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Abstract

Background: The adverse health outcomes and poor nutrient profiles of diets high in ultra-
processed food (UPF) is now widely recognised. Adolescents are particularly vulnerable to UPF
exposure, due to high nutritional demands from rapid growth whilst building the foundations of
lifelong eating habits. This study is the first to explore associations between eating contexts and UPF
consumption and its contribution to energy intake by meal occasion amongst New Zealand (NZ)
adolescents. A secondary objective examined associations between where foods were sourced

from and UPF intake.

Method: Dietary intake was assessed via a 24-hour (24-h) food recall, using the web-based
technology Intake24 from a convenience sample of adolescents (n = 631), years 7-13 (aged 11-18),
from schools within the Auckland, Bay of Plenty and Waikato regions in NZ. Foods were categorised
into their level of processing using the NOVA classification system. Eating context was assessed by
location consumed, with whom and whether an electronic device was present, across six
mealtimes. Frequent eating patterns, classed as social dyads (where and with whom), were
identified. Linear regression models were used to analyse the association between contextual

factors and UPF intake in SPSS v.29.0.

Results: UPF contributed 62.5% of total daily energy intake overall. UPF intake was significantly
higher at snack times, particularly during evening snacks (79.6% of energy intake from that eating
occasion). Meals consumed on the go (81.4%), in bedrooms (73.7%), and from fast-food outlets
(74.0%) had the highest UPF contribution. Parental presence, especially at the family table, was
associated with lower UPF intake (51.3%). Food sourced from convenience and fast-food outlets

contributed > 80% UPF, while school lunch programmes were only 31.4%.

Conclusion: Strategies to reduce UPF consumption in NZ adolescents could include encouraging
family meals, reduced or healthier snacking, and increased eligibility and uptake of the government-

funded school lunch programme.

Key words: Ultra-processed foods, eating context, eating occasion, energy intake, social dyad,

adolescents, New Zealand.
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Chapter 1. Introduction

1.1.Background

Ultra-processed foods (UPFs) are now recognised as dominating food supplies globally, particularly
in high income countries (Monteiro et al., 2018). This transformation of the food system over the last
few decades, has seen a significant increase in the range and availability of UPF and a shift away
from traditional diets (Henney et al., 2023). This shift is now being recognised as driving poor
nutritionalintakes and associated with a multitude of adverse health outcomes (Henney et al., 2024;
Martini et al., 2021; Steele et al., 2023). The formative life stage of adolescence is particularly

vulnerable to high intake of UPF and is the focus population of this thesis (Marino et al., 2021).

Numerous political, technological and socio-economic drivers have converged to accelerate the
uptake of UPF consumption. Global corporates found unprecedented market opportunities thanks
to an acceleration of free trade (Monteiro et al., 2013). This converged with technological
advancements allowing for mass-production from high yield crops, extended shelf life offered by
added preservatives, novel additives and advances in food packaging; and ease in distribution
(Astrup & Monteiro, 2022). This met high consumer demand as women entered the workforce in
greater numbers and subsequently there was reduced time availability for household cooking
(Henney et al., 2024; Martini et al., 2021). Dual incomes also drove increased snacking and eating
out of home behaviours, which go hand in hand with the rise in accessibility of supermarkets and
takeout options (Henney et al., 2024; Martini et al., 2021). The outcome has been large market
penetration of UPF that is low cost to produce, addictive and highly profitable (Astrup & Monteiro,
2022). Marketing of such products by many global corporates have been shown to target young
people (Mallarino et al.,, 2013; Soares Guimardes et al.,, 2020). What initially felt like great
advancement, scientific research is now clearly articulating the numerous adverse health outcomes

that this shift from traditional diets has had (Henney et al., 2024; Martini et al., 2021).

The NOVA food classification system is the most recognised approach to defining the degree to
which foods are processed (Monteiro et al., 2018). Four clear categories group foods as either
unprocessed and minimally processed, processed culinary ingredients, processed foods or lastly,
UPFs (Astrup & Monteiro, 2022; Henney et al., 2023). This UPF category is of most concern, defined

by NOVA as “of industrial formulations made mostly or entirely with substances extracted from



foods, often chemically modified, and from additives, with little if any whole food added” (Astrup &
Monteiro, 2022, p. 1483). Numerous studies around the world have attempted to gauge the
percentage of UPFs consumed within adolescent populations. A multi-country review reported
substantial differences in UPF intake between Latin American and high-income Western countries,
ranging from 16% of total energy intake among Colombian adolescents to 67% among adolescents

in the United States (US) (Neri et al., 2022).

