example,
if the median of the ‘small category’ is 25g, then a response of ‘2-4 times’ and
‘small’ is 75g (3 x 25g). As the median of the “large’ (e.g. >100g) category could not
be established based on the TDQ categories, an upper limit of consumption of 24
month old NOURISH and SAIDI children was used (e.g. 300g) and the median
determined (e.g. 200g). Intake is then compared against recommendations (see Table
3-2) [223]. That is, a scale of O (lowest score = lowest risk) to 18 (highest score =
highest risk) is applied per question, with ‘0’ reflecting consumption closest in line
with the recommendations and ‘18 reflecting intake furthest from the
recommendations (Table 3-3). For section one, a response of ‘2-4 times’ and
‘medium’” amount reflects intake most closely in line with the recommendations and
is therefore scored a “0’. Lower and higher intakes are scored between 2 and 18
according to the percentage of deviation from recommendations. Under-consumption
is scored slightly more severely than over-consumption due to greater severity of
health risks. For example, under-consumption of ‘core’ foods may result in nutrient
deficiencies leading to suboptimal growth and development and/or chronic diseases
such as CVD and cancer [62]. Further, insufficient ‘core’ intake may lead to over-
consumption of ‘non-core’ items and thus an increased risk of overweight and
obesity [62]. Alternatively, over-consumption of ‘core’ foods may also contribute to
overweight through establishment of a positive energy balance [71] and may displace
the intake of other ‘core’ foods from the diet, thus decreasing variety [62].
Conversely, for section two, scores increase proportionally from zero with increasing
consumption frequency and quantity, as consumption of ‘non-core’ foods should be
limited [8, 62, 95] and increasing exposure and familiarity increase preference for
these foods [34].
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Each question in section three is scored on a scale of 0 (ideal intake, for example,
none white: all non-white, breast milk or plain milk, and water) to 12 (non-ideal
intake, for example, all white: none non-white, no milk drinks consumed, and soft
drink or cordial) (Table 3-3). For question 2 and 3, a proportionally increasing scale
of 0, 4, 8 12, is applied, with multiple responses accepted. However, for question
one, a scale of 0, 3, 9, 12 is applied, as the proportions 25%: 75% and 75%: 25% are
used to represent the responses some white: mostly non-white and mostly white:

some non-white, respectively.

Dietary risk scores are created for each section, tallied to give a score out of 336,
which is converted to a total dietary risk score (range 0 - 100; higher score=higher
risk). Total risk scores are categorised into four levels of dietary risk: (1) low (O -
24); (2) moderate (25 - 49); (3) high (50 - 74); (4) very high (75 - 100).

Table 3-2 Modelled serves per week of Omnivore Foundation Diet food groups for toddlers
aged 13-23 months and 2-3 years used to inform portion-size categories of the TDQ.
Adapted from the Dietary Guidelines Modelling System [223]

Composite food group Serve size 13-23mo  2-3y
Starchy vegetables 759 25 2.5
Green and brassica vegetables 759 3.5 35
Orange vegetables 759 3.5 35
Legumes 759 1 2
Other vegetables 759 7 7
Fruit 1509 35 7
Wholegrain or higher fibre cereals/grains  Equiv 40g bread 16 19
Refined or lower fibre cereals/grains® Equiv 40g bread 8.5 9
Meat and alts minus red Equiv 659 red meats 3.5 35
Red meats (beef, lamb, veal, pork) 659 35 3.5
Dairy foods (milks, yoghurts, cheeses)? Equiv 250g milk 8 10.5

Abbreviations: equiv, equivalent; g, grams; mo, months; y, years

'Refined or lower fibre cereals were included as a group for cultural reasons; wholegrain
or higher fibre can replace these if preferred.

2Should be mostly low fat
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Table 3-3 Scoring template for the Toddler Dietary Questionnaire (TDQ)

Maximum score Possible section

Section Question Response Score .
per question score range
land?2 Each question (16 items) scored according Fr_equencv1 and Quantity Section 1 Section 2 0-144
to the combination of frequency and Nil Nil 18 0 18
quantity categorical response Once Small 14 2
Once Medium 11 4
Once Large 8 6
2-4 times Small 6 8
2-4 times Medium 0 10
2-4 times Large 4 12
>5 times Small 2 14
>5 times Medium 6 16
>5 times Large 12 18
3 What proportion of white: non-white breadNone white : All non-white 0 12 0-48
does your child usually” consume? (tick ~ Some white: Mostly non-white 3
one only) Mostly white: Some non-white 9
All white: None non-white 12
What milk drinks does your child usually? Breast milk or plain milk (dairy or non-dairy) 0 12°
consume? (tick all that apply) Formula 4
Flavoured milk (dairy or non-dairy) 8
None of the above i.e. no milk drinks 12
What non-milk drinks does your child Water 0 24
usually? consume? (tick all that apply) Diluted juice (fruit and/or vegetable) 4
Un-diluted juice (fruit and/or vegetable) 8
Cordial or soft drink 12

Total

0 — 336 (converted
to out of 100)

Frequency of intake per week. “Usually=on most days. *Despite the option to tick all that apply, if a response of ‘none of the above i.e. no milk drinks’ is
provided, no other responses are possible. Therefore, any combination of the first three responses are possible providing a maximum score of 12, or ‘none of

the above i.e. no milk drinks’ only (score = 12).
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3.4.2.3 Reliability and validity of the TDQ

3.4.231 Study design

A validation study was conducted between October 2012 and February 2013 to
determine the reliability and relative validity of the TDQ. Ethics approval was
granted by the Flinders University Southern Behavioural Research Ethics Committee
(SBREC) (Appendix 4 - Ethics approval letter)

3.4.2.3.2 Study sample

The participants were primary caregivers of toddlers aged 12-36 months recruited
for the Toddler Dietary Intake study via (1) flyers distributed at South Australian
private child care centres, (2) advertisements in Flinders University newsletters and
on noticeboards, (3) a study-specific Facebook page, and (4) parents enrolled in the
SAIDI study who had another eligible child. Recruitment materials are available in
Appendix 5 - Recruitment materials. Children with a food allergy or intolerance or a
diagnosed medical condition affecting their dietary intake were excluded. Parents
with two eligible children chose one child to participate in the study to prevent a
clustering effect. Parental consent was obtained. Participants received feedback on
their child’s diet and the CSIRO kids wellbeing diet book for completing the study
(Appendix 6 - Participant incentives).

3.4.2.3.3 Data collection

Data collection occurred in two stages. In stage one, participants completed a
demographic questionnaire and the TDQ (that is, the TDQ1). In stage two,
participants were mailed a second TDQ (that is, the TDQ2) and a validated semi-
quantitative Food Frequency Questionnaire (FFQ) [131, 171] to be completed on the

same day approximately 2 - 4 weeks after the completion of TDQL.
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Demographic questionnaire

Child (age, sex, country of birth, and parent-reported weight and height), parent (age,
country of birth, marital status, education level, and employment status) and family
(postal code and household numbers) demographic characteristics were assessed via
questionnaire (Appendix 3 - Study data collection forms). As a measure of socio-
economic status, the Index of Relative Socio-Economic Advantage and Disadvantage
(ISRAD), one of the four Socio-Economic Index for Areas (SEIFA) indices that rank
geographic areas across Australia on a continuum of disadvantage (lowest score, 1)
to advantage (highest score, 10), was applied to the postal code [222].

Food Frequency Questionnaire (FFQ)

To determine the validity of the TDQ, a dietary assessment tool that allowed
collected data to be translated into the TDQ and dietary risk calculated was
necessary. A recently developed 17-item FFQ for Australian 2 — 5 year olds [254]
was not suitable as the validation tool due to the lack of assessment of dairy product
and grain food intakes, preventing the calculation of a dietary risk score.
Furthermore, alternative measures, such as 24-hour recalls and two- or three-day
records, do not provide collected over sufficient number of days to cover that of the
TDQ, while seven-day records are associated with high participant burden [121, 125]
and respondent fatigue [126]. Therefore, a FFQ developed and validated in Belgian
2.5 - 6.5 year olds [131, 171] was chosen as the validation reference tool (Appendix
3 - Study data collection forms). This FFQ was identified in a recent review as the
only short dietary assessment tool for children aged 0 — 5 years tested for reliability
and validity [1] and from which a TDQ score could be calculated. Food-group items
are mostly compatible to those in the TDQ and the one-month assessment period of
the FFQ covers the one-week assessment period of the TDQ. Small adaptations were
made to the FFQ to reflect culturally appropriate foods and terminology (for
example, sugared milk replaced with flavoured milk), and to capture intake over the

past month rather than that over the past year.

192



Comparative validity was assessed to evaluate dietary risk scores determined using
the 19-item TDQ relative to those determined using the 54-item (47-food-item) FFQ.
The final FFQ included six frequency categories (never, 1-3d/month, 1d/week, 2-
4d/week, 5-6d/week, and every day) and three quantity categories (representing
‘small’ [e.g. <40g], ‘medium’ [e.g. 40g-120g], ‘large’ [e.g. >120g] portions). FFQ
data were converted to a third dietary risk score using a standardised format based on
comparative quantity and frequency categories and the risk score was calculated.
That is, responses ‘never’ and ‘1-3 d/month’ were translated to ‘nil’ in the TDQ,
‘1d/wk’ to ‘once’, ‘2-4 d/wk’ to ‘2-4 times’, and ‘5-6d/wk’ and ‘everyday’ to ‘>5
times’. Quantity responses were translated to the most appropriate TDQ quantity

category (‘small’, “‘medium’, or “large’) based on gram amount.

3.4.2.4 Statistical analysis

Data were analysed using SPSS stastisical software package for windows version
19.0 (SPSS Inc., Chicago, IL, USA). The level of significance was set at p<0.05.

34241 Individual TDQ item agreement; repeatability

The proportion of parents reporting their child’s intake within the same response
category (product of frequency and quantity; data not shown) between each
administration of the TDQ (TDQ1 and TDQ2) was determined and the percentage of
agreeement calculated. The percentage of agreement between the administrations
beyond that expected by chance [148] was determined by calculating weighted kappa
(Kw) (for ordinal data) using MedCalc statistical software version 12.7.7.0. K, values
were defined as poor (< 0.20), fair (0.21 - 0.40), moderate (0.41 - 0.60), good (0.61 -
0.80) and very good (0.81 - 1.00) [153, 255].
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3.4.2.4.2 Reliability and validity of dietary risk scores

Risk scores were evaluated for test-retest reliability and relative validity of section
and total scores. Reliability was assessed by comparing scores obtained during the
first administration (TDQ1) and second administration (TDQ2) of the TDQ and
relative validity by evaluating average scores (termed ‘TDQave’) derived from two
administrations of the TDQ [(TDQ1 + TDQ2)/2] against FFQ risk scores. Average
risk scores were used in the validity analyses instead of TDQ1 or TDQ2 scores as
these cover a two-week period of intake, more in line with the four-week assessment
period of the FFQ, and are thus a better representation of ‘usual’ intake and risk. As
the majority of scores were normally distributed, parametric tests were used in all

analyses for consistency.

To assess reliability and relative validity at the individual level, intra-class
correlations (ICC) and Pearson’s correlations, defined as low < 0.50, moderate 0.51-
0.69, and high > 0.70 [139], were used. At the group level, paired-t-tests were used
for both analyses. A Bland Altman plot was constructed to assess the strength of
agreement between the two tools by plotting the mean bias, that is, the difference
between the TDQave and FFQ risk scores, against the mean of the tools. The plot
was assessed visually and linear regression analysis performed to test for any
systematic bias. Agreement at the individual level is defined as the limits of
agreement (LOA, +2SD) of the mean bias, and that at the group level by the mean
bias and slope of the mean bias line [120].

3.4.2.4.3 Cross classification into dietary risk categories (low — very high)

Classification analysis was conducted to determine if participants were classified into
the same dietary risk category (low, moderate, high, and very high) during each TDQ

administration, and by TDQave scores compared with the FFQ scores.
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3.4.3 Results

3.4.3.1 Sample Characteristics

Consent was provided for 138 parent-toddler dyads, of which 117 completed stage
one measures. One-hundred and eleven parents (100% biological mother) completed
all study measures (stage one and two). Mothers (mean age 34 (SD 4) years) were
mostly partnered (94%), Australian born (95%), in paid employment (74%) with a
university education (67%), and predominately in the top five SEIFA deciles (range
5-10, n = 85/111, 77%). Children (54% girls) were, on average, 23.0 (SD 6.9)
months of age, primarily Australian born (95%), and lived in a household of four
(SD 1) members (Table 3-4).

3.4.3.2 Reliability and validity

The duration between the repeat administrations of the TDQ ranged from 1.0 to 11.9
weeks (average 3.2 (SD 1.8) weeks). The average dietary risk scores ranged from
30.248.6 for TDQ1 to 31.4+8.1 for the TDQ derived from the FFQ (Table 3-5). Over
two-thirds of children were classified as moderate risk and less than one-third as low
risk.

3.43.2.1 Test-retest reliability

The percent agreement and K, for each TDQ item are shown in Table 3-6. The
percentage of agreement ranged from 32% for vegemite-type spreads to 85% for
non-milk drinks. K,, values ranged from 0.40 to 0.78, indicating fair (grains),
moderate (fruit, vegetables [orange, green, other], red meat, fish, vegemite-type
spreads, snack products, hot potato products, meat products, sweet biscuits and
cakes, chocolate and ice-creams),and good (yoghurt, spreadable fats, bread, milk

drinks, and non-milk drinks) agreement.
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The results of the test-retest analysis of dietary risk scores are given in Table 3-7.
The total risk scores calculated from each TDQ administration were highly correlated
(ICC =0.90, p<0.001) and not statistically different (30.2+8.6 v 30.9£8.9; p = 0.14).
For section risk scores, all ICC’s were good (0.88 - 0.91). Risk scores for section
three (6.2+6.4 v 7.1+7.3; p = 0.017), but not section one (p = 0.55) or 2 (p = 0.45),
were significantly different between each administration. Mean bias ranged from -
0.88 for section three to -0.71 for section one (TDQL1 scores were lower than the
TDQ2 scores). All children were classified into the same (n = 83, 75%) or adjacent

(n = 28, 25%) dietary risk category during each administration (Table 3-8).

3.4.3.2.2 Relative validity

The total and section dietary risk scores derived from the TDQave and those derived
from the FFQ were highly correlated (all r = 0.71 or greater, p<0.001; Table 3-7).
Risk scores were significantly different for section one (TDQave 56.3£17.7, FFQ
61.0£18.1; p<0.001) and section three (TDQave 6.6£6.6, FFQ 5.3+£5.9; p = 0.005)
but not for section two (p = 0.69), and total risk scores were not significantly
different (TDQave 30.5+8.4, FFQ 31.448.1; p = 0.05). Mean bias between TDQave
and FFQ risk scores ranged from -4.68 (section one; TDQave scores were lower than
the FFQ scores) to 1.31 (section two; TDQave scores were greater than the FFQ

scores).
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Figure 3-5) revealed a small negative mean difference between the TDQave and FFQ
risk scores; that is, the TDQave tends to provide a lower estimate of risk than the
FFQ (mean bias -0.89 [-1.79, 0.02]). However, most measurements fell within the
95% LOA and there was no significant linear trend for the fitted regression line (B
0.51, 95 % CI -0.08, 0.15; p = 0.60), that is, no systematic bias between the two
tools. Classification analysis between the TDQave and FFQ revealed all the
participants were classified into the same (n = 88, 79%) or adjacent (n = 23, 21%)

dietary risk category (Table 3-8).
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Table 3-4 Characteristics of parent-toddler dyads included in the reliability and relative

validity analyses (n=111)

Characteristic n (%)
Respondent characteristics
Age, years 34.3 (4.0)*
Relationship to child
Biological mother or father 111 (100)
Step mother or father 0 (0)
Other 0 (0)
Highest education level®
School 8(7)
Trade or TAFE 29 (26)
University 74 (67)
Marital status®
Not partnered 7 (6)
Partnered 104 (94)
In paid employment
yes 83 (75)
no 28 (5)
Born in Australia
ves 86 (78)
no 25 (23)
Aboriginal or Torres Strait Islander
yes 0 (0)
no 111 (100)
Number of people living in household
3or less 57 (51)
4 or more 54 (49)
SEIFA decile* 6.8 (2.6)"
Child characteristics
Age, years 1.9 (0.6)*
Age, months 23.0 (6.9)*
Gender
female 60 (54)
Born in Australia
ves 105 (95)
no 6 (5)

Abbreviations: SEIFA, Socio Economic Index for Areas; TAFE, Technical and Further

Education
Values are presented as mean (standard deviation, s.d.)

“categorised as: (1) school (less than year 10, year 10/11, year 12), (2) trade/TAFE
(trade/apprenticeship, TAFE/college certificate), (3) university (university degree)
Scategorised as: (1) not partnered (single/never married, separated/divorced, widowed),

(2) partnered (de facto, married)

SEIFA decile categorised by applying the Index of Relative Socio-Economic Advantage

and Disadvantage (IRSAD) to postal code [222]
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Table 3-5 Section and total dietary risk scores for each administration of the TDQ (TDQ1, TDQ2), average TDQ and FFQ, and classification into dietary

risk categories (n=111)

Test-retest reliability

Relative validity

Dietary risk measures Possible score range TDQ1 TDQ2 TDQave' FFQ
mean (SD) mean (SD) mean (SD) mean (SD)
Dietary risk score, mean (SD)
Section 1 0-144 56.0 (18.0) 56.7 (19.5) 56.3 (17.7) 61.0 (18.1)
Section 2 0- 144 39.3 (18.6) 40.1 (19.1) 39.7 (17.8) 39.3(19.3)
Section 3 0-48 6.2 (6.4) 7.1(7.3) 6.6 (6.6) 5.3(5.9)
Total 0-100 30.2 (8.6) 30.9 (8.9) 30.5 (8.4) 31.4(8.1)
Dietary risk score category, n (%)
Low (0.0 - 24.9) 31 (27.9) 33 (29.7) 33 (29.7) 21 (18.9)
Moderate (25.0 - 49.9) 76 (68.5) 74 (66.7) 76 (68.5) 87 (78.4)
High (50.0-74.9) 4 (3.6) 4 (3.6) 2(1.8) 3(2.7)
Very high (75.0 - 99.9) 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0)

Abbreviations: FFQ, Food Frequency Questionnaire; TDQ, Toddler Dietary Questionnaire

'TDQave = [(TDQ1 risk scores + TDQ2 risk scores)/2]
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Table 3-6 Agreement of Toddler Dietary Questionnaire items (product of frequency and
quantity categories, categorical) between each administration among Australian children
aged 12-36 months (n=111)

Section TDQ items TDQ1, TDQ?2
% agreement* Kw?
1 Fruit 64 0.48
Green vegetables 51 0.52
Orange vegetables 48 0.51
Other vegetables 52 0.50
Yoghurt or custard 54 0.61
Grains 40 0.40
Red meat 55 0.46
Fish 57 0.55
2 Spreadable fats 51 0.64
VVegemite-type spreads 32 0.51
Snack products 56 0.46
Hot potato products 48 0.53
Meat products 42 0.51
Sweet biscuits or cakes 41 0.46
Chocolate 65 0.60
Ice-cream or frozen yoghurt 56 0.52
3 Bread type 80 0.78
Milk drinks 89 0.67
Non-milk drinks 85 0.74

Ipercentage within the same category response i.e. combination of frequency and quantity
categories for sections 1 and 2 (n=10). For section 3 question 1 on bread type, one
response was allowed and five responses were provided; (1) none white: all non-white;
(2) some white: mostly non-white; (3) mostly white: some non-white; (4) all white: none
non-white; (5) does not eat bread. For section 3 question 2 on milk drinks, multiple
responses were allowed with eight responses provided: (1) breast milk or plain milk only;
(2) formula only; (3) flavoured milk only; (4) no milk drinks; (5) breast milk/plain milk
and formula; (6) breast milk/plain milk and flavoured milk; (7) breast milk/plain milk and
formula milk and flavoured milk (8) formula and flavoured milk. For section 3 question 3
on non-milk drinks, multiple responses were allowed with eight responses provided: (1)
water; (2) diluted juice only; (3) water and diluted juice; (4) water and un-diluted juice;
(5) water and cordial/soft drink; (6) water and diluted juice and cordial/soft drink; (7)
water and diluted juice and undiluted juice; (8) water and undiluted juice and cordial/soft
drink.

*Weighted k (kw) calculated for categorised data, as described above in %,
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Table 3-7 Test-retest reliability of TDQ risk scores and relative validity of average TDQ and FFQ risk scores, for each section and total risk

scores(n=111)

(Correlations, 95% confidence intervals and 95% limits of agreement (LOA))

Test-retest reliability

Relative validity

1

Dietary risk (TDQ1 and TDQ?2) (TDQave" and FFQ)
scores Slope of the

2 . 3 Pearson . 3 .

ICC Mean bias (95% Cl) P value . 9 Mean bias (95% CI) P value 95% LOA mean bias line
correlation 4
(p value)

Section one 0.88 -0.71 (-3.06, 1.64) 0.55 0.71 -4.68 (-7.24,-2.12)  <0.001 -31.32, 21.96 -0.03 (0.74)
Section two 0.89 -0.86 (-3.15, 1.42) 0.45 0.84 0.40 (-1.57, 2.37) 0.69 -20.12, 20.91 -0.08 (0.13)
Section three  0.91 -0.88 (-1.61, -0.16) 0.017 0.71 1.31 (0.40, 2.22) 0.005 -8.16, 10.78 0.12 (0.13)
Total 0.90 -0.73 (-1.72, 0.25) 0.14 0.83 -0.89 (-1.79, 0.02) 0.05 -10.30, 8.52 0.03 (0.59)

Abbreviations: ICC, intra-class correlation

'TDQave = [(TDQ1 risk scores + TDQ2 risk scores)/2]
’For all correlations p<0.001

3paired t-test was used to compare differences in risk scores

*Linear regression analysis of difference in risk scores (TDQave - FFQ) and the mean of difference of risk scores [(TDQave — FFQ)/2]. Agreement at
the individual level is defined as the LOA (x2 SD) of the mean bias and that at the group level by the mean bias and slope of the mean bias line
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Table 3-8 Cross classification of participants into dietary risk categories (low, moderate,
high, very high) between the administrations of the Toddler Dietary Questionnaire (TDQ)
and average TDQ (TDQave) and FFQ (n=111)"

(Number of participants and percentages)

Test-retest reliability Relative validity
(TDQ1, TDQ2) (TDQave?, FFQ)
TDQ2 FFQ
Low Moderate High Low Moderate High
TDQ1 TDQave
Low 20 (18) 11 (10) - Low 16 (14) 17 (15) -

Moderate 13 (12) 61 (55) 2(2) Moderate 5 (5) 70 (63) 1(2)

High - 2 (2) 2(2)  High - - 2 (2)

Abbreviations: TDQ, Toddler Dietary Questionnaire; FFQ, Food Frequency
Questionnaire

lvalues presented as n (%). No subjects classified as ‘very high risk’ by the TDQ1,
TDQ2, TDQave or FFQ.

>TDQave = [(TDQ1 risk scores + TDQ2 risk scores)/2]
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Difference in section 1 dietary risk scores (TDQaveSect1 -
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Figure 3-2 Bland Altman plot assessing the validity of average section 1 dietary risk scores
TDQave versus the FFQ among Australian children (n=111) aged 12-36 months. Plot shows

the mean difference (mean diff.; ——), the 95% limits of agreement (LOA,;

fitted regression line (=) for section 1 dietary risk scores (p for linear trend = 0.742)
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Figure 3-3 Bland Altman plot assessing the validity of average section 2 dietary risk scores
TDQave versus the FFQ among Australian children (n=111) aged 12-36 months. Plot shows
the mean difference (mean diff.; ——), the 95% limits of agreement (LOA; - -- - - - ) and the
fitted regression line (====) for section 2 dietary risk scores (P for linear trend=136)
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Figure 3-4 Bland Altman plot assessing the validity of average section 3 dietary risk scores
from the TDQave versus the FFQ among Australian children (n=111) aged 12-36 months.
Plot shows the mean difference (mean diff.; ——), the 95% limits of agreement (LOA; - - - -
- -) and the fitted regression line (=) for section 3 dietary risk scores (P for linear

trend=0.133)
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Figure 3-5 Bland Altman plot assessing the validity of total dietary risk scores derived
from the average Toddler Dietary Questionnaire (TDQave) versus those derived from the
FFQ among Australian children (n=111) aged 12-36 months. The plot shows the mean
difference (——), the 95% limits of agreement (- - - - - - ) and the fitted regression line (s
) for total dietary risk scores (P for linear trend=0.595).
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3.4.4 Discussion

In the present article, the development and testing of a 19-item TDQ that assesses
dietary risk of children aged 12 - 36 months are described. Our findings revealed that
the TDQ-derived dietary risk scores of toddlers in the study sample were highly
correlated and not significantly different between the two administrations or on
comparison with scores derived from a 54-item FFQ. The TDQ is a reliable and valid
screening tool for assessing dietary risk of Australian toddlers from relatively
advantaged backgrounds and categorising them into dietary risk categories. The
reliability and validity of the TDQ in relatively disadvantaged samples is not yet

known.

3.4.4.1 Reliability of the TDQ

The TDQ performed well in terms of reliability. Repeatability analysis of individual
questionnaire items revealed predominately moderate agreement. The percentage of
agreement (32 - 86%; n = 19 items) was slightly lower than that reported for a FFQ
tested on Australian 2 — 5 year olds (53 - 97%; n = 16 items) [254]. Yet K,, values
derived from the FFQ (K, 0.37 [red meat] - 0.85 [take-away foods]) and those
derived from the TDQ used in the present study (K, 0.40 [grains] - 0.78 [bread])
were similar; the reproducibility of the TDQ was predominately ‘moderate’ (n =
13/19 items) or ‘good’ (n = 5/19 items). Test-retest analysis of dietary risk scores
revealed that the TDQ is reliable for assessing individuals’ dietary risk. At the group
level, total risk scores were not significantly different, with less than one risk score
point being observed between mean scores during each administration. The mean
bias was greatest for section three, with risk scores statistically, but not meaningfully
different (0.9 points out of 48; 1.9%), between the administrations. Classification
analysis revealed three-quarters of the children to be in the same dietary risk category
during each TDQ administration. Overall, these results suggest that the TDQ is
reliable for assessing dietary risk in this population, an important finding considering
that the validity of a tool requires reliability [141].
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3.4.4.2 Validity of the TDQ

The TDQ performed well in terms of validity. The 19-item TDQ accurately derives
dietary risk scores and assigns toddlers to risk categories in comparison with a longer
54-item FFQ. The total dietary risk scores between derived from the TDQave and
those derived from the FFQ were highly correlated and not significantly different.
The Bland-Altman plot for total dietary risk scores showed narrow limits of
agreement, indicating that the TDQ can accurately distinguish dietary risk at the
individual level [146]. As the slope of the mean bias line indicated no overall bias,
the TDQ is acceptable for measuring the dietary risk of toddlers at the group level
[120]. Classification analysis revealed promising results with the majority of children
(approximately three-quarters) classified into the same dietary risk category by the
TDQave and FFQ. Thus, the TDQ is a valid toddler dietary risk assessment tool
suitable for this population in a clinical (individual) or community (group) setting.

The 54-item FFQ developed by Huybrechts et al [131, 171] was chosen as the
reference tool to assess validity. In the absence of a gold standard to measure dietary
intake, this FFQ was determined to be the best available validation tool. It has been
shown to be reliable and valid in terms of food [131] and nutrient [171] intake
assessment compared with estimated diet records and provides a reasonable measure
when compared with the TDQ, capturing the intake data of key foods of interest over
a similar time period. Despite this, minor changes were made to the FFQ primarily to
reflect cultural differences, possibly altering the reliability and validity of the tool.
Ideally, the tool would have been retested in the Australian population; however, this
was not feasible within the study constraints. Additionally, translation of items from
the FFQ into the TDQ was challenged by incompatible portion-size categories for
some items (for example, fish, snack products, chocolates and ice-cream/frozen
yoghurt). That is, a “‘small’ response in the FFQ was translated to ‘medium’ in the
TDQ, whilst both *‘medium’ and ‘large’ FFQ responses were translated to ‘large’ in
the TDQ. Nonetheless, this FFQ was the most compatible tool that allowed
derivation of dietary risk scores, could be completed in the participant’s own time,

and was considered least burdensome for the participants.
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3.4.4.3 Novelty of the TDQ

The novelty of the TDQ is demonstrated by the innovative approach to the selection
of food items, through the use of PCA-derived dietary patterns, and the formation of
portion-size categories, based on the Australian Dietary Guidelines and toddlers’
intakes. Due to its novel nature there are few similar tools evaluating an overall score
of diet quality in young children with which it can be compared. In a Canadian study
of 3 — 5 year old preschool children, a 17-item NutriSTEP (Nutritional Screening
Tool for Every Preschooler) questionnaire, which derives a nutrition risk score from
five food-group questions and 12 questions on other nutrition risk constructs, was
reliable between administrations (ICC = 0.89) and valid (r = 0.48) on comparison
with a dietitian rating [169]. The total dietary risk scores (reliability, 1CC=0.90;
validity, r=0.83) obtained in the present study were comparatively better.

3.4.4.4 Dietary risk of Australian toddlers

Besides the reliability and validity results of the TDQ, the present study provides
information on the dietary risk of Australian toddlers. Scores derived from the TDQ
categorised approximately one-third of the study sample as “low’ risk and two-thirds
as ‘moderate’ risk. Few toddlers were categorised as ‘high’ risk and none as ‘very
high’ risk. This is likely explained by our homogeneous sample, whereby the
majority were highly-educated, in paid employment, and of a high socio-economic
status. Additionally, enrolment in the present study was voluntary and thus the
participants were probably highly motivated parents. The assessment of dietary risk
in a more representative sample of toddlers may yield higher proportions at *high” or

‘very high’ risk.
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3.4.4.5 Potential uses of the TDQ

There are several potential uses of the TDQ. In the clinical setting, it could be used
by health professionals to rapidly screen dietary intakes of toddlers from relatively
advantaged backgrounds, accurately identify those at risk, and facilitate referral to a
dietitian for detailed assessment and intervention to improve dietary patterns. Once
tested in a more generalisable sample, the TDQ could be applied in this manner to
low-socio-economic status populations. This is important considering that diet
quality is socially patterned, whereby a less healthy diet is seen in socio-
economically disadvantaged populations [256, 257]. Furthermore, it could potentially
be useful in the research setting, for population health monitoring of toddlers’ dietary
risk, for exploring the socio-demographic predictors of dietary risk, and for
furthering our understanding of the relationship between dietary risk and health
outcomes. Additionally, as contemporary interventions commonly focus on food-
based dietary guidelines, the food-group-based TDQ is particularly useful for
developing relevant interventions that aim to improve toddlers’ dietary patterns and
for determining the effectiveness of these interventions. Thus, further testing of the
TDQ is warranted to ensure wider applicability.

3.4.4.6 Study strengths and limitations

The study findings should be interpreted within the context of the strengths and
limitations. The TDQ is a novel tool developed based on population-specific
evidence and age-appropriate public health dietary recommendations. It is easy and
inexpensive to administer and calculates an overall dietary risk score. It does not rely
heavily on memory, particularly in comparison with other short tools [131, 166, 167,
171]. Additionally, the high participation rate in the present study suggests that
completion of the TDQ is not burdensome for the respondent. Reliability and validity
testing were undertaken in a sample size consistent with that recommended for
validation studies (>100 [146, 150]) and the sample size was comparatively larger

than that used in similar studies [159, 164, 254]. Furthermore, we investigated the
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repeatability of individual questionnaire items in addition to the reliability and
validity of dietary risk scores. Nonetheless, our findings may not be representative of
those in the general population due to the highly educated and motivated study
sample, although social desirability bias is possible given the self-reporting nature of
dietary intake [258]. Moreover, while attempts were made to ensure stage two
questionnaires were completed approximately 2 - 4 weeks after the completion of
stage one questionnaires, this could not be standardised. Consequently, participants
completing each stage within 1 - 2 weeks (n = 15) may have remembered their
previous responses, while true changes in diet may have occurred for those
completing each stage over five weeks apart (n = 7). To overcome this, however,
average risk scores from each TDQ administration were used in the validity analysis.
Lastly, despite its limitations [151, 259], we used K, as a measure of agreement as it
is frequently used for ordinal food frequency data [166, 254] and chose linear
analysis over quadratic analysis due to its lower sensitivity to increasing number of

categories [149].

3.4.5 Conclusion

In conclusion, the TDQ is a short assessment tool that provides information on
toddlers’ dietary risk, allowing identification of those requiring intervention. The
present study showed that the TDQ is reliable and valid and accurately categorises
toddlers from relatively advantaged backgrounds into dietary risk categories. The
TDQ may be useful in the clinical setting, enabling screening of toddlers to identify
those at-risk requiring intervention, and potentially in the research setting for the
development and evaluation of interventions. Overall, the TDQ is a multi-purpose

tool ideal for preventative nutrition promotion efforts.
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3.5 Chapter summary

The purpose of this chapter was to (1) develop a short dietary assessment tool for
Australian toddlers, aged 12 - 36 months, from which an overall measure of dietary
risk could be derived, and (2) determine the test-retest reliability and relative validity
of the tool. The newly developed food-group based Toddler Dietary Questionnaire
(TDQ) was informed by dietary patterns identified in chapter two, and a dietary
index was applied to score intake against current dietary guidelines to derive index
scores that represent level of dietary risk. It was designed to be parent-administered,
and to assess frequency and portion size of food intake over the previous seven days.
The 19-item TDQ was shown to be reliable and valid for assessing dietary risk of

Australian toddlers from relatively advantaged backgrounds.

Although the reliability and relative validity of the TDQ has been demonstrated,
there are several other important types of validity that can be established to
strengthen these findings. For example, determining the convergent validity, defined
as “the extent to which two measures that theoretically should be related, are in fact
related” [140, 143], of the dietary risk construct, will enable determination of
whether dietary risk scores actually measure ‘inappropriate dietary patterns’ that may
impair health [115]. This can be achieved by investigating whether the dietary risk
score accurately ranks dietary patterns according to potential risk for negative health
consequences. Further, as health outcomes are influenced by the combination of
foods and associated energy and nutrient content, determining whether higher dietary
risk scores derived from the food-group based TDQ are related to poorer nutrient
intakes, and vice versa, is important. Lastly, determining whether dietary risk scores
identify those toddlers who are most vulnerable to dietary risk, by establishing
whether variation in risk scores is evident across the toddler population, is important.
Therefore, the psychometric properties of TDQ-derived dietary risk scores will
continue to be explored by examining their convergent validity against a health
outcome, nutrient intakes, and demographic factors.
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4 TESTING THE CONVERGENT VALIDITY OF THE
TDQ

4.1 Overview

This chapter builds on the findings of chapter three and addresses the fourth specific
aim of this thesis (Figure 4-1), namely the convergent validity of the dietary risk
construct. This can be established by determining whether variation in nutrient
exposure is seen across TDQ-derived risk scores, whether demographic
characteristics predict risk scores and whether risk scores are related to health
outcomes. This chapter begins with a critique of the dietary index literature, with a
focus on testing their convergent validity against nutrient intakes, socio-demographic
factors and health outcomes. This leads to the paper titled “Dietary risk scores of
Australian toddlers are associated with nutrient intakes and socio-demographic
factors, but not adiposity”, which has been accepted for publication in Nutrition &

Dietetics.

Step 1: specific thesis aim #1

Characterise dietary patterns of Australian toddlers to aid the selection of items to be
included in the short tool

I

Step 2: specific thesis aim #2

Develop a short food-group based dietary risk assessment questionnaire for
Australian toddlers

I

Step 3: specific thesis aim #3

Determine the test-retest reliability and relative validity of questionnaire-derived
dietary risk scores

i

Step 4: specific thesis aim #4
Determine the convergent validity of questionnaire-derived dietary risk scores

Figure 4-1 Tool development and validation flow diagram; step 4 of 4
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4.2 Dietary indices in toddlers

To understand how dietary indices are associated with underlying nutrient intakes,
health outcomes and demographic factors, the literature on dietary indices applied to
samples of toddlers from developed countries was critiqued. Included studies were
those that captured the age range of 1 - 3 years. This critique will assist in placing the

convergent validity of the dietary risk construct in context.

4.2.1 Summary of studies

The 23 studies that have utilised a dietary index (n = 22) in samples of toddlers from
developed countries are described in Table 4-1. Studies were predominately
conducted in samples of toddlers from the USA (n = 11) [173, 175, 176, 178-181,
183, 184] and Europe (n = 4) [174, 185, 187, 250]. Three indices, described in two
studies [203, 260], were developed for Australian populations. Seven studies were
conducted in samples over 1000 [179, 180, 184, 187, 189, 250, 260]. The most
commonly used indices were the Healthy Eating Index (HEI, n = 4) (HEI [187, 261],
HEI-C [182], HEI-2005 [178]), the Children’s Diet Quality Index (DQI, n = 3) (C-
DQI [184], RC-DQI [179, 180]), the Diet Quality Score (DQS, n = 2) (DQS1 [186],
DQS2 [176]) and the Dietary Diversity Score (DDS, n = 2) [177, 188]. The majority
of indices were applied to dietary data collected by 24-hour recalls [175, 176, 178-
180, 182, 183, 188, 203, 260, 261], diet diaries [186], weighed food intake methods
[185] or a combination of methods [173, 177, 181, 184, 187, 189, 250], with only

one using an alternative method; a structured questionnaire [174].

4.2.2 Summary of dietary index properties

The indices vary in what aspects of diet are assessed (that is, index components) and
scoring system. The majority assess foods or food groups [173-177, 186, 188, 189,
203, 260, 261] and a few use nutrient intakes [181, 183, 185, 188] or a combination
of food groups and nutrients [178-180, 182, 184, 187, 250]. More recent indices

include food-group subcategories, such as dark green vegetables or whole-grains
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[176-181, 186, 188], which reflect the evolution of dietary guideline
recommendations [156] following an increase in knowledge regarding their positive
association with health. Several studies extrapolated adult-based guidelines to
toddlers (for example, the HEI) [173, 179-181, 183, 185, 189], likely due to the lack
of quantitative guidelines for children less than two years of age at the time [156].

Others used guidelines specific to young children (for example, the C-DQI [184]).

4.2.3 Validation of dietary indices

Consistent with the adult literature [118, 191, 262-264], the majority of toddler
indices described in Table 4-1 have been validated against nutrient intake, health

outcomes or demographics.

4.2.3.1 Associations nutrient intake

Eight studies assessed whether index scores were related to nutrient intake [180, 184,
185, 187, 203, 250], or a measure of nutrient adequacy [173, 188]. studies assessed
either the average ratio of estimated intake to recommended intake for various
nutrients (that is, mean adequacy ratio, MAR) [188], correlations between index
scores and individual nutrients [173, 185, 203], or nutrient intakes across categories
of index score [180, 184, 187, 250].

Findings showed that index scores were associated with nutrient intakes in expected
directions. Higher scores ( = healthier diet) were generally associated with intakes of
healthful nutrients such as protein, fibre, iron and calcium; lower risk of vitamin
deficiency; and lower intakes of risk-promoting nutrients, such as saturated fat and
sodium. For example, in Greek toddlers aged 2 — 3 years, HEI scores were positively
moderately correlated with energy (r = 0.56, p <0.001), fibre (r = 0.60, p<0.001) and
micronutrient (for example, folate, vitamin C, magnesium) intake [187]. In a similar
sample of children, Preschooler Diet-Lifestyle Index (PDL-index) scores were
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positively associated with unsaturated fat (tertile 1 v 3, 1.60 v 2.10 tbsp/d) intake
[250]. In Australian toddlers aged 18 months, Obesity Protective Dietary Index
scores were positively (p<0.01) moderately correlated with energy-adjusted fibre (r =
055), p-carotene (r = 0.51) and vitamin C (r = 0.40) intake and negatively (p < 0.05)
with saturated fat (r = -0.19) and sodium (r = -0.11) intake [203]. Thus, higher
toddler dietary index scores are related to better nutrient intakes, and vice versa,

demonstrating the convergent validity of indices again nutrient intakes.

4.2.3.2 Associations with health outcomes

Few studies have examined whether toddlers’ index scores predict health or
development. Specifically, only the association between index scores and cross-
sectional anthropometry has been examined (Table 4-1). Five studies [175, 179, 187,
188, 250] investigated this relationship, with inconsistent findings. Higher dietary
quality, measured by the revised Children’s Diet Quality Index (RC-DQI) [179] and
PDL-index [250] was associated with lower risk of obesity (quartile 1 v 4, ~14% v
~9%, p < 0.05 [179]; tertile 3 v 1, OR 0.66 [0.42, 1.00] [250]), whilst no association
was found between HEI scores and weight status (normal weight v overweight, 58.8
v 58.8) [187]. Food Variety Scores and Diet Diversity Scores were not associated
with weight-for-height z-scores (r = 0.01, r = -0.01) in 1 - 3 year olds [188]. The
percentage of children meeting all five daily food group serve recommendations was
lower for overweight (>85" percentile, 6-7%) than normal weight (<85™ percentile,
12%) children [175]. The mixed association between diet indices and cross-sectional
weight status demonstrates that further investigation is warranted to determine

whether indices are good measures for predicting impaired health.
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4.2.3.3 Associations with socio-demographics

Ten studies [174, 176, 177, 179, 185-187, 189, 260, 261] reporting on 11 indices,
have examined the influence of demographic factors, such as parental age, ethnicity,
education and employment status, on toddlers’ dietary index scores (Table 4-1).
Maternal education was positively associated with Core Food Variety Score (CFVS)
(B 0.47, p < 0.001) [260], Fruit and Vegetable Variety Score (FVVS) (§ 0.19, p =
0.043) [260], HEI (<9 v >12 years, B 1.45, p=0.029) [187], and Diet Quality Scores
(DQS2) [176]. Maternal employment negatively affected children’s diet index scores
in one study [176], yet the opposite was found in a nationally representative cohort
from Greece (unemployed v employed, B 2.12, p < 0.001) [187]. Index scores were
also shown to be positively associated with child gender (boys [185], girls [176]),
older children [189] (and younger [179]), fewer number of siblings or children in the
household [189, 260], white ethnicity [179, 261] and higher family income [179,
186] in several studies. Overall, findings show that in general toddler dietary indices
have the ability to show convergent validity with demographic factors in

predominately expected directions.

4.2.4 Summary — dietary indices in toddlers

The development and use of dietary indices in toddler populations is rapidly
growing. Several indices developed for toddlers in developed countries have been
evaluated for their association with nutrient intakes, health outcomes and socio-
demographic factors. Results show that index scores can distinguish variation in
underlying nutrient exposure, can predict cross-sectional weight status (although
results are mixed), and are influenced by child and maternal demographic factors,
highlighting the ability of dietary indices to demonstrate convergent validity.
Evaluating whether TDQ-derived dietary risk scores are associated with nutrient
intakes, health outcomes and demographic factors is crucial for understanding the
convergent validity of the TDQ.
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Table 4-1 Studies examining indices of diet quality among toddlers, aged 1 - 3 years, from developed countries. Adapted from Smithers et al 2013 [156]
and Marshall et al 2014 [144]

First author,

(year), reference;

Index name

Sample size, age

diet assessed,
country, data

collection method

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic
factors

health or
development

Spence et al
(2013) [203];

Obesity
Protective
Dietary Index
(OPDI)

Scott et al
(2012) [260];

Core Food
Variety Score
(CFVS)

Scott et al
(2012) [260];

Fruit and
Vegetable
Variety Score
(FVVS)

n =395, 18mo,
Australia

24-hour recall

n = 1905, 2y,
Australia

24-hour recall

n = 1905, 2y,
Australia

24-hour recall

3 food groups (fruits; vegetables;
non-core foods), scored 0-30,
unspecified scoring method

6 food groups (dairy; grains; fruit;
vegetables, meat and alternatives;
‘non-core’ foods), scored 0-34,
points awarded and summed

6 food groups (dairy, grains, fruit,
vegetables, meat and alternatives,
non-core foods), scored 0-16,
points awarded and summed

OPDI scores positively (p<0.01)
correlated with energy (r=0.18),
fibre (r=0.55), p-carotene
(r=0.51), and vitamin C
(r=0.40), but not with saturated
fat (r=-0.02) or sodium (r=003)
(significant (p<0.05) when
adjusted for energy; saturated
fat r=-0.19, sodium r=- 0.11)

CFVS positively associated
with maternal age (p 0.06
[0.04, 0.09]) and education
(0.47[0.23, 0.72]), and BF
duration (B 0.05 [0.03,
0.06]), and inversely with the
presence of older siblings (B
-0.37 [-0.62, -0.12]).

FVVS positively associated
with maternal age (§ 0.03
[0.02, 0.05]) and education
(B 0.19[0.01, 0.37]), and BF
duration ( 0.029 [0.02 ,
0.04]), and inversely with the
presence of older siblings (3
-0.31[-0.50, -0.13])
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First author,
(year), reference;

Sample size, age
diet assessed,

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic

Associations with
health or

Index name country, data factors development
collection method

Manios et al n=2287,2 -5y, 11 components (fruit; vegetables;  PDL-Index scores positively - Participants in third

(2010) [250]; Greece sweets; dairy, grains; white associated with unsaturated fats tertile of the PDL-

Preschool Diet-
Lifestyle Index
(PDL-Index)

Crombie et al
(2009) [174];

Diet Score (DS)

24-hour recall and
food diary

n =300, 2y,
Scotland

Structured
questionnaire

meat/legumes, red meat;
fish/seafood, unsaturated fats; TV
viewing; MVPA), scored 0-44,
points awarded and summed

5 food groups (bread, other
cereals, or potatoes; fruit or
vegetables; dairy products; meat,
fish or alternatives; high-fat or
high-sugar snacks), dichotomous
scoring awarded for each
component and summed

(T1vT3; 1.60 v 2.10 thsp/d),
protein (16.9 v 17.2%E),
carbohydrate (45.1 v 45.7%E)
and lower proportion not
meeting the EAR for several
nutrients (e.g. calcium T1 15.7 v
T3 8.9%).

PDL-Index scores negatively
associated with total (T1v T3;
40.6 v 39.9%E) and saturated fat
(14.8 v 14.2%E) intake

Poorer diet associated with
mothers who do not limit
sweets (OR 21.63 [2.70,
173.30), have difficulty
providing fruit (2.94 [1.09,
7.95]), concern for child’s
intake (healthy diet will help
child eat more, 0.28 [0.11

0.74]; concern that child does

not eat enough, 2.37 [1.09,
5.16]), and do not provide
breakfast (0.22 [0.05, 0.99])

Index were less
likely to be obese
or
overweight/obese
compared to those
in the first tertile
(OR 0.66 [0.42,
1.00]).
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Associations with
health or

Associations with child,
family or socio-demographic

First author, Association with nutrient intake

(year), reference;

Sample size, age
diet assessed,

Index components and score

Index name country, data factors development
collection method
Libuda et al n =851, 2 -4y, 17 nutrients: Vitamins A, E, K, NQI more strongly associated Mean NQI score higher for
(2009) [185]; Germany B6, B12, C, and thiamine, with nutrient density than boys (83.2 £ 10.0) than girls
riboflavin, niacin, pantothenic nutrient intake. (81.6 £10.0)
Nutrient Quality 3 days WFR acid, folate; minerals calcium,
Index (NQI) magnesium, iron, phosphorus,
potassium, zinc. Scores range 0-
100
Manios et al n=2,287,2-3y, 10 components (grains; Intake of energy (Q1 v Q4, 1192 HEI scores were 1-2 points HEI scores were
(2009) [187]; Greece vegetables; fruits; milk; meat; v 1597 kal/d), fibre (8 v 14g/d),  higher for boys (boys v girls, not different by

total fat (%E); saturated fat (%E);
total cholesterol; sodium; variety),
scored 0-100, points awarded and
summed

CHO (45.3 v 45.9%E), protein
(17.2 v 16.9%E), folate (115 v
198ug/d), iron (9.3 v 11.4mg/d),
vitamin C (46 v 106mg/d),

59.2+8.3 v 58.2+8.1), rural
locality (large urban/urban v
rural/small town, 58.5£8.3 v
59.4+7.7), maternal

BMlI-for-age: <85th
(normal weight
58.8+8.2), 85"
94™ (overweight

WEFR + 24-hour
recall or food diary

Healthy Eating
Index (HEI)

magnesium (153 v 219mg/d),

phosphorus (1032 v 1247mg/d),

zinc (7.4 v 9.2mg/d), calcium
(970 v 1028mg/d) increased
across quartiles of HEI scores.

education (<9 v >12y,
57.748.0 v 59.448.1), and
maternal employment
(unemployed v employed,
57.2+8.9 v 59.3+7.9)

58.9 +8.0), and
>95™ (obese
58.8+7.9)
percentiles

HEI score was correlated with
nutrients: energy (r=0.56), fibre
(r=0.60), carbohydrate (r=0.30),
protein (r=-0.05), folate
(r=0.56), iron (r=0.25), vitamin
C (r=0.52), magnesium
(r=0.55), phosphorus (r=0.27),
zinc (r=0.28), calcium (r=0.09)
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First author,
(year), reference;

Sample size, age
diet assessed,

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic

Associations with
health or

Index name country, data factors development
collection method
Kranz et al n=104,2 -5y (48 5 food groups (fruit,; vegetables; - - Percentage of

(2009) [175];

Servings/day

Fungwe et al
(2009) [178];

HEI-2005

Kranz et al
(2008) [179];

Revised
Children’s Diet
Quality Index
(RC-DQI)

plausible
reporters), USA

3 X 24-hour recall

n=763,2- by,
USA

24-hour recall

n=1521,2 -5y,
USA

24-hour recall

grains; milk/dairy;
meat/alternatives), servings/day

12 components (fruit; total
vegetables; dark green and orange
vegetables and legumes; total
grains; whole grains; milk/milk
products; meat and alternatives
and beans; food oils; saturated fat;
sodium; extra calories from solid
fats; added sugars), scored 0-10,
points awarded and summed

13 components (added sugar; total
fat; fat quality — linoleic; fat
quality —EPA; fat quality — DHA,;
total grains; whole grains;
vegetables; fruits; 100% fruit
juice; dairy; iron intake; energy
balance), scored 0-95, calculated
by nutrient analysis and servings

RC-DQI scores positively
associated with younger
child age ( -2.38 [-3.10, -
1.61]), family income (1.22
[0.74, 1.70]) and Mexican-
American compared with
non-white Hispanic ethnicity
(2.18[0.19, 4.18]

children meeting
none (<85™ 0%;
85"-94™ 0%; >95™
3%) and all (<85",
12%; 85™- 94"
7%; >95", 6%)
recommendations
varied across
weight status

Quiartiles of RC-
DQI scores
negatively
associated with
proportion of
overweight/obese
children (Q1 v Q4,
~14% v ~9%)
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First author,
(year), reference;

Sample size, age
diet assessed,

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic

Associations with
health or

Index name country, data factors development
collection method

Kranz et al n=5,437,2-5y, 13 components (added sugar; total Subcomponent scores increased - -

(2006) [180]; USA fat; fat quality — linoleic; fat across quartiles of RC-DQI for

Revised
Children’s Diet
Quality Index
(RC-DQI)

Hoerr et al
(2006) [183];

Mean Adequacy
Ratio (MAR)

Dewey et al
(2006) [177];
Dietary
Diversity Score
(DDS)

2 X 24-hour recalls

n=100, 11 -
25mo, USA

2 X 24-hour recalls

n=903,1-2y,
Brazil,

Ghana, India,
Norway, Oman,
and USA

quality — EPA,; fat quality —
DHA,;, total grains; whole grains;
vegetables; fruits; 100% fruit
juice; dairy; iron intake; energy
balance), scored 0-95, calculated
by nutrient analysis and servings

8 nutrients (vary according to
research interests), percentage of
RDA consumed calculated.
MAR-= sum of NAR (ratio of
nutrient intake to EAR, truncated
at 100%)/number of nutrients
considered. Scores range 0-100,
>85 considered adequate

9 food groups (cereals, roots and
tubers; vitamin A-rich fruit;
vitamin A-rich vegetables; other
fruit and vegetables; legumes and
nuts; meat and alternatives; fats

energy (Q1v Q4; 1416.2 v
1612.1 kcal/d), CHO (200.8 v
212.3g), saturated fat (18.8 v
2260), protein (46.4 v 61.6Q),
fibre (7.9 v 13.19), calcium
(673.4 v 930.1) intake. Quartiles
of RC-DQI scores negatively
associated with proportion of
children with vitamin and
mineral intakes below the EAR
(e.g. vitamin A;Q1 49% v Q4
12%)

DDS were lowest in children
from Brazil (12m, 18m, 24m;
3.5, 4.3, 4.3) and highest in
Ghana (12m, 18m, 24m; 5.3,
6.2, 6.3)
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First author, Sample size, age Index components and score Association with nutrient intake ~ Associations with child, Associations with
(year), reference; diet assessed, family or socio-demographic  health or
Index name country, data factors development
collection method
and oils; dairy; eggs), scored 0-9,
FFQ + 24-hour points awarded and summed
recall
Glanville and n=82,1 -3y, 9 components (grains; fruit and - -
Mclintyre (2006) Canada veg; milk; meat, other high-fat, -
[182]; salt, -saturated fat foods; total fat;
4 x 24 recalls saturated fat; cholesterol; variety),
Healthy Eating scored 0-100, calculated by
Index-Canada nutrient analysis and servings
(HEI-C)
Steyn et al n=795,1-23y, FVS: No components specified, FVS (r=0.65) and DDS - FVS and DDS did
(2006) [188]; South Africa scored 0-45 (1 point for every (r=0.62) positively correlated not correlate with
food item consumed over 24-hrs with MAR WHZ
Food Variety 24-hour recall from 45-item list) and summed
Score (FVS), DDS: 9 components (cereals,
Dietary roots and tubers; vitamin-A-rich

Diversity Score
(DDS)

fruits and vegetables; other fruit;
other vegetables; legumes and
nuts; meat, poultry and fish; fats
and oils; dairy; eggs) scored 0-9
points, awarded and summed
MAR-= sum of NAR (ratio of
nutrient intake to EAR, truncated
at 100%)/number of nutrients
considered.
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First author,
(year), reference;

Sample size, age
diet assessed,

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic

Associations with
health or

Index name country, data factors development
collection method

Kranz et al n=8,628,2 -5y, 8components (% total E asadded C-DQI scores positively -

(2004) [184]; USA sugars; total fat; saturated fat; associated with intake of iron

Diet Quality
Index for
Children (C-

DQI)

Knol et al.
(2004) [261];

Healthy Eating
Index (HEI)
variety score

Ruel et al (2002)
[189];

Child Feeding
Index (CFI)

1 x 24-hour recall
+ 2 day food diary

n=1242,2 -3y,
USA

2 X 24-hour recall

n=15423, 1 -3y,
7 datasets from 5
Latin American
countries

24h recall + FFQ;
24h recall; 7d
recall

number of servings of grains; fruit
and vegetables; dairy; excessive

juice; iron), scored 0-70,

calculated by nutrient analysis and

servings

Calculated based on number of

foods consumed contributing

>half a serving according to the
US Food Guide Pyramid serving
sizes, scored 0-10, points awarded

and summed

5 components (breastfeeding; does
not use bottle; dietary diversity

[grains, tubers, milk,

eggs/fish/poultry, meat , other];

food frequency [milk, meat,
ego/fish/ poultry]; meal

frequency), scored 0-12, points

awarded and summed

(lowest v highest tertile;

NFCS77 8.3 v 11.3mg; CSI194,
10.4 v 13.9mg), total fat (37.3 v

35.5%E; 33.2 v 31.3%E) and
energy (1265 v1498 kcal/d;
1476 v 1632)

HEI variety score not
associated with food
sufficiency but positively
associated with WIC
program involvement (
1.40, t2.92) and ethnicity
(non-Hispanic white v
Hispanic, B 1.53,t2.64)

CFI scores positively
associated with child age
(4/7 datasets), higher
maternal education (6/7),
higher SES (6/7), fewer
children <5years (7/7), and
rural residence (6/7)
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First author,
(year), reference;
Index name

Sample size, age
diet assessed,
country, data
collection method

Index components and score

Association with nutrient intake

Associations with child,
family or socio-demographic
factors

Associations with
health or
development

Cox et al (1997)
[173];

Variety Index
for toddlers
(VIT)

Campbell et al
(1992) [186];

Diet Diversity
(DD) and Diet
Quality Score 1

(DQS1)

Krebs-smith et al
(1989) [181];

Nutrient
Adequacy Score
(NAS)

n=124,2- 3y,
USA

2 day food diary +
24-hour recall

n =160, 2 - 4y,
Canada

3 day food diary

n=151,1- 3y,
USA

24-hour recall + 2
day food diary

5 food groups (bread; vegetables;
fruit; dairy; meat), scored 0-1.00,
food items summed and truncated
at 33%

6 food groups (milk; meat and
alternatives; fruit and vegetables;
breads and cereals; additional
vegetables; vitamin A rich
vegetables)

DD: number of different foods
consumed

DQS1: scored 0-18, points
awarded and summed

12 components (milk and milk
products; whole grains; enriched
grains; total grains; citrus fruit;
other fruit and veg;, total fruit;
green and yellow veg; starchy
veg; other veg; total veg;

VIT correlated with total energy
(r = 0.54 to 0.66) but not percent
energy from fat

DD scores positively
associated with licensed
childcare (B 0.33), income (8
0.31), and less negative child
feeding practices (e.g. not
using food to reward or
pacify child) ( -0.19)

DQS1 scores positively
associated with less job
strain (p -0.13), less child
care satisfaction (p -0.19),
less work schedule control (B
-0.13), older children (j3
0.13), higher DD (B 0.45)
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First author,
(year), reference;
Index name

Sample size, age
diet assessed,
country, data
collection method

Index components and score Association with nutrient intake

Associations with
health or
development

Associations with child,
family or socio-demographic
factors

Caliendo et al
(1977) [176];

n=113, 2 -4y,
USA

Diversity score  24-hour recall
(DS) and Diet

Quality Score 2

(DQS2)

meat/alternatives), 1 point per
food within each component,
points summed.

NAS=average daily nutrient
intake/age- and sex-specific RDA
for nutrient, scores truncated at
1.00

MAR= sum of NAS/number of
nutrients considered.

DS: 1 point for every food item -
consumed from a list of 20 food

items

DQS2: 6 food groups (vegetables;
fruit; breads and cereals; meat and
milk; citrus fruit; dark green and
yellow vegetables), scored 0-6,

points awarded and summed

DSQ2 scores positively
associated with diet
diversity, girls, ordinal
position in family, higher
maternal education and
homemaker attitude

Abbreviations: BMI, body mass index; C-DQI, Children’s Diet Quality Index; CFI, Child Feeding Index; CHO, carbohydrate; CSFI1194, Continuing Survey of
Food Intake in Individuals for 1994 — 1996 and 1998; DDS; Dietary Diversity Score; DHA; docosahexaenoic; DQS, diet quality score; EAR, estimated
average requirement; EPA, eicosapentaenoic; FFQ, Food Frequency Questionnaire; FVVS, Fruit and Vegetable Variety Score; HAZ, height-for-age z-score ;
HEI, Healthy Eating Index; HUSKY, Healthy Nutrition Score for Kids and Youth; MAR; mean adequacy ratio; MVPA, moderate-to-vigorous physical
activity; NAS, nutrient adequacy score; NCFS77, National Food Consumption Survey for 1977 — 1979; NQI, Nutrient Quality Index; NR, not reported;
OPDI, Obesity Protective Dietary Index; PDL-Index, PDL-Index, Preschool Diet-Lifestyle Index; Q, quartile; RC-DQI, Revised children’s Diet Quality
Index; RDA, Recommended Dietary Allowances; SES, socio-economic status; T, tertile; veg, vegetables; VIT, variety index for toddlers; QAZ, weight-for-
age z-score; WAZ, weight-for-age z-score; WFR, weighed food record; WHZ, weight-for-height z-score; WIC, Special Supplemental Nutrition Program for
Women, Infants and Children; y, years; %E, percent energy

226



4.3 Testing the convergent validity of the TDQ

The following section aims to determine the convergent validate of the TDQ. It

contains material from:

Bell L, Golley R, Daniels L, Magarey A (2013) Dietary risk scores of Australian
toddlers are associated with nutrient intakes and socio-demographic factors, but not
adiposity, accepted 8" March 2015 Nutrition & Dietetics

As this section is based on the above paper (presented in Appendix 1 - Papers,
conference presentations and awards/prizes arising from this thesis), some repetition
with previous sections might be encountered. Small alterations have been made to

the published manuscript.

4.3.1 Introduction

Toddlers’” diets are generally low in fruit and vegetables and high in energy-dense,
nutrient-poor foods [52, 59, 109, 265]. Inappropriate dietary intakes in toddlerhood
are known to track into child- and adult-hood [37, 86] and contribute to the
development of chronic disease [6]. Current dietary patterns of toddlers therefore
place them at ‘dietary risk’, a term used to describe ‘any inappropriate dietary

pattern’ that may impair health [115].

As food consumption is a modifiable behaviour, identifying toddlers with poor
intakes can assist intervention efforts that aim to improve dietary patterns and reduce
negative health consequences [6]. Due to the benefits of short, simple dietary
assessment tools compared to detailed methods such as recalls and records [1, 126], a
short Toddler Dietary Questionnaire (TDQ) that assesses toddlers’ dietary risk was
developed [3]. The 19-item TDQ assesses ‘core’ and ‘non-core’ [8, 62, 95] food-
group intake which is evaluated against a dietary risk criteria. Component scores are
aggregated to derive a total dietary risk score (0-100; higher score = higher risk).
Previous evaluation of the TDQ psychometric properties [3] showed that risk scores

were highly correlated and not significantly different between administrations
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(TDQ1 v TDQ2; ICC = 0.90, mean bias = -0.73 [-1.72, 0.25], p = 0.143) or
compared with a FFQ (average TDQ [(TDQ1+TDQ2)/2] v FFQ; r = 0.83, mean bias
= -0.89 [-1.79,0.02], p = 0.054). The TDQ has good reliability and comparative

validity as a short toddler dietary assessment tool.

To determine whether the TDQ captures variation in toddler dietary risk it is
important to understand its convergent validity [140, 143]. Convergent validity is a
subtype of relative validity and is established when two similar constructs agree with
each other in a way that is expected [140, 142]. This can be achieved by exploring
the association between TDQ dietary risk score, energy or nutrient intakes, health
outcomes and sociodemographic factors, as previously undertaken in studies of diet
quality [203, 251]. First, as health outcomes are influenced by the combination of
foods and associated energy and nutrient content [62], higher TDQ scores may be
related to poorer nutrient intakes, and vice versa. Second, childhood overweight is a
major public health issue world-wide, with 27% of English [266] and approximately
one-fifth of Australian 2-3 year olds categorised as overweight or obese[59]. As
these children experience negative health consequences [267], including tracking of
adiposity into adulthood [268], preventing childhood overweight is a global priority
[269, 270]. Determining whether TDQ-derived dietary risk scores are associated with
adiposity is crucial for establishing the usefulness of the TDQ in obesity
interventions. Third, sociodemographic factors have commonly been linked to young
children’s diet quality [271]. For example, maternal age, breastfeeding duration and
age of introduction to solids were key predictors of PCA-derived dietary patterns of
Australian toddlers [2]. Determining whether dietary risk scores identify those
toddlers who are most vulnerable to dietary risk, by establishing whether variation in

risk scores is evident across the toddler population, is important.

This study aimed determine the convergent validity of TDQ-derived dietary risk by
examining associations between risk scores and (1) underlying nutrient intake, (2)

toddler adiposity, and (3) maternal and child sociodemographic factors.
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4.3.2 Methods

4.3.2.1 Study population

Data collection for this cross-sectional validation study have been described in detail
previously (3.4.2.3) [3]. Briefly, between October - November 2012 primary
caregivers of toddlers aged 12 — 36 months were recruited through advertisements at
Flinders University, on a study-specific Facebook page, at South Australian private
child care centres, and via participants enrolled in the South Australian Infant Dietary
Intake (SAIDI) study [216] who agreed to further contact. Children were ineligible if
they had a food allergy or intolerance or a diagnosed medical condition affecting
their dietary intake. Ethics approval was provided by the Social and Behavioural
Research Ethics Committee (SBREC) (Appendix 4 - Ethics approval letter) and
written caregiver consent was obtained (Appendix 3 - Study data collection forms).

4.3.2.2 Measures

Data for this study were collected at stage one of the Toddler Dietary Intake study
(described in chapter four). That is, eligible participants completed a demographic
questionnaire and the Toddler Dietary Questionnaire (TDQ).

4.3.2.2.1 Toddler Dietary Questionnaire (TDQ)

Participants completed the 19-item TDQ that assesses food-group intake over the
previous seven days of toddlers aged 12 - 36 months. Three sections capture (1)
‘core’ intake (eight items; fruit, vegetables [green, orange, other], yoghurt/custard,
grains such as rice and couscous, red meat, fish), (2) ‘non-core’ intake (eight items;
spreadable fats, vegemite-type spreads, salty snack products, hot potato products,
meat products, sweet biscuits and cakes, chocolate, ice-cream/frozen yoghurt), and
(3) ‘usual’ intake (three items; bread, milk beverages, non-milk beverages). Sections
one and two ask respondents to report how often and how much their child ate of

each food-group item over the previous week. Four categories (nil, once, 2-4 times,
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>5 times per week) assess consumption frequency and three (representing small e.g.
<509, medium e.g. 50 - 100g, and large e.g. >100g) assess portion size. Section three
asks respondents to select the most appropriate categorical response to three
questions: (1) what proportion of white: non-white bread (e.g. some white: mostly
non-white), (2) what milk drinks (breast, plain, flavoured, formula) and 3) what non-
milk drinks (water, diluted juice, undiluted juice, cordial/soft drink), does your child
usually consume? Portion size is not reported for section three. A dietary risk score
(0-100; higher score = higher risk) is derived by evaluating food-group intake against
scoring criteria (described previously; Table 3-3). Risk scores are categorised into
four levels of dietary risk: (1) low (0 - 24), (2) moderate (25 - 49), (3) high (50 - 74)
and (4) very high risk (75 - 100). Further details of the TDQ and its development are
provided chapter four [3].

4.3.2.2.2 Demographic Questionnaire

Participants completed a demographic questionnaire assessing child (age, gender,
country of birth, caregiver-reported weight and height), caregiver (age, country of
birth, marital status, education level, employment status) and family (postal code,
household numbers) characteristics (Appendix 3 - Study data collection forms).
Child and maternal age were calculated from date of birth and date of completion of
the TDQ. Marital status was reported from five categories and collapsed into two
(partnered, not partnered). Education level was reported as the highest completed
level of six categories and categorised into three (school, trade/TAFE [Technical and

Further Education], university).

Caregivers were provided with an instruction sheet to assist with measuring their
child’s weight and height. Measures were encouraged as they are more accurate than
parental judgements [272, 273]. Measures were converted to Body Mass Index
(BMI, kg/m?) and age- and sex- specific z-scores using World Health Organisation
(WHO) reference data [221]. As a measure of socio-economic status, The Index of
Relative Socio-Economic Advantage and Disadvantage (IRSAD), one of four Socio-

Economic Index for Areas (SEIFA) indices that scores geographical areas on a
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continuum of disadvantage (lowest score, 1) to advantage (highest score, 10) [222],

was applied to postal code.

4.3.2.3 Nutrient intakes

To determine whether TDQ-derived risk scores are associated with nutrient intakes
(Table 4-2), two steps were conducted to establish nutrient intakes of the sample

according to TDQ food-group intake.

First, nutrient profiles per 100g of each TDQ food-group item were created. Nutrient
profiles of section one items (‘core’ foods; fruit, vegetables [green, orange, other],
yoghurt/custard, grains, red meat, fish) were informed by composite nutrient profiles
developed based on dietary intake data of 2 - 3 year olds (data not available for under
two’s) from the 2007 Australian National Children’s Nutrition and Physical Activity
Survey [59]. These profiles informed the development of Foundation Diets for 12 -
23 month olds and 2 - 3 year olds [223] on which the newly revised Australian
Dietary Guidelines were developed [62, 95]. At times, nutrient profiles for food
items were collapsed to form whole food-group items that were comparable to TDQ
items. For example, the nutrient profiles of ‘low-’, ‘medium-" and “high-omega fish’
were combined to develop a nutrient profile for the TDQ item ‘fish’. Each nutrient

profile was added as a “new food” to FoodWorks Professional version 7 [219].

Nutrient profiles of section two (‘non-core’ foods) and three (‘usual’ intake) items
were informed by composite nutrient profiles developed based on dietary intake data
of 24 month old children from the NOURISH [215] and SAIDI [216] studies. ltems
included spreadable fats, vegemite-type spreads, salty snack products, hot potato
products, meat products, sweet biscuits and cakes, chocolate, ice-cream/frozen
yoghurt, white bread, brown bread, breast milk, plain milk, formula, flavoured milk,

water, diluted juice, juice and cordial/soft drink. For each item the types and
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proportions of foods consumed informed the composite nutrient profile. For
example, as 95% of vegemite-type spreads consumed was vegemite, 3% was
promite, 1.5% was compressed yeast and 0.5% was marmite, the 100g TDQ nutrient
profile for ‘vegemite-type spreads’ was based on 95g vegemite, 3g promite, 1.59
compressed yeast and 0.5g marmite. Grams of each food for each TDQ food-group
item were entered into FoodWorks professional version 7 [219] as a “new recipe”

and an overall nutrient profile created per food-group.

Second, the amount of each TDQ food-group item consumed per subject per week
was determined. For sections one and two, food-group intake in grams was
calculated by multiplying the frequency response (zero [nil], one [once], three [2-4
times] and seven [>5 times] times per week) by the median quantity response (e.g.
small = <50g, 25g; medium = 50 - 100g, 75g). For example, if the median of a
‘small’ category representing <509 is 25¢g, then a response of ‘2-4 times” and ‘small’
is 759 (3 x 25g). As the median of the ‘large’ (e.g. >100g) category could not be
established based on the TDQ categories, an upper limit of consumption of 24 month
old NOURISH and SAIDI children was used (e.g. 300g) and the median determined
(e.g. 2009).

To determine a nutrient profile for section three items, an estimate of amount was
derived from 24 month old NOURISH and SAIDI intake data. Median daily intake
of all breads (33g), milk beverages (174g) and non-milk beverages (328g) was
multiplied by seven to derive weekly intakes (2319, 1216g, 22969, respectively). For
question one on bread consumption nutrient profiles were applied to response options
in the following manner: (1) none white: all non-white (0% [0g]: 100% [2319]), (2)
some white: mostly non-white (25% [46.2g]: 75%, [173.3¢]), (3) mostly white: some
non-white (75% [173.3g]: 25%, [46.29]), (4) all white: none non-white (100%
[231g]: 0% [Og]). For questions two and three on beverage consumption multiple
responses were allowed. Thus, if two responses (for example, formula and flavoured
milk) were provided a proportion of 50% of gram intake was applied to each; if three

responses (for example, water, diluted juice and undiluted juice) were provided 33%
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of gram intake was applied to each; and if four responses (for example, water, diluted
juice, undiluted juice, and cordial/soft drink) were provided 25% of gram intake was

applied to each.