UPFs tend to be highly palatable, and are high in salt, sugar, and fat content (particularly
saturated and trans fats); coupled with artificial flavours (Astrup & Monteiro, 2022). Whilst high in
energy, they are low in nutrient density (Micek et al., 2021). Research has shown them to be low in
protein, fibre and important micronutrients (potassium, magnesium, phosphorous, zinc, vitamin A,
B3, B12, C, D, E) and phytochemicals (Martini et al., 2021; Micek et al., 2021). They have been found
to displace healthier options and water intake, whilst also increasing exposure to endocrine
disruptors such as phthalates and bisphenol (Baraldi et al., 2021; Martini et al., 2021; Steele et al.,
2023).

The health-based evidence against high UPF consumption is rapidly mounting. In adults, UPF
consumption has been associated with the likes of overall mortality, diabetes, depression,
cardiovascular disease (CVD), and metabolic syndrome and its contingency of hypertension,
dyslipidaemia, overweight and obesity (Henney et al., 2023, Micek et al., 2021; Monterio & Astrup,
2022, Wang et al., 2024, Vitale et al., 2024). UPFs are also associated with increased overall risk of
cancer, notably hormone driven cancers and those of the digestive system (Isaksen & Dankel, 2023;
Lian et al., 2023). These findings have also been explored experimentally where UPFs have been
shown to promote systemic inflammation (Henney et al., 2023). In children and adolescents, higher
UPF intake has been associated with increased risk of dental caries, obesity, metabolic syndrome
and greater adiposity (Astrup & Monteiro, 2022; Cascaes et al., 2022; De Amicis et al., 2022; de
Oliveira et al., 2022; Frias et al., 2023). More recent research has also shown an association with
sleep disruption, mental conditions and academic performance (Ali et al., 2026; Delpino et al., 2023;

Lépez-Gil et al., 2025).

Adolescents, defined by the World Health Organisation (WHO, 2025) as those aged 10 to 19 years
old, are particularly vulnerable to this food environment, as they are in a critical window in
development where they are experiencing rapid growth as well forming the foundations of eating

habits and preferences (Martini et al., 2021). Adolescent food choices are shaped by multiple
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factors, including individual preferences, social influences (e.g. parents and peers), community
environments (e.g. school, home, and neighbourhood food availability), and wider macrosystem
drivers such as digital tools (Vidal et al., 2023). Understanding how adolescents are influenced by
these factors is important to understanding how to reduce UPF intake and its associated negative
health effects. This is significant as UPF consumption has been found to be consistently higher
amongst young people (Dicken et al., 2024; Marino et al., 2021). Studies have also shown that UPF
consumption patterns track from childhood into adulthood (Penha et al., 2022). Thus, this age
represents an important window for intervention to reduce UPF consumption and help develop
lifelong healthy eating patterns. Prior to this study, no data was available on UPF intake amongst NZ

adolescents.

Eating context is simply defined by Rauber et al. (2022, p. 112) as “the situation in which people
eat”. To be more specific, this focuses on the immediate setting in which one consumes a meal or
eating occasion (EO), such as the location the meal is eaten, whom it is eaten with, when it is eaten
(mealtime e.g. lunch) and how it is eaten (for example in front of the television or at a table) (Mak et
al.,2012; Rauber et al., 2022). These are the four key variables adopted by similar studies linking UPF
and eating context and which have been adopted by this study for consistency (Mak et al., 2012;
Neves et al., 2022; Onita et al., 2021; Rauber et al., 2022). Three different studies in the UK have
examined eating context amongst UK children and adolescents with a congruous average UPF intake
at 65-67% of total daily energy, and analyses of eating context found that increased consumption
was associated with eating out of home, alone and in front of the TV (Martines et al., 2019; Onita et
al., 2021; Rauber et al., 2022). Likewise, a study in Brazilian adolescents noted ‘inappropriate’ eating
contexts at breakfast and dinner, such as out of home eating, noisy environments, on the couch or
bed, on the go, alone or in front of a screen; contributed to increased UPF intake and was associated
with higher body mass index (BMI) and body fat percentage (Neves et al., 2022). Beyond these
studies there is a lack of global research into contextual factors influencing UPF intake amongst
adolescents. This study specifically focuses on eating context and UPF consumption in New Zealand

(NZ) adolescents.



1.2.Purpose of Study

This study is the first to assess the influence of eating contexts on UPF intake levels amongst New
Zealand adolescents, using individual-level 24-h dietary recall data. It examines eating context by
the location consumed, with whom and whether an electronic device was present, across six key
mealtimes throughout the day. Frequent eating patterns classed as social dyads (where and with
whom) are identified. A secondary objective examined the influence of where food was sourced
from. Prior to this wider Massey University research project, the only study directly assessing UPF
intake in young people of NZ was limited to preschoolers in Dunedin, which estimated UPF to

account for 51% of energy intake at 5 years of age (Fangupo et al., 2021).
This research advances the field of eating context and environments by:

- Providing a comprehensive take on multiple eating contexts across mealtimes, identifying key

eating patterns.

- Being the first study to simultaneously examine the influence of the food environment

alongside contextual influences.

- ldentifying high risk versus protective eating contexts for UPF intake; this helps clarify which

contexts should be targeted for health intervention strategies.

This research is highly relevant, as international awareness of the negative health impacts of UPF
grows and continues to be highlighted in the media. This research provides tangible insights that can
easily translate into policy, nutrition education and public health promotion initiatives to reduce UPF

intake amongst a demographic vulnerable to high intakes.

1.3.Aim, Objectives and Hypothesis

1.3.1. Aim
The overarching aim of this research project is to understand the role of eating contexts in which
UPFs are sourced and consumed (where, when, with whom and how) and their contribution to daily

energy intake among New Zealand adolescents.



1.3.2. Objectives

1.3.2.1. Primary Objective
e To measure UPF intake and its contribution to daily energy intake by EOs (e.g. mealtime)

in NZ adolescents (year 7-13).

e To assess whether any associations exist between contextual factors (location, social

setting and electronic screen presence) and UPF consumption.

1.3.2.2. Secondary Objective
e To identify the main sources (e.g. fast-food or supermarket) of UPF consumption in NZ

adolescent dietary intake.

1.3.3. Hypothesis
It is hypothesised that:

1. Higher UPF consumption will be associated with snack times, out of home eating occasions

and use of electronic screens.

2. Foods sourced from fast-food and convenience stores will be associated with a higher UPF

contribution.

1.4.Thesis Structure

This thesis consists of four key chapters. Chapter one introduces the research topic background and
scope, it details the aim, objectives and hypothesis of this thesis; as well as establishing why this
research question is warranted. Chapter two provides a detailed literature review on the background
of UPF consumption, and its classification, the adverse health outcomes and nutrient profiles
associated with its intake; as well as the role eating contexts play in adolescent eating habits and
specifically UPF consumption. Chapter three presents the research study as a full manuscript
appropriate for publication according to the Appetite journal, broken down by abstract, introduction,
methods, results, discussion and conclusion. Lastly, chapter four provides a thorough conclusion
to the research and recommendations for future research in advancing the understanding of eating

contexts and UPF consumption in New Zealand adolescents.



1.5.Researcher Contributions

This thesis utilises data captured from the wider Massey University study into UPF consumption in
New Zealand adolescents and its contribution to nutrients associated with poor heart health, with
the support of a NZ Heart Foundation (Project Grant #1961); led by Professor Kathryn Beck (Massey

University) and Dr Jamie de Seymour.

Table 1 Researcher Contributions

Researcher (Role)

Contribution to Study

Kate Hammond
(MSc Human Nutrition Student)

Author of thesis. Design of contextual data collection plan
and NOVA classification process. Application of NOVA
classification to all food items and ingredient level review
from food items at two major supermarkets. Data analysis
plan and interpretation.

Professor Kathryn Beck
(School of Sport, Exercise and Nutrition)

Primary supervisor and principal investigator, Heart
Foundation Project Grant. Responsible for ethics
application, project design and dietary assessment lead.
Provided feedback on all aspects of the thesis.

Professor Cathryn Conlon
(School of Sport, Exercise and Nutrition)

Co-supervisor. Provided feedback on all aspects of the
thesis.