The amount (in grams) of each TDQ food-group item consumed per subject per week
was entered into FoodWorks professional version 7 and the composite nutrient
profiles were used to generate a complete nutrient profile per person per week. Data
were exported from FoodWorks into SPSS for windows version 19.0 (SPSS Inc.,
Chicago, IL, USA) via Microsoft Access.

4.3.2.4 Data analysis

All analyses were conducted in SPSS for windows version 19.0. The level of

significance was set at p<0.05.

43.2.4.1 Associations with nutrient intake

Convergent validity of dietary risk scores was investigated by comparing weekly
energy and energy-adjusted nutrient intakes (nutrient densities) across quartiles of
dietary risk score using one-way ANOVA and post-hoc test of linear trend analysis.
Quartiles of dietary risk scores were treated as continuous variables with quartile 1
(Q1) representing lowest risk and quartile 4 (Q4) highest risk. As energy and nutrient
distributions were normally distributed parametric statistics were employed. Values

are presented as means and standard deviations (SD).

4.3.2.4.2 Associations with socio-demographics and measures of
adiposity

The relationship between dietary risk scores and socio-demographic characteristics

and BMI z-score by investigated using standard linear regression. Univariate and
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multivariate models explored associations between: (1) socio-demographic
covariates and dietary risk scores and (2) dietary risk scores and BMI z-scores,
adjusting for covariates (child age, gender and country of birth, parent age, marital
status, education level, employment status and country of birth, household numbers
and SEIFA decile). The normality, linearity and variance (homoscedasticity) of
residuals were checked to verify that the regression assumptions were met [139]. The
strength and precision of associations were evaluated using regression coefficients

(B) and 95% confidence intervals.

4.3.3 Results

4.3.3.1 Sample characteristics

Overall 138 parent-toddler dyads consented to participate in the study and 117 (85%)
completed all study measures. All participants were mothers (mean age 34+4 years)
and most were university educated (68%), partnered (94%), born in Australia (79%),
and in paid employment (75%) (Table 4-2). Children (56% girls, 10% overweight)
were on average 23x7 months old with an average dietary risk score of 30£9 out of
100, classified as ‘moderate’ risk. Children’s BMI z-score according to dietary risk
category was 0.75x1.29 (‘low risk’, n=34), 0.47+£1.35 (‘moderate’ risk, n=78) and
0.49£0.76 (“high’ risk, n=4). Ten percent (n=12) of children were overweight (BMI
z-score >2, corresponding to the 97.7" percentile[274]); six categorised as ‘low’ risk

and six as ‘moderate’ risk.

4.3.3.2 Associations with nutrient intakes

Toddlers’ energy and energy-adjusted nutrient intakes according to quartiles of
dietary risk scores are shown in Table 4-3. Average toddler risk score doubled
between Q1 (20.0£2.7; low risk) and Q4 (41.6+5.6; moderate risk). Linear trend

analysis showed that dietary risk scores were positively associated with energy, total
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fat, saturated fat, sugar and sodium intakes and negatively associated with intakes of
protein, fibre, iron, magnesium and phosphorus (all p<0.05). The difference between
Q1 and Q4 was greatest for energy, total fat, saturated fat, sodium, protein and fibre.
Dietary risk score was not significantly associated with amount (in grams)
consumed, percent energy from carbohydrate or intake of calcium, Vitamin A,

Vitamin C, riboflavin, thiamin, folate or potassium intake.

4.3.3.3 Associations with socio-demographic factors

In the univariate model, household numbers and child age predicted dietary risk
scores (Table 4-4). After adjustment for covariates, dietary risk scores remained
significantly positively associated with household numbers (f = 2.26 [0.13, 4.38] p =
0.037) and child age (B = 4.03 [1.10, 6.96], p = 0.008) (Table 4-5). That is,
increasing toddler age and number of people in the household were associated with

higher scores ( = greater risk). These factors described 12.6% of the variance.

4.3.3.4 Associations with adiposity

The average BMI z-score of toddlers was 0.54+1.34 (n = 116). In the univariate
model, dietary risk score (n = 114) was not associated with BMI z-score (f = 0.06 [-
0.04, 0.02], p = 0.550). This association remained non-significant after adjustment

for covariates (Table 4-5).

235



Table 4-2 Characteristics of parent-toddler dyads included in the convergent validity
analysis (n=117)

Characteristics n (%)
Respondent characteristics
Age, years' 34.2 (3.9)
Marital status”
Partnered 110 (94.0)
Highest education level®
School 8 (6.8)
Trade/TAFE 29 (24.8)
university 80 (68.4)
In paid employment*
Full time 18 (15.7)
Part time 67 (58.3)
None 30 (26.1)
Born in Australia
Yes 92 (78.6)
Household numbers 3.59 (0.83)
SEIFA decile™® 6.7 (2.6)
Child characteristics
Age, months® 22.8 (6.9)
Gender
Female 65 (55.6)
Born in Australia
Yes 111 (94.9)
Dietary risk score® 29.9 (8.6)
Dietary risk score category®
Low 34 (29.1)
Moderate 79 (67.5)
High 4 (3.4)
BMI z-score™"® 0.54 (1.3)
Classified as overweight”® 12 (10.3)

Abbreviations: TAFE, Technical and Further Education; SEIFA, Socio Economic Index
for Areas

Values are presented as mean (s.d.).

2categorised as: (1) not partnered (single/never married, separated/divorced, widowed),
(2) partnered (de facto, married)

Scategorised as: (1) school (less than year 10, year 10/11, year 12), (2) trade/TAFE
(trade/apprenticeship, TAFE/college certificate), (3) university (university degree)
*missing, n=2

>SEIFA categorised by applying the Index of Relative Socio-Economic Advantage and
Disadvantage (IRSAD) to postal code [222]

®No subjects were classified as ‘very high’ risk by the TDQ

"missing, n=1

SWHO BMI z-score [221]

SBMI z-score >2, corresponding to the 97.7" percentile [274]
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Table 4-3 Mean (SD) of energy-adjusted nutrient intakes across quartiles of dietary risk
scores in 12 - 36 month children (n=117)

Quartiles of dietary risk score®

Linear
Q1 Q2 Q3 Q4 trend
2
Mean+SD Mean *SD Mean = SD Mean = SD P
n 30 30 28 29
Dietary risk score  20.0+ 2.7 26.2+1.4 32.1+18 416+5.6 -
Intake®
Weight (g)* 6219+ 1170 6370 +1228 6800 + 1690 6385 + 1279  0.405
Total Weekly o, 36 159445 170452  172+47 0016
Energy (MJ)
CHO (%E) 462+36  456+27  465+30  47.4+34  0.090
Fat (%E) 29.1+30 303+21  308+20  323+33 <0.001
Protein (%E) 222430  220+25  20.6+27  180+26 <0.001
Satwratedfat 5, 0/ 30406 3.3 +0.4 34+06  0.005
(9/MJ)
Sugar (g/MJ) 18.8+2.9  202+39  205+29  207+40 0037
Dietary fibre >, 09 40412 40+13  35+13 0037
(g/MJ)
Iron (mg/MJ)  1.4+0.3 15+04 12+0.3 12+03  0.002
Calcium (mg/MJ) 136+29.8 138+28.4  143+247  138+387 0.625
Sodium (mg/MJ) 188+411 202+542  200+360  230+66.4 0.004
vitaminC 00 106 276+126 2774121 238+113  0.336
(mg/MJ)
ViaminA - 510 99 2174109 2574146 203+£127  0.961
(Mg/MJ)
Riboflavin =43, 01 0.4+01 0.4+0.1 04+01  0.069
(mg/MJ)
Thiamin (mg/MJ)  0.2+0.1 02+0.1 03+0.1 02+01  0.119
Total folate o/ . 169 6764177 740£200 688+221 0.245
(Mg/MJ)
POWSSIUM o1 6r 4 5074881  514+946  470+£101  0.072
(mg/MJ)
Magnesium = 467,42 447456  437+56 400464 <0.001
(mg/MJ)
Phosphorus /L 304 2374346 225 +41.6 2084434 <0.001
(mg/MJ)

Abbreviation: MJ, megajoule; Q, quartile; %E, percent energy
'Quartiles range from 1 (lowest) to 4 (highest) dietary risk scores

2ANOVA test used to compare differences in total weekly energy intake and energy-adjusted
nutrient intakes across quartiles of dietary risk score. Data is interpreted using linear trend
across quartiles of dietary risk score

*Nutrient intakes calculated per week (seven days) of TDQ assessment

*Weight (food and beverages) consumed
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Table 4-4 Unadjusted associations between participant characteristics and dietary risk
1
scores

Dietary risk scores®

(n=115)
Characteristics B 95% Cl p-value
Maternal characteristics
Age, years -0.27 -0.68, 0.14 0.190
Marital status
Partnered -0.48 -11.49,1.86 0.155
Highest education level -2.30 -4.98, 0.38 0.092
In paid employment -0.66 -3.20, 1.89 0.609
Born in Australia
Yes 0.08 -3.83,3.98 0.970
Household numbers 2.07 0.17, 3.96 0.033
SEIFA decile -0.53 -1.16, 0.09 0.093
Child characteristics
Age, months 0.35 0.12, 0.57 0.003
Gender
Female -0.35 -3.60, 2.90 0.833
Born in Australia
Ves 3.93 -3.93,11.79 0.324

Data are presented as regression model beta coefficients, 95% confidence intervals (95%
Cls) and p value of significance. For definitions and categorisation of maternal and child

predictor terms, see Table 4-2.

“Results were obtained from standard linear regression models with dietary risk scores as
the dependent variable and all respective covariates as independent predictors.
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Table 4-5 Associations between maternal and child characteristics (n=117) and toddler dietary risk scores (n=115), and between toddler dietary risk
scores and toddler BMI z-scores (n=114), after adjustment for covariates'

Dietary risk scores’(n=115) BMI z-score®(n=114)
Characteristics B 95% CI p-value B 95% ClI p-value
Maternal characteristics
Age, years -0.28 -0.69, 0.13 0.184 0.05 -0.02,0.12 0.141
Marital status Referent = Not Partnered
Partnered -5.69 -13.02, 1.63 0.126 -0.50 -1.69, 0.69 0.408
Highest education level -1.76 -4.39, 0.87 0.188 -0.22 -0.66, 0.21 0.313
In paid employment -1.62 -4.31,1.01 0.236 0.43 -0.01, 0.86 0.053
Born in Australia Referent = No
Yes -0.83 -4.72, 3.06 0.674 0.00 -0.63, 0.63 0.991
Household numbers 2.26 0.13,4.38 0.037 0.05 -0.30, 0.40 0.792
SEIFA decile -0.59 -1.26, 0.08 0.082 -0.03 -0.14, 0.08 0.542
Child characteristics
Age, months 4.03 1.10, 6.96 0.008 -0.04 -0.08, 0.00 0.049
Gender -0.24 -0.75, 0.28 0.363
Female 1.37 -1.83, 4.56 0.397
Born in Australia Referent = No
Yes -0.27 -7.64,7.09 0.941 0.36 -0.90, 10.63 0.571
Dietary risk score - - - -0.00 -0.04, 0.03 0.845

'Data are presented as regression model beta coefficients, 95% confidence intervals (95% Cls) and p value of significance. For definitions and
categorisation of maternal and child predictor terms, see Table 4-2.Results were obtained from standard linear regression models with dietary risk
scores as the dependent variable and all respective covariates as independent predictors. *Results were obtained from standard linear regression models
with BMI z-scores as the dependent variable and all respective covariates as independent predictors
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4.3.4 Discussion

The purpose of this study was to determine the convergent validity of dietary risk,
measured by a newly developed Toddler Dietary Questionnaire (TDQ) for Australian
toddlers aged 12 - 36 months, by examining whether dietary risk scores are
associated with nutrient intakes, child adiposity and socio-demographic

characteristics.

4.3.4.1 Associations with nutrient intakes

A higher dietary risk score ( = greater risk) was positively associated with energy,
macronutrients (total fat, saturated fat, sugar) and sodium intakes, likely reflecting
significantly higher intakes of ‘non-core’ foods, captured in section two of the TDQ.
Protein, dietary fibre, iron, magnesium and phosphorus were inversely associated
with dietary risk scores which may reflect poorer intakes of ‘core’ foods captured in
section one, and/or bread consumption captured in section three of the TDQ. The
association of higher TDQ scores with poorer nutrient intakes supports its validity as
a measure of dietary risk with implications for negative health consequences. Of note
is the lack of association between risk scores and calcium intake, a key nutrient in
young children’s diets [275]. This could be explained by the limited variation in
dairy food intake in our sample in which the majority of children (n = 94, 80%) were
reported to usually consume breast milk or plain milk, with few (n = 6, 5%) non-
consumers. Associations between dietary risk scores and other vitamins (A, C
riboflavin, thiamin, folate) or minerals (calcium or potassium) were not observed,
which was not unexpected as intakes of these nutrients are generally adequate in
toddlers [276, 277]. In contrast, large variations in intakes across risk scores were
seen for several key nutrients; sodium, saturated fat, energy, protein, fibre and iron.
Importantly amount of food consumed did not vary across risk score quartiles,
suggesting that children can respond to the weight of foods but not necessarily the
energy density of the food. This does not support some previous work [241] which
found that children were able to compensate for energy-dense meals in experimental

situations. Overall, our findings of lower and higher dietary risk scores being
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associated with protective (protein, dietary fibre, iron, magnesium, phosphorus) and
harmful (saturated fat, sugar, sodium) nutrients [62] respectively are consistent with
previous studies that have investigated the association between measures of overall
diet quality and selected nutrient intakes [2, 187, 203, 251, 278]. Our findings show
that TDQ-derived dietary risk scores meaningfully reflect differences in energy and
selected nutrient intakes, demonstrating the convergent validity of the TDQ.
Nonetheless, these findings must be interpreted with caution as analyses were
performed using nutrient densities and not nutrient intakes adjusted for energy intake
using the residual method [279]. Several subjective decisions were also made to
determine TDQ food-group nutrient profiles. While energy and nutrient associations
are likely only reflective of the limited food types included in this short
guestionnaire, their estimation was appropriate for the trend analysis conducted.
Although the association of higher TDQ scores with poorer nutrient intakes supports
the TDQ as a measure of dietary risk with implications for negative health
consequences, further investigation is required to determine whether TDQ-derived
dietary risk scores adequately assess inappropriate dietary patterns that may impair
health.

4.3.4.2 Associations with adiposity

Despite the positive association between dietary risk scores and energy intakes, risk
scores were not associated with BMI z-scores in this cross-sectional analysis. This
finding is consistent with previous work assessing the influence of Australian
toddlers’ (14 (n=467) and 24 (n=404) month olds [2]) and young children’s (8-11
years (n=846) [278]) diet quality (assessed via 24h dietary recalls) on weight status.
There are several possible explanations for our finding. First, although energy intake
across quartiles of risk scores were statistically different, the difference (2.7MJ/wk or
385kJ/day) between Q1 and Q4 risk scores may not be sufficient to produce
observable differences in weight status. Second, the influence of poor diet on weight
status may not yet have manifested [242-244]. Third, dietary risk scores do not
capture the full scope of obesity-promoting foods, including takeaway foods, as

included items were based on toddlers’ dietary patterns [2]. Fourth, anthropometric
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data were parent reported not researcher measured. However, to overcome potential
error we provided instructions and requested the mother to measure her child rather
than rely on an estimation. Lastly, BMI, a measure of excess weight relative to height
[280], may not be the best measure of adiposity for examining diet-body composition
associations. Previous studies reported associations between diet and percent body
fat but not BMI, suggesting that total body fatness may have a stronger association
with diet quality [281]. Including other adiposity indicators, such as waist

circumference, may reveal an association with dietary risk scores.

4.3.4.3 Associations with socio-demographic factors

As health inequalities exist across all populations we explored how toddlers’ dietary
risk varies by socio-demographic factors. Our findings were consistent with similar
studies investigating the influence of demographic factors on a measure of diet
quality. In UK children, the impact of more siblings on poorer diet quality has been
documented [162, 232]. Similarly, in Australian children, negative associations
between number of siblings [2] or children in the household [278] and diet quality
have been reported. The present study found that higher dietary risk scores ( =
greater risk) were associated with higher household numbers, likely a proxy for
number of siblings. Together these findings suggest that mothers of multiple children
are a promising avenue in which to intervene. Further, we found that risk scores were
strongly positively associated with toddler age. This is not unexpected. As a child
progresses through toddlerhood, stronger food preferences and habits are formed and
fussy eating behaviours become more common [39], resulting in undesirable eating
patterns. Nonetheless, it does highlight the essentiality of providing adequate support
to parents, prior to and during this period of their toddler’s development, to ensure
they are well-equipped with appropriate feeding strategies to deal with fussy eating
behaviours and subsequent poor eating patterns. The lack of further associations
between dietary risk scores and demographic variables may reflect the small
variation in risk scores (most children were classified as ‘low’ or ‘moderate’ risk), or
our homogenous sample (most mothers were partnered, born in Australia, university

educated and in paid employment).
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4.3.4.4 Comparison of study findings to other similar studies

Dietary risk is a concept not commonly investigated. One study examined the
properties of a 17-item questionnaire that assesses nutrition risk of Canadian 3 — 5
year olds [169], but associations between risk scores and nutrient intakes were not
explored. Diet quality is a similar concept that assesses adherence to a certain dietary
pattern or dietary guidelines [116]. Previous diet quality index studies have used
validation approaches similar to that used in this study. For example, associations
between scores on the Dietary Guideline Index for Children and Adolescents were
associated with lower energy, fat and sugar intake, higher fibre and micronutrient
intake, socio-demographic characteristics such as household income and education,
and weakly with adiposity measures [278]. Further, the Complementary Feeding
Utility Index (CFUI), which measures infant diet quality, demonstrated convergent
validity, showing associations with food and nutrient intakes, maternal predictors of
infant diet, and infant dietary patterns [251]. Similarly, in Australian 18 month olds,
scores on the Obesity Protective Dietary Index (OPDI) were positively correlated
with energy, dietary fibre, f-carotene and vitamin C intakes [203]. Our findings of
associations between higher risk scores and poorer nutrient intakes, and socio-
demographic factors, are comparable and demonstrate the convergent validity of
TDQ-derived dietary risk.

4.3.4.5 Study strengths and limitations

Our highly educated sample of mothers is a limitation of the present study. These
mothers may have reported more positive dietary intakes due to greater knowledge of
dietary recommendations or may provide healthier options for their children than less
educated mothers [2]. It is therefore not surprising that few toddlers were classified
as ‘high’ risk and none as ‘very high’ risk, and that only 10% of children in our

sample were overweight, half of what is estimated nationally for children aged 2-3
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years (20%) [59]. A second limitation, discussed earlier, is that children’s height and
weight were parent reported and thus the associations found with BMI z-score should
be treated with caution. A third limitation is the complex method used of applying a
range of foods and portions to categorical responses to determine nutrient intakes for
each food-group item of the TDQ, in which several assumptions were made. As part
of this, several subjective decisions were made during the determination of TDQ
food-group nutrient profiles. For example, we used seven times/week to represent the
midpoint of the “>5 times” frequency category. However this choice is contentious.
The cross-sectional analyses and relatively small sample size in comparison to other
similar studies (n = 6065 [251], n = 3146 [278]) are other limitations of this study
and possible reasons for the lack of association between dietary risk scores and
adiposity. Nonetheless, the strengths of this study include the high participation rate
and the ability of the short, simple food-group based TDQ to associate with selected

nutrient intakes and respondent characteristics.

4.3.4.6 Future directions of the TDQ

Overall the findings of this study enhance the usefulness of the TDQ by
demonstrating its ability to measure energy and nutrient intakes in expected
directions and be influenced by respondent characteristics. These findings highlight
the convergent validity of the TDQ and demonstrate that variation in dietary risk
represents variation in nutrient intake in expected directions. This provides support
that TDQ-derived dietary risk scores adequately assess inappropriate dietary patterns
that may impair health. The influence of household numbers and toddler age on
dietary risk scores highlights the potential for education programs targeting families
with these characteristics. Yet with no association demonstrated between risk scores
and BMI z-scores, the TDQ is not currently valuable in an obesity context and
therefore should be used as a screening instrument for overall dietary risk.
Nonetheless, future research could improve the usefulness of the TDQ. Investigation
of the association of weight status and demographic factors with dietary risk scores
in a more diverse and thus generalisable population is warranted. Likewise,

investigation of the effect of toddlers’ dietary risk on weight status longitudinally is
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appealing as it could potentially show significant associations and thus highlight
intervention points to prevent childhood overweight. The relationship between

dietary risk and other health-related outcomes could also be examined.

4.3.5 Conclusion

In conclusion, a newly developed 19-item Toddler Dietary Questionnaire (TDQ) that
assesses dietary risk adequately measures energy and selected nutrient intakes in
expected directions (i.e. lower and higher risk scores reflect better and poorer
nutrient intakes, respectively) and is influenced by respondent characteristics. Risk
scores were not shown to influence weight status, highlighting that the TDQ is
currently not valuable in an obesity context. Longitudinal investigation of this
association, in a more diverse and generalisable population, is warranted.
Associations between dietary risk and other health outcomes could also be examined.
The study findings enhance the usefulness of the TDQ and provide some support for
its use as a dietary risk screening tool for use by health professionals in early

childhood preventative health efforts.

4.4 Chapter summary

The purpose of this study was to determine whether dietary risk scores derived from
the TDQ, a newly developed short food-group based dietary risk assessment tool for
Australian toddlers, demonstrate convergent validity against nutrient intakes, socio-
demographic factors and a health outcome, namely toddler weight status. Findings
indicate that the TDQ measures nutrient intakes in expected directions, can be
influenced by child (age) and family (household numbers) demographic
characteristics but cross-sectionally does not predict toddler weight status. This is
consistent with the toddler dietary index literature; supporting evidence that indices
accurately reflect underlying nutrient intakes and are influenced by demographics but
do not consistently predict cross-sectional adiposity. The present study findings
demonstrate that the TDQ has convergent validity in assessing inappropriate dietary

patterns (and their underlying nutrient intakes) that may predict impaired health.
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5 DISCUSSION AND CONCLUSION

5.1 Overview

In light of the vulnerability of toddlers to poor diet and health outcomes; the
importance of assessing toddlers” whole diets to identify those at dietary risk; the
limitations of laborious, costly and time-intensive traditional dietary assessment
methods; and the gap in the literature on short (<50 items) dietary assessment tools
that assess whole diets of Australian toddlers: the overall aim of this thesis was to
develop and validate a short food-group based dietary assessment questionnaire for
measuring dietary risk in Australian toddlers aged 12 - 36 months. The specific aims
of this thesis were to characterise whole-of-diet patterns of Australian toddlers to
inform the items of a short, food-group based dietary questionnaire from which a
dietary risk score could be derived, and to determine the test-retest reliability,
relative validity and convergent validity of the dietary risk score. This final chapter
reiterates the main findings of this thesis before synthesising the thesis strengths and
limitations. Conclusions on the potential usefulness of the short tool in practice are

drawn before discussion of future research directions.

5.2 Summary - methodology and key findings

Due to the importance of valid dietary assessment and the benefits of capturing
dietary intake using short, efficient assessment methodologies to aid monitoring of
Australian toddlers’ dietary risk, a literature review was conducted (chapter one;
published in the Journal of Obesity [1]) to identify, critique and learn from the
literature on short, valid tools that assess whole diets of children aged 0 - 5 years.
Findings highlighted the lack of valid and reliable, brief dietary assessment tools that
measure whole diet, not merely components of diet, of young children. Only one of
16 tools reviewed was tested for both validity and reliability. No tools were
developed for populations of Australian young children. Thus, the literature review
confirmed a gap and need to develop a short dietary assessment tool that assesses

dietary risk of Australian toddlers.
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To aid the selection of items to be included in the short tool, dietary patterns of
Australian toddlers were characterised by applying the common factor analysis
technique of principal components analysis (PCA) to dietary data from two
contemporary Australian studies (chapter two; published in European Journal of
Clinical Nutrition [2]). Extracted patterns were similar at the two ages examined, 14
and 24 months, representing ‘core’ (fresh fruit, vegetables and non-white bread) and
‘non-core’ (white bread, margarine, juice and salty-spreads) type dietary patterns.
The validity of the ‘core’ and ‘non-core’ patterns was established by demonstrating
that ‘core’ patterns were related to better nutrient intakes compared with ‘non-core’
patterns. Although no association was found between toddler dietary patterns and
concurrent or longitudinal weight status, associations were found between dietary
patterns and maternal and child socio-demographic predictors. Thus, extracted
dietary patterns demonstrate validity with underlying nutrient intakes and socio-

demographic factors but not with toddler adiposity.

As PCA identifies foods accounting for the largest variation in diet between
individuals, these foods can be used to distinguish good- and poor-quality dietary
patterns in toddlers. Thus, foods loading strongly on extracted dietary patterns of
Australian toddlers were used to select the items for the Toddler Dietary
Questionnaire (TDQ) (chapter three; published in the British Journal of Nutrition
[3]). Age-appropriate servings per week, recommended by the revised 2013
Australian Dietary Guidelines [223], were used to inform portion-size categories.
The 19-item TDQ assesses intake over the previous seven days of ‘core’ (for
example, fruit, vegetables, dairy) and ‘non-core’ (for example, high-fat, high-sugar
and/or high-salt foods, sweetened beverages) items. Dietary risk is expressed as a
single summary score, by scoring food group intake against a dietary risk score
criterion (0 - 100; higher score = higher risk), which is classified into one of four risk
categories (low, moderate, high, very high). This criterion was developed based on
how closely intake (frequency x median quantity response) aligns with the Australian

Dietary Guideline recommendations for toddlers [223].
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To investigate the reliability and various aspects of validity of the TDQ a sample of
mother-toddler dyads were recruited. The test-retest reliability and relative validity of
the dietary risk score was determined by examining variability of scores measured on
two occasions and comparing scores to those derived from a validated FFQ (chapter
three). Results showed that risk scores were highly correlated and not significantly
different between administrations or compared with a FFQ and that all participants
were classified into the same or adjacent risk category (low - very high). The
convergent validity of the questionnaire-derived dietary risk score was tested by
examining associations with nutrient intakes, demographic factors and the health
outcome of toddler weight status (chapter four; accepted Nutrition & Dietetics).
Results showed that higher toddler risk scores were associated with higher energy,
total fat, saturated fat, sugar and sodium intake, and lower protein, fibre, iron,
magnesium and phosphorus intake. That is, higher risk scores were associated with
disease-promoting nutrients and lower risk scores with health-promoting nutrients.
This demonstrates the convergent validity of the dietary risk construct, highlighting
that dietary risk scores measure intake that may impair health. Further, dietary risk
scores were influenced by socio-demographic characteristics but were not associated
with toddler weight status, highlighting that the TDQ measures variation in dietary
risk across populations but cannot specifically assess obesity risk. Overall, the
findings of this study, summarised in Table 5-1, demonstrate that the TDQ is a valid
and reliable screening tool for identifying at-risk toddlers requiring intervention in

relatively advantaged samples of Australian toddlers.

Overall, studies undertaken in this thesis led to the development and validation of a
short Toddler Dietary Questionnaire that assesses ‘core’ and ‘non-core’ food group
intake of Australian toddlers aged 12 - 36 months from which a dietary risk score can
be derived. Scores demonstrated high test-retest reliability, relative validity and
convergent validity in a relatively advantaged sample of Australian toddlers. These
findings highlight the potential usefulness of the TDQ as a dietary assessment tool
for screening toddlers’ intakes to identify those at nutritional risk with potential for

diet-related health consequences.
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Table 5-1 Summary of the findings of the reliability and validity properties of the TDQ derived from a sample of parent-toddler dyads

Reliability and relative validity
(n =117; chapter 3)

Convergent validity (n = 111; chapter 4)

Nutrients* Socio-demographic?
Test-retest reliability (TDQ1, Relative validity BMI z-
— - 5
TDQ2) (TDQave, FFQ) Positive Negative Positive Negative score
. . - ... association association
association with. association with " -
with with
Dietary risk 1CC =0.90 r=0.83 Energy Protein Household - Not
scores Paired t-test: Paired t-test: Total fat Dietary Fibre numbers associated
30.2+8.6 v 30.94£8.9 30.5£8.4 v 31.448.1 Saturated fat Iron Toddler age with cross-
(p=0.143) (p=0.054) Sodium Magnesium sectional
Cross classification analysis:  Linear regression: Sugar Phosphorus BMI z-
B 0.51, p=0.595 score

same = 75% adjacent = 25%

Cross classification analysis:
same = 79% adjacent = 21%

Abbreviations: ICC, Intraclass correlation; TDQ, Toddler Dietary Questionnaire
!Determined by comparing weekly energy and energy-adjusted nutrient intakes across quartiles of dietary risk score using one-way ANOVA and post-
hoc test of linear trend analysis

*Determined using standard linear regression, adjusting for covariates
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5.3 Thesis limitations and strengths

Each of the studies presented in this thesis are not without limitations, which have
been discussed in the respective chapters. However, there are some limitations to the

thesis as a whole which are discussed here, followed by the thesis strengths.

5.3.1 Thesis limitations

The first limitation of this thesis is associated with the development of the TDQ. The
TDQ asks respondents to report the amount their child consumed of 16 food-group
items over the previous week. Portion-size categories were included because the
amount consumed is an important variable in level of toddlers’ dietary risk. Dietary
risk is defined as poor adherence to dietary guidelines, and thus to assess how well
intake aligns with food group serving recommendations, portion size information is
needed. Further, given that toddler intake varies greatly from day-to-day and meal-
to-meal [43], capturing this variation requires portion size assessment. Yet the
inclusion of portion size estimation may be considered a limitation as there is
evidence that suggests that untrained individuals have difficulty in estimating portion
sizes of foods, with small portion sizes often over-estimated and large portion sizes
under-estimated [126]. Further, the large variation in toddlers’ intake between meals
and days increases the difficulty for respondents to estimate the average portion size
consumed for the previous week. Thus, although portion size estimation is essential
for determining dietary risk, and was therefore included in the TDQ, it is important

to be mindful of its associated limitations.

Second is the use of a FFQ as the validation standard. This method was chosen
because it was the only dietary assessment tool that allowed collected data to be
translated into the TDQ and a dietary risk score calculated. Nonetheless, a limitation
to its use is that the TDQ and FFQ are both respondent-based methods that are
subject to the same errors. When errors in the validation standard are not independent

of those in the test method then it will be uncertain if the correlations between the
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methods are due to both accurately measuring the underlying concept, or because
both were measured with the same type of error [142]. Respondent-based methods,
such as the FFQ and TDQ, are subject to similar types of errors and thus their
comparison may lead to artificially inflated correlations [137]. This may have
contributed to the strong validation results observed in the present thesis.
Alternatively, errors in observer-recorded measures are independent of those in
respondent-based measures and thus if an observer-recorded measure were used then
the results would likely not have been as strong. However, the only truly independent
method is direct observation of an individual’s usual intake which may affect dietary
intake behaviour, whilst covert observation of intake is not logistically or ethically
feasible [282]. Nonetheless, to place the highest level of confidence in the study
results, ideally a validation standard with errors independent to that of the TDQ

would have been used.

Other methods, such as 24-hour recalls or weighed food records, were considered as
the validation standard as they are not questionnaire-based methods and are therefore
subject to different errors to those of the TDQ. Thus, the results of validation testing
using one of these methods would be stronger than those derived from the studies
undertaken in this thesis. However, to be translatable into the TDQ, derived intake
data needed to cover the seven day period of the TDQ and thus a 7-day food record
or 7 x 24-hour recalls would have been required. These were considered to be not
feasible for a number of reasons. First, they are associated with substantial researcher
and/or participant burden, particularly in terms of administration time and data
analysis, and subsequently it would be difficult to recruit a sufficient number of
participants in a reasonable time frame for a study in which participants were
required to complete the TDQ and record seven days of dietary intake. Second,
research suggests that with increasing number of days recalled or recorded,
particularly more than four consecutive days, the number of incomplete records
significantly increases and the validity of collection data decreases [126, 283]. The
limitations associated with each dietary assessment method demonstrate the
challenges of validity testing and why the choice of a validation standard usually
requires a compromise between limitations and feasibility. Overall, a FFQ was
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determined to be the best available tool for testing the reliability and validity of the
TDQ considering study time constraints, participant burden and the need for outcome
data from the tool to be translatable into the TDQ. Despite the limitations associated
with the use of the FFQ as the validation tool, the validation results are still useful for

understanding the psychometric properties of the TDQ.

The third limitation of this thesis is that the reliability and validity of the TDQ was
tested in a relatively advantaged population, and thus applicability of the TDQ to
toddlers from relatively disadvantaged populations is not known. This has
implications on the generalisability of the TDQ, restricting its use in the wider
population and in both the clinical and research settings. The recruitment of families
from high socio-economic status (SES) populations, however, is not new. Several
other studies relying on volunteer recruitment of similar samples of young children
resulted in relatively advantaged samples. In particular, there is often a selection bias
towards more educated mothers regardless of the sample size [284]. For example, an
analysis of the NOURISH RCT data (n = 698) found that those who declined to
participate in the study were younger and less likely to have a university education
[285]. The barriers to participation in research by less advantaged mothers of young
children are not entirely clear [284] but the level of literacy required for participation
in research is one. Engaging low SES samples in research remains a high priority, yet

a large challenge, to ensure study outcomes are broadly generalisable.

The fact that the sample for the reliability and validity study was not representative
of all SES groups is not surprising. The recruitment methods used and the literacy
level required to complete the questionnaires may have affected participation of
lower SES groups. One of the major methods of recruitment was advertising at
private child care centres. Community child care centres were not approached due to
the additional ethics approval required from the South Australian Department for
Education and Child Development, which is considered to be a lengthy process.
Thus, due to time-constraints of the study, recruitment was limited to private child
care centres as only approval from the centre director was required in addition to the
original ethics obtained for the study from the SBREC at Flinders University. Other
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recruitment means, such as through Flinders University and Facebook, were also
used in an attempt to yield a more heterogeneous sample. However, these methods
may have also contributed to our relatively advantaged sample, as those responding
to advertisements at Flinders University were predominately staff, not students,
whilst those responding to the Facebook advertisement were potentially high SES,
non-working mothers who had the time to use Facebook, respond to the study
advertisement, and participate in the study. Given the implication of testing the
reliability and validity of the TDQ in a relatively advantaged sample on the
generalisability of the TDQ, ideally participants would have been recruited from both

private and public child care centres to yield a more generalisable sample.