Dr Jamie de Seymour

Associate investigator, Heart Foundation Project Grant
and ethics application co-author. Data collection and
analysis lead.

Dr Karen Mumme
(School of Sport, Exercise and Nutrition)

Data analysis and manuscript refinement.

Laurie Wharemate-Keung

Associate investigator, Heart Foundation Project Grant.
Cultural advice and guidance for the study. Assisted with
the development of study protocol and access to schools.

Jasmin Jackson

Associate investigator, Heart Foundation Project Grant.
Assisted with the development of study protocol and
access to schools.
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Chapter 2. Literature Review

2.1.Introduction

This literature review provides a thorough understanding of UPFs; commencing with an overview of
the definition of UPF adopted by the scientific community and its associated critiques, the
sociodemographic and environmental shifts that have led to their increased intake, dietary
assessment methods used to estimate UPF consumption and global estimated intake rates. It then
reviews the association between UPF and adverse health outcomes, nutrient profiles and diet
quality, with a particular focus on the impact of nutrition during the adolescent life stage. Eating
contexts are explored in-depth, including how eating contexts are classified and the literature to date
on how this influences UPF consumption. This includes a specific focus on when, where, with whom
and how UPF is consumed. This literature review concludes with an overview of associations

between food sources and UPF intake.

2.1.1. Search Strategy
This literature review was conducted from March to May 2024 and refreshed in January 2026, it
explores articles from the following databases: Massey University Ebsco Discovery Service, Google
Scholar and Pubmed (publication period up to July 2025). Reference lists in key articles were also
scanned for additional texts and government documents where applicable. All relevant peer-
reviewed scholarly articles available in full text format and English were accepted and exported to
EndNote 21.The keyword ultra-processed food (OR UPF OR ultraprocessed food OR ultra processed
food) was searched with various permutations (AND/OR) of the following search terms: intake,
consumption, health, trends, diet quality, nutrient profile, NOVA classification, food environment,
origin, source, eating context, pattern, factor, predictor, situation, occasion, television, screen,
snhacking, children, adolescents, youth, teenager, New Zealand. Due to the very wide depth of
studies on UPFs and health outcomes, this part of the literature search was limited to meta-analysis
or systematic or literature reviews. While articles that specifically explored UPF consumption and
eating context were explored in-depth at the original study level. The literature review includes

studies published between 1992-2025.
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2.2.Understanding UPF

2.2.1. The Rise of UPF Consumption
The diet of our ancestors looks very different to ours today. Humans once had to hunt and forage for
all their food supplies, with basic methods of cooking, smoking and fermentation for storage
(Monteiro et al., 2013). We are now faced with a plethora of readily available, packaged foods with
added flavours and preservatives to make them tasty and non-perishable. The time and pressure to
find food for many no longer exists. These packaged foods dominate the supply of developed
Western nations and are rising in the developing world (Dicken et al., 2024). Changes occurred in a
multitude of ways, with Moubarac et al. (2014a) identifying three keys shifts over human evolution
giving rise to our food system today. The first was slow over thousands of years as hunter-gatherers
settled into towns and cities with food supplied fresh or basically preserved (e.g. dried, pickled,
smoked or salted) from the surrounding farmlands; and they became pastoral migrants (Moubarac

etal.,, 2014a).

The second stage aligned with the industrial revolution over 200 years ago, which saw
technological developments out of the US and Europe aimed at ensuring a reliable food supply,
better microbe control and preservation aided by developments in coal and steam powered
machinery (Moubarac et al., 2014a; Slimani et al., 2009). For example, these advances included
techniques such as moisture removal, heat treatment, acidity control, hydrogenation and extrusion
(Slimani et al., 2009). These new developments allowed for the mass production of products such
as infant formula, margarine and breakfast cereals (Moubarac et al., 2014a). Over this period,
farming also saw dramatic changes, benefiting from developments in fossil fuel powered machines,
irrigation systems, new fertilisers, pesticides, herbicides and hybrid seeds (Hall, 2023; Monteiro et
al., 2010). Crop subsidies such as those on corn and soybean oil, drove surplus cheap base
ingredients such as high fructose corn syrup, from which value-added items could be made (Hall,

2023; Monteiro et al., 2010).

The third key stage identified refers to the technological advancements that occurred in the
1980’s that allowed for new extracts of food and the development of chemical additives for flavour
and food safety preservation, as well as packaging advancements (Monteiro et al., 2013; Slimani et
al., 2009). Most importantly, an acceleration in global free trade fuelled by efficiencies across supply
chains gave rise to large, transnational food and drink corporations (Moubarac et al., 2014a). Such

global corporates were highly financially incentivised to produce low cost, high value non-perishable
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food products. They developed the art of brand marketing giving rise to lucrative profits; and
expanded out from Western countries into the likes of South America and with it — poorer nutritional

status (Moubarac et al., 2014a).

Monteiro et al. (2013) points out that while initially processing advances were beneficial to food
insecurity and some nutrient deficiencies, this shift saw an increased supply of highly processed
sugar and energy dense foods as well as animal products; and with it arise in disease. Consequently,
traditional food cultures were weakened as they were rapidly displaced by UPF intake (Monteiro et
al., 2010; Moubarac et al., 2014a). Several studies have compared food consumption patterns over
time in different countries. For example, in Canada an analysis of household food budget surveys
compared from 1938 to 2011, saw ready to consume products rise from 28.7% to 61.7% of dietary
energy share (Moubarac et al., 2014b). A study of food consumption in Sweden from 1960 to 2010,
saw the consumption of UPFs increase by 142%, the authors note this occurred simultaneously to
the obesity rate doubling from 5% in 1980 to 11% in 2010 (Juul & Hemmingsson, 2015). This pattern
is also replicated in Mexico where UPF doubled over the span of three decades from 10.5% t0 23.1%

of daily energy intake from 1984 to 2016 (Joaquin Alejandro et al., 2018).

Popkin first coined this the ‘Nutrition transition’ in the 1990s, describing a model of key shifts in
human food history from collecting food, famine, receding famine, non-communicable diseases
(NCDs) (now) to behavioural change. Stage four is characterised by countries adopting a diet high in
saturated fats, sodium, sugar, refined carbohydrates yet low in fibre and other natural components
(Popkin & Ng, 2022). Culminating where we are now, where one must make a concerted effort if they

do not wish to consume UPF foods.

2.2.2. Defining UPF
The concept of UPFs and with it a formal definition is surprisingly new in the field of nutrition.
Previously, nutritional studies focused on the advent of “junk food” or “fast foods”, with a particular
focus on the high salt, sugar and fat content of these foods leading to a global explosion in obesity
(Rosenheck, 2008). A shift began when Monteiro started to explore the concept that the type, degree
and purpose of processing applied to food may be the most important point of difference in
understanding nutritional health impacts (Monteiro, 2009). Monteiro acknowledged that this meant
a drastic change to national dietary guidelines. This essentially equated to a shift from analysing food

quality based on their nutritional composition such as saturated fat and added sugar content or
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nutrient content to the level of processing they had undergone or the additives included in their
formulations (Gupta et al., 2019). A year later Monteiro and his colleagues published what has now
become renown as the NOVA classification system (Monteiro et al., 2010). The name NOVA which
means new in Portuguese, signified this shift in a fresh direction. It defined food processing as “all
methods and techniques used by the food, drink and associated industries to turn whole fresh foods
into food products” (Monteiro et al., 2010, p. 2040). The first NOVA framework split this into three
categories; group 1 unprocessed or minimally processed foods, group 2 processed culinary or food
industry ingredients and group 3 UPFs (Monteiro et al., 2010). It was later expanded into four groups
by delineating between processed foods (minimally processed foods made with the addition of
processed culinary ingredients) and UPFs (formulations made from largely from derivatives of food

and additives), as expanded out in more detail in Table 2 (Monteiro et al., 2019).
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Table 2 Summary of NOVA Food Processing Categories

NOVA Food Group

Definition

Key Characteristics

Examples of Food

Group 1: Unprocessed
or minimally processed
foods

Unprocessed foods include any
edible parts of plants, animals,
fungi, algae and water, that may be
safely consumed.

Minimally processed foods refer to
unprocessed foods that have been
changed by industrial processes
but without the addition of any
other food products or additives.
The purpose of the processing is
mainly to extend shelf life and
widen the variety of ways the food
can be eaten.