The fourth limitation of this thesis is that investigation of the association between
toddlers’ dietary risk scores and BMI z-scores failed to show a significant
relationship cross-sectionally. There are several possible explanations for this: (1) the
association was tested cross-sectionally in 12 — 36 month olds and therefore the
influence of poor diet on weight status may not yet have manifested, (2) the dietary
risk score does not capture the full scope of obesity-promoting foods, including
takeaway foods, as included items were based on toddlers’ dietary patterns, and (3)
anthropometric data were parent measured and reported, not researcher measured,
and thus accuracy is questionable. Yet this finding is consistent with previous work
assessing the influence of diet quality on toddler adiposity (discussed in 2.2.3.3 and
4.2.3.2). Risk scores were, however, positively associated with energy intakes,
suggesting that an association between toddler risk scores and adiposity may be
observed if tested longitudinally. The present findings of no relationship between
toddler dietary risk scores and cross-sectional adiposity have implications for use of
the TDQ. It cannot specifically assess obesity risk and therefore should be used as a

screening instrument for overall dietary risk.
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5.3.2 Thesis strengths

A thesis strength is the robust approach used for tool development. The TDQ is a
novel tool based on population-specific empirical evidence; that is, using data driven
PCA-derived dietary patterns of Australian toddlers to guide selection of the TDQ
items, and the Australian Dietary Guidelines which informed portion-size categories.
This is in contrast to most tools which are developed solely based on dietary
guidelines. Yet to base a short tool that captures whole diet intake in limited items
solely on dietary guidelines, requires determining which dietary guideline items to
include or not include. Basing items on toddlers’ dietary patterns is a novel approach
to tool development that ensured included food-group items were relevant to the
contemporary consumption patterns of the target population and were selected in an
unbiased manner. Importantly, best practice in PCA was undertaken, whereby
patterns were validated, increasing the level of confidence that can be placed in them,

and the subsequent TDQ), to distinguish intake amongst Australian toddlers.

A robust approach was also taken in developing the dietary risk score criterion, with
scores developed according to age-appropriate dietary guideline recommendations
[223]. Given that moderation in food intake is important, in which over-consumption
of “core’ items, for example fruit or milk, can have implications for health like that of
over-consumption of ‘non-core’ items, intake of section one items is not scored in a
linear manner relative to consumption frequency and quantity. Over-consumption, as
well as under-consumption, of these items is awarded a higher risk score than
consumption in line with recommendations. Conversely, scores for intake of ‘non-
core’ food items are linear, with scores increasing proportionally from zero with
increasing consumption frequency and quantity, based on the recommendation that
consumption of ‘non-core’ foods should be avoided or limited [64]. The meticulous,
detailed approach to development of the scoring system is a strength of this thesis
and of the TDQ.
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Further, the rigorous testing of the reliability and validity of the TDQ also
contributes to the thesis strengths. TDQ-derived dietary risk scores were tested for
test-retest reliability and relative validity. While increasingly these properties are
being tested in newly developed tools, the testing of convergent validity is far less
common and an important addition to validity testing. The convergent validity results
that show risk scores are associated with nutrient intakes in expected directions and
positively associated with socio-demographic factors, strengthen the validity of the
TDQ and its applicability in the wider context. Some other strengths include: (1) the
TDQ is short and inexpensive to administer, (2) the TDQ does not rely heavily on
long-term memory, assessing intake over only the past week, (3) the high
participation rate, suggesting that completion of the TDQ is not burdensome on the
respondent, (4) that all testing was conducted in a large sample size consistent with
that recommended for validation studies (>100 [146, 150]).

5.4 Implications for practice and future directions

The key learning outcome of this thesis is that the TDQ-derived dietary risk scores
appear to be a reasonably accurate measure of whole-of-diet patterns that may have
implications for health. Promising findings were seen for the relationship between
dietary risk scores and nutrient intakes, with higher risk characterised by poorer
nutrient intakes compared to lower risk. The differences in nutrient intake across
dietary risk scores indicate that the dietary risk construct assesses variation in risk of
diet-related health consequences. This is in addition to the high reliability and
relative validity of the TDQ. As a result there are several potential uses of the TDQ
in both the clinical and research settings, discussed below.
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5.4.1 Implications for practice

5.4.1.1 The use of the TDQ in the clinical setting

The findings of this thesis demonstrate that the TDQ may be a useful tool to guide
nutrition counselling in the clinical setting. It could be suitable for use by dietetic and
non-dietetic health professionals such as general practitioners (GP’s) and child health
nurses to rapidly screen toddlers’ dietary intakes to determine dietary risk; that is,
those at risk of impaired health. As it is quick to complete, the TDQ could be
completed by parents as they wait to see their health professional. However, the time
required for health professionals to calculate the dietary risk score, and the reliability
in doing so, is currently not known and would therefore need to be tested, as
discussed later.

As a screening tool, the TDQ allows for identification of toddlers who require further
detailed dietary assessment and possible intervention through nutrition counselling to
improve toddlers’ dietary patterns and reduce risk-related dietary behaviours. Thus,
GP’s or child health nurses could refer high-risk toddlers to a Dietitian for further
assessment and intervention. Any dietary education that is required to improve
dietary risk patterns would naturally be targeted at the toddlers’ parent or caregiver,
as they provide the food environment for their child. Intervening with parents of at-
risk toddlers is crucial as the toddler period is an important stage when eating
behaviours and food preferences are established, informing life-long food behaviours
and health. Importantly, however, the TDQ is currently only suitable for use with
toddlers from relatively advantaged samples.

5.4.1.2 The use of the TDQ in the research setting

Dietary assessment is particularly important in research, as it can aid the

understanding of characteristics of populations with less optimal diets, which is
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crucial for developing targeted and effective interventions to improve dietary intake.
The TDQ could therefore be used in the research setting for the development,
implementation, and evaluation of early life interventions that aim to improve dietary
patterns. As contemporary interventions commonly focus on food-based dietary
guidelines, the food-group based TDQ is particularly useful. Further, it could be used
for population health monitoring of toddler’s dietary risk; that is, assessing the
stability of eating behaviours across time, and for investigating the link between diet
risk and health outcomes, such as the development of childhood overweight. Yet, as
the TDQ has only been validated in relatively advantaged samples, it is currently

only appropriate for research with these populations.

5.4.2 Future directions

Although the TDQ has applications in both the clinical and research setting, its use is
currently restricted by the thesis limitations discussed earlier. This section discusses
future directions for the TDQ to ensure wider applicability in the clinical and

research settings and possibilities for modifying the TDQ to enhance its usefulness.

5.4.2.1 Widening the applicability of the TDQ

54211 Testing the reliability and validity of the TDQ in a generalisable
sample

Given that the TDQ was validated in a population of parent-toddler dyads from a
relatively advantaged population, testing the reliability and validity of the tool in a
relatively disadvantaged population is important for determining its generalisability
and thus its wider applicability in both the clinical and research settings. Ensuring the
TDQ is applicable to lower SES populations is crucial as social disparities are
evident in health and nutrition [256, 257], whereby lower SES populations generally
have poorer diets than higher SES populations [286, 287]. Further, use of the TDQ in

relatively disadvantaged populations would allow for more equitable disease
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prevention efforts. However, as lower SES populations may be harder to engage in
research [288, 289], greater effort needs to be placed in recruiting participants from
these populations. Financial incentives may help [290], yet are not significantly
motivating for all participants [291]. Additionally, low literacy and culturally and
linguistically diverse populations may find it difficult to complete the TDQ and thus
its reliability and validity in these populations could be tested using a researcher-
assisted administration. Overall, support for the TDQ as an important public health
tool could potentially be provided by demonstrating its reliability and validity in a

sample of toddlers from relatively disadvantaged backgrounds.

54212 Investigating further whether dietary risk scores predict
impaired health

As dietary risk is a measure of dietary patterns that may impair health [275], it is
important to understand whether dietary risk scores measure variation in health
outcomes. In this thesis, the association between dietary risk scores and weight status
was investigated to determine whether risk scores can be used to predict obesity.
While the association was only determined cross-sectionally, with no significant
relationship observed, risk scores were positively associated with energy intakes,
suggesting an association with adiposity at some point is possible. Thus,
investigation of this association longitudinally is warranted. A reasonable follow-up
time is required to ensure that the effect of diet on weight status has adequate time to
manifest. A more representative sample may display greater variability in risk scores
and a higher prevalence of ‘high’ or ‘very high’ risk toddlers, which in turn may
show a greater difference in energy intakes across quartiles of dietary risk score and
possibly an association with toddler adiposity. Determining whether questionnaire-
derived dietary risk scores are associated with adiposity longitudinally is crucial for
establishing the usefulness of the TDQ in obesity interventions. This is important
given that childhood overweight is a major public health issue world-wide, with high

rates observed in Australian toddlers.
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Furthermore, as dietary risk not only encompasses the risk of adiposity, research is
required to investigate the association between dietary risk scores and other health
outcomes. In general, few studies have evaluated the relationship between paediatric
diet quality indices and health outcomes, and of those that have, only the association
with anthropometrics has been investigated (reported in 4.2.3.2). Yet, as dietary risk
encompasses a range of health implications, such as impaired growth and
development, including mental and psychomotor development, and chronic diseases,
such as obesity, heart disease, and diabetes, the influence of dietary risk on disease
markers such as blood pressure, serum cholesterol, blood glucose or child 1Q
longitudinally should be investigated. Change in diet and associated dietary risk
scores should be considered in such investigations given that poor dietary patterns
over time have greater influence on later health outcomes than poor diet at one time
point. For example, Brazionis et al [19, 234] investigated the association between
types of transition diets from 6 - 24 months of age and blood pressure at seven years
of age. Results of investigations into the association between dietary risk scores
across the early life period and longitudinal health outcomes would assist in
determining whether the TDQ is a useful tool for child preventative health efforts.
Overall, further testing of the association between dietary risk scores and health
outcomes, including longitudinal weight status, is warranted to more
comprehensively understand whether the TDQ can be used to detect dietary patterns

that impair health.

54.2.1.3 Validating the calculation of dietary risk scores using the

scoring criterion

For this thesis, dietary risk scores were calculated in SPSS based on questionnaire
responses. Yet, as calculation of dietary risk scores in the clinical-setting involves the
application of a scoring criterion to dietary data, knowledge and skills are required.
Accuracy of dietary risk score calculation by two different health professionals is not
yet known. This refers to inter-rater reliability; the agreement between values of a
measure determined by more than one individual [142]. The intra-rater reliability of
scores, that is, the agreement among multiple repetitions by the same health

professional that represents change over time [292], and the time taken for health
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professionals to calculate dietary risk are also not yet known. Therefore, determining
the inter-rater and intra-rater reliability of dietary risk score calculation, and time

required to do so, is warranted.

5.4.2.2 Opportunities for modification of the TDQ

5.4.2.2.1 An online version of the TDQ

With increases in the popularity of the internet and the cost advantages of web-
administered questionnaires [126], translating the TDQ into an online version would
be ideal. It would allow greater accessibility of health professionals to the TDQ and
consequently greater screening of toddlers’ intakes and education to their families.
Online questionnaires are easy for responders to complete and only require initial
set-up with minimal on-going responsibilities. The limitations of complex scoring
processes can also be addressed with automated scoring. Several questionnaires and
indices have been developed for online administration. For example, in Australia, the
online Healthy Eating Quiz for adults assesses intake and generates an overall
healthy eating score, including personalised feedback, based on compliance with the
Australian Dietary Guidelines [293]. Given the FFQ-style nature of the TDQ,
translation into an online version is feasible. A suggestion would be to include food
pictures that depict commonly consumed portion sizes to assist in portion size
estimation and thus reduce associated error. Further, after completion of the
questionnaire and calculation of a dietary risk score, feedback and guidance could be
provided to assist parents in their efforts to improve their child’s score. Nonetheless,
it will be important to examine how an online version of the TDQ compares with the

hard-copy version in terms of reliability and validity.

5.4.2.2.2 Inclusion of other key foods in toddlers’ diets

As discussed in section 1.3.2, the goal of the TDQ was to ensure it was a short tool.
An unavoidable consequence of short dietary assessment tools is that not all aspects
of diet can be assessed. Thus, necessary decisions must be made regarding what

items to, and not to, include. As items included in the TDQ were primarily based on
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PCA derived dietary patterns, this limited inclusion of some food groups relevant to
toddlers’ diets. For example, consumption of pre-sweetened versus non pre-
sweetened breakfast cereals or the quantity of milk consumed (rather than simply the
milk type) may be important aspects to assess in this age group. If the later was
included in the TDQ, calcium, amongst other nutrients, may have subsequently been
associated with the risk scores. Yet, as items included in the TDQ are those that
distinguish between different diets, those foods commonly consumed by children (for
example, any milk) are not quantified. Additionally, calcium is infrequently an issue
in toddlers [59], unlike in older populations [59, 294]. Of greatest concern in this age
group is over-consumption of milk, which can displace intake of other nutritious
foods and lead to iron deficiency [58, 60, 61]. Future modification of the TDQ could
incorporate an item to assess this, in addition to other items such as type of breakfast
cereal consumed, in attempt to capture the range of food items that are indicative of

dietary risk.

5.4.2.2.3 A shorter version of the TDQ

As this thesis was developed based on the premise that short dietary assessment tools
are more advantageous than traditional methods such as recalls and records and
longer questionnaire-style tools, it is not unreasonable to ask whether a measure of
toddlers dietary risk could be established using a shorter (<19 items) tool. That is,
could a 5- or 10-item TDQ accurately assess toddlers’ dietary risk compared with
that of the 19-item TDQ. A shorter TDQ that is both reliable and valid would be less
burdensome on respondents and could therefore potentially result in greater
screening of toddlers’ intakes to identify those at-risk requiring intervention. A
shorter version of the TDQ could be designed to focus on particular aspects of
dietary risk, for example, iron deficiency or failure to thrive, informed by the practice

context.
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54224 Developing an Infant Dietary Questionnaire and/or Preschooler

Dietary Questionnaire

Infants and preschoolers, like toddlers, are vulnerable to poor nutrition, which can
have negative life-long health consequences. Dietary patterns of infants (birth — 12
months) change rapidly as they transition from a diet based solely on milk in the first
six months of life to one consisting of a complex mixture of complementary foods.
The rapid change in diet experienced in the first year of life increases their
vulnerability to nutrient deficiencies [114]. Preschoolers, aged 3 - 5 years, are also
vulnerable to nutrition-related consequences, as fussy eating behaviours established
in toddlerhood may persist into the preschool years [295]. As no short dietary
assessment tools exist that assesses whole diets of Australian infants or preschoolers
(0), the development of a similar tool to that of the TDQ for use with infants and

preschoolers would be ideal.

5.4.2.25 Practical aspects of determining foods to include in a dietary

assessment tool — considerations for future research

The use of PCA-derived dietary patterns in determining which foods to include in the
TDQ is a novel approach. Items loading strongly on extracted patterns were
prioritised in terms of importance in toddlers’ diets and those of highest priority were
included in the tool. However, this approach may not always be practical. If PCA
does not yield clear dietary patterns that are distinguishable by the items loading
strongly, defined by very few cross-loadings and several foods loading strongly on
each pattern, the use of the dietary patterns to inform tool development would be
questionable. Thus, future tool development across all age groups should be based on
PCA-derived dietary patterns that are clearly distinguishable by the type of foods
loading on them. Additionally, it is suggested that items included in future tools are
not restricted to those loading strongly on dietary patterns, and that further
consideration is given to foods commonly contributing to the target population’s
food consumption. This would help to ensure that dietary assessment tools capture
the range of foods consumed by the relevant population, thus providing a more
comprehensive assessment of diet and/or dietary risk.
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5.5 Conclusion

In conclusion, the newly developed Toddler Dietary Questionnaire is a short, simple
food-group based dietary assessment tool for measuring dietary risk in Australian
toddlers aged 12 - 36 months. Results of this thesis suggest that the TDQ provides a
reliable and valid measure of Australian toddlers’ dietary risk in relatively
advantaged samples, allowing monitoring and identification of those requiring
intervention. The strengths of this study lie in the robust approach to tool
development, being based on evidence-based dietary patterns of Australian toddlers
and age-appropriate Australian Dietary Guidelines, and the rigorous tool testing,
which included examining the tool’s test-retest reliability, relative validity and
convergent validity. Further research is required to evaluate the reliability and
validity of the TDQ in a more generalisable sample. Investigation of the association
between TDQ-derived dietary risk scores and health outcomes other than weight
status is also warranted. At present, the TDQ could be a useful tool for health
professionals in the clinical setting, enabling screening of relatively advantaged
toddlers to identify those at-risk and requiring intervention to improve their dietary
patterns, and in the research setting, for the development, implementation and

evaluation of relevant interventions.
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Dietary indices evaluate diet quality, usually based on current dietary guidelines. Indices can therefore contribute to our
understanding of early-life obesity-risk dietary behaviours. Yet indices are commonly applied to dietary data collected by onerous
methods (e.g., recalls or records). Short dietary assessment instruments are an attractive alternative to collect data from which to
derive an index score, A systematic review of studies published before April 2013 was conducted to identify short (<50 items) tools
that measure whole-of-diet intake of young children (birth-five years) and are applicable to dietary indices, in particular screening
obesogenic dietary behaviours. The search identified 3686 papers of which 16, reporting on 15 tools (# = 7, infants and toddlers
birth-24 months; # = 8, preschoclers 2-3 years), met the inclusion criteria. Most tools were food frequency questionnaires (1 = 14),
with one innovative dietary questionnaire identified. Seven were tested for validity or reliability, and one was tested for both. Six
tools (# = 2, infants and toddlers; # = 4, preschoolers) are applicable for use with current dietary indices, five of which screen
obesogenic dietary behaviours. Given the limited number of brief, valid and reliable dietary assessment tools for young children to
which an index can be applied, future short tool development is warranted, particularly for screening obesogenic dietary behaviours.

1. Introduction

Individuals do not consume single nutrients, foods, or food
groups, but rather combinations of foods [1]. Therefore in
nutrition research it is appealing o capture the mix of
foods and/or nutrients likely to influence health [2]. Dietary
indices, for example evaluate diet quality by assessing dietary
intake against predetermined criteria, usually reflecting cur-
rent dielary guidelines [3].

Childhood overweight and obesity isa global health prob-
lem with 40 million children under the age of five classified
as overweight [4]. Given the consequences of obesity and the
persistence of obesity from childhood into adulthood [5], it
is of major importance to address overweight early in life. As
recommendations for overweight prevention and treatment
are consistent with food-based dietary guidelines [6, 7],

dietary indices offer a way of understanding the contribution
of early life food intake to obesity risk.

Evaluation of diet against food-based dietary guidelines
using an index 8] still requires accurate assessment of dietary
intake at the food or food group level. In children under five,
indices have commonly been applied to dietary data collected
by 24-hour recalls, diet diaries, or weighed food records [9].
Yet, these methods are associated with high respondent
burden and are cost- and time-intensive in terms of adminis-
tration and analysis [10]. The use of these dietary assessment
methods is a challenge in large epidemiological studies.
Additionally, while energy and nutrient intakes can easily
be derived from these detailed methods, it is often difficult
to extract food intake data in a way that allows meaningful
comparison with food-based dietary guidelines [8].
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Potentially relevant articles identified and

screened for retrieval (n = 3303)

—————

o

Studies retrieved for more detailed

Studies excluded on the basis of abstract and title
(n = 3039) because of

+ study outcome data (n = 2146)

+ stndy methodology (n = 391)

+ stndy participants (n = 234)

* review/report articles { n= 201}

+ not human studies ( n = 37)

« no abstract { n = 29)

+ not English (n=1)

evaluation (n = 265)

 —

Studies eligible for review (n=14) |

Studies excluded on the basis of full article
(n= 251) because of
« study methodology (n = 68)
« stady participants (n = 37)
« not assess whole diet ( n = 64)
+ not parent reported ( n = 19)
«tool length; more than 50 items ( n = 59)
« tool length; unknown number of items ( n=4)

——

!

Additional studies identified from reference lists of
dies to be included in the review and relevant

Search updated April 2013 and

review articles (n = 0)

potentially relevant articles identified and
screened for retrieval (n = 383)

H——]

Studies excluded (n = 381) because of
= study outcome data (n = 237)
+ study methodology (n = 68)
+ study participants {1 = 53)
« reviewlreport articles { n = 5)

Additional studies eligible for review
n=2)

W

« not assess whole diet{ n = 6)
« tool length; more than 50 items ( # = 6)
+ tool identified in previous article ( n = 4)

Studies eligible for review (n = 15 tools described in 16 papers)
« Infants and toddlers, birth-24 months (» = 7)
« Preschoolers, 2-5 years ( n = 8 tools described in 9 papers)

Journal of Obesity

F1Gure I: Quorom statement flow diagram. Studies assessing whole-of-diet intake of infants and toddlers and pre-schoolers using a short

assessment tool.

Short, simple dietary assessment instruments are an

altractive alternative to collect data {rom which to derive a
diet quality score, as they are associated with reduced partic-
ipant burden, data handling and processing, and costs. They
are consequently suitable for survey or epidemiological
research [11]. Further, as they supply information quickly [11],
they are useful in clinical settings for the rapid assessment
of individuals’ food intake against food-based dietary guide-
lines. In view of the high worldwide childhood obesity rates,
simple tools that assess early life obesogenic dietary habits
are crucial. Given their advantages, short tools that enable
evaluation of young children’s dietary intake against food-
based dietary guidelines using a dietary index are required.

Thus, this review aimed to (1) examine short tools,
including their reliability and validity, that measure diet of
children birth-five years, (2) identify the short tools that could
be used in dietary index research, including screening of
obesogenic dietary behaviours,

2. Methods

2.1 Search and Selection Strategy. A six-stage systematic
search was conducted to identify existing short tools that
measure whole diet in young children. The search strategy
and article selection are summarised in Figure 1. In stage
one, MEDLINE via PubMed, Web of Science, and SCOPUS
were searched for relevant articles published prior to June
2011. The search terms were developed and combined under
the following headings: (1) child (birth-5 years), for example
infant, toddler, preschooler, and child; (2) dief, for example
food, nutrition, dietary intake, dietary pattern, eating pattern,
food intake; (3) assessment tool, for example tool, dietary
assessment, evaluate, questionnaire, checklist, validity, and
reproducibility. Search term lists were comprehensive with
small adaptations made for individual databases searched
(see Supplementary information). Stage two involved elim
ination of irrelevant articles in Endnote using specific term
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searches through “title” and “keywords” (all terms presented
in the Supplementary Information in Supplementary Mate-
rialavailable online at http://dx.doi.org/10.1155/2013/709626 ).
Subsequently, the title and abstract of the remaining 3303
articles were screened against the review inclusion and
exclusion criteria, outlined below (stage three). If it was
unclear whether an article should be included from the title
and abstract, the full article was retrieved and screened (stage
four). In stage five, reference lists of all included articles
and relevant reviews were searched for additional studies.
Lastly, searches were rerun in April 2013 to identify articles
published after June 2011 (stage six). All resulting articles were
screened according to stages two to five. Overall, all articles
were assessed for eligibility independently by the primary
author but in consultation with all coauthors.

2.2, Inclusion and Exclusion Criteria. 'The included studies
were determined using the following criteria.

(1) Types of outcome measures: studies with whole-of
diet intake data were included. Those assessing indi-
vidual foods, food groups, nutrients or behaviours,
and/or household, family, or group consumption were
excluded.

(2) Types of dietary assessment methods: studies assess
ing dietary intake using a short dietary assessment
tool were included. For example food frequency
questionnaires, checklists, and other dietary ques-
tionnaires classified as 50 food intake questions or
less. This criterion was set by the authors in an attempt
to capture tools that were five pages or less and/or
could be completed within 30 minutes. Articles were
excluded if dietary assessment tools such as 24-
hour recalls, diet histories or food records were
used to measure food intake, as they are considered
standardised methods that are limited by complex
researcher-based administration [12]. If the number
of questionnaire items was not reported, or if the tool
had been captured in a previously identified paper,
articles were excluded.

(3) Types of participants: studies assessing dietary intake
of healthy children aged birth to five years, reported
by a parent or primary caregiver without assistance
from the child, were included. Studies not applicable
to the general population (e.g, preterm infants or
children with disabilities, health conditions, or
behavioural/learning difficulties) were excluded.

(4) Other: studies were limited to the English language,
humans and those with an abstract. Review studies,
reports, conference papers, and similar documents
were excluded.

2.3, Data Extraction and Analysis. Data, including sam
ple characteristics, questionnaire details, and reliability and
validity were extracted into standardized tables by the prin-
cipal author and checked for completion and accuracy by
all coauthors. Data synthesis comprised grouping studies
by age group and comparing in terms of dietary assess-
ment characteristics; reliability (i.e. tool reproducibility or

repeatability using a test-retest procedure [13]); validity (i.e.
the ability to accurately measure food consumption data
that represents the true intake of the individual [14], deter-
mined by comparison with an already validated method);
and usefulness for current dietary index applications and
screening obesogenic dietary behaviours. Applicability of
tools to dietary indices was determined by comparing tool
characteristics with characteristics of available indices for
children aged up to five years, based on those identified
in a recent review [9]. Tools were defined as applicable to
dietary indices if all index components could be assessed
both easily and accurately. Indices covering the five “core”
food groups (ie., foods recommended to be consumed
every day including fruits; vegetables; cereals (e.g., bread,
rice, and pasta, noodles); meat and alternatives (e.g., fish,
epgs, and nuts); dairy), are highlighted. Indices suitable for
screening obesogenic dietary behaviours were defined by the
assessment of foods not included in the “core” food groups,
described as “noncore” (energy-dense, low nutrient) foods
and recommended to be consumed in minimal amounts
[6,15].

3. Results

3.1 General Description of Included Studies. Sixteen stud-
ies met the review inclusion criteria (Figure1). The most
common reason for exclusion was the type of outcome data
(n = 2383), followed by study assessment methodology (n
526) and study participants (n = 322). 'The final 16 papers
reported on 15 tools developed to assess dietary intake in
carly childhood (birth-5 years); seven evaluate infant and
toddler dietary intake [16-22] eight evaluate preschoolers
dietary intake [23-31] (Table 1). Studies included a range of
population groups from predominately European [16, 17, 19~
21, 24-28] and other western countries [18, 23, 29-31] and
were largely published from 2006 onwards [16, 18, 19, 23-31],
with no retrieved papers published prior to 2000, The number
of participants varied from 44 [25] to 27 763 [17], with
three studies presenting data from large, prospective birth
cohorts UK Southampton Women's Study (SWS) [19], UK
Avon Longitudinal Study of Parents and Children (ALSPAC)
[16], and the Norwegian Mother and Child Cohort Study
(MoBa) [17].

3.2, Dietary Assessment Methods and Testing. Most (n = 14 of
15} tools used a food frequency questionnaire (FFQs) format
[16-28, 30, 31], with one innovative tool, the NutriSTEP
nutrition screening tool for preschoolers, identified [29]. The
majority of tools were self-administered [16-18, 20, 21, 23—
29,31] and nonquantitative [16-18, 22-25, 29, 31]. The average
tool length was 33 items (range 6-47), with 5 tools comprising
less than 25 items [18, 20, 21, 23, 29]. Reference periods for
recalling foods varied from the past week [18, 19, 22] to past
year [27, 28]. Fourteen of the 16 studies reviewed reported
food or food group intake as a tool outcome measure [16-
18, 20-27, 29-31], whilst two reported energy and nutrient
intakes only [19, 28]. Overall, testing was undertaken on
approximately half of identified tools (n = 7/15, described
in 8 papers) ('Table 2). A range of tests to assess reliability and
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TapLk 2: Summary of availability of validity and reproducibility data for each study according to energy and/or nutrient intake and food

intake.

Reference details

Validity
Energy and/or nutrients Foods

Reliability
Energy and/or nutrients Foods

Infants and toddlers (birth-24 months)
Smithers et al. (2012) [16] -
Ystrom et al. (2009} [17]
Dee et al. (2008) [18] —
Marriott et al. (2008) [19]
Andersen et al. (2004) [20]
Andersen et al. (2003) [21]
Lartey et al. (2000) [22]

Preschoolers (2-5 years)
Pabayo et al. (2012) [23]
Lanfer et al. (2011) [24] -
Ebenegger et al. (2010) [25] -
Kleiser et al. (2009) [26] -
Huybrechts et al. (2009) [27] -
Huybrechts et al. (2006) [28] A
Randall Simpson et al. (2008) [29]
Romaguera et al. (2008) [30]
Sullivan et al. (2006) [31]

E N

validity were reported. Test definitions and review assessment
criteria are presented in the Supplementary Table. Validity
(Table 3) and/or reliability (Table 4) were most commonly
tested wsing correlations, although agreement statistics were
also used,

3.2.1 Infants and Toddlers (Birth-24 Months). All seven [16
22] tools assessing infant and toddler dietary intakes were
FFQs, ranging in length from 15 [20] to 43 [16] items. Three
tools were evaluated for validity [19-21] ('Table 4) whilst none
were evaluated for reliability.

Validity testing revealed that the FFQs overestimated
energy and nutrient intakes compared with the selected ref-
erence standard (all weighed dietary records, WDR) [19-21].
Correlations for energy and nutrients were low to moderate
and slightly higher when energy adjusted [20, 21]. Bland
Altman plots for nutrient intakes showed mostly positive
mean differences [19], systematic increases in difference with
increasing intake for most nutrients [20, 21] and large limits
of agreement [20, 21). Little pross misclassification (3% [21],
59 [20]), defined as classification of intake by the tool in
the opposite quartile or tertile of intake, was reported with
over one-third of subjects (38% [21], 36% [20]) classified
into the same category of nutrient intake. At the food level,
FFQJ's generally revealed higher median intakes for several
food items (11/17 [21] and 7/15 foods [20]) than the WDR
[20, 21]. Correlations for most foods were low or moderate
with low (r = 0.48 [20]) and moderate (r = 0.62 [21]) overall
median correlations. Importantly, no studies used agreement
statistics at the food level.

3.2.2. Preschool Children (2-5 Years). Of the eight tools
evaluating pre-schoolers” dietary intakes, described in nine

papers [23-31], seven were FFQ's [23-28, 30, 31] but length
varied widely (six [29] to 47 [27, 28, 31] items). Overall, three
tools were assessed for reliability only [24, 25, 29] and one for
reliability and validity of food [27] and nutrient [28] intake
(Tables 3 and 4).

To assess test-retest reliability [24, 25, 27-29] the period
between administrations varied, ranging from two to four
weeks [29] to an average of four months (range 0-364 days)
[24]. No tool was assessed for reliability of energy intake and
only one for nutrients [28)]. The latler revealed that for average
daily calcium intakes readministrations were not significantly
different (P = 0.26), were highly correlated (r = 0.80) with
moderate agreement (k = 0.60) and that nearly all subjects
were classified into the same or adjacent quartile of intake
(939%) [28]. The reproducibility of food intake was assessed
for four tools [24, 25, 27, 29] and showed no statistically
significant differences for most foods (38/43 [24], 13/13 foods
[27]). Mean spearman'’s correlations were moderate (r = 0.59
[24], v = 0.62 [25], and r = 0.64 [27]) with good intraclass
correlation coefficients (ICC) reported for many food items
(n = 28/39 [25: n = 13/13 [27]) and moderate overall
mean [CCs (v = 0,59 [25, 27]). Two studies showed moderate
overall agreement for food items (k = 0.48 [24], k = 0.55
[29]).

Only one tool was assessed for validity, reported in two
studies [27, 28]. 'This tool significantly underestimated cal-
cium intake measured by an estimated dietary record (EDR),
yet methods were moderately correlated {r = 0.52, adjusted
r = 0.59) [28]. Sensitivity and specificity of calcium intake
was 62% and 77%, respectively, [28] and nearly half (42%)
of subjects were correctly classified [28]. Agreement statistics
showed fair agreement (k = 0.38) and large differences for
higher average nutrient intakes (Bland- Altman plot) [28]. For
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food intake, mean differences were predominately less than
309 (12/13 foods) [27], whilst the median correlation was low
(r = 0.48 [27]) and agreement mostly poor (4/13 foods) or
fair (4/13 foods) [27]. Gross misclassification was less than
10% for all food groups whilst classification into the same or
adjacent category ranged from 67% (meat products) to 88%
(fruit juice) [27].

3.3, Dietary Index Applications. Dietary indices developed to
characterise the diet quality of infants, toddlers or preschool-
aged children are summarised in Table 5 [26, 31-48]. Overall,
data from six tools (n = 2, infants and toddlers [20, 21];
n = 4, pre-schooler [26, 27, 30, 31]) can be applied to five
measures of diet quality reviewed [26, 31, 39, 42, 47, all
developed for use in pre-schoolers (Table 5). Two have been
tested for validity only [20, 21] and one for both validity
and reliability [27]. Of these six short tools, two [26, 31|,
both for use in pre-schoolers, have previcusly been used in
dietary index applications. The Healthy Nutrition Score for
Kids and Youth (HuSKY) has been applied to the 54-item (45
food-item) semi-quantitative FI'(} assessing intakes of three
to six-year-old German children [26], whilst the 47-item non-
quantitative FFQ) has been used to assess dietary diversity in
American children under five [31].

No other short tools were identified that provide dietary
data to which a dietary index could be applied, often because
the level of detail provided by the tool was too minimal for
application of an index. This is particularly evident for those
indices comprising food-group subcategories (e.g. “vitamin
Acrich vegetables™) [33, 36, 38, 43, 44, 48]. Additionally,
application of several tools to current indices would require
detailed analysis to determine nutrient (e.g, total fat, choles-
terol, and iron) intakes [32, 34, 40, 41, 43, 44, 46]. Lastly,
portion size quantification is required for the majority of
dietary indices reviewed [26, 32, 34, 36, 38-44, 46-48] and
thus only quantitative or semiquantitative tools provide data
to which these indices could be applied.

3.4. Screening Obesogenic Behaviours. Of the 15 tools re
viewed, 13 assess the intake of “noncore” foods and/or bev
erages (n 6, infant and toddlers [16-21]; n 7 pre-
schoolers [23-30]). Three of these were specifically designed
to screen obesity related behaviours [24, 25, 29] whilst five
were identified (above) as being useful for application of a
dietary index. Of the 19 indices reviewed [9], three (n = 1,
infants and toddlers [34]; » 4, pre-schoolers [26, 39])
included food items associated with poor diet quality, such
as intake of high fat or sugary foods and/or beverages. Two
of these indices can be used with the short tools identified in
this review [26, 39].

4, Discussion

'This review identified 16 papers reporting on 15 short dietary
assessment tools that measure whole diet of children under
five years (n = 7, infants and toddlers; n = 8, pre-schoolers).
Tool reliability and validily and applicability to dietary
indices and for screening obesogenic dietary behaviours are
highlighted. All but one tool was a FFQ, and approximately

half (n = 7) of all lools were tested for either reliability or
validity, and one tested for both. Six tools provide dietary
intake data to which an index can be applied, five of which
screen obesogenic dietary behaviours. Overall, testing of tool
properties was limited and few tools are applicable to current
dietary indices that screen obesogenic dietary behaviours of
children from birth to five years of age.

Of the 15 tools identified in this review, only seven were
tested for validity and/or reliability at the food or food
group level. In general, there was a lack of reliability testing
to accompany validity testing with only one of four tools
assessed for validity also assessed for reliability. As validity
requires reliability [49], the remaining three lools cannot be
identified as valid. Moreover, there was a high reliance on
correlations which assess association only and thus should
not be used alone but alongside agreement measures such as
kappa statistic and Bland-Altman analysis [50, 51]. Further,
although the reference period covered by the validation
standard should correspond to that of the questionnaire [52],
3-or 7-day food records were commonly used in the reviewed
studies to assess the validity of FFQs covering two weeks [20,
21] or 12 months intake [27, 28]. For reliability studies, if read
ministration periods are too close, subjects may remember
their previous responses, or if too far apart, lower reliability
may reflect true variation in diet [52], particularly in young
children at an age when dietary habils are rapidly changing
[53]. This is evident as an average re-administration period
of 4 months yielded weaker agreement [24] than studies with
shorter re-administration periods. Despite these limitations
in tool testing, and in considering the realistic estimates of
measurement error between two dietary assessment methods
[54] in conjunction with unstable dietary habits of young
children, the reliability and validity results presented here
can be considered reasonable. Thus, several short dietary
assessment Lools can be judged as useful for characterising
the diet of children under 5.