Unprocessed foods are taken from
nature and eaten more or less as
they are found.

Minimally processed foods may
contain preservatives only.

Examples of industrial processes
include but are not limited to;

drying, crushing, roasting, boiling,
temperature control and packing.

Foods such as fresh, chilled, frozen or vacuum-
packed meats, fruits and vegetables. Unsalted
plain nuts. 100% fruit juices. Milk and plain
yoghurt (fresh, pasteurised or fermented).

Drinks such as tea, coffee and water.

Group 2: Processed
culinary ingredients

Unprocessed or minimally
processed food items extracted for
use in cooking preparation and
seasoning.

Typically add to other group 1
ingredients in home cooking or
baking.

May contain preservatives.

Foods such as vegetable oils, butter, sugar,
honey, maple syrup and salt.

Caninclude two group 2 items together e.g.
salted butter; or one with the addition of
vitamins or minerals for fortification e.g. iodised
salt.

Group 3: Processed
foods

Foods made from adding salt,
sugar, oil or any other processed
culinary ingredients to minimally
processed or unprocessed food
items.

Purpose is to improve the taste of
food items.

May contain preservatives.

Foods such as salted nuts (e.g. plain nuts,
roasted with salt and oil), canned fruits,
vegetables and legumes in salty water (e.g.
canned chickpeas), fresh bread with no
packaging, cheese.
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Group 4: UPFs

Food items made predominantly
from ingredients that have gone
under intensive industrial
processes.

Typically high in added sugars, fats
and salt but differ from processed
foods by the addition of cosmetic
additives to make the product
highly addictive.

Purpose is to create food items that
are low cost to manufacture, have
an extended shelf life, hyper
palatable, convenientin well-
branded packaging that are highly
profitable.

Examples of additives include
flavours, emulsifiers, thickeners

and bulking agents.

Preservatives are also present.

Foods such as candy, ice cream, cereals, energy
bars, flavoured yoghurt pouches, ready-to-heat
foods such as pies, hot dogs, instant noodles.

Drinks such as soda, milk drinks, infant formula.

Note. Adapted from Monteiro et al., (2019).
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A clear way of identifying UPF was noted by Monteiro (2019) which suggested looking at the
ingredients label for key tell-tale ingredients; that is those not regularly found in a home kitchen or
the inclusion of an additive which is there to make the item more tasty or appealing. A very simple
example of UPF is processed cereals with added colours, flavours and sugars to promote
consumption which are then readily marketed. For example, Fruit Loops compared to plain oats
which have only one ingredient and are thus classed as minimally processed. A cell phone app
entitled “Open Food Facts” also now exists which allows consumers to readily identify if an item is

UPF from over 145,000 items (Monteiro et al., 2019).

Around the same time, other food processing frameworks were being devised globally, however
these have had less uptake. For example, in Europe, the International Agency for Research on
Cancer (IARC) conducted a first of its kind research when examining the contribution that highly
processed foods made to the diet of participants in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study (Slimani et al., 2009). This was in parallel to Monteiro’s (2009)
work, they drafted a similar definition of three levels of food processing (highly processed,
moderately processed and non-processed foods). Other frameworks also took slightly different
takes around this time including by the International Food Information Council (IFIC) in the US, and
other researchers from the University of North Carolina (UNC) in the US, Guatemala and Mexico
(Asfaw, 2011; Eicher-Miller et al., 2012; Gonzalez-Castell et al., 2007; Poti et al., 2015). Moubarac et
al. (2014a) completed a systematic literature review comparing these approaches and scored the
NOVA framework the highest overall based on being specific, coherent, clear, comprehensive and
workable. Although it should be noted that some of the NOVA team were authors of this paper

conducting this analysis.