Given the increasing interest in assessing diet quality
using an index, resulting from an increased understanding
of the complexity in which individuals consume foods [55],
determining those short tools that are useful for dietary index
applications is of interest. For the current indices available for
children under five years of age, summarised in this review,
diet quality is assessed based on intake of particular foods or
food groups, nutrients, or a combination of both. Although
most of the tools reviewed estimate whole-of diet food intake
making them potentially useful for food or food-group based
index applications, few (n = 6 0of15) can be directly applied to
current indices of diet quality [20, 21, 26, 27, 30, 31]. Further,
these tools are limited by a lack of testing, with only one
tested for reliability and validity [27, 28]. Thus the accuracy
of the other five tools in assessing dietary intake, and diet
quality when applied to an index, is questionable. Therefore,
testing of tool properties is recommended prior to dietary
index applications.

Several factors explain why other short tools reviewed are
not useful for dietary index applications. First, as mentioned,
many indices assess diet quality based on nutrient intakes ora
combination of nutrient and food intakes. Applying an index
of this type o a questionnaire-type tool requires linkage with
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appropriate food composition data to derive nutrient intakes.
Alternatively, questionnaire-type tools are most applicable
to food-based indices. Further, several indices assess foed
group subcategories, such as “vitamin A-rich vegetables” or
“dark green vegetables,” which are not measured by the short
tools reviewed. Also limiting applicability is that portion size
quantification is required to apply dietary data to several
indices. Although these factors limit the applicability of short
tools to current indices, several tools that capture food groups
of interest are ideal for development of a suitable index. For
example the 47-item FFQ) by Huybrechts et al. [27] is suitable
as il assesses “core” and “noncore” food intake and was the
one tool tested for both reliability and validity of food intake.
Development of a dietary index based on food inlake assessed
using this short tool would be appropriate. Alternatively,
future research to develop suitable short dietary assessment
tools that measure whole diet to which a current index can be
applied is ideal.

Moreover, in view of the high rates of overweight and
obesity among children under five worldwide [4], indices are
potentially a useful tool to evaluate early life dietary behav
iours that contribute lo obesity risk. Yet few current indices
for children less than five years assess obesogenic dietary
behaviours, with many evaluating “core” food and/or nutrient
intakes only. Thus, future indices based on “cor¢” and “non-
core” food intake are warranted. Additionally, considering
that few short tools assess “noncore” intakes and are useful for
application of a dietary intake there is a need for future devel-
opment of short tools that are useful for both dietary index
applications and screening obesogenic dietary behaviours in
children under five, particularly in those less than two years
of age.

Overall, this systematic review highlights the lack of high
quality short dietary intake assessment tools for young chil
dren, particularly less than two years, to which a dietary index
can be applied. Further, as the majority of those tools available
for dietary index applications were developed and tested
in European populations, restricting their peneralisability
outside the European context, there is a need for short dietary
assessment tools developed for use in other populations of
young children to which an index can be applied. Lastly, it
is important to note that several rapid dietary assessment
tools have been designed for use in young children, yet
are not presented in this review as they focus on limited
aspects of food intake, for example fruit and vegetables
[56], beverages [57], and obesity-related food and beverages
only [58], not total diet. Future rapid dietary assessment
tools should be designed to comprehensively measure young
children’s whole-of-diet intake, including obesogenic dietary
Dbehaviours, and should be tested for reliability and validity of

food intake.

5. Conclusion

A key finding of this review is that although several short
dietary assessment tools were identified as useful for char-
acterising whole diet of children birth-5 years, there is an
overall lack of brief, valid and reliable dietary assessment
tools available for use in this age group. This highlights a
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need for greater testing of existing short tools. A second key
finding is that few short dietary assessment tools, particularly
those developed for under 2%, are suitable for dietary index
applications and for screening obesogenic dietary behaviours
of young children. Due to the benefits of assessing diet quality
using indices and of capturing dietary intake using less
demanding, time-consuming and expensive dietary assess
ment methodologies, this review identifies opportunities for
short tool development for use in children under five that
are adequalely reliable and valid for use, applicable to dietary
indices, and that assess obesogenic dietary behaviours.
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BACKGROUND/MOBJECTIVES: Previous research has shown, in predominantly European populations, that dietary pattems are
evident early in life. However, little is lnown about early-life dietary patterns in Australian children. We aimed to descaribe dietary
pattemns of Australian toddlers and their associations with socio-demographic chamacteristics and adip-osity.
SUBJECTS/METHODS: Principal component analysis was applied to 3 days (1 24-h recall and 2 = 24-h record) data of 14
(n=>552)- and 24 [n= 493}-month-old children from two Australian studies NOURISH and South Australian Infant Dietary Intake
(SAIDN). Associations with distary patterns were investigated using regression analyses.

RESULTS: Two pattems were identified at both ages. At 14 months, the first pattemn was characterised by fruit, grains, vegetables,
cheese and nuts/seeds ['14-month core foods') and the sechnd pattern was characterised by white bread, milk, spreads, juice and
ice-oream (‘basic combination’). Similady, at 24 months the ‘24-month core foods” pattern included fruit, vegetables, dairy,
nuts/seeds, meat and water, whereas the ‘non-core foods’ induded white bread, spreads, sweetened beverages, snacks, chocolate
and procesed meat. Lower matemal age and earier breastfeeding cessation were assodated with higher ‘basic combination” and
‘non-core foods” pattern scores, whereas earier and later solid introduction were assodated with higher “hasic combination’

and ‘24-month core foods’ pattemn scores, respectively. Pattems were not associated with body mass index [BMI) z-score.
CONCLUSIONS: Dietary pattemns reflecting core and non-core food intake are identifiable in Australian toddlers. These findings
support the need to intervene eary with parents to promote healthy eating in children and can inform future investigations on the

effects of early diet on long-term heatth.

European Journal of Clinical Nutrition advance online publication, 27 February 2013; doinl 0103 8/fejon2013.23
Keywords: distary pattemns; PCA; Australia; socio-demographic BMI

INTRODUCTION

Nutritional research has expanded to consider whole diet in addi-
tion to individual nutrients and foods.” Summarising multiple
dietary components into an owerall diet measure takes into
account cofrelations between distary constituents by exploning
the effect of food combinations.’

Whole-diet measures can be based on food intake assessed
against a pre-determined index, or empirically, whereby varables
are reduced into a small number of components through stati-
stical manipulation.” For example, factor analysis is used to derive
a dietary pattemn score reflecting foods that correlate with each
ather” In adults, and less so in children® dietary patterns have
been shown to be assodated with health outcomes™ and socio-
demographic factors.*®

Although eady life is a significant perod when distary
preferences and habits are first established, laying the foundation
of adult eating habits,*~"* whole of diet patterrs have rarely been
characterised in children under 2 years® As dietary pattems are
likely to be age-spedfic. understanding eary-life dietary pattems,
their determinants and their influence on later health is important
for developing strategies to improve nutrition in eary childhood.
Prindpal Component Analysis [PCA) is a common type of factor
analysic technique® that has shown healthy and unhealthy
pattems in the first years of life to be assodated with adiposity

mesxures,”* later ¥'*'* and matemal age and education
lewel 37*"° However, these patterns have been characterised in
predominantly European populations "

To owr knowledge, no studies have described PCA-denved
dietary patterns of Australian toddlers. Given that dietary pattem
analyses are data-dependent, and thus not generalisable to other
populations, understanding Australian early-life dietary pattems
and their predictors is important. Further, considening that in 2007
M% and 18% of Australian boys and girls, respectively, aged 2-3
years, were reported & being overweight'® it is of interest to
imvestigate whether earylife dietary patterns predict adiposity.

We aimed to (1) describe dietary pattems of Australian children
aged B and 3 months; (2) identify the sodo-demographic
determinants of observed dietary pattems; and (3] examine
associations between dietary pattems and child adiposity.

MATERIALS AND METHODS

Study sample

This study is & secondary analysis of data collected a3 part of the NOURISH
and South Australian Infant Dictary Intake (SAID) studies. NOURISH was a
muli-site |Brishane and Adelaside, Australia) obesity prevention, rando-
mised controlled trisl, targeting first-time mothers™ SAID was a
concwrent longitudfinal study of infant and toddler dietary intake
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Common recritment, assessment and dietary intake protocols were wed
for both stufied Subjeds were recmuited betwesn March X008 and
Apdl 2009 (NOURISH), and September 2008 and March 2009 [SAIDD in 2
tworstage proces; mohes deivering healthy infants (237 weeks
gedtstion, »2500g) were appraached for pemision to be recontaced
approsimately 3 months laer for full enrolment in the study when
writen informed consent was obwined For the pesent analysis
subjects exposed to the NOURISH intervention were ineligible Thus,

i are NOURIEH controls and SAIDI mother—child dyada
Ethict approval was obtsined from Flinders Medical Centre, O ueend land
Univenity of Techndogy, and the ethics commitbess required to cover all
recnsitment st

Diata collection and entry

Dt weene collected a1 two points; when chil den were sged approdimately
13-16 and 22-25 manths.

Dietary dota. Primary caregivers were phone-dinteniewed by a dietitian
trained in & s@ndard probocol sbout their child's food and beve ragpe inta ke,
wsing a multiple-pas 24-h recall™ Times not suiable © be called were
previosly identified to madmise suecesiful contact, whilt avoiding
[primary camgiven knowing when they would be called to endure feeding
on the dsy ecalled was wual pradice. For dishes prepared at home,
recipes with ingredient quanfities and the amourt that the child
condumed were recalled For breasfeads, time (in minutes) the child
spent suchling was reconded, and breast milk corsumption was quantified
a5 10g/min 10 8 maximum of 10min per feed™ Post interview, primary
canegivers were allocated 2 days on which 1o record their child's food and
beverage intake in & food disgy, thus providing 3 days of dietary intake
12 weekdays and 1 weekend day]. Measuring spoond and & measuring
slheat with life-siz images of spoon, cup and botthe dizes were provided to
aadint with estimating serve sires for recalls and reconds.

Diata wrere antemd by diatitians i o FoodWaorks Prafesional™ version 9,
using ALUSNUT 2007 database from the Mational Children's Nutrition and
Physical Activity Survey ™ Additional @mmerial infant food and formula
product dats wene sourced from websites, the companies of nutrient
infommation panels Foods entered into FoodWorks have an eight-digit
ootbe favailable from Food Standands Australia Mew Zealand for all items in
the AUSNUT 2007 database™), which allows categorisation of foods into
food groups Additional new foods wem axigned an appropriste code
Unclear coding dedsions were discussed between study investigators and
managed by a single distitian. For recipss including iters fam seversl
food groups, this code wai based on the item that made the geatet
contribution by weight while alo refleding that it was a mixed dish.
Although macro- and micre-nutrient data are provided for all feods in the
ALENUT 2007 database, the complete nutfent profile was often not
suailable for sdditional infant poducts A comprehendive dats-cleaning
protoca indeded asesding masonalbility of food and bevemge guantities,
and checking for extreme energy and nutrient intakes. Deta were expored
from FoodWodks ints Acces, merged with the food code and exponed
into SPSES (PSS Inc, Chicago, IL, USAL

data. Child weight (1o the nearest 10 g, 13-16 months, or
50g 22-25 moenths) and lengtvheight fto the neams 05em, 13-16
months, of 01em, 22-35 months) were measwred without
113-16 montha) or without shoes and heavy garments (22-25 maontha) by
trained study sl ol an anessment appointment. if unable to atend an
appointment, chiliren were weighed and mesiured st their local Child
Health Clinkc o general practitiones (approsimately 1791 Body mas
index {BMI, kg/m] was caloulated and converted to age- and sex<pecific
mmmawmammmmmuvgama—
tion reference data’

Child el ruriennal socio-demaniaphic data. At birth, child gender and
maternal parity were collected from medical records. Matemal age,
aducation, country of bith, marital status and selfrepon pr-prgnancy
weight status wene colledted via quedtonnaine. Matermnal educstion wes
reported as the highest completed level of six categories and collapsed
inte three [Table 1. Madtal status and maernal weight status wes
reparted from five and thies categories, respectively, and collapsed into
o (Table 1) AL 13-16 and 22-25 months, matemal smoking status, age
of introduction i solids and bre aitfeeding status fyedno], induding age of
breasfeading cesaation i applicable were oltained via quedtionnaine
Infommation from both times was combined 1o provide complete data
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Table 1. Characteristics of mother—child dyads includad in PCA
anahais st 14 and M months
14 months 24 maonthe
(n=553) =423
Marernnl charaagesistics
Age at child's birth fyearsf® 312 5.1 N3(5H
Highest aducation lewd®
School 126 23) 104121
Trade/TAFE 153 28] 128 (26
v ersity 273 W9 261153
Smoking status”
Never smoked 417 [75] 366 (74
Quit m 25(5]
Curmnt amokar 32 ) 31 (&}
Mot reconded /missing a6 2] EARAL!]
Marital status™
Mot partrened Lyl 16(3)
Partrned 527 (96] A76 (97
Kot recorded /missing 2 113
Wedght status®
Mot averwsght 438 79 385 (78
Oversaeight 11 2o 104121
Mot reconded missing ERIN 3
Parity
Primipansus 364 66] 331 (67
Muhtiparouws 184 (33) 158 (32
Mot reconded /missing 41 41
SHFA decile™,’ 6308 63(28)
Born in Australia
Yes 473 {86] 417 (85
Mo 77 4] 7415
Mot reconded i ng 26 200
Study
ROURISH 286 (52] 267 (54
SAIDI 265 WE) 225 (48
Child chavacteristics
Gender
Boys. 251 [6) 0745
Age imaonths)® 137 (12 23.6(1.1)
Age of introduc fon to solids 209 (5.1] 20.81(5.]
wesla®
Breaitieading duration
Meaver braastfed 12 3] 14 (3]
Up 1o & months 187 34) 164 (33)
6-12 montha 158 (29) 147 (30}
Longer than 12 months 158 29 151 (31
Mot reconded missing 31 & 1713)
Abbreviations PCA, Principal Component Analysis; TAFE, Technical and
Further Education SEIFA, Socio-Economic Index for Areas SAID, South
Anstralian infant Dietary Intake: IRSAD Index of Relative Socio-Economic
Advantage and Dissdvantage “Values am presented as mean (sd] A
other values mptumtdsmrbu{%lbﬁprbedatmtabd
categofsed - (1) schoal fless than age 10 years, 10011 pears, 12 yean)
{2) trade/ TAFE {trade/apprentice ship, TAFE/college centificate], {3) university
{university degree]l. “Reported at each time and categorised as: (1) never
smaked {do niot smioe st all, (2) quit jused to smicke but no longer do sal,
{3 current smaker fless than onaeiday, at least once'dayl “Reporied at
consent and caegorsed as (1] not padnered  ({singlefnever
married, sepased'divorced, widowed), {2 partnered {de fboto, manried]
“Reported at consent and categarised 2 (1] not ove resight {undersasight,
nommal weight], (2) overweight joverweightl "SEIFA dedle categossed
by applying the WSAD to pastal code ! reported at consent. FMising /not
reported = 12_

Breastleeding data were categoriied inte four categodies reflecting
durstion (Table 11 Smoking state wad repoted from four cakgodies
and collapsed into three (Table 1), Child age at each time was calculated
using date of binh and the repective recall date The Index o Relative
Socio-Economic Advantage and Dissdv antage, one o four Sodio-Econamic
Irhest foor Areas indices that rank geographic amas aoods Audtalia, wa
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applied 1o postal code. The Index of Relstive Socie-Economic Advantage
and Disadvantage scoms areas on & conlinuum o dissdvantage flowest
score, 1) to sdvantage thighest scae, 100 prwviding a Soce-Economic
e fior Amas decile.

Dietary pattem analysis
Faod The large number of food and beverage items
condumed {1621, 13-16 months 1967, 22-25 months] were grouped it
inerpretable and meaninglul categories 1o wse a3 input variables for PCA
First, dietary supplements and cooking sgents for example, gelstin, wine)
wer diminated a5 they do not represent children's wsual intake Second,
foads were grouped into food groups of intema based on their nutrien
prafiles, mcommendations for consumplion according 1o the Australian
zgu.ndei\e!x and the accompanying Austalian Guide to Heslthy
Eating,™ and the new Australian Food Mededling System catkegorisation”
Foods moommended 1 be comumed every day are desofbed a3 ‘oore’
foads, covering five coe food groups {fruits; vegetablediegumes; bready'
ceneali/rice/pantainoodies;  lean  meatfishipoulinye ggsnutylegumes;
miilk/yoghurtcheee) "7 Foods not included in the core food groups
ane described a5 ‘non-core’ [that i, ensngy-dende, low-nutrient) loods.
Sity-nine food groups at 13-16 months and 73 groups at 22-25 maonths
weer created and inchuded in the analysis [Supplementary Table 51).

Prindipal component anahsis.  Dietary patterns were oracted uiing PCA.
All dietary data (14/24 months 1 day n=136122, 2 days n=7/7 and
3 days n=40%354) were kept in the analysis. Twe and fwee days data
weerm svemged and daily food (gl energy and nuthent intake determined
per person. To determine whether a meaningful PCA could be perfosmed
several factors joorrelstion  matris,  Kaiser-Meyer-Olkin measue of
sampling adequacy, Bandetrs test o sphedicity, communalities) wese
inspected?® Al criteria were sulficient, indicating all variables contributed
o extracted dietary patterns, and thus no variables fthat i, food groups)
weer diminated for subsequent analysis. Orthogonal (Varima) rowtion
wad applied 1o aid interpretability of the patten loadings by maximising
the variance within components and thus making them more

. The number of distary pattennd identified was bated on
engen-&-a =15, identification of & break point in the scree plot and

A% potential PCA salutions were anssed for stength of
wdfmmnsmmmmu For every participant, &
distary pattern score for each identified pattern wai determined by
summing the product of a standardised gam of each item consumed by
iits factor loading. Pattens were approsimately normally distibuted jmean
0, 5. 1. Too & intenpretation, pattems were named based on those foods
loading 025.

Statistical analyss

Statisical analyses were conducted using SPAS version 19.0 (5P Inc).
mnmmasqummwmmﬁmamu
medians finterquartile range) whene nol Validity of distay pattemns was
investigated by comparing food, energy and enengy-sdjusted nutrient
intakes acros quarles of distary patem sooms using Krudkal-Wallis e
for non-parametic data Analyses wem conducked on all svailable nutrient
data. Standard linear regresion was employed to investigate the
relationship of dietary patterns with socio-demographic charsctedstics
and BMI »score. For each time, wo regression models were used, which
inchuded |11 socio-demographic covaristes and mspective dietary pattem
seantesd; (2] dietary pattennd soone and respedive BMI 2-scores, sdjusting for
cov arigtes. The final regression model included 14-month dietary pattem
scores and 24-month BMI z-scored, adjusting for covaristes For sach
e, univariste and muitivariste sssocistions wene o ploed. Regression
asumptions wem tesed by checking the normality, linearity and variance
Thomosedasticity] of resdual™ Standardised regmasion cosfficient ()
and 5% confidence intervals wes uwsed to evaluste the srength and
precision of asocistions. The level of Sgnificance was 16t st P <0105

RESULTS

Dietary intake data were provided for 552 and 493 children (54%
girls at both times] at 14 (10-17) months and 24 (22-28) months,
respectively. Partidpant characteristics are reported in Table 1.
Mothers were mostly university educated, partnered, not over-
weight, bom in Australia, primiparous and had never smoked.

£ 2013 Macmillan Publishers Limited
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Diietary pattems

At 14 months, two pattems were extracted (Table XL The first
pattem was temed 14-month core foods’ as fruit, grains, non-
white bread, vegetables, cheese, eggs, and nuts and seeds loaded
positively. The second pattem included basic core fwhite bread,
milk] and non-core [spreads, juice and frozen milk products, for
example, ice-oeam) foods and beverages, with no fruit or
vegetables and was therefore temmed ‘basic combination’.
Similary, two distinct pattems were extracted at 24 months
(Table Z). The first pattern was smilar to that at 14 months, with
several foods covering all core food groups, in addition to water,
loading positively, and was therefore named ‘24-month core
foods”. The second pattern was labelled ‘non-core foods’, as it
included sweetened beverages, spreads, high-fat potatoes, snack
products, chocolate and processed meat.

Construct validity of dietary pattems

To the validity of identified dietary pattems, their under-
Iving nutrient profiles were examined (Table 3). Consistent
assoCiations were seen across ages. The "14-month core foods’
and "24-month core foods' pattemns were positively associated
with intake of energy, protein, dietary fibre and several micro-
nutrients. Conversely, the ‘basic combination’ and nan-core foods’
pattemns at 14 and 24 months, respectively, were positively aso-
ciated with energy and sodium intake, and negatively associated
with iron intake. In addition, the "24-month core foods’ pattem
was positively associated with iron and negatively associated with
fat imtake, whereas the ‘non-core foods' pattemn was negatively
associated with dietary fibre intake.

Diietary patterns and sodo-demographic characteristics

After adjustment for covariates several matemal (age, education,
smoking status, country of birth, studyl and child (age, breastfeed-
ing duration, age of introduction to solids) factors were
independently assodated with 14- and/for 24-month pattem scores
(Table 4 nonsignificant variables not shown). For example, a
maternal university education was assodated with a 012 [95%
confidence interval 004, 02E) higher "14-month core foods’
pattem score than a maternal schooHevel education. Higher
scores on this pattem at 14 months were ako assodated with
longer breastfeeding duration and older children at assessment,
whereas higher scores on the ‘24-month core foods” pattem were
associated with later solid irtroduction and Australian-bom
mothers. Comversely, ‘basic combination’ pattern scores at 14
months were posdtively associated with younger mothers, smoking
mothers, SAIDN participants, older children at amessment and
earier solid introduction and breastfeeding cemation. Younger
mothers and eadier breastfeeding cemation aso predicted higher
scores on the ‘non-core foods' pattem at 24 months.

Diietary patterns and adiposity

Median BMI z-scores at 14 and 24 months were 041 (interquartile
range — 0.3, 1.03) and 078 (interquartile range 005, 1.51),
regpectively. After adjustment for covarates, dietary pattem
scores at both ages were not significantly associated with con-
current of subsequent BMI z-scores (Table 5).

DISCUSSION
This study enhances the small body of literature on dietary
pattems in eary life, desaibing the dietary patterns of Australian
toddlers aged 14 and 24 months, and their assodation with sodo-
demaographic factors and child adiposity.

Two dietary pattemns were identified in 14- and 24-month-old
children representing core (rich in fruits, vegetables and grains)
and non-core (low-fibre, fatty and sugary foods and beverages)

Ewropean Journal of Clinical Nutdtion (2013) 1-8
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Table 2 Varima-sotated food group loadings on each of the two distary pattems exiracted by PCA analysis a1 14 and 24 months®
Foods! 14 manths” jn= $52) 24 manths” fn= 493
n (af Dbty patterns” n/Er Distary pattems”
1#-manth me bods Bexic mmbination 2-month ave bods Norcore iods
infant meat-based dinners 16 25 = 050 =019 153) Lilir} =002
Fruit- fresh 506 {82 048 = afs 453 {83 aa7 =001
infant fruit-besed desserts 156 (24) - 04T =028 ELY ] =@l =043
Flours and gmins 16 1) 0AT =03 20 y45) fili) =037
Fommuias 188 (34) =038 L ¥ ] S6{11) - 08 =011
Bread: nomr-whibe FLINLE ] 0as =03 287 (54 a3z =016
infant wegetable-bnsed dinners a1 {7 =033 =018 £{1) L] =003
infant milk-based deserts 143 (3d) - 0AF =018 154 (33 =N =043
Vegetablex other 347 (ra) 030 =15 256 72 a1 =016
Chsese 354 (71) 030 a12 3E0 79 a0 =047
Baster 194 (35) 029 = (L8 156 (32 a1 =011
Egi;s 166 (3d) 029 =18 157 (33 filii} aar
Ol w“0n 029 =021 91014 = Q8 002
Huts and seeds iy 026 =19 1246 (26) 037 =017
infant cenesl peoduds a7 18 = O =13 12 42) = i =016
Pouliry and festhered game 174 (33 023 LiliE} 161 3% a1 aar
Vegetables green and bossica 298 (54) 022 =03 254 {83 aas 01a
Pasta FALNEE ] [ile.i] a8 N2y =10 002
‘Watter 55870 [il.i] 15 481 84 03z 024
Potatoes high &t 102 (14 = 0.4 a7 137 (24) =N 030
Mot ml.sde..Fa.rne and organ 211 (34 a2 413 177 (348) [0 004
Potatoes bowr fat 267 44 a.14 aar 1848 (34) an 006
Ortheer e werages 16 (3] =017 af £2{11) a2 013
Chocolate and chomiate products 34 48) 014 Lz} 9219 =01 029
Viegetsbles orange 152 54 a1s a2 258 {83 as1 004
Drairy yoghurt: whale fat 268 44 [iRE] filii} 168 (33 [0 =016
Tea and coffee ) Q.15 =ad1 FLEL] = Qa7 =005
Curstard LR =011 a04 47 {14) an =008
Flywousings 136 24) il ] By i} 149 (3d) = i =007
Vegetables home-style MD 1427 an49 = ff2 153 {31) - 08 - 028
Soup 45 {@) 0106 =03 48 {14) = Qdy =015
Fish and seafood: packaged 5710 L] =3 38 @) arr =003
Bread- white 172 @9 =003 ag 71 55) am .60
Drairy milic whole 5t 445 @1) a.ar a3 430 @7 =010 =018
Margafine and table spreads 174 (33 aar L] prifii] a8 LEDY
Fruit and wegetable juice 108 (2d) =02 [ % 4 |48 =014 041
Viegemite-type spreads 280 (51) an4 [ 247 {50 15 0a7
Breast milk 112 24 a.12 -0 LT L] =002
Fish and seafiood: fresh FAE ] 024 L ¥ S6411) a18 =043
Frozmen milk products LT ] filili] [ ¥-3 13327 = i 00s
Breakfyst coreat cold type 384 (700 a1d 25 384 74 a1s =031
Processed meat FLINCF] 0.8 (il } 286 (54 L} 028
Sugar and sugar products 143 (3%) ani a2 72 {85) a0 013
Savoury saumes and condim ents 161 249 [iTal] [i ] 253 51) aar dar
Pastiies L] =004 a2 1048 22 =10 =004
Breakfyct corest hot type 2 (5) 0.1 =020 23 {8) L} =013
Cordial and soft dirink ) =0.10 020 RE] = iy 048
Ceneat hame-style MD 152 g a3 a19 160 (33 il 015
infant diinks 19 (3] a2 414 1242) = 0l =006
Cereal, fruit and nat bars e Q.00 a8 109 22 =12 o
Legurmses and pulses 2 (5) a.15 =417 1142] ans =013
Sweet hisouits and cabes 12 (59 i) ay 35 70 = iy 003
Bread- ather 141 (26) a1 =18 138 24) = Q8 =014
Ortheer diaiiry products 2 (7] 0106 a1 84017 =018 017
Confectionary 13 2] =008 a4 42017 = (2 024
Meat home-style MD E ] a2 ans 4114 a2 =017
Snack peoducts Mmm =02 a0 104 {23 L] [
Poultry: homestyle MD 8 {18 =010 af2 S0 140 =014 =015
Coreat take away-style MDP -— - - 3948) =N 002
hulhj:higql‘r{ﬂtMD" — - - 23014 =015 014
Fruit ded' -— - - FILECE] a6 =014
Fish and seafond: home-style MD? -— - - 15 {15 415 =02
Abbreviations: MD, mixed dishes PCA, Principal Component Analysis. *in inbenest of table length, foods loading «<0.15 across all patterns are notshown These
are legume and pulse MD, infant gels, fish and seafood: high fat, sawvoury bisouits, infant desserte other; dairy milic reduced fat, dairy yoghurt sediced fat,
diairy alternatives, dairy blends, fruit home-style MD, fruit mckaged, meat high-f.utMD.“‘Tm.n.l numiber of food groups included in the PCA; &9 “Total numiber
of food groups included in the PO 74, “Total number of mspondents who consumed food. *Loadings 025 in bold 1o aid labelling of dietary patterns.
‘Fond varisbles entered into PCA 2= g'day %Food gemoup at 24 manths anky.

intake. Each pattemn shares similarities with identified pattems in 12-month Southarmpton Women's iudymh:rt“and comparable
equivalent aged European populatiors. The "14-month core foods”  to the “herbs, raw fruit and vegetables’ (Avon Longitudinal Study
pattem is similar to the ‘infant guidelines’ pattem extracted inthe  of Parents and Children sample, 15 months®), ‘whalesome’
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Table 3. Median POR) of energy-adjusted nutrient intakes scross quartiles of PCA-derived dietary pattern soone in 14 v =552} and 24 (n=493)-
maonth-dd children®

Nurient Quurtiles of dietary pattern save® P-walire
ar o
Median R Median R

n 138 138

[ d-manth core oo
Total enerngy intake (k1) a7 33194352 453 A068- 5201 < 01
Protein (%E) 157 14.1-178 178 16.1-203 < N
CHO B&E) 432 4359-52.0 454 415483 < 01
Fibre {g/Ml) 20 15-25 29 23-315 < 01
Iran {mg /W) 18 -7 14 11-18 LTyl
Caldium ima/MJ) 184 140-2119 153 130-132 < 01
Sodiem (mgihl) 178 150-223 217 173-T76 < 01
Witamin C {mg/MJ) 124 65-19.7 1.6 85-172 LiTie:. 3
Vitamin A (RE‘M] 1M 98- 166 4 111-131 033
Total folate (g /M) 427 332578 518 463-66 < 01
Potaisdum mgiMJ) an 310-020 420 362-485 < (N

Basic combination
Total enengy intake (ki) 3833 33314440 4583 4133-5413 << (N
Protein B&E] 156 138178 181 167-20.1 < 01
CHO B&E) 478 44.0-51.7 455 4156488 a2
Iran {mg /M) 17 11-24 13 10-16 << (N
Caldium ima/MJ) 150 117-199 167 141-19% < 01
Sodiem (mgihl) 175 143-220 254 219-209 < 01
Vitamin C img/MU) 119 98-20.1 758 47-138 < 01
Thiamin (maMJ) 02 01-a3 03 02-0.4 il )]
Riboflavin {ma/MJ) 03 03-04 a5 04-0.6 < 01
Total folate (g /M) 423 352-535 598 459-82 8 < 01
Potaddum (mag/M.J) g 314-444 L] 355-465 025

n 123 124

2d-manth coré ok
Total enengy intake (k1) 16 3B81-510 Sa87 A550-6315 < 01
Protein B&E] 164 148-185 182 16.1-20.0 < 01
Fat [%E] 341 310-379 312 275-34.1 < 01
Fibre {g/Ml) 15 16-24 29 24-35 < 01
Iron {mig /M) 11 08-14 14 11-1.7 < 01
Vitamin C fmg/Ml) a1 35-14.1 121 ’0-174 < 01
Vitamin A (RE‘M] 104 81-124 125 102-151 < 01
Thiamin (maMJ) 02 01-a3 a2 02-03 < 01
Total folate (g /M) 445 335-588 530 445-723 < 01
Potaddum (mag/M.J) 345 301-387 axn 383-472 < 01

Nov-cowe foods
Total enerngy intake (k1) 4815 A301-5590 Lk MB350 < 01
Protein [%E) 179 158196 148 143-186 LiTiE )
Fibre {g/Ml) 7 21-33 23 18-28 < 01
Iron {mig M) 13 11-17 12 09-14 i)
Calcium img/WU) 70 T44-153 131 108- 164 <
Sodiem (mgihl) 37 195-283 285 242-337 < 01
Vitamin C fmg/Ml) 80 45-135 110 58-17.7 il
Witamin A [RE‘MU) "z 93-141 040 775-1288 Lo
Riboflavin {ma/MJ) 04 03-05 04 03-05 i1
Total folate (g /M) 460 374-571 530 396-TRBT il ]
Potassem (mg/MJ) 405 358443 374 3x-421 LT

Abbreviation: CHO, carbohydaie; IOR, interquartile range; PCA, Principal Component Analysis Q. quartie; RE, retinal equivalents; %E per cent energy.
*Kruskal-Wallis test wsed i @mpare differences in totl energy intake and energy-adiusted nutrient {probein, fat, carbohydrate, fibre, inon, caldium, sodium,
vitamin C, vitamin A, dboflavin, thiamin total folste, potassium ) intakes acoss quartiles of dietary pttern score. Ininterest of table length, §2 and Q3, and
noarsgnificant (P2 0.05) nutdent variables ane not shown.

Morwegian Mather and Baby Cohort, 18 months™ and ‘health-  the Generation R Study,” ‘westemdike’ and Norwegian Maother
conscious’ (Generation R Study, 14 months'') pattems. Likewise,  and Baby Cohort™ ‘unhealthy pattems. At 24 months, the
the basic combination’ pattemn at 14 months is consistent with "24-month core foods and ‘noncore foods' patterns are similar
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to the Avon Longtudind Study of Parents and Children'®
24-month ‘health-consdous’ and ‘swest and easy’ pattems,
respectively. Thus, our findings suggest comparable dietary
pattemns are evident in similar aged populations of European
and Australian toddlers.

Consistent with previous studies that demonstrated tracking of
dietary pattems between 6 and 12 months,® and 3, 4 and 7 years
ofage” our study identified similar pattems at 14 and 24 months
["4-month core foods” and “24-month core foods’ pattems; ‘basic
combination” and ‘non-core foods” patterns). Beyond 1.2 months of
age, children begin to exert independence in food choices
and develop fussy eating behaviours, contributing to rapidly
changing daytoday distary habite*™ However, our findings
suggest dietary patterns are relatively stable longer-term,
supporting the pemistence of food preferences and eating
habits ower time*'" and raking concerns for those with poor
dietary pattems in early life.

'We descibed the construct validity of extracted dietary pattems
in terms of energy and nutrient intakes across quartiles of pattem
scores, which confirmed that dietary pattems reflect meaningful
differences in underlying combinations of nutrient intake. Few
studies have reported this relationship in the first years of life. In
children aged & and 15 months of age, protective micronutnients
(for example, calcium and iron) were assodated with healthier
dietary pattemns and nutrients linked to disease risk for example,
sodium, saturated fat) with less healthy pattems.** At 14 months,
macronutrient [protein, polysaccharide, saturated fat) intakes were
associated with ‘health-consdows’ and ‘westem-like’ pattem
scores in expected  directions.’ Comparing our findings,
consistency is evident as heathier patterns were related to
better nutrient intakes, induding fibre, iron, vitamin A and vitamin
C, compared with less healthy pattemsz Owerall these
relationzhips can contribute to resolving the controversy around
whether data-reduction techniques measure true differences in
nutrient density or reflect greater food consumption®

In accordance with other studies, pmrerqmli&r dietary
pattems were seen in children of younger mothers 5 and
those breastfeed for shorter durations™'” fat both ages), and in
children with smoking mothers' ™ and those introduced to solids
earlier’*** [at 14 months only). Conversely, higher-quality dietary
pattemns were assodated with highly educated mothers®'+'®
Aszodations between matemal factors and health behaviours,
such & diet. are well documented, reflecting the influence of
sooo-economic disadvantage on health. At 14 months, poorer-
quality dietary pattems were further associated with SAIDN
participants, likely reflecting the multi-party of SAIDN mothers
and thus the influence of siblings on diet quality, reported
elsswhere® The associations of eadier and later breastfeeding
cessation and introduction to solids with poorer- and higher-
quality dietary pattems, respectively, suggests that matemal
feeding practices translate between breastfeeding, weaning and
eating pattems. Beyond this, howewer, these assodations may be
partially explained by the effect of early feeding expenences on
later food and taste acceptance.”™™ For example, previous
research found that earlier solid introduction was associated
with liking a greater proportion of non-core foods,”" and earty
solid introduction (before 17 weeks of age) predicted introduction
of non-core foods by 52 weeks™ These findings suggest that
mothers who introduce solids eardy may also introduce non-core
foods early, thus escalating the innate preference for and
acceptance of sweet and salty foods™ Furthermore, eadier
breastfeeding cessation has previously been associated with
liking a greater proportion of non-core foods,*” whereas longer
breastfeeding duration positively influences children’s taste
preferences™ and vegetable intake™ This is likely explained by
evidence that breastfeeding provides ongoing exposure to a
vanety of flavours not experenced by formulafed infants and
results in improved later flavour acceptance™ Owverall, the
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Table 4. Associstions between dietary pattenns and maternal and child charac eristics, at 14 and 24 maonthas, after adjuament for covari ates®

Dietary pattems 24 months in =410)

Dietry patterns 14 monthein =4 786)

Basl: combination 2-manth cmm bods MNaon-care fods

14-manth ave fods
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Table 5. Adsocistions betwesn BMI z-score and distary patternd, 5t 14 and 24 months, after adjstment for covariaies”

BMI 2acore 4 montls jn=457]

B F-scove 24 months (n= 48]

B 95% O Pl B 95% CI Pl
Dietary pamems at 14 months®
1d-month core foods 0032 — 06D, Q118 as21 — 006 —0.128,0.113 906
Basic combination — 0002 — 0107, Q108 0968 [iTir.} —0.104, 0.180 i1
Diietany pealtenns at 24 months
24-maonth cone fopds — — — Q7S — 0.4, 0336 k14
Ma-gore food — — — — Q0ag —0.248, 0,033 112

Abbreviations BMI, body mass index; O, confidence interval; SEIFA, Socio-£ mnamic Index for Areas. *Results were obtined from standad inear regression
madeds, with BMI z-scre foreach age 25 the dependent variable, and all respectve dietary patten scomes and covariates 2s independent predictors. Data are
presented as regression model f-oefficents, 95% Ols and Povalue of significance. Maternal (age, education bevel, smoking status, marital stahs, weight status,
parity, SEFA decile, study) and chikd [age, gender, age of intraduction 1o solids, brastieeding dumtion) covaristes adwied for in all analyses. ZAssociation
between distary patterns at 14 months and BMI zscoms at 24 months, n=417

asodation between early feeding practices and dietary pattems
may be influenced by matemal choices or by the effect of eardy
dietary esposures on children’s food acceptance. Either way,
targeting young mothers of potential disadvantage before
commencement of early feeding practices may improwe their
child’s eating habits.

Despite the indeae in median BMI zscores from 14 to 24
months, we did not show an association between dietary pattems
and BMI zscores. Incorsistent results have previously been
reported between earlylife dietary pattems and measures of
adiposity. ™ For example, in 12-month-old children dietary
patterms were associated with lean mass but not with other
adiposity measures, induding BML'* Although weight status is not
only influenced by diet. but by genetic, behavioural (for example,
activity levels) and environmental factors [for example, parent-
child interaction),* a possible explanation for our findings is that
each pattem at both ages was positively associated with total
energy intake. This supports evidence that children can respond
to the energy density of foods consumed and regulate their daily
energy intake® Further, it may be too eary to detect the
influence of diet on weight status as previous research has shown
that weight gain from birth—2 years is largely influenced by
intrauterine factors,™ with the effect of environmental factors not
manifesting until 2-5 years**** and that weight gain between
2-11 years may be a more important predictor of obesity risk than
BMI at 2 years.™ Therefore, continuation of 3 non-nutritious
dietary pattemn beyond 2 years may lead to a dear distinction in
weight status across the population later, and thus investigating
this association longitudinaly is wamanted.

A limitation of the present study is our highly educated sample
of mothers who may have greater lnowledge of dietary
recommendations and thus may have reported more favourable
dietary intakes*” In addition, associations of dietary pattemns with
socic-demographic varables and BMI z-scores may be influenced
by missing data or by evaluating associations in different time
periods (for example, matemal weight status reported post-birth
and diet reported at 14 and 24 months). Another consideration is
that approximately one-fifth of child anthropometric data
were collected by general practitioners or child health nurses,
not by study staff, and thus accuracy is questionable. Mever-
theless, our study is strengthened by investigation of dietary
pattems at two different ages in one sample and dervation of
pattems from recall and record data compared with food
frequency questiunna'l'es"‘“'” that often lack portion sizes, a
the former methods provide comprehensive energy and nutrient
data from which construct validity can be asessed.

In conclusion, dietary pattems reflecting core and non-core
food intake can be desoribed in Australian toddlers and are

€ 2013 Macmillan Publishers Limited

influenced by matemal age, breastfeeding duration and age of
introduction to solids in expected directions. Although we did not
find an assodation between children’s dietary patterns and
adiposity, it is of concem that dietary pattems characterised by
non-nutritious foods were identified at this young age. These
findings support the need to intervene early with parents to
promate healthy eating in children and establish positive lifedong
eating behaviours. Further longitudinal studies are wamanted to
provide evidence of associations of dietary pattemns with adiposity
beyond 2 years and with a broader range of health outcomes.
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Abstract

Identifying toddlers ar dietary risk is crucial for determining who requires intervention to improve dietary patterns and reduce health
consequences. The cbjectives of the present study were 1o develop a simple tocl that assesses toddlers’ dietary risk and investigate its
reliability and validity. The nineteen-item Toddler Dietary Questionnaire (TDQ) is informed by dietary patterns observed in Australian
children aged 14 (n 552) and 24 (n 493) months and the Australian dietary guidelines. It assesses the intake of ‘core’ food groups
(e.g. fruit, vegetables and dairy products) and ‘non-core’ food groups (e.g. high-fat, high-sugar and/or high-salt foods and sweetened bev
erages) over the previous 7 d, which is then scored against a dietary risk criterion (0-100; higher score = higher risk). Parents of toddlers
aged 12-36 months (Socic-Economic Index for Areas decile range 5-9) were asked to complete the TDQ for their child (z 111) on two
occasions, 32 (sp 1-8) weeks apart, to assess test—retest reliability. They were also asked to complete a validated FFQ from which the risk
score was calculated and compared with the TDQ-derived risk score (relative validity). Mean scores were highly correlated and not
significantly different for reliability (intra-class correlation = 0-90, TDQ1 30-2 (50 8-6) v. TDQ2 309 (50 §8); P=0-14) and validity (r 0-83, aver-
age TDQ ((TDQ1 + TDQ2)/2} 30+5 (s» 8:4) . FFQ 314 (s» 813 P=0-05). All the participants were classified into the same (reliability 75 %;
validity 79 %) or adjacent (reliability 25 %; validity 21 %) risk category (low (0-24), moderate (25-49), high (50-74) and very high {75-1003).
Overall, the TDQ is a valid and reliable sereening tool for identifying at-risk toddlers in relatively advantaged samples.

Key words: Toddlers: Dietary risk: Questionnaires: Validity: Reliability

‘Dietary risk’ is a term used to describe ‘any inappropriate dietary
pattern’ that may impair health®™. Toddlers are vulnerable 1o
dietary risk as they begin to exert their independence in food
choices and demonstrate fussy eating behaviours™. As dietary
risk habits may persist over time™™ and influence short-term
and long-term health®”, early risk identification is important.
The current dietary intakes of toddlers are inadequate,
suggesting that many are at dietary risk. In general, intakes
of nutrient-rich foods are below the national dietary
guideline recommendations and consumption of energy
dense, nutrient-poor foods is common. For example, the
2008/09 UK National Diet and Nutrition Survey revealed that
about 509 of 1'5- to 3-year-olds consumed energy-dense,
nutrient-poor items such as meat products, fried potato
products, confectionery and sweetened beverages over the
4d food diary pri‘[(](lw). Nutrient-rich foods such as fish,
raw vegetables and eggs were consumed by less than
half the sample™. Similarly, a recent Australian study

demonstrated that 11-15% of 12- to 36-month-olds consumed
no fruit or vegetables, respectively, less than one-quarter
consumed eggs (24963, fish (119%) and legumes (17%), and
nearly all (89%) consumed energy-dense, nutrient-poor
item/s in the previous 24 K™, Similar trends are observed in
ather countries including the USA“YM These data highlight
that toddlers” dietary patterns are not consistent with dietary
guidelines and may place them at risk of nutrient (e.g. Fe
and folate™™ ¥y deficiencies and chronic diseases, including
EXOCSS v«'(:ig}llﬁ'J"i:I and CVDY, Therefare, the need to
screen  toddlers’ dietary intakes against current dietary
guidelines to identify those at risk is evident.

Timely, accurate and cost-effective assessment of dietary
intake is important. Traditional dietary assessment methods,
such as recalls and records, are tine intensive, costly and
burdensome™®. Furthermore, it can be difficult to easily extract
food intake data using these methods for meaningful compari-
son with food-group-based dietary guidelines™”. Conversely,

Abbreviations: 1CC, inwa-class correlation; SAIDI, South Australian Infant Dietary Intake; SEIFA, Socio-Economic Index for Areas; TDO), Toddler Dietary

CQuestionnaire; TDO 4., average Toddler Dietary Questionnaire.

* Corresponding author: L. K. Bell, fax +61 8 8204 6406, email lucy. bell@flinders edu.au
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less costly, time-consuming and laborious methods such as
FEQU quickly measure food or food-group intakes, allowing
easy comparison with food-group-based dietary guid-:lim:s“”_
Nonetheless, increasing questionnaire length is associated
with increasing burden, likely to result in reduced
cooperation and completion™”, Therefore, an ideal screening
questionnaire that identifies toddlers at dietary risk would be
short and simple while providing food or food-group data
that can easily be compared with dietary guidelines.

Dietary risk identification requires the assessment of whole
diets. In comparison with that of individual dietary com-
ponents, the assessment of whole diets refers to capturing
the intake data of all five ‘core’ food groups (ie. foods
recommended to be consumed every day including fruit,
vegetables, grains (e.g. bread, rice, pasta and noodles), meat
and alternatives (e.g. fish, eggs and nuts, and dairy products)
and ‘non-core’ food groups (energy-dense, nutrient-poor
Items)m'm. However, current short food or food-group-
based questionnaires generally aim to measure a specific
aspect of diet (e.g. fat intake™™) or a limited number of
food groups (e.g only froit and vegemblesw}). Supporting
this, our recent review ™" highlighted the lack of short tools
(=50 items) assessing the whale diets of children aged <5
years®?,

Due to the lack of population-specific, age-appropriate,
short tools that characterise whole diets of Australian
toddlers, the present study aimed to develop a short, simple
food-group-based dietary risk assessment tool for toddlers
aged 12-36 months and determine its reliability and validity.

Methods

The Toddler Dietary Questionnaire (TDQ) is 4 nineteen-item,
parent-completed, semi-quantitative tool that assesses food
group intake over the previous 7d. The intake of ‘core’ food
groups (e.g. [ruit, vegetables and dairy products) and ‘non-
core’ food groups (e.g. high-fat, high-sugar and/or high-salt
foods and sweetened beverages) is then evaluated against a
dietary risk criterion. The TDQ risk scores range from 0 to
104, with a higher score representing a higher dietary risk
(i.e. poorer dietary intake}.

Development of the Toddler Dielary Questionnaire

The development of the TDQ was informed by dietary
patterns observed in the recent dietary intake data of
Australian [(JLlL“CFSG"’)I the Australian Dietary Guidelines Mod
elling Syslr:uz(m and the Australian Dietary Guidelines™ ",
Questionnaire  drafts were pilot tested for readability,
understanding and timing with three parent-toddler dyads
(university researchers, # 2, and a family member of the
researchers, # 1) and chanpes made to the questionnaire
format.

The TDN) items were primarily informed by the dietary
patterns of Australian children™; derived using principal
component analysis. Principal component analysis s a
common type of factor armlysis@” that identifies the under-
lying ‘patterns’ of intake from a large number of variables by

grouping foods commonly consumed together. Principal com-
ponent analysis was applied to the average of 24 h recall data
collected over 3d from 14-month-old (# 552) and 24-month-
old (1 493) children. Data were derived from two Australian
studies, the control arm of NOURISH®”, an obesity preven-
tion randomised controlled trial, and the South Australian
Infant Dietary Intake (SAIDI} study, a longitudinal study of
infants” and toddlers’ dietary intake. The foods that represent
extracted patterns account for the greatest variation in diet
between individuals®”. At both ages, two patterns were
identified representing (1) ‘core’ intake (e.g. fruit, vegetables,
grains, dairy products, meat and water) and (2) ‘non-core’
intake (e.g. high-fat, high-sugar and/or high-salt products
and sweetened bﬁverﬂgﬁs)%’ . Based on these patterns and
the Australian Dietary Guidelines™*” , 4 nineteen-item
questionnaire  comprising three sections was  developed.
Section 1 assesses ‘core’ intake (eight items: fruit, vegetables
(green, orange and other), dairy products, grains, lean red
meat and fish), section 2 ‘non-core’ intake (eight items:
spreadable fats, vegemite-type spreads, snack products, hat
potato products, meat products, sweet biscuits and cakes,
chocolates and ice creams) and section 3 ‘usual’ intake
(three ftems: bread type, milk beverages and non-milk
beverages, e.g. frit juice, soft drink, and cordial (a fruit-
flavoured concentrate that is usually mixed with water)).

Sections 1 and 2 comprise questions asking the respondents
to report how often and how much their child ate of each food
group over the previous week. Based on the appropriateness
of categories for a 1-week period of intake, four consumption
frequency categories (nil, once, 2-4 times and =5 times) were
developed. In addition, three consumption quantity categories
(representing ‘small’ (e.g. <502, ‘medium’ (e.g. 50-100g)
and ‘large’ (eg. >100g) portions) were developed. For
section 1, portion-size categories were informed by the
average serving sizes and weekly number of servings rec
ommended for 13- to 23-month-olds and 2- to 3-year-olds
outlined in the Australian Dietary Guidelines Modelling
Systcm&"")_ For TDQ food groups not directly comparable to
those in the modelling system, a proportion of the rec-
ommended intake was used. For example, for the TDQ food
group ‘yogurt/custard’, portion sizes were informed by apply-
ing 25% to the recommended intake of ‘dairy foods (milks,
yogurts and cheese). For section 2, portion-size categories
were informed by the tertiles of consumption of 24-month-
old NOURISH and SAIDI children (i 742). Food labels that
reflect each portion-size category (‘small, ‘medium’ and
large’} were added for each food-group item. For example,
a ‘small’ portion of ‘other vegetables’ was labelled ‘less than
one cup of raw salad vegetables or less than half a cup of
cooked vegetables’, representing << 75 g of vegetables.

Section 3 comprises the following three questions: (1) What
proportion of white:non-white bread (e.g. some white:mostly
non-white} does your child usually consume? (2} What milk
drinks (breast, plain, flavoured or formula) does your child
usually consume? (33 What non-milk drinks (water, diluted
juice, juice, or cordial/soft drink)} does your child usually
consume? The final questionnaire is given in Table 51
{available online).
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Scoring of the Toddler Dietary Questionnaire

The dietary risk score is derived by evaluating food-group
intake against a scoring criterion (Table 1). For sections 1
and 2 of the TDQ), food-group intake per week in grams is
calculated by multiplying the frequency response (zero (nil),
one (once), three (2-4) and seven (=5) times per week)
with the median quantity response (e.g. small = <50, 25g;
50-100, 75 ). For example, if the median of the
‘small category’ is 25g, then a response of ‘2-4 times’ and
‘small’ amount is 75g (3 X 25g). As the median of the 'large’
(e.g. =100 category could not be established based on
the TDQ categores, an upper limit of consumption of
24-month-old NOURISH and SAIDI children was used (e.g.
300p) and the median determined (e.p. 200g). Intake is
then compared against recommendations”®. That is, a scale
of O (lowest score=lowest risk) to 18 (hiphest score =
highest risk) is applied per question, with ‘0" reflecting
intake closest in line with the recommendations and ‘18
reflecting intake furthest from the recommendations (Table 1),
For section 1, a response of ‘2-4 times’ and ‘medium’

medium

amount reflects intake most dosely in line with the rec
ommendations and is therefore scored a . Lower and
higher intakes are scored between 2 and 18 according to
the percentage of deviation from the recommendations.
Underconsumption is scored slightly more severely than over
consumption due to greater severity of health risks. Por
example, underconsumption of ‘core’ foods may result in
nutrient deficiencies leading to suboptimal growth and devel-
opment and/or chronic diseases such as CVD and cancer®”,
Furthermore, insufficient ‘core” intake may lead to the over-
consumption of ‘non-core’ items and thus an increased sk
of overweight and obcsiry'mj. Alternatively, overconsumption
of ‘core’ foods may also contribute to overweight through
the establishment of a positive energy balance™ and may
displace the intake of other core foods from the diet, thus
decreasing vuricly("m. Conversely, for section 2, scores
increase proportionally from 0 with increasing consumption
frequency and quantity, as the consumption of ‘non-core’
foods should be limited***"*™ and increasing exposure and
familiarity increase the preference for these foods®¥,

Each question in section 3 is scored on a scale of 0 (ideal
intake, e.g. none white:all non-white, breast milk or plain
milk, and water) to 12 (non-ideal intake, e.g. all white:none
non-white, no milk drinks, and soft drink or cordial}
(Table 1). For questions 2 and 3, a proportionally increasing
scale of 0, 4, 8, 12, is applied, with multiple responses being
accepted. However, for question 1, a scale of 0, 3, 9, 12
is applied, as the proportions 25%:75% and 75%:25% were
used to represent the responses some white:mostly non-
white and mostly white:some non-white, respectively.

Dietary risk scores are created for each section, tallied to
give a score out of 336, which is converted to a total dietary
risk score (range 0-100; higher score = higher risk). Total
risk scores are categorised into four levels of dietary risk:
(1) low (0-24) (2) moderate (25-49); (3) high (50-74);
(4) very high (75-10().

Reliability and validity of the Toddler Dietary
Questionnaire

Study design

A validation study was conducted between October 2012 and
FPebruary 2013 to determine the reliability and relative validity of
the TD(). Ethics approval was granted by the Flinders University
Social and Behavioural Research Ethics Committee (SBREC).

Study sample

The participants were primary carers of toddlers aged 12-36
months recruited via (1) flyers distributed at South Australian
private child care centres, (2) advertisements in Flinders Uni-
versity newsletters and on notice boards, (3} a study-specific
Facebook page, and (4) parents enrolled in the SAIDI study
who had another eligible child. Children with a food allergy
or intolerance or a diagnosed medical condition affecting
their dietary intake were excluded. Parents with two eligible
children chose one child to participate in the study to prevent
a clustering effect. Parental consent was obtained.

Dala collection

Data collection occurred in two stages. In stage 1, the partici-
pants completed a demographic questionnaire and the TDQ
(ie. TDQ1). In stage 2, the paricipants were mailed a
second TDQ (Le. TDQ2) and a validated semi-quantitative
FFQ®* 1o be completed on the same day approximately
2-4 weeks after the completion of TDQ1.

Demographic questionnaire. Child (age, sex, country of
birth, and parent-reported weight and height), parent (age,
country of birth, marital status, education level and employ-
ment status) and family (postal code and household numbers)
demographic characteristics were assessed via a question-
naire. As a measure of socio-economic status, the Index of
Relative Socio-Economic Advantage and Disadvantage, one
of the four Socio-Fconomic Index for Areas (SEIFA)} indices
that rank geographical areas across Australia on a continuum
of disadvantage (lowest score = 1) to advantage (highest
score = 1), was applied to the postal code®®,

FFQ. To determine the validity of the TDQ, a dietary assess
ment tool that allowed collected data to be translated into the
TDQ and dietary risk caleulated was necessary. A recenty
developed seventeen-item FFQ for Australian 2- to S-year
olds®” was not suitable as the validation tool due to the lack
of assessment of dairy product and grain food intakes,
preventing the caleulation of a dietary risk score. Furthermore,
alternative measures, such as 24h recalls and 2 or 3d records,
do not provide data collected over sufficient number of days
to cover that of the TDQ, while 7d records are associated
with high participant burden®®** Therefore, a FFQ developed
and validated in Belgian 2:5- to 6-:’;-};n‘.ar—nln:isw'35J was chosen
as the validation reference toal. This FFQ was identified in a
recent review as the only short dietary assessment tool for
children aged -5 years tested for reliability and \«“aliditym’
from which a TDQ score could be calculated. Food-group
items are mostly compatible with those in the TDQ and the
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Table 1. Scoring termplate for the Toddler Dietary Questionnaire

Maximum score Possible section
Sections Question Response Score per question SCcore range

1 and 2 Each guestion {sixtesn items) scomed according Frequency Quantity Section 1 Section 2 0-144
1o the combination of frequency and qguantity Mil 1] 18
categorical responses Once Small 14 2
Onece Medium 11 4
Onece Large 6
2—4 times Small a8
2—4 times Medium
24 times Large
=5 times Small
=5 times Medium
=5 times Large
3 What propotion of white:non-white bread does Mone white:all non-white
your child usually® consume? {tick one only) Some white:mostly non-white
Mostly white:some non-white
All white:none non-white
What milk drinks does your child usually® consume? Breast milk or plain milk
{tick all that apply} {dairy or non-dairy)
Formula
Flavoured milk
{dairy or non-dairy}
Mone of the above, i.e. no milk drinks
What non-milk drinks does your child usually* Water
consume? {fick all thai apply) Diluted juice {imnit
and/or vegetablae)
Undiluted juice {fruit 8
and/or vegetable)
Cordial or soft drink 12
Total 0—336 {convered
to out of 100)

- e
CHNODWONDRNBROo DR
!

@
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-
HON

*Usually — on most days.
I Despitea tha option to tick all that apply, if 2 responss of ‘none of the above, ie. no milk drinks’, is provided, no othar responsas are possible; therafors, any combination of the first three responsas, providing 2 maximum score of
12, or tha response “none of the above, i.e. no milk drinks’ only {score = 12) is possibla.
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Table 2. Secfion and fofal dietary risk scores for each administration of the Toddler Dietary Questionnaire {TDQ; TDQ1 and TDQ2),
average TDQ (TDQ,.,) and FFQ and classification into dietary risk categories (n111)

{Mean values and standard deviations; number of padicipants and percentages)

wn

Tesi-relest reliability Relative validity
DM TDQZ2 TDQ,we" FFQ
Dietary risk measures Possible score range Mean 50 Mean S0 Mean 50 Mean S0
Dietary risk score
Section 1 0-144 56:0 180 56.7 195 563 17.7 610 181
Section 2 0-144 393 186 404 1841 397 178 393 193
Section 2 0-48 62 64 71 73 66 66 53 59
Total 0-100 anz BE 309 29 048 84 314 84
Dietary risk score category
Low 00-24-9
n 3 33 33 21
% 2748 287 287 189
Moderate 250-49-9
n 76 74 76 a7
Y [:1:25 667 685 784
High 500-74-3
n 4 4 2 3
% 36 36 1.8 2.7
Very high 75.0-99-9
n 0 0 0
% 00 00 00

"TDQyye = ((TDQ1 rigk scorms + TDG2 risk scorosy2)

I-month assessment period of the FFQ covers the 1-week
assessment period of the TDQ, Small adaptations were made
to the FFQ to reflect culturally approprate foods and
terminology (e.g. sugared milk replaced with flavoured milk)
and to capture intake over the past month rather than that
over the past year.

Comparative validity was assessed to evaluate dietary risk
scores determined using the nineteen-item TDQ relative to
those determined using the fifty-four-item (forty-seven-food
item) FFQ. The final FFQ included six frequency categories
(never, 1-3d/month, 1d/week, 2-4d/week, 5-6d/week
and every day) and three quantity categories (representing
small’ (eg <40g), ‘medium’ (e.g. 40-120g) and ‘large’
(e.g. =120 g portions). FFQ data were converted to a third
dietary risk score using a standardised format based on com
parative quantity and frequency categories, and the risk
score was calculated. That is, responses ‘never’ and ‘1-3d/
month’ were translated to ‘nil’ in the TDQ, ‘1d/week to
‘once’, ‘2-4d/week’ to ‘2-4 times', and ‘5-6d/week’ and
‘everyday’ to ' = 5 times’. Quantity responses were translated
to the most appropriate TDQ quantity category (‘small’,
‘medium’ or ‘large’) based on gram amount.

Statistical analysis
Data were analysed using SPSS statistical software package for
Windows version 19.0 (SPSS, Inc.). The level of significance
was set at P05,

Individual Toddler Dietary Questionnaire item
agreement

The proportion of parents reporting within the same response
category (product of frequency and quantity; data not shown)

between each administration of the TDQ (TDQ1 and TDQ2)
was determined and the percentage of agreement calculated.
The percentage of agreement between the administrations
beyond that expected by chance® was determined by
calculating weighted kappa (K,) (for ordinal data) using
MedCale statistical software version 12.7.7.0 (Microsoft). K,
values were defined as poor (< 0-20), fair ((:21-0-40), moderate
(0-41-0-60), good ((+-61-0-80) and very good (0-81-1.00)74V,

Reliability and validity of dietary risk scores

Risk scores were evaluated for test-retest reliability and
relative validity of section and total scores. Reliability was
assessed by comparing scores obtained during the first
administration (TDQ1) and second administration (TDQ2) of
the TDQ and relative validity by evaluating average scores
(termed ‘TDNQ,..") derived from two administrations of the
TDQ (TDQ1 + TDQ2)/2) against FFQ risk scores. Average
risk scores were used in the validity analysis instead of the
TDQ1 or TDQZ scores as these cover a 2-week period of
intake, more in line with the 4-week assessment period of
the FFQ, and are thus a better representation of ‘usual
intake and risk. As the majority of scores were normally
distributed, parametric tests were used in all analyses for
consistency.

To assess reliability and relative validity at the individual
level, intra-class correlations (ICC} and Pearson’s correlations,
defined as low =050, moderate (-51-0+69, and high
=0(:70%%, were used. At the group level, paired f tests were
used for both analyses. A Bland-Altman plot was constructed
to assess the strength of agreement between the two tools by
plotting the mean bias, i.e. difference between the TDQ,,. and
FFQ risk scores, against the mean of the tools. The plot was
assessed visually and linear regression analysis performed to
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Table 3. Agreement of Toddler Dietary Questionnaire {TDQ) items
{product of frequency and quantity categories, calegorical) between
each administration among Australian children aged 12-36 months
{n111}

TDQ1 and TDQ2

Percentage of
Sections TDQ items agreement® .t
1 Fruit 64 048
Green vegetables 51 052
Orange vegetables 48 051
Other vegetables 52 050
Yogurt or custard 54 061
Grains 40 0-40
Red meat 55 046
Fish 57 055
2 Spreadable fats 51 0-64
Vegemite-type spreads a2 051
Snack products a6 0-46
Hot potato products 48 053
Meat products 42 051
Sweet biscuils or cakes 4 046
Chocolates €5 060
lea creams or frozen 56 052
yogurt
3 Broad type 20 078
Milk drinks 89 067
Non-milk drinks 85 074

Koy, waighted kappa

* Porcentage within the same category e bination of freq vy and
quaniity categories for sections 1 and 2 {n 10). For question 1 on bread fypa in
saction 3, one response was allowed and five response options were provided:
{1} none white:all nen-while; (2} some white:mestly non-white; {3} mostly white:
some non-white; (4) al white:none non-white; (5) does not eat bread. Fer ques-
fion 2 on milk drinks in saction 3, multiple responses wara allowad and aight
response oplions were provided: (1) breast milk or plain mik enly; (2) fomula
anly; {3) flavourad milk only; (4) no milk drinks; (5) breast milk/plain milk and for-
mula; (&) braast milkiplain milk and flavoured milk; (7) braast milk/plzin milk and
farmula milk and flavoured milk; (8} formula and flavoursd milk. For question 3
on non-milk drinks in section 3, mulliple responses were allowed and eight
respanse options were provided: (1) water; (2) diluted juice only; (3) water and
dilrted juice; {4} water and undiluted juice; (5} water and cordial’soft drink;
(8) water and diluted uice and cordizl'selt drink; {7} waler and diluted juize and
undiluted juice; (8) water and undiluted juice and cordial’soft drink.

1K, was for data as ibad abovae.

test for any systematic bias. Agreement at the individual level
is defined as the limits of agreement (= 25p) of the mean bias
and that at the group level by the mean hias and slope of the

mean bias line"”.

Cross-classification info dielary risk calegories
{fow-very high)

Classification analysis was conducted to determine whether
the participants were classified into the same dietary risk
category (low, moderate, high and very high) during each
TOQ administration and by TDQ,,, scores compared with
the FFQ scores.

Results
Sample characteristics

Ot the 117 parents (100% biological mother), 111 completed
all the study measures. Mothers (mean age 34 (sp 4} years)
were mostly partnered (9496), Australian born (95%), in
paid employment (74%) with a university education (67%6),

and in the top five SEIRA deciles (range 5-9). Children
(54% pirls) were, on average, 230 (sn 6-9) months of age,
primarily Australian born (959}, and lived in a household of
4 (s 1) members.

Reliability and validity

The duration between the repeat administrations of the TDQ
ranged from 10 to 119 weeks (average 32 (sp 1-8) weeks).
The average dietary risk scores ranged from 302 (sp 86}
for TDQ1 to 314 (sp &1} for the TDQ derived from the
FFQ (Table 2). Over two-thirds of children were classified as
maoderate risk and less than one third as low risk (Table 2).

Test—relest reliability.  The percentage of agreement and K,
for each TDQ item are summarised in Table 3. The percentage
of apreement ranged from 32% for vegemite-type spreads to
§5% for non-milk drinks. K, values ranged from (-4( to (-785,
indicating fair (grains), moderate (Fruit, vepetables (oranpe,
green and ather), red meat, fish, vegemite-type spreads, snack
praducts, hot potato products, meat products, sweet biscuits
and cakes, chocolates and ice creams) and good (yogurt, spread-
able lats, bread, milk drinks and non-milk drinks) agreement.

The results of the test—retest analysis of dietary risk scores
are given in Table 4. The total risk scores calculated from
cach TDQ administration were highly correlated (ICC = (90,
P<(3001) and not statistically different (30-2 (sp 86} v. 309
(sn 89% P=0-14). For section risk scores, all 1CC were good
((+88—-0-91). Risk scores for section 3 (62 (sp &4) n
71 (sp 73); P=0:017), but not for section 1 (P=055) or
section 2 (P=0-45), were significantly different between
each administration. Mean bias ranged from — (-85 for section
3 to =71 for section 1 (TDQ1 scores were lower than the
TDQZ scores). All children were classified into the same
(n 83, 75%) or adjacent (n 28, 25%) dictary dsk category
during each administration (Table 5).

Relative validity. The total and seetion dietary risk scores
derived from the TDQ,.. and those dedved [rom the FFQ
were highly correlated {all v 071 or greater, P<0-001;
Table 4). Risk scores were significantly different for section 1
(TDQue 563 (sp 17-7), FFQ 61:0 (sp 181} P<(-001) and
section 3 (TDQ,,, 66 (sp 6:6), FFQ 53 (sp 59 P=0-005),
but not for section 2 (P=(+G9}, and total rsk scores were
not significantly different (TDQ,,. 30:5 (s &4}, FRQ 31-4
(sp &1 P=(+(5). Mean bias between the TDQ,,. and FRQ
risk scores ranged from =463 (section 1; TDQ,,. scores
were lower than the FFQ) scores) to 1-31 (section 3; TDQy.e
scores were greater than the FFQ scores).

The Bland-Altman plot (Fig. 1) revealed a small negative
mean difference between the TDQ,.. and FFQ rsk scores;
e, the TDQ,y. tends to provide a lower estimate of risk
than the FFQ (mean bias —0-89 (=179, (:02)). However,
most measurements fell within the 959% limits of agreement
and there was no significant linear trend for the fitted
regression line (B = 051, 93% CI —0-08, 0:15; P=0+60), e
no systematic bias between the two tools. Classification
analysis between the TDQ,,. and FFQ revealed that all the
participants were classified into the same (n 88, 790} or
adjacent (n 23, 21%) dietary risk catepory (Table 5).

315



0136
0133
0595

0.742

bias line§
- 003
— D08
o2
003

Slope of the mean

— 816, 10.78

95 % LOA
—31.32, 21.96
—10-30, 852

— 2012, 20

0-691
0-005
0-054

Relative validity {TDQ,,," and FFQ)
= 0-001

95% CI
-1.57, 2.37
0-40, 2.22
—1.79, 0-02

—7.24, —242

—4.68
0.40
131

—0.89

Mean bias

Pearson's
correlationt
071
0-84
071
082

Pt
0-550
0-454

0017

N‘ British Journal of Nutrition

95 % CI
=315, 1.42
- 161, =016
-1.72, 025

Tasi—retast raliability (TDQ1 and TDQ2)
—3.08, 164

=07

~0-86
—0-88
—0.73

Mean bias

IcCt
0-B8
0.89
0-m

0.80

Table 4. Test—retest reliability ol the Toddler Dietary Questionnaire {TDQ) risk scores and relative valigity of the average TDQ {TDQ, ..} and FFQ risk scores for each section ana 1otal risk

scores (m111)
(Correlations, 95 % confidence imlervals and 959 limils of agreemeant {LOA]})

*TDQ,ye = {((TDQ1 risk scares + TDA2 risk scaras)2).

1GC, inra-class correlation,
{ For all correlations, P<0-001.

Dietary risk scores

Section 2

Section 1
Section 2
Total

Testing a toddler dietary risk questionnaire 7

Discussion

In the present article, the development and testing of a nine
teen-item TDQ) that assesses the dietary risk of children aged
12-36 months are described. Our findings revealed thar the
TDQ-derived dietary risk scores of toddlers in the study
sample were highly correlated and not significantly different
between the two administrations or on comparison with
scores derived from a fifty-four-item FFQ. The TDQ is a reliable
and valid screening tool for assessing the dietary rsk of
Australian toddlers from relatively advantaged backgrounds
and categorising them into dietary risk categories. The reliability
and validity of the TDQ in samples that include Australian tod-
dlers from the lower five SEIFA deciles are yet to be assessed.

The TDQ performed well in terms of reliability. Repeata-
bility analysis of individual questionnaire items revealed
predominately moderate agreement. The percentage of agree-
ment (32-8639%; n 19 items) was slightly lower than that
reported for a FFQ tested in Australian 2- to 5-year-olds
(53-97%; n 16 ilmns)ﬁn. Yet K, values derved from the
FFQ (137 (red meat)-0-85 (take-away foods)) and those
derived from the TDQ used in the present study (0-40
(grains)-(+78 (bread)} were similar; the reproducibility of
the TDQ was predominately ‘moderate’ (n 13/19 items) or
‘pood’ (n 5/19 items). Test-retest analysis of dietary risk
scores revealed that the TD() is reliable for assessing individ

Q)/2). Agraement at the individual level is definad as the LOA (=2 sp) of the mean bias and that at

uals’ dietary risk. At the group level, total risk scores were not
significantly different, with less than one risk score point being
observed between the mean scores during each adminis-
tration. The mean bias was greatest for section 3, with risk
scores being statistically, but not meaningfully different (09
points out of 48; 1:99%), between the administrations. Classifi-
cation analysis revealed three-quarters of the children to be in
the same dietary risk category during each TDQ adminis-
tration. Overall, these results suggest that the TDQ is reliable
for assessing dietary risk in this population, an important find-
ing considering that the validity of a tool requires rtli:lbili‘.y‘:%).