NOVA went on to be widely adopted within the scientific community as the framework of choice,
and this has allowed for ease of comparison between studies (Sneed et al., 2023). In addition, it was
adopted by the Ministry of Health in Brazil, incorporating the NOVA classification levels into its
population dietary guidelines (Ministério da Saude, 2014). Davies et al. (2018) points out this was in
response to the burden of obesity and NCDs coupled with longer lifespans. It went on to gain
recognition from the Food and Agriculture Organization of the United Nations (UN) (FAO, 2015) and
to be used by the Pan American Health Organization for reporting (PAHO, 2015). In 2018, Monterio
and his colleagues declared UPF a “world crisis” that needed to be addressed in the UN decade of

Nutrition (2016-2025) (Monteiro et al., 2018). The number of countries officially recommending the
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reduction of UPFs is steadily increasing. For example, in France, the High Council on Public Health
called for a 20% reduction in UPF intake as part of their public health nutrition policy (PNNS 2018-
2022) (Monteiro & Astrup, 2022). The US more recently made eating ‘real foods’ the core focus of its
2025-2030 US dietary guidelines. They defined real foods as whole or minimally processed foods,
recognisable as food with few ingredients and free from additives such as industrial oils, sugars,

preservatives and flavours (U.S. Department of Agriculture).

The key argument for a NOVA approach to assessing healthfulness of food, is that previous food
classifications based on food groups or nutrient density did not distinguish between natural and
extensively altered foods and that differences in the nutritional benefits and health impacts exist
between these two (Bleiweiss-Sande et al., 2019). Monteiro et al. (2018) gives the example of fresh
whole chicken grouped together with processed chicken nuggets, these two items would have
different effects on health and disease. Secondly, promoting nutrient density as the key indicator of
health may lead to excessive fortification by the food industry as each company individually seeks
to add value with claims they can market front of pack or in advertising (Bleiweiss-Sande et al., 2019).
This may result in consumers overconsuming particular vitamins if branded products pursue trends
of fortifying with any said vitamin; at an individual product level the amount may be okay but across
multiple products consumed in ones entirety of their diet it could exceed recommended daily

intakes.

A review of NOVA and its connection to sustainable diet indicators, found that NOVA was
positively aligned with healthfulness and greenhouse gas emissions, but not for fresh water use and
economic affordability (Tompa et al., 2025). Other alternative definitions to defining the nutritional
quality of foods that have arisen include High Energy Density (HED) foods (those with a high ratio of
energy to weight) and Hyper Palatable Foods (HPF) (those engineered with ingredients like salt, fat,
sugar or flavour additives, to increase palatability) (Sutton et al., 2024). Sutton highlights that UPF,
HED and HPF are all prominent in American diets and associated with overconsumption and obesity.
However, UPF differs in its definition as it is based on the degree of processing while HED and HPF

can still be classed as a nutritional composition approach.

2.2.2.1. NOVA, Nutri-Score and Health Star Rating
Another common line of enquiry is the comparison of NOVA with the Nutri-Score front of pack

labelling system. The Nutri-score system was developed as a quick way to identify the nutritional

quality of food items by consumers. With a prominent position front of pack, the letters A-E with
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varying colours from green to red, highlight how well the food ranks (Romero Ferreiro et al., 2021).
Foods are scored by their positive attributes (fruit, vegetable, protein, fibre) and their negative
(energy, total sugar, saturated fat, sodium) (Romero Ferreiro et al., 2021). Nutri-Score has become
widely embraced across Europe with Spain, France, Belgium, Germany, Netherlands, Luxembourg
and Switzerland already voluntary displaying it on front of pack labels (Vasseur et al., 2025). The
underlying framework entitled FSAmM-NPS score (Food Standards Agency Nutrient Profiling System)
was assessed in a study of over 521,324 adults as part of the EPIC cohort, and found higher all-cause
mortality was associated with those consuming higher Nutri-score foods (e.g. foods of lower

nutritional quality) (Deschasaux et al., 2020).

Romero Ferreiro et al. (2021), conducted a review of how NOVA and Nutri-Score compared. This
study found that 26.08% of Nutri-Score items in category A were classed as UPF and 51.48% in
category B, steadily increasing across categories up to 83.69% of those in category E. Considering
this, he argued that Nutri-Score should be paired with the NOVA classification to fully inform
consumers. Touvier et al. (2022) agreed with this line of thinking and proposed how the Nutri-score
label design could look with its NOVA levelincorporated, highlighting that the health impacts of non-
nutritional components of food (e.g. processing) needed to be accounted for. Arandomised control
trial from the NutriNet-Santé web-cohort (n = 21,159) explored the ability of consumers to rank
products by their nutrient profiles and identify if UPF or not; found that the addition of a UPF black
box was beneficial in enabling them to identify the healthiest products (Srour et al., 2023). An
interesting take from this study was that participants preferred unprocessed food with lower
nutritional quality over UPF with a better Nutri-Score. The impacts of this across wider dietary

patterns would be interesting to note.