The TDQ performed well in terms of validity. The nineteen-
item TDQ accurately derives dietary risk scores and assigns
toddlers to risk catepories in comparison with a longer fifty-
four-item FFQ. The total dietary risk scores derived from the
TDQ,ye and those derived from the FFQ were highly corre-
lated and not significantly different. The Bland-Altman plot
for total dietary risk scores revealed narrow limits of
agreement, indicating that the TD¢Q) can accurately distinguish
dietary risk at the individual level ™. As the slope of the mean
bias line indicated no overall bias, the TD() is acceptable for
measuring the dietary risk of toddlers at the group level™™,
Classification analysis revealed promising results with the
majority of children (approximately three-quarters) being
classified into the same dietary risk category by the TDQ,..
and FFQ. Thus, the TDQ is a valid toddler dietary risk assess-
ment tool suitable for this population in a clinical (individual}
or community (group) setting.

The fifty-four-item FFQ developed by Huybrechis ef al B
was chosen as the reference tool to assess validity. In the
absence of a pold standard to measure dietary intake, this
FFQ was determined to be the best available validation tool.

§ Linear regrassion analysis of ditfarance in rsk scores (TDQ,,, — FFQ) and the mean of difference of risk sceres ((TDQ,,,
the greup level by the maan bias and slops of the mean bias line.

§ Paired { tost was used o compare diferances in risk scoras
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Fig. 1. Bland-Alman plot assessing the validity of total dietary risk scores derived rom the average Todder Dietary Questionnaire (TDQg,.) v. those derived
from the FFQ among Australian children {n 111) aged 12-36 months. The plot shows the mean difference (), the 95 % limits of agreement (- - - - - - ) and the
fitted regression line {—) for total dietary risk seores (P or linear rend=0595). A linear = 0-008,

It has been shown to be reliable and valid in terms of food™

and nutrient®”

intake assessment compared with the estimated
diet records and provides a reasonable measure when com
pared with the TDQ, capturing the intake data of key foods
of interest over a similar time period. Despite this, minor
changes were made to the FFQ primarly to reflect cultural
differences, possibly altering the reliability and validity of
the tool. Ideally, the tool would have been retested in the
Australian population; however, this was not feasible within
the study constraints. Additionally, translation of items from
the FFQ into the TDQ was challenged by incompatible por-
tion-size categories for some items (e.g. fish, snack products,
chocolates and ice creams/frozen yogurt). That is, a ‘small’

response in the FFQ was translated to ‘medium’ in the TDQ,
while both ‘medium’ and ‘large’ responses in the FFQ were
translated to ‘large’ in the TDQ. Nonetheless, this FFQ was
the most compatible tool that allowed derivation of dietary
risk scores, could be completed in the participants’ own time
and was considered least burdensome for the participants.
The novelty of the TDQ is demonstrated by the innovative
approach to the selection of food items, through the use of
principal component analysis-derived dietary patterns and
the formation of portion-size categories, based on toddlers’
intakes. Due to its novel nature, there are few similar tools
evaluating an overall score of diet quality in young children
with which it can be compared. In a Canadian study of 3- to

Table 5. Cross-classification of participants into diefary risk categories {low, moderate, high and very high) between the
administraions of the Toddler Dietary Questionnaire (TDQ) and average TDQ (TDQq) and FFQ {n111)*

{Number of participants and percentages)

Test-refest reliability {TDQ1 and TDQ2)

TDQZ

Low Moderate High

n % n % n %

Relative validity {TDQ,,.t and FFQ}

FFQ

Low Moderate High

n % n % n %

TDQ1
Low 20 18 1 10 - -
Moderate 13 12 61 55 2 2
High 2 2 2 2

TDQue
Low 16 14 17 15 - -
Moderate 5 5 70 63 1 1
High 2 2

* Mo subject was classfied s ‘very high risk’ by the TDQ1, TDQ2, TOQ,,, or FFQ.

1+ TDQuw = ((TDQA risk scores + TDO2 risk scoresh2).
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S-year-old preschool children, a seventeen-item Nutritional
Screening Tool for Every Preschooler questionnaire, which
derives a nutrition risk score from five food-group questions
and twelve questions on other nutrition risk constructs, was
reliable between the administrations (1CC = 0:89) and valid
{(r (+48) on comparison with a dietitian m{ingw" . The total
dietary risk scores (reliability, 1CC = 0:90; validity, » 083)
obtained in the present study were comparatively better.

Besides the reliability and validity results of the TDQ, the
present study provides information on the dietary risk of Aus-
tralian toddlers. Scores derived from the TDQ categorised
approximately one-third of the study sample as flow’ risk
and two-thirds as ‘'moderate’ risk. Few toddlers were catego
rised as ‘high’' risk and none as ‘very high' risk. This is
probably explained by our homogeneous sample, whereby
the majority were highly educated, in paid employment and
of a relatively high socio-economic status.  Additionally,
enrolment in the present study was voluntary and thus
the participants were likely to be highly motivated parents.
The assessment of dietary risk in a more representative
sample of toddlers may yield higher proportions at ‘high” or
‘very high’ risk.

There are several potential uses of the TDQ. In the dlinical
setting, it could be used by health professionals to rapidly
screen the dietary intakes of toddlers from relatively
advantaged backgrounds, accurately identify those at risk,
and facilitate referral to a dietitian for detailed assessment
and intervention to improve dietary pattems. Once tested in
a more generalisable sample, the TDQ could be applied in
this manner to low-socio-economic status populations. This
is important considering that diet quality is socially patterned,
whereby consumption of a less-healthy diet is observed in
socio-economically disadvantaged pupulatiuns{ﬁ'm. Further-
more, it could potentially be useful in the research setting,
for population health monitoring of toddlers’ dietary risk, for
exploring the sociodemographic predictors of dietary risk,
and for furthering our understanding of the relationship
between dictary risk and health cutcomes. Additionally, as
contemporary interventions commonly focus on food-based
dietary guidelines, the food-group-based TDQ is particulady
useful for developing relevant interventions that aim to
improve toddlers’ dietary patterns and for determining the
effectiveness of these interventions. Thus, further testing of
the TD() is warmranted to ensure wider applicability.

The findings of the present study should be interpreted
within the context of the strengths and limitations. The TDQ
5 a novel tool developed based on population-specific
evidence and age-appropriate public health dietary recommen-
dations. It is easy and inexpensive to administer and calculates
an overall dietary risk score. It does not rely heavily on
memory, particularly, in comparison with other short
toals3435464% Additionally, the high participation rate in the
present sdy suggests that completion of the TDQ is not
burdensome for the respondents. Reliability and validity testing
was undertaken in a sample size consistent with that
recommended for validation studies (>100(“5°)) and the size
was comparatively larger than that used in similar
smdies®” ™52 Futhermore, we investigated the repeatability

of individual questionnaire items in addition to the reliability
and validity of dietary risk scores. Nonetheless, our findings
may not be representative of those in the general population
due to the highly educated and motivated study sample,
although social desirability bias is possible given the sel
reporting nature of dietary intake™. Moreover, while attempts
were made to ensure that stage 2 questionnaires were
completed approximately 2-4 weeks after the completion of
stage 1 questionnaires, this could not be standardised. Conse-
quently, participants completing each stage within 1-2 weeks
(n 15} may have remembered their previous responses, while
true changes in diet may have occurred for those completing
each stage over 5 weeks apart (# 7). To overcome this,
however, averape risk scores from each TDQ administration
were used in the validity analysis. Lastly, despite its
limitations™***, we used K, as a measure of agreement as it
is frequently used for ordinal food frequency dam®’* and
chose linear analysis over quadratic analysis due to its lower
sensitivity to increasing number of categories™”,

In conclusion, the TDQ is a short assessment tool that
provides information on toddlers’ dietary risk, allowing
identification of those requiring intervention. The present
study showed that the TDQ) is reliable and valid and accurately
categorises toddlers from relatively advantaged backgrounds
into dietary risk categories. The TDQ may be useful in the
clinical setting, enabling screening of toddlers to identify
those at risk requiring intervention, and potentially in the
research setting for the development and evaluation of inter-
ventions. Overall, the TDQ is a multi-purpose tool ideal for
preventative nutrition promotion efforts.

Supplementary material

To view supplementary material for this article, please visit
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Appendix 2 - Literature review search process

Supplementary 1 material details the search process used for the literature review. Six stages were
undertaken, from searching major databases, including and excluding articles and re-running the
searches to update the results in 2013. Details of inclusion and exclusion criteria are detailed in the
table. Supplementary 2 defines statistical tests used to assess realibility and validity of reviewed
studies and the review assessment criteria.

Supplementary 1: Search process including search terms and exclusion criteria

Stage 1: Searching major science databases (search terms used)

1) Web of Science

Topic=((child* OR infant* OR toddler* OR preschool*))

AND Topic=((diet* OR food* OR nutrition OR dietary pattern OR eating pattern OR dietary
intake OR food intake OR diet quality OR infant food OR infant nutrition OR child nutrition))
AND Topic=((assess* OR tool OR assessment tool OR dietary assessment OR questionnaire® OR
evaluat®* OR instrument OR checklist OR validit* OR correlat®* OR compar® OR reproducibility
OR accuracy))

Refined by: Topic=(assess) AND Research Areas=( NUTRITION & DIETETICS ) AND Research
Areas=( NUTRITION & DIETETICS OR PEDIATRICS ) AND Research Areas=( NUTRITION
& DIETETICS OR PEDIATRICS )

Timespan=All Years. Databases=SCI-EXPANDED. SSCI, A&HCTI, CPCI-S, CPCI-SSH, CCR-
EXPANDED, IC.

2) Pubmed

((((((((("child"[All Fields]) OR "infant"[All Fields]) OR "toddler"[All Fields]) OR "preschool"[All
Fields])))

AND ((((((((((("diet"[All Fields]) OR "nutrition"[All Fields]) OR "food"[All Fields]) OR "dietary
pattern"[All Fields]) OR "eating pattern"[All Fields]) OR "dietary mtake"[All Fields]) OR "food
mntake"[All Fields]) OR "diet quality"[All Fields]) OR "infant food"[All Fields]) OR infant
nutrition) OR "child nutrition"[All Fields]))

AND (((((((((((assess"[All Fields]) OR "tool"[All Fields]) OR "assessment tool"[All Fields]) OR
"dietary assessment"[All Fields])) OR "checklist"[All Fields]) OR "reproducibility"[All Fields])
OR "valid"[All Fields]) OR "correlate"[ All Fields]) OR "evaluate"[All Fields]) OR "food
frequency questionnaire"[All Fields])

AND (Humans[Mesh]

AND English[lang]

AND (infant[MeSH] OR infant, newborn[MeSH] OR infant[MeSH:noexp] OR child,
preschool[MeSH] OR child[MeSH:noexp]))))

AND ("assess"[All Fields])

3) Scopus

(TITLE-ABS-KEY/((child* OR infant* OR toddler® OR preschool*))

AND TITLE-ABS-KEY((diet* OR food* OR nutrition OR dietary pattern OR eating pattern OR dietary
intake OR food intake OR diet quality OR infant food OR infant nutrition OR child nutrition)) AND
TITLE-ABS-KEY ((assess™ OR tool OR assessment tool OR dietary assessment OR questionnaire®™ OR
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evaluat* OF. instrument OR. checklist OF. vahidit* OF. comrelat* OF. compar® OF. reproducibility OR

accuracy)))

AND OFRIG-LOAD-DATE AFT 1365230549
AND (LIMIT-TOLANGUAGE. "English"})

Stage 2: Cleaning in Endnote

1)} Duplicates were removed

2y Words were searched in TITLE and EEYWOERDS to eliminate urelevant articles

Abuse

Advert

Agriculture

AIDS

Alcohol

Anzemia / Anemia
Allergic/allergy
Anaphylaxis

Asthma

Atresia

Bacteria

bums

Case report

Case Study

Celiac disease / coeliac
disease

Cerebral palsy

Colitis

Contamin (1.e. contanination)
Depress (1.e. depression)
Diabetes

Diarrhoea (diarrhea)
Dietary sup

Disabilit (Le. disabilities,
disability) / disabled
Disease

Disorder

Dmug

Drug effects

Drug therapy

Down syndrome
Eating Disorders

3} “Cochrane’ was searched in JOUENAL to eliminate review articles

Stage 3 and Stage 4: Inclusion and exclusion of articles

Esophagitis
Epilepsy
Excretion
Exposure
Fertility
Fibrosis
Gastro
Genetic
Guideline
Heavy metal
m’

Homone
Hypertension
Miness

Immm (1.e. Immunology,
Immumization, Inmmunisation)
In witro
Infection
Injury
Intensive care
Intravenous
Leukenua
Malaria
Mental health
Meta-Analysis
Microb

Mice

Monkey

Oitis Media
Cruthreak
Parenteral nutrition
Patient

Pesticide
Phenylketonuria

FEU

Pig

Poison

Practice Guidelines
Premature

Preterm infant / preterm
Primate

Fabbit

Rats

Fenal

Fetarded

Review

Rickets

Smoke

Soil

Steroid

Spina Bifida

Surgery

Syndrome

Therapy

Toxic

Transplant

Tube (1.e. neural tube defects,
tube feeding)

Uminary

Urine

Wacein (1.e. vaccinate,
vaccine, vaccination)
WViolen (1Le. Violence, Violent)
Vims

*  The resulting articles were screened firstly according to fitle and absfract (stage 3) and if uncertain,
the fill text (stage 4) was retrieved, using the screening process detailed in the thale below.

Stage 3: Searching reference lists
+ FReference lists of all included articles and relevant reviews were searched for additional

studies.

Stage 6: Updating search results
* Stages 1-5 were re-run using articles published between 01.06.13 and 01.04.13 to identify
any recently published short dietary assessment tools for 0-5 years that assess whole diet.
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EXCLUSION POINT

1 2 3 4 ] il 7
Studv Assessment . Dietary Assessment of whole | Food items in
Smdy Outcomes Method Participants Other intake diet <hort tool
Included | Studies on individual dietary miake | Diet assessed using Healthy English - Feported Investizates intake - =50 mems
i infants and children sheoet dietary - Infants and language by primary of foods from all 5 -
(Crutcome data inchudes putrition- assessment tool toddlers (1-23 Humans caregiver food groups (fnut, *Ttams describad
related measure - e.g dietary Food Frequency months) parent vegetables, as food mtake
mtzke, distary patterns, ensrgy Chestionnaives - Pre-schooler’s meat alternatives, questons.
mmtake, putient mtake other distary (2-5 wyaars) dany, cereals) Excludes
questionnaes/ withwithout hizgh- questons on
checkhists fat/sugar “extras’ dietary
foods behaviour
Excluded | - Mumton related outcomes Dhet assessed using - Children and Studies without Feported Aszesses mtake of - =50 ems
such as nutrition knowledge, standard tool: adolescents =5 an abstract by chald foods form =5 food
efficacy, attitudes, preference, distary recall years MNE = Language groups e.g only frut | *Items described
behaviours (e.z. breastfeeding dietary record - TDhseased or other than and vegetable intake | as food miake
duration, weaming) ate. food danes mstfuthonakis- English questions.
- Group, school, family mtake dietary indices ed subjects NH = Mot Excludes
(CHher studies, for example those dietary (e.z. Coelac bumans questions on
- Testng food menu content mteriews dizease, CF, {amimals) dietary
e.g. additives, contaminants, large survey’s Cancer, FTT, EQ=excluded behaviours.
outitional content Dhabetes) for other reason,
- Desenbmg supplement describe here
prescriphion and’'or intake le.g
- Measwmg energy review. report
expenditure, winary and blood articles, study
concenfrations of putnents protocols)
Code NE =HMotin Enghsh NPE =Not NWD = Not whole diet NET20=Not
assigned | INDMI =HNot assessing dietary mtake N5T = Not Short NP =Not NH = Not humans parent reported short tool =30
{no dietary infake cutcome data) Teol Population NA =HNo Abstract ems

EQ =Exchided other
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Eligibility screening form

Associate Professor Anthea Magarey

s i Research Fellow
{s:;;:ﬁ D: Nutrition and Dietetics
Flinders Clinical and Molecular Medicine

School of Medicine

Rm 7E-109, Level 7, Flinders Medical Centre
Flinders Drive, Bedford Park SA 5042

GPO Box 2100

Adelaide SA 5001

Telephone: +61 8 8204 6304

Facsimile: +61 8 8204 6406

Email: anthea.magarey@flinders.edu.au

wwrw flinders edu.au/medicine/sites/mutrition-and-
ELIGIBILITY FORM |z

Assessing Toddler’s Dietary Intake

(Pease complete and return to Flinders University using the reply-paid envelope provided)

1. What is your child's date of birth?

/ /
Day Month Year

2. Does your child have any of the food intolerances or allergies, such as lactose intolerance, coeliac disease,
eqg-, nut-, fish- allergy?

ves| | o ]

If Yes, please explain

3. Does your child have any other pre-existing medical condition affecting his/her dietary intake, not mentioned
in question 1?
Yes No

If Yes, please explain

Thank you for completing this form

Office Use only
INELIGIBLE ELIGIBLE

542 596 200, CRICOS No. 001144

ABH 65
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Consent form

Associate Professor Anthea Magarey
Research Fellow

ID: Nutrition and Dietetics

Flinders Clinical and Molecular Medicine
School of Medicine

. Rm 7E-109, Level 7, Flinders Medical Centre
Flmders Flinders Drive, Bedford Park SA 5042

UNIVERSITY
GPO Box 2100
Adelaide 5A 5001

Telephone: +61 8 8204 6304
Facsimile: +61 8 8204 6406

CONSENT FORM FOR mﬁ?ﬁiﬁﬁfﬁi‘?ﬂ‘ﬂé’iﬁféi?&iﬁmn.;.m-
PARTICIPATION IN RESEARCH

(Please complete and return to Flinders University using the reply-paid
envelope provided)

o

being over the age of 18 years hereby consent to participate as requested in the research project:

Assessing Toddler’s Dietary Intake

Social and Behavioural Research Ethics Committee Approval Number: 5769

1. I'have read and understand the information provided.

Details of procedures and any risks have been explained to my satisfaction.

| am aware that | should retain a copy of the Information Sheet and Consent Form for future reference.

| understand that:
- I'may not directly benefit from taking part in this research.

il

- | am free to withdraw from the project at any time and am free to decline to answer particular questions.

- While the information gained in this study will be published as explained, | will not be identified, and individual
information will remain confidential.

5. lunderstand that the study involves the following:
- Completion of a questionnaire asking about my child and family
- Completion of a 30-minute food frequency questionnaire
- Complefion of 2 x 10-minute food questionnaires (Toddler Dietary Questionnaire) at home approximately 2 weeks apart
6. Ihave been informed that the confidentiality of my information will be maintained and safeguarded. | understand that while
information gained during this study may be published, we will not be identified and our personal results will not be divulged.

Signature of Research Participant: _ Date:

| certify that | have explained the study to the volunteer and consider that she/he understands what is involved and freely
consents to participation.

Researchers Name: .. ... e oo eeee e e e e e em e emmmmaemen e ememamen

Researchers Signature: Date: _,
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Demographic questionnaire

@ YOU AND YOUR CHILD I

ers
VERSITY
Assessing Toddler’s Dietary Intake
. What is your child’s date of birth?
/ !
Day Month Year
What is your child’s gender?
male female
What is your child’s weight? Please refer to *how to measure your chitd’s weight’ on the ‘Meastiing Your Child” sheet.
Date of
measure [/ [ Measure1 kg Measure2
What is your child’s height? Please refer to ‘how to measure your child’s height’ on the ‘Measuring Your Child” sheet
Date of
measure ! / Measure1 _ctm Measure2
What is your date of birth?
/ !
Day Month Year
Which of the following best describes your relationship with your child?
Biological Biological Father Step-Mother Step-Father Other
Mother
If OTHER, please describe?
Which of the following best describes your current marital status?

Single/ Married Defacto Separated Widowed
Never married /divorced

kg

cm

542 596 200, CRICOS No. 001144

ABH 65
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8. Whatis your highest level of education?

School;
Year 10 or less

School; Tradef
Year 11 or 12

Apprenticeship

9. Are you currently in paid employment?
No

Yes

If Yes, is this

Full time Ij Part time El

If yes, approximately how many hours/week?

10. Were you born in Australia?

TAFE/college
certificate

University
degree

Yes

No

If No, where were you born?

11. Was your child born in Australia?

Yes

No

If No, where was your child born?

12. Are you aboriginal or Torres Strait Islander?

Yes

No

13. How many people typically live in your household (including you and your child)?

14 What is your postcode?

Thank You for completing this questionnaire!

ABM 65 542506 200, CRICOS No. 001144
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‘Measuring Your Child’ instruction sheet

A late Professor
Research Fellow
Mutrition and Dietetics
Flinders Clinical and Molecular Medicine
School of Medicine

Magarey

.%
& i

Flinders Drive, Bedford Park SA 5042

GPO Box 2100
Adelaide SA 5001

Telephone: +61 & 8204 6304
Facsimile: +861 & 8204 6406
Email: anthea magarey@flinders.edu.au

dietetics/

Assessing Toddlers Dietary Intake

§ Rm 7E-109, Level 7, Flinders Medical Centre

wawy flinders edu. awmedicine/sites/nutrition-and-

If you have height and weight measurements recently taken by a healthcare provider, enter those measurements and

the date the measurements were taken on the ‘You and your child’ questionnaire.

Otherwise, to take height and weight measurements at home, follow these guidelines:

How to measure your child’s weight

1. If your child will stand still by him/herself, weigh your child alone.

a. Be sure that the scale is placed on a flat, hard, even surface such as tile or wood, rather than carpet.

b. Remove all your child's clothing or at a minimum remove your child's shoes and heavy clothing i.e. jacketjumper

c. Askyour child to stand on the middle of the scale, feet slightly apart, and remain still.
d. When your child's weight has displayed, record this weight fo the nearest 0.1kg.
e. Record your child's weight on the ‘You and your child’ questionnaire.

f. Repeat steps a-e if possible.

2. If your child will not stand still on the scale, weigh your child with yourself.

a. Be sure that the scale is placed on a fiat, hard, even surface such as tile or wood, rather than carpet.

b.  Remove all your child's clothing or at a minimum remove your child's shoes and heavy clothing i.e. jacketjumper

¢. Remove your shoes and step on the scales to be weighed first alone. Stand in the middle of the scale, feet slighlty

apart, and remain still. When your weight has displayed, record this weight to the nearest 0.1kg.

d. Step onto the scales again holding your unclothed/lightly clothed child. Stand in the middle of the scale, feet slighlty

apart, and remain still. When the weight has displayed, record this weight fo the nearest 0.1kg.
e. Determine your child's weight using the following formula:
Weight (d) - weight (c) = child’s weight
f. Record your child's weight on the "You and your child’ questionnaire.

g. Repeat steps a-fif possible.

Note: If you do not have scales at home, community scales are often located at major shopping centres, community

health centres, or your local GP.
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How to measure your child’s height

Be prepared to measure height immediately after weighing, while the child’s clothes are off.
Before weighing:

+ Remove the child's shoes and socks.

+ Undo braids and remove hair ornaments If they will interfere with the measurement

1) Measuring your child’s height standing up.

a. Take the height measurement on flooring that is not carpeted and against a flat surface

b. Ask your child to stand with his/her back to the wall so that the head, shoulders, buttocks and heels all
touch the wall (See illustration)

c. Ensure your child's feet are flat, together and against the wall, legs are straight, arms are at sides and
shoulders are level.

d. Ensure your child's head is in an upright position (neck straight) eyes looking straight ahead so that the
line of sight is parallel with the floor.

e. Ask child to take a deep breathe in and out and stand as fall as hefshe can.

f. Use a flat headpiece to form a right angle with the wall and lower the headpiece until it firmly touches the
crown of the head.

g. Make sure the measurer's eyes are at the same level as the headpiece.

h. Lightly mark where the bottom of the headpiece meets the wall.

i.  Use a measuring tape to measure from the base of the floor to the marked measurement on the wall to get
the height measurement.

j. Accurately record the height to the nearest 0.1 centimeter on the “You and your child’ questionnaire

k. Repeat steps a- if possible.

Wall
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Toddler Dietary Questionnaire (TDQ)

TODDLER DIETARY
inders QUESTIONNAIRE

Please write the date vou completed this questionnaire: /

{2012

This questionnaire asks about the food habits of your child. It is important that this questionnaire is completed by the

person who spends the most time with your child. There are 3 sections:

Section 1 and 2 list a variety of foods which we ask you to report how offen and how much your child ate or drank over
the previous week (7 full days) by ticking the appropriate box (do not fill out the boxes in the column labelled
‘score’). Please consider all foods (meals and snacks, however small) consumed by your child in the 7 day period.

How often

There are 4 response categories to indicate how many times the food was consumed in the last 7 days (nil,
once, 2-4 times, 25 times). Please ensure you report how many times your child consumed each food, NOT on
how many days, as a child may consume a food twice in a day e.g. fruit at morning tea and afternoon tea.

How much

There are 4 response categories to indicate the average amount your child consumed per time.

Example: Child ate approximately % banana 3 times and % apple 4 times over the past 7 days. tow often = 7 times,
How much = Average % - ¥z regular piece. Therefore, you would tick the following boxes.

following food items?

How many times in the Score
Food it past 7 days has your and how much did your child consume (office use
cod ems child consumed the per time?? only)

Fresh Fruit Nil Nil
e.g. whole fruit or

stewed fruit. DO

NOT include fruit ‘:| Once
juice, dried fruit, or

packaged

(cansftubs) fruit
\:| 2-4 times
2btimes

HREREN

[]

Less than 5 Tb (}2C) stewed fruit
OR Less than % regular piece fruit*
OR less than 15 (2C) small piece fruit**

5-10 Tb (% - 1C) stewed fruit
OR % - 1 % regular piece fruit*
OR 15-30 (*2 - 1C) small piece fruit™
More than 10 Tb (1C) stewed fruit

OR More than 17z regular piece fruit*
OR More than 30 (1C) small piece fruit**

*Regular piece e.g. banana, apple, pear, orange, medium mandarin

**Small piece e.g. grapes, strawberries, chopped melon

Section 3 asks about the types of foods and drinks your child usually
consumes.

The table to the right explains the abbreviations used in the questionnaire.

Feel free to take as much time as you require answering each question as
accurately as possible.

Thank You for Your time!

Abbreviation | Full Term
Tsp. Teaspoon
Tb. Tablespoon
o] Cup
1/8 One eighth i.e. half of
one quarter
Ya One quarter
1/3 One third
Ve Half
213 Two thirds
a Three guarters
= More than or equal to
Approx. Approximately

1of7
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SECTION 1 Please tick (V) the appropriate box

How many times in the Score
. past 7 days has your and how much did your child consume per (office
Food items child consumed the time? use
following food items? only)
Fresh Fruit : Nil
e.g. whole fruit or il
stewed fruit. DO
NOT include fruit :
o i ; Less than 5 Tb {}£C) stewed fruit
juice, dried f"f"t’ or Once OR Less than % regular piece fruit*
packaged fruit (e.g. OR less than 15 (4C) small piece fruit*
in cansftubs)
. 5-10 Tb (% - 1C) stewed fruit
2-4times OR % - 1 % regular piece fruit*
OR 15-30 (¥ - 1C) small piece™
. More than 10 Tb (1C) stewed fruit
25 times OR More than 1% regular piece fruit*
OR More than 30 (1C) small piece fruit™
Green and ; i
Brassica Nl Nl
Vegetables
e.g. broccol, Once Less than 4 Tb.(%4C) peas/beans
cauliflower, green COR Less than 5 floret broccolifcauliflower
beans, peas,
spinach . 48 Tb. (% - %C) peas/beans
24 times OR 5-10 floret broccoliicauliflower
25 times More than 8 Tb. (}4C) peas/beans
OR more than 10 floret broccolifcauliflower
Orange - .
Vegetables Nil Nil
e.g. carrot, pumpkin
and sweet potato Once ¥ raw carrot or less
OR Less than 4 Th. {1/3C) cooked orange veg.
5.4 times % - 1% raw carrot
OR 4-8 Tb. (1/3 — 2/3C) cooked orange veg.
5 times 1%z or more raw carrot
OR More than 8 Tb. (2/3C) cooked orange veg.

Other Vegetables
e.g. tomato,
mushroom,
avocado, zucchini,
cucumber,
sweetcorn. DO
NOT include
potatoes.

I:l Nil I:l Nil

Less than 1 cup raw salad vegetables

Onee OR Less than ¥ cup cooked vegetables
. 1-3 cups raw salad vegetables

2-4times OR % - 1% cups cooked vegetables

5 times 3 cups or more raw salad vegetables

B OR 1% cup or more cooked vegetables

[ ]

*Regular piece e.g. banana, apple, pear, orange, medium mandarin
**Small piece e.g. grapes, strawberries, diced melon
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SECTION 1 continued

Please tick (V) the appropriate box

How many times in the Score
Food items past 7 days has your and how much did your child consume (office use
child consumed the per time? only)
following food items?
Yoghurt or I:l il D Nil D
Custard
INCLUDE dairy and
non-dairy Once Less than 5 Tb (4C)
OR 1 x 60g* or 70-100g tub™
OR less than Y2 x 200g tub***
2-4times 510 Tb (% - %C)
OR 1% -2 x 70g-100g tub
OR % -1 x 200g tub
" More than 10 Tb.(%C)
2 times OR 2 x120g tub™**
OR more than 1 x 200g tub
Grains ) )
e.g. rice, couscous, il Nil
quinoa, barley. DO
NOT include bread
nuodllz-'l;l: cl:r Easrti.a ' Once Less than 2 Th. cooked rice or couscous
2-4times 2-5 Th. cooked rice or couscous
. More than 5 Tb. (1/2C) cooked rice or
25 times
COUSCOUS
Red Meat ' .
e.qg. beef, lamb, Nil il
kangaroo, pork.
DO NOT include Once Less than 4 Tb. (%C) cooked meat/mince
chicken or OR Less than 2 medium slice roast”
processed meats
such as ham or 2.4 times 4-8 Th. (¥ - 1C) cooked meat/mince
bacon OR 2-3 medium slice roast#
; More than 8Tb (1C) cooked meat/mince
25 times OR More than 3 medium slice roast

Fresh Fish

e.g. finfish, Atlantic
salmon efc. DO
NOT include
crumbed or
battered fish

]

Once

2-4times

25 times

Nil

Less than % Tb (1/8) fish fillet (approx.
15cm long)

Y- 1% Tb (1/8 - ¥4) fish fillet (approx.
15cm long)

More than 1% Th. (%) fish fillet (approx.
15cm long)

]

*60g tub e.g. petit miam
*70-100g tub e.g. Pauls/Dairy Farmers children’s, Rafferty’s Garden yoghurt smooth, Yoplait baby/toddlers yoghurt

***200g tub (Standard adult size yoghurt tub) e.g. Nestle Diet, Ski D'lite, Dairy Farmers Thick & Creamy, Yoplait forme
***#120g tub e.g. Heinz smooth custard or yoghurt dessert, Only Organic dessert pouch
*e.q. roast beef or lamb or pork

40f7
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SECTION 2 Please tick (V) the appropriate box
How many times in the Score
Food items past 7 days has your and how much did your child consume (office use
child consumed the per time? only)
following food items?
Spreadable fats ) Nil
e.g. butter, dairy Nil
spreads, margarine
Ornce Less than Y2 Tsp.
2.4 times Y % Tsp.
25 times More than % Tsp.
Vegemite-type . )
spread INil Nil
e.g. vegemite,
marmite, promite
P Once Less than ¥ Tsp.
2-4times Ye- % Tsp.
I:I 25 times I:l More than % Tsp.
Chips, Popcorn ) )
INCLUDE potato, comn, Nil il
soy, vegetable, and
cheese or non-cheese .
o Less than ¥ small packet (20g) chips
flavoured snack chips Once OR Less than 1C popeorn
) ¥ - 1 small packet (20g) chips
2-4times OR 1 - 2C popcomn
. More than % small packet (20g) chips
25 times OR More than 2C popcorn
Hot potato products . .
e.g. chips, wedges, Nil Nil
potato gems/nuggets,
hash browns. Onoe Less than %C chips, wedges or gems
INCLUDE homemade, OR Less than ¥ small fries**fhash brown
frozen-style and
takeaway. DO NOT Y- %G chi
h . A - ps, wedges or gems
include boiled, roast or 2-4 times OR 1%-1 small fries*/hash brown
mashed potatoes
5 times More than 4C chips, wedges or gems
OR More than 1 small fries**/hash brown
*e.g. Twisties (cheese or chicken flavoured), Cheezels, Cheese rings, Toobs, Burger rings
**e.g. McDonalds/Hungry Jacks size or equivalent
50f 7
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SECTION 2 continued

Please tick (V) the appropriate box

How many times in the Score
Food items pa_st 7 days has your and how much did your child consume per time? (office
child consumed the use
following food items? only)
Meat products Nil il
e.g. sausages,
frankfurts,
fritz/devon, Once Less than % slice fritz/rasher bacon (approx. 15cm}
bacon, salami, OR Less than Y sausage/regular frankfurt
ham
0.4 ¥ - 1 slice fritz/rasher bacon (approx. 15cm)
-4 Umes OR Y - % sausagelregular frankfurt
5 times More than 1 slice fritz/rasher bacon (approx. 15cm)
- OR More than % sausage/regular frankfurt
Sweet Biscuits, ) )
Cakes, Buns, il il
Muffins
INCLUDE all Once Less than 2% sweet biscuits
cake-type OR Less than ¥ cupcakefsmall muffintthin slice cake/crumpet
desserts OR Less than 1 small pancake/pikelet
2.4times 272 - 5 sweet biscuits
OR Y% - 1 cupcake/fsmall muffin/thin slice cake/crumpet
OR 1-2 small pancake/pikelet
>5 times More than 5 sweet biscuits
- OR More than 1 cupcake/small muffin/thin slice cake/crumpet
OR More than 2 small pancake/pikelet
Chocolate or . .
Chocolate- il il
based
confectionary Once Less than 2 piece chocolate from block
INCLUDE plain, OR Less than 7 pieces chocolate-coated confectionary™
filled and those
with additions 0-4times 2-3 piece chocolate from block
such as nuts, OR 7-12 pieces chocolate-coated confectionary™
dried fruit etc.
5 times More than 3 piece chocolate from block
- OR More than 12 pieces chocolate-coated confectionary*
Ice cream, ) )
Frozen Yoghurt il Nl
INCLUDE tub
and stick Once Less than % scoop ice-creamffrozen yoghurt
varieties OR Less than ¥ stick ice-cream
Ak ¥ - 172 scoop ice-cream/ffrozen yoghurt
2-4times OR Approx. ¥ stick ice-cream
25 fimes More than 1% scoop ice-cream/ffrozen yoghurt
N OR More than % stick ice-cream

*e.g. chocolate coated dried fruit, nuts, fruit and nut mix

6of 7
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SECTION 3 Please tick (V) the appropriate box

Score
Question Response (office use
only)

What proportion of white:non-white*
bread does your child usually**
consume? (tick one only)

None white : All non-white

Some white: Mostly non-white

Mostly white: Some non-white

All white: None non-white

What milk drinks does your child

usually** consume? (tick all that apply) Breast milk or plain milk

Formula

Flavoured milk***

None of the above i.e. no milk drinks

What non-milk drinks does your child

usually** consume? (tick all that apply) Water

Diluted juice (fruit and/or vegetable)

Un-diluted juice (fruit and/or vegetable)

Cordial or soft drink****

*Non-white includes wholemeal, wholegrain, rye
**Usually=on most days

***include cow-, goat-, and soy-milks
****include diet and non-diet drinks

You are finished, well done ©

Thank, you again for your time!

Note: please make sure you have recorded the date you completed this questionnaire on front page

Tof7
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Food Frequency Questionnaire

FOOD FREQUENCY
QUESTIONNAIRE

Please write the date you completed this questionnaire: !

General remark

340

/2012

In this food-frequency questionnaire we ask about the food habits of your child. Therefore it is important that this
questionnaire is completed by the person who spends most time with the child (child care time excepted).

Inthe following table a variety of food s/food groups is listed. Please describe (as exact as possible) how often your child
has consumed the listed products over the past month and indicate the average portion your child consumed on that

day. Also consider the foods consumed at child care/day care.

How often {frequency)?

In the column with the heading ‘How often did your child consume the following products in the last month?' there are 5

possible answers:
©  never

o 1-3 days per month

o 1 day per week

o 2=—4 days per week

o 5-6 days per week every day

How much?

In the column with the heading ‘and what is the average portion per day?', 3 or 4 portion size options are given. In the
column with the heading Example portion sizes’, a number of directive weights and measures are given. These can
help you to quantify the average portion sizes consumed by your child on the day of consumption. Indicate your choice
by filling in the circle near the answer that is most suitable for your child.

Example

o A child eats 2 big slices of bread every morning and 3 big slices of bread in the evening. On Sunday morning,
he/she eats 2 small slices of fruit-bread instead of normal bread.

o Ewvery morning he/she drinks a cup of plain milk at home and a carton of chocolate milk at school (5 days per
week). During the weekend he/she drinks a cartonitetra pack of whole milk instead of a carton of chocolate milk.

Food groups

How often did your child consume the
following products in the last month?

And what was the average
portion per day?

Example portion sizes

Bread/ruskicrusted roll

o

o

Sweet bread (e.g. fruit “

bread)

Flavoured milk (e.g.
chocolate/strawberry
milk, iced coffee,
milkshake)

Plain milk (without
additional sugars)

oDo0o o® g

[’

[+]

never

1-3 days per month
1 day per week

2 -4 days per week

5-6 days per week

every day

never

1-3 days per month

1 dav ner week
2-4 days per week
5-6 days per week
every day

never

1-3 days per month
1 day per week
2-4 days per week
5-6 days per week
every day

never

1-3 days per month
1 day per week

2 -4 days per week
5-6 days per week
every day

o

o

Q

409 or less
between 40 and 120g
120 g or more

40 g or less
between 40 and 1209

120 g or more

200ml or less

Between 200ml and 400ml
Between 400ml and 600ml
600ml or more

200m| or less

Between 200ml and 400ml

Between 400m| and 600ml
600ml or more

1rusk=10g
1 crusted roll = 40g

1 slice of big bread =
30g
1 slice of a small bread

=20g

1 cup = 250ml

1 glass = 200ml

1 carton = 300ml /
600ml

1 tetra pack = 250ml

1 cup = 250ml
1 glass = 200ml
1 tetra pack = 250ml
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FOOD FREQUENCY QUESTIONNAIRE

341

How often did your
child consume the

And what was the average

Food groups following productsin  portion per day? Example portion sizes
the last month?
Water (tap water, o never o 200mlor less 1 cup =250ml
bottled water..) o 1-3days permonth o Between 200ml and 400ml 1 bottle = 500-750ml
o 1 day per week o Between 400ml and 600mI 1 glass = 200ml
o 2-4days perweek o 600mlor more
o 95-6 days per week
o every day
Coffee and tea o never o 200ml or less 1 cup =280ml
without sugar o 1=3days permonth o Between 200ml and 400ml
o 1 day per week o Between 400ml and 600ml
o 2-4days per week o 600ml or more
o 95-6 days per week
o every day
Coffee and tea with o never o 200ml or less 1 cup =250ml
sugar o 1-3days permonth o Between 200mland 400ml
o 1 day per week o Between 400ml and 600ml
o 2-4days per week o 600ml or more
o 9-6 days per week
o every day
Fruit juice o never o 200ml or less 1 cup =250ml
o 1-3 days permonth o Between 200ml and 400ml 1 glass = 200ml
o 1 day per week o Between 400ml and 600ml 1 juice box = 250ml
o 2-4days per week o B00ml or more
o 95-—6 days per week
o every day
Diet beverages (diet o never o 200ml or less 1 cup = 250ml
soda drinks, eg diet o 1-3days permonth o Between 200ml and 400ml 1 glass = 200ml
cola, diet lemonade) o 1 day per week o Between 400ml and 600ml 1can=375ml
o 2-—4days per week o B00ml or more 1 small bottle = 600mI
o 5-6 days per week 1 large bottle = 1L/ 2L
o every day
Sugared beverages o never o 200mlor less 1 cup =250ml
(soda drinks such as o 1-23 days permonth o Between 200ml and 400ml 1 glass = 200ml
cola, lemonade, iced o 1 day per week o Between 400ml and 600ml 1can=375ml
tea.)) o 2-4days per week o 600ml or more 1 small bottle = 600mI
o 9-6 days per week 1 large bottle = 1000mI/2000ml
o every day
Cordial (e.g. fruit juice o never o 200ml or less 1 cup =250ml
cordial) o 1-3days permonth o Between 200ml and 400ml 1 glass = 200ml
o 1 day per week o Between 400ml and 600ml
o 2-4days per week o 600ml or more
o 9-6 days per week
o every day
Vegetable beverages =« never o 200ml or less 1 cup = 250ml
(e.q. vegetable juice) o 1-3days permonth o Between 200mland 400ml 1 glass = 200ml
o 1 day per week o Between 400ml and 600ml 1 juice box = 250ml
o 2-4days perweek o 600ml or more
o 9-6 days per week
o every day
Soup o never o 200ml or less 1 soup bowl = 250ml
o 1-3 days permonth o Between 200ml and 400ml 1 bowl / cup = 250ml
o 1 day per week o Between 400ml and 600mlI
o 2-4days per week o B00ml or more
o 5-6 days per week
o every day
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342

How often did your

child consume the And what was the average portion

Food groups following products in per day? Example portion sizes
the last month?
Probiotic yoghurt o never o 40mlor less 1 Yakult = 65ml
drink (e.g. Yakult) o 1-3days permonth o Between 40 and 120m|
o 1 day per week o 120ml or more
o 2-4days per week
o 5-6 days per week
o every day
Flavoured milk (e.g. o never o 200ml or less 1 cup = 250ml
chocolate milk, iced o 1-3days permonth o Between 200mland 400ml 1 glass = 200mi

coffee, milkshake)
Include cow-, soy-,
goat- milk

Plain milk (without
additional sugars;
not flavoured)
Include cow-, soy-,
qoat- milk

Formula (infant or
toddler commercial
formula)

Breast milk

Soft cheese (e.g.
camembert, brie)

Custard and yoghurt
(with/withoLtt fruit; not
frozen)

Milk-based desserts
(pudding, rice
pudding)

Chocolate mousse,
tiramisu

1 day per week
2—4 days per week
5-86 days per week

Between 400ml and 600ml
600mI or more

1 carton = 300ml / 600ml
1 tetra pack = 250ml

o every day
o never o 200ml or less 1 cup = 250ml
o 1-3days permenth o Between 200ml and 400ml 1 glass = 200ml
o 1 day per week o Between 400ml and 600ml 1 tetra pack = 250m|
o 2-4days per week o 800ml or more
o 5-6 days per week
o every day
1 cup = 250ml
o never o 200ml or less 1 glass = 200ml
o 1-3days permonth o Between 200mland 400ml 1 small bottle = 125ml
o 1 day per week o Between 400ml and 600ml 1 medium bottle = 260m|
o 2-4days per week o 600ml or more 1 large bottle = 330ml
o 5-6 days per week
o every day
o never o 10 minutes or less In minutes
o 1-3days permonth o 10-20 minutes
o 1 day per week o More than 20 minutes
o 2-4days per week
o 5-6 days per week
o every day
o never o B5gorless 1 serving = 259
o 1-3days permonth o between 65 and 1959 1 whole round packet = 200g
o 1 day per week o 95g or more
o 2-4days per week
o 5-6 days per week
o every day
o never o 65gorless 1 baby size tub= 60-70g
o 1-3days permonth o between 65and 195g 1 child size tub= 100-120g
o 1 day per week o 195g or more 1 adult size tub= 200g
o 2-4days per week 1 tablespoon = 20g
o 9-6 days per week ¥ cup = 130g
o every day
o never o 65gorless 1 small serve pudding = 90g
o 1-3days permonth o between 65 and 195g 1 medium serve pudding =
o 1 day per week o 195g or more 120g
o 2-4days per week
o 5-6 days per week
o every day
o never o 65gorless 1 serving mousse = 100g
o 1-3days permonth o between 65 and 1959 1 slice tiramisu = 100g
o 1day per week o 185g or more
o 2-4days per week
o 5-6days per week

every day
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Food groups

How often did your
child consume the
following products in
the last month?

And what was the average portion
per day?

Example portion sizes

Ice cream, frozen
yoghurt

Nuts and seeds

Clives

Dried fruit

Canned fruit

Fresh fruit

Chocolate

Sweet shacks (e.g.
biscuits, cake,
muffin, pancake,
crumpet) No milk-
based desserts.

Salty snacks (crisps,
popcorn, salted
biscuits)

oo

oo

Qoo a0

(o] o 00 Qoo

o0 Qo

[}

cC oo 0o0oQ o000

o QO

never
1-3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

never
1-3 days per month
1 day per week
2—-4 days per week
5-6 days per week
every day

never

1=3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

never
1-3 days per month
1 day per week
2-4days per week
5-6 days per week
every day

never

1-3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

never

1-3 days per month
1 day per week
2-4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

never

1 =3 days per month
1 day per week

2 -4 days per week
5 -6 days per week
every day

never

1-3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

B5qor less
between 65 and 195g
1959 or more

25¢gor less
between 25 and 75 g
759 or more

20gorless
between 20 and 60 g
60 g or more

1 tablespoon
1-3 tablespoons
3 tablespoons

75gorless
between 75 and 2259
2259 or more

75gorless
between 75 and 225¢g
2259 or more

25gorless
between 25 and 75 g
759 or more

25gorless
between 25 and 75 g
759 or more

25gorless
between 25 and 75 g
7dgor more

2 scoop of ice-cream = 50g
1 scoop of frozen yoghurt = 459

10 peanuts without shells = 20g
1 tablespoon of nuts = 25g

5 olives = 20g
15 olives = 60g

1 tablespoon of dried fruit
=1 dried fig = 20g

1 slice canned pineapple = 359
1 half apricot canned with syrup
=17g

1 kiwi = 75g

1 orange = 130g

1 banana = 100g

1 apple = 140g

¥ punnet strawberries = 185g

1 individual bar = 50g
1 row from block = 30g
1 large block = 250g

1 un-filled biscuit = 10g

1 filled biscuit = 20g

1 cupcake/small muffin = 55g
1 pikelet = 20g

1 pancake = 40g

1 small bag of crisps = 20g

1 large bag of crisps = 50g

1 family bag of crisps = 200g
1 cup popcorn = 10g
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Food groups

How often did your
child consume the

And what was the average portion

Example portion sizes

following products in per day?
the last month?
Breakfast cereals o never o 15gorless 1 bowlicup of cereals = 30g
o 1=3days permonth o between 15and 459 1 individual box = 30g
o 1 day per week o 45gormore
o 2-4days per week
o 9-6 days per week
o every day
Sweet bread (e.g. o never o 40gorless 1 slice of big bread = 30g
fruit/raisin bread) o 1-3days permonth o between 40and 1209 1 slice of a small bread = 20g
o 1 day per week o 120gor more
o 2-4days per week
o 9-—6days per week
o every day
Bread/rusk/crusted o never o 40gorless 1 slice of big bread = 30g
roll o 1-3days permonth o between40and 120g 1 slice of a small bread = 20g
o 1 day per week o 120 gor more 1 rugk = 10g
o 2-4days per week 1 crusted roll = 40g
o 5-=6 days per week
o every day
Spreadable fats (e.g. o never o 25gorless 7g for 1 slice of bread
margarine, butter, o 1-3 days permonth o between2 5and5g 1 teaspoon = 5g
dairy spreads) o 1 day per week o 9gormore
o 2-4days per week
o 9-6days per week
o every day
Chocolate spread, o never o 15gorless 15g for 1 large loaf
sprinkles or flakes o 1-3days permonth o between 15 and 459 10g for 1 small loaf
o 1 day per week o 45gor more
o 2=4days per week
o 9-—6days per week
o every day
Other sweet spread o never o 15gorless 15g for 1 large loaf
{(honey, jam or o 1=3 days permonth o between 15and 45g 10g for 1 small loaf
marmalade) o 1 day per week o 45gormore
o 2-4days per week
o 5-—6 days per week
o every day
Non-sweet spread o never o 25gorless 5g for thin spread on 1 slice
(e.g. vegemite, o 1-3days permonth o between2 5and5g bread
marmite, promite) o 1 day per week o 9Sgormore 10g for thick spread on 1 slice
o 2-4days per week bread
o 9-—6days per week 1 teaspoon = 6g
o every day
Cheese o never o 10gorless 1 triangle = 20g
spread/melted o 1-3days permonth o between 10 and 30gg 1 slice = 20g
cheese (fondue, slice o 1 day per week o 30gormore
of processed cheese) o 2—4 days per week
o 9-—6days per week
o every day
Hard cheese (e.g. o never o 10gorless 1 slice of cheese (10 x 10cm) =
Cheddar, Gouda) o 1-3dayspermonth o between 10and 30g 20g
o 1 day per week o 30gormore
o 2-4days per week
o 9-6 days per week
o every day
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Food groups

How often did your
child consume the
following products in
the last month?

And what was the average
portion per day?

Example portion sizes

Fish products
(e.q. smoked
salmon)

Meat products
(sausage, frankfurt,
fritz/devon, sliced
cold meat e.g. ham,
chicken, salami)

Eggs (not in
preparations such as
cakes or biscuits)

Vegetarian products
(e.g. Tofu, pulses)

Fresh fish/shellfish
(e.g. fresh
fish/salmaon, cod,
prawns, mussels)
Mo fish products

Poultry (chicken,
duck)

Meat (beef, lamb,
pork, kangaroo)
Mo poultry or meat
products

Pasta (spaghetti,
macaroni, lasagne...)

Rice and couscous

never
1-3 days per month
1 day per week

2—4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5—6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5—6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
56 days per week
every day

never
1-3 days per month
1 day per week

2-4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week

2—4 days per week
5-6 days per week
every day

Q
Q
Q

o

o

o

o

o

o

o

o

15gorless
between 15 and 45 g
459 or more

15gorless
between 15 and 45 g
45g or more

1 piece or less
2 pieces
3 pieces or more

25¢gorless
between 25 and 75 g

75g or more

25gorless
between 25 and 75 a

739 or more

25gor less
between 25 and 75 g
759 or more

25gorless
between 25 and 75 g
75g or more

75 g cooked or less
between 75 and 225g cooked
225g cooked or more

75g cooked or less
between 75 and 225¢ cooked
225g cooked or more

15gfor 1 slice of bread

25 g cold meat for 1 slice of
bread

1 sausage/frankfurt = 55g

1 slice fritz/devon = 30g

per piece

1 small / large vegetarian
burger patty = 55g / 95g
2 tablespoons of cooked
pulses = 50g

¥ cup cooked tofu =140g

1 thsp fish = 20g
1 fish fillet (~16cm) =115g
5 king prawns= 80g

1 chicken fillet = 150g
1 chicken nugget= 25g

1 large pork chop = 130g

1 lamb chop = 50g

1 medium steak = 1859

¥ cup mince = 859

1 medium slice roast = 30g

50g uncooked pasta gives
1259 cooked pasta
¥ cup cooked pasta = 60g

40g uncooked rice gives 115g
boiled rice

1 tablespoon cooked rice =
159

1 tablespoon cooked couscous
= 6g
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Food groups

How often did your
child consume the
following products in
the last month?

And what was the average
portion per day?

Example portion sizes

Fried potato products
(chips, fries, hash
browns, potato
nuagets/aems)

Potatoes (cooked,
steamed, baked,
mashed...)

Green and Brassica
Vegetables

(e.g. broccoli,
cauliflower, green
beans, peas)

Orange vegetables
(e.g. carrot, pumpkin
and sweet potato)

Other vegetables
(e.g. tomato,
mushroom, avocado,
zucchini, cucumber,
sweetcorn) DO NOT
include potatoes.

(o]

o

s} 0 0 00

00 00

(o]

o

o

Lo e}

O 0 O

never
1-3 days per month
1 day per week
2—4 days per week
5-6 days per week
every day

never
1-3 days per month
1 day per week
2—4 days per week
5-6 days per week
every day

never

1 -3 days per month
1 day per week
2—4 days per week
5—6 days per week
every day

never

1 -3 days per month
1 day per week
2-4 days per week
5-6 days per week
every day

never

1-3 days per month
1 day per week
2-4 days per week
5-6 days per week
every day

o

[s]

o

[s]

50 gor less
between 50 and 150g
150 g or more

75 g cooked or less
between 75 and 225¢ cooked
225 g cooked or more

50 g cooked or less
between 50 and 100 g cooked
100 g cooked or more

50 g cooked or less
between 50 and 100 g cooked
100 g cooked or more

100 g cooked or less
Between 100 and 200 g cooked
200 g cooked or more

10 chips= 559

10 fries = 40g

10 gems = 80g

1 hash brown = 55g

1 cooked medium potato
=140g

1 tablespoon of mashed
potatoes = 20g

2 floret cooked broccoli =20g
2 green beans = 159
2 thsp peas = 259

¥ cooked carrot = 30g

2 tablespoon of cooked
pumpkin = 20g

2 tablespoon cooked sweet
potato = 30g

2 thsp avocado = 40g

2 thsp sweetcorn = 30g
1tomato =150g

1 cup mixed veg = 150g

Please indicate for the following questions the food product your child consumes mostly

What kind of water does your child usually drink?

tap water
o bottled water
o not applicable (my child never drinks water)

What kind of fruit juice does your child usually drink?

o diluted (with water) fruit juice

o non-diluted fruit juice
o not applicable {my child never drinks fruit juice)

What kind of milk does your child usually drink?
o low fat milk
o reduced fat milk
o whole milk
o not applicable (my child never drinks milk)
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What kind of yoghurt does your child usually eat?

low fat yoghurt

reduced fat yoghurt

whole yoghurt

not applicable (my child never eats yoghurt)

[« s ]

o]

What kind of cheese does your child usually eat?

o low fat cheese

o reduced fat cheese

o whole fat cheese

o not applicable (my child never eats cheese)

What other kind of sweet spreads does your child usually eat?

]

peanut butter

maple syrup

jam or marmalade
honey

other, please specify: ....
not applicable (my child never eats other sweet spreads)

o o o O

[s =]

What kind of bread does your child usually eat?

brown bread

white bread

mostly brown, some white bread
mostly white, some brown bread

o Qo

s

What kind of rice does your child usually eat?
> brown rice
o white rice

> not applicable (my child never eats rice)

What kind of pasta does your child usually eat?

o wholemeal pasta
o white pasta
o not applicable (my child never eats pasta)

What kind of fat spread does your child usually use on his/ her bread, rusk...?

o no-fat spread

o reduced fat spread

o full fat spread

o butter

o other, please specify:

You are finished, well done ©

Thank, You again for Your time!
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Appendix 4 - Ethics approval letter

5769 SBREC - Final approval notice - Lucinda Bell Page 1 of 3

5769 SBREC - Final approval notice

Human Research Ethics <human.researchethics@flinders.edu.au>

Tue 5/18/2012 &:13 AM

Lucy Bell <lucy.bell@flinders.edu.au=; Anthea Magarey <anthea.magarey@flinders.edu.au=; rebeccagolley@unisa.edu.au
<rebecca.golley@unisa.edu.aus;

Dear Lucy,

The Chair of the Social and Behavioural Research Ethics Committee (SBREC) at Flinders University
considered your response to conditional approval out of session and your project has now been
granted final ethics approval. Your ethics final approval notice can be found below.

FINAL APPROVAL NOTICE
Project No.: 5769
' Project Title: Validation and test-retest reliability of a parent-administered Toddler Food

Questionnaire assessing nutrition risk of children aged 1-3 years

Principal Researcher: Ms Lucy Bell l
Email: lucy .bell@flinders.edu.au I
Address: School of Medicine

Mutrition and Dietetics

) 18 September Ethics Approval Expiry
Approval Date: 2012 Date- 30 July 2013

The above proposed project has been approvedon the basis of the information contained in the
application, its attachments and the information subsequently provided.

RESPONSIBILITIES OF RESEARCHERS AND SUPERVISORS

https://pod51054.outlook.com/owa/ 30/07/2014
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5769 SBREC - Final approval notice - Lucinda Bell Page 2 of 3

1.

Participant Documentation
Please note that it is the responsibility of researchers and supervisors, in the case of student
projects, to ensure that:

. all participant documents are checked for spelling, grammatical, numbering and formatting
errors. The Committee does not accept any responsibility for the above mentioned errors.

. the Flinders University logo is included on all participant documentation (e.g., letters of
Introduction, information Sheets, consent forms, debriefing information and questionnaires —
with the exception of purchased research tools) and the current Flinders University letterhead is
included in the header of all letters of introduction. The Flinders University international
logo/letterhead should be used and documentation should contain international dialling codes
for all telephone and fax numbers listed for all research to be conducted overseas.

« the SBREC contact details, listed below, are included in the footer of all letters of introduction
and information sheets.

This research project has been approved by the Flinders University Social and Behavioural Research Ethics
Commitfee (Project Number INSERT PROJECT No. here following approval’). For more information regarding
ethical approval of the project the Executive Officer of the Commitiee can be contacted by telephone on 82071 3116,
by fax on 8201 2035 or by email human.researchethics@flinders. edu.au.

2. Annual Progress / Final Reports
In order to comply with the monitoring requirements of theNational Statement on Ethical Conduct in
Human Research (March 2007) an annual progress report must be submitted each year on the 18
September (approval anniversary date) for the duration of the ethics approval using the annual
progress / final report pro forma. Please retain this notice for reference when completing annual
progress or final reports.
If the project is completed before ethics approval has expired please ensure a final report is
submitted immediately. If ethics approval for your project expires please submit either (1) a final
report; or (2) an extension of time request and an annual report.
Your first report is due on 18 September 2013 or on completion of the project, whichever is the
earliest.
3. Modifications to Project
Modifications to the project must not proceed until approval has been obtained from the Ethics
Committee. Such matters include:
. proposed changes to the research protocol;
. proposed changes to participant recruitment methods;
. amendments to participant documentation and/or research tools;
. extension of ethics approval expiry date; and
. changes to the research team (addition, removals, supervisor changes).
To notify the Committee of any proposed modifications to the project please submit a Modification
Reguest Form to the Executive Officer. Please note that extension of time requests should be
submitted priorto the Ethics Approval Expiry Date listed on this notice.
https://pod51054.outlook.com/owa/ 30/07/2014
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5769 SBREC - Final approval notice - Lucinda Bell Page 3 of 3

Change of Contact Details

Please ensure that you notify the Committee if either your mailing or email address changes to
ensure that correspondence relating to this project can be sent to you. A modification request is not
required to change your contact details.

4. Adverse Events and/or Complaints
Researchers should advise the Executive Officer of the Ethics Committee on 08 8201-3116 or
human.researchethics @flinders.edu.au immediately if:

+« any complaints regarding the research are received;
*  aserious or unexpected adverse event occurs that effects participants;
+ anunforseen event occurs that may affect the ethical acceptability of the project.

Joanne Petty
Administration Support
Social and Behavioural Research Ethics Committee

c.c Dr Anthea Magarey
Dr Rebecca Golley

Joanne Petty

Administration Support, Social and Behavioural Research Ethics Committee

Rezearch Services Office |Union Building Basement

Flinders University

Sturt Road, Bedford Park | South Australia | 5042

GPO Box 2100 | Adelaide 5A 5001

P:+61 8 8201-3116 | F: +61 8 8201-2035 |Web:3ocial and Behavi | Research Ethics C

CRICOS Registered Provider: The Flinders University of South Australia | CRICOS Provider Number 001144
This email and attachments may be confidential. If you are not the intended recipient,

please inform the sender by reply email and delete all copies of this message.

https://pod51054.outlook.com/owa/ 30/07/2014
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Appendix 5 - Recruitment materials
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Advertisement/flyer
Associate Professor Anthea Magarey
,_'iq Research Fellow
42 imrd Nutrition and Dietetics
s Flinders Clinical and Molecular Medicine
School of Medicine
L Rm TE-109. Level 7, Flinders Medical Centre
Fli n'ders Flinders Drive, Bedford Park SA 5042
UNIVERSITY GPQ Box 2100

Adelaide 3A 5001

Telephone: +61 8 B204 6304

Facsimie: #81 B 8204 5406

Email: antheamagarey@finders.edu_au

wenw. flinders .edu. au/medicine/sites/nutrition-and-

PARENTS OF TODDLERS NEEDED

Assessing Toddlers Dietary Intake

Flinders University is looking for parents of toddlers who are willing to participate in a study to assess toddler's
dietary intake.

We would like to hear from you if:

. You are a parent of a healthy toddler aged between 12 and 36 months

. Your toddler does not have any food intolerances or allergies

. Your toddler does not have any pre-existing medical condition which affects hisiher dietary intake

. You are wiling to paricipate in a study that involves completion of 4 gquestionnaires at home; 1 x
questionnaire about your child and family, 1 x 30 minute food questionnaire, and 2 x 15 minute food guestionnaires

You will receive brief individual feedback on your child's diet at the complefion of the study and a copy of the ‘C.SIR O

wellbeing Plan for Kids’ book. If you would like to receive an information package please contact us by

phone on 08 8204 5957, or email us at lucy bell@flinders edu au. Please pass this information onto anyone you
believe may be interested and eligible.

Post in this slip for an information package
Assassing Toddler’s Dietary Intake

Miss Lucy Bell
Mufrition and Dietetics
Flinders Clinical and Molecular Medicine
School of Medicine
Fm 7E-107, Level 7, Flinders Medical Cenfre
Flinders Drive, Bedford Park SA 5042

GPO Box 2100
Adelaide SA 5001

Email address: ...
PO Al . et e mee e e e Post Code ...

AT 23 S 208 CRICCE Mo 001145,
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Flinders In Touch email advertisement

Assessing Toddler’s Dietary Intake

Parents of Toddlers Needed!

We are looking for parents of toddlers aged 12-36 months who do not have any food
intolerances, allergies or pre-existing medical conditions that affect dietary intake.
The study involves completion of 1 x questionnaire about your child and family, 1 x
30 minute food questionnaire, and 2 x 15 minute food questionnaires. A copy of the
‘CSIRO Wellbeing Plan for Kids’ book will be provided at study completion.
Please contact Lucy (08 8204 5957; lucy.bell@flinders.edu.au) if you are interested.

353
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Facebook page content

354

Parents of | Update Page Info | | . Liked - | | & Follow .. Following | & - |

Toddlers
Meeded!
Survey -
Assessing
Toddlers
Dietary Intake

LR

Commumity
Contact locy. beliffinders edu.au, Ph B204 5957;
anthen. magarey@finders edu.au; Ph £204 SR04

Aboat

= e rTrany

SunveyMonkey

t!'-'f- | Parents of Toddlers Neede... | About ~ | ~ [ Highlights ~ |
i

About

Contact: oy beliffinders adu.au, Ph 5204 5557,
anthea. magarey@finders adu.au; PR 204 55304

Description

‘We are kooking for parents of tncdiers aged 12-3% manths wha do not kave
amy food intoleances, alergies or pre-sdsting medical condrtions that afect
dietary intake. The study imvohes completion of 1 ¥ quesbonnaine about your
chibd and family, 1 x 30 minute food questionraine, and 2 x 15 minute food
questionnaires. Brief fesdiack on your child's diet and a copy of the TSRO
‘Wedbeing Flan for Kics' book will be provided at shady completion. Fiease
comtact Lucy (08 S204 55957; lucy beliiflinders edu au] F you are inkerested.

Basic Info

Josdned

Facebook ! £z

Cuick Fieply mode- press Enter to send
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Example Feedback Form

A Pr Anth lagarey
Research Fellow

Nutrition and Dietetics

Flinders Clinical and Molecular Medicine
School of Medicine

!:ul }chlseul:sr‘ Rm 7E-109, Level 7, Flinders Medical Centre
Flinders Drive, Bedford Park SA 5042
GPO Box 2100
Adelaide SA 5001
Telephone: +61 8 8204 6304
11 February 2013 Facsimile: +61 8 8204 6406

Email. anthea magarey@flinders.edu.au
www flinders.edu. auwmedicine/sites/nutrition-and-
dietetics/

Dear XXX,

We would like to warmly thank you for participating in the study titled ‘Assessing Toddlers Dietary Intake'. We
appreciate you and your child's involvement in the study which has enabled us to test whether a newly
developed Toddler Food Questionnaire accurately assesses toddler's dietary intake. This will allow us to gain a
greater understanding of toddler's eating habits in the future. The ‘CSIRO Wellbeing Plan for Kids' book is
enclosed to thank you for your contribution.

The comments below provide some brief feedback on your child's diet based on the questionnaires you completed
as part of this study. Pages 2-4 provide some practical tips to achieve these changes. This information is to be
used as a guide only and if you are interested in receiving more detailed advice about your child's diet you can
find an Accredited Practicing Dietitian, who can provide tailored advice and support for you and your family, by
visiting the Dietitians Association of Australia website http://daa.asn.au/for-the-public/. Alternatively, you can call
the Children, Youth and Women's Health Services (CYWHS) Parent Hotline on 1300 364 100 for nutrition

information and support.

Feedback

Continue providing fresh fruit, a range of vegetables daily, yoghurt/custard, grains (rice/couscous) and red
meat as you have been doing, well done!! @

Offer the following foods more often;
* Fish: 1-2 times/week (good source of protein and provides many vitamins to help your child's
body function well)
+ Grains such as rice/couscous/quinoa: 2-4 times/veek (good alternative sources of carbohydrate to
pasta, noodles and potatoes as they are higher in dietary fibre).

Offer the following foods less often (they are high in fat, sugar and/or salt and low in the nutrients your child needs);
+  Sweet biscuits, cakes, muffins and cake-type products
+«  Salty snack products (chips, popcorn, pretzels)
- Meat products (sausages, fritz, bacon, salami, ham)
Ice-cream and frozen yoghurt
Hot potato products (chips/fries, wedges, gems, hash browns)
Chocolate
Juice, Cordial, Soft Drink, Flavoured milk (high in sugar and lower in fibre than whole fruit or
vegetables). Water and plain milk are the best drinks for children. If you do provide juice, dilute with
water.

H
E]
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Ti:ps to nelude more...

n
]
=

- Try marinating (e.g. with lemon juice, garlic and herbs) and grilling fish “steaks” such as salmon or
barramundi
- Canned tuna, salmon and sardines in springwater (not oil) are great to have on standby for quick
snacks or meals. For example:
= tuna or sardines on crackers
= tuna and salad sandwich
= fish patties/burgers
= served with cooked pasta or rice and vegetables (e.g. tuna and pasta bake)
- Try making a fish curry using any firm, white-fleshed fish
- Try frozen supermarket fish products (not crumbed)

o e.g. oven baked fish; serve with potato and vegetables or salad

Grains such as rice/couscous:

- Serve rice:
= As a risotto with roasted vegetables and lean chicken
= With cooked frozen diced vegetables and fried egg, meat or tofu (e.g. fried rice)
= As a side dish to stir-fry instead of noodles
- Try different flavours of sushi with meat, chicken or fish
- Serve couscous with:
= Leftover roast meat and chargrilled vegetables
= Chicken or fish and cooked frozen diced vegetables
= Roasted vegetables and chickpeas
= Meatballs (instead of pasta)

= Salad or vegetables and use as a side dish instead of potato

FE SRS NS NN NI RS RS E R E IR NSNS E N RSN EE RN EEEEEEEEEEEEEEEEEESEESEESEESSESSEESEESEESS
Lo
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Ti:ps to reduce...

Meat products:

Alternatives to processed meats (ham/salamiffritz/sausage) include

lean roast beef, lamb or chicken - baked beans
barbecued steak, chops or chicken - cheese
egg (boiled, poached, scrambled) - legumes

tuna or sardines

Try the following ideas

Sandwiches; Try a variety of fillings with wholemeal bread, English muffins or flat bread

o Hommus and grated carrot o Finely sliced roast meat or chicken with
o Canned tuna mashed with salad

avocado o Tomato and cheese
o Mashed boiled egg, grated carrot o Salad and cheese

and shredded lettuce o Peanut butter

Lean meat meals;

o Spaghetti bolognaise or meatballs o Meat stir-fry with rice or noodles

o Shepherd’s pie o Lamb and salad wraps

o Lamb, beef or chicken o Cold meats in a sandwich or on a salad
casserole/curry plate

o Roast or barbequed meat o Beef or chicken patty

Baked beans in tomato sauce (reduced or no added salf) on wholemeal toast
Jacket potato (microwaved), topped with baked beans and grated cheese, served with salad
Egg (boiled, poached or scrambled) with vegetables and toast

Lentil patty

358
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Tips to reduce...
Unhealthy snacks such as salty snack products, hot potato products and sweets:

Try these healthy snack ideas instead:

Breads and cereals

- Wholemeal crackers/corn or rice cakes with avocado, vegemite, mashed banana or cheese

- Bread fingers (toast cut into fingers) or crackers, lightly spread with peanut butter, mashed
avocado, Vegemite or ricotta cheese

- Savoury pikelets made with finely grated vegetables

- English muffin topped with tomato and cheese

- Raisin toast with small amount of margarine

- Tinned spaghetti or baked beans on toast

- Sandwiches; Try a variety of fillings with wholemeal bread, English muffins or flat bread

« Hommus and grated carrot + Finely sliced roast meat with salad
+« Canned tuna mashed with avocado « Tomato/salad and cheese
+ Mashed boiled egg, grated carrot s Peanut butter

and shredded lettuce

Fruit and vegetables

- Pieces of fresh fruit e.g. fruit kebabs (cube of fruit on bamboo skewers)
- Tinned fruit in natural juice

- Sultanas

- Soft vegetable sticks served with dipping sauce, dip, cottage cheese or peanut butter

Milk, cheese and yoghurt

- Cheese cubes or slices

- Small tub of yoghurt

- Homemade custard or fruit smoothie

Lean meats, fish, chicken, nuts, eggs and legumes
- Hard-boiled egg

- Tuna or sardines on bread

-  Baked beans on toast

- Peanut butter on toast

& He. 001 A

- Strips of cooked roast meat or chicken
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Further tips and recipe ideas are provided in the
‘CSIRO Wellbeing Plan for Kids’ book.

Additionally, for more information on nutrition for
under 5's, visit the Women’s and Children’s Hospital

website:
http #Awww. wch. sa. gov. au/services/az/other/nutrition/nutres_underb. htm!

If you wish to discuss these details or any other matter please do not hesitate to ring me on (08) 8204 6304 or
Lucy Bell on (08) 8204 5957.

Best wishes

A ¥ Hegoy—

A/Prof Anthea Magarey

School of Medicine, Nutrition and Dietetics

ABN 65 542506 200, CRICOS No. 001 144
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CSIRO Kids Wellbeing Diet Book
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