Another example of front of pack nutritional scores is the Health Star Rating (HSR) developed by
FSANZ and adopted in Australia and New Zealand (Cooper et al., 2017). Cooper et al. (2017)
compared the HSR with NOVA and found that one-third of dairy products that received a rating of 4-
stars or higher would be classed as UPF under the NOVA system. This raises questions as to whether
we are communicating to consumers the right message on what a healthful choice in the

supermarket aisle is.
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2.2.3. Critiques of NOVA Classification
The NOVA classification is not without its criticisms. A review by Bleiweiss-Sande et al. (2019) found
that the approach developed by the researchers at UNC had much higher inter-rater reliability due
to its extensive seven categories of food processing, whereas NOVA had changed its number of
categories and definitions several times leading to inconsistency; as well as lacking specific cutoff
values for food additives. Braesco et al. (2022) also highlights that inconsistent assignment of NOVA
categories to food groups by nutrition specialists occurs even when they are provided ingredient
lists. Petrus et al. (2021) critical review argues that NOVA is too focused on the number of ingredients
in a food item, which frequently occurs in home recipes, and discounts nutritional fortification
recommended by the WHO for parts of the world which minimally processed items are lacking. They
consider the use of ‘ultra’ as being excessively negative in how some foods are classed and

overlooking established nutritional science.

Bleiweiss-Sande et al. (2019) also states that NOVA is not needed when nutrient profiling systems
already have scientifically established and proven algorithms. Drewnowski et al. (2020) compared
NOVA classifications with Nutrient Rich Food (NRF) indices developed in 2004 (a nutrient profiling
approach). The author reviewed 378 foods from the Fred Hutchinson Cancer Centre Food Frequency
Questionnaire (FFQ) and found a strong overlap from a ‘nutrients to limit’ perspective. The author
argued that the NOVA classification does not add any new context and any findings between NOVA
classification and health outcomes maybe due the foods inherent content of saturated fats, added
sugar and sodium. The study also noted that nutrient dense foods were undervalued in the NOVA
system, for example a fortified ready-to-eat cereal that scores high by the nutrient rich definition are
classed as UPF. He also argues that promoting fresh homemade meals could have unintended
consequences for gender inequality in the workforce and that minimally processed foods are more

expensive.

Davies et al. (2018) conducted a review of feedback on the 2014 Brazilian dietary guidelines that
took a significant step change and adopted NOVA classifications at the core of their advice. Two
clearthemes emerged - those against the new guidelines represented by food industry and those for
healthy guidelines that serve the good of the population (typically from varying nutritional councils
and consumer not-for profits). Industry arguments were centred in the notion that nutrients matter
more than processing. The author notes this as the “medicalised view”, summed up adequately as

the scientific support for food to “add calories or nutrients to the functioning of the body” (Davies et
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al., 2018, p. 221). Other arguments against NOVA cited that some processed foods could potentially
have less chemicals or inherent risks due to tightly controlled processes by large companies, versus
the likes of traditional processed foods without technical safeguards. Homemade meals also do not
automatically equal healthy, they could be worse if high in calories, saturated fats and sugar. It was
also argued that the food industry did not create a society dependant on UPF, rather modern society
has changed in such a way that people do not have time to make their own food, the industry is just
answering this need. Those supportive of the new approach liked that it empowered individuals by
not being overly scientific. An interesting review by Mialon et al. (2018) highlighted how inherent bias
from the food industry against NOVA is prevalent amongst academic critiques. Of the 38 authors
identified as critiquing NOVA, 33 had relationships with the UPF industry. They also note that many

of these conflicts were not transparently reported.

With the critiques against the system, Monteiro et al. (2019) argues that focusing on processed
as bad is not the intention as he states nearly all food is processed to some extent and without this
our food supply is less secure. Rather itis the food that fit category 4 as UPF that are the problem as
they are notrealfood. In 2025, Monteiro and histeam came out with athree part seriesinthe Lancet,
with a sharpened lens, highlighting the key issue as UPF — category 4 foods developed to displace
category 1-3 foods for industry profit, creating dietary patterns high in UPF and displacing traditional

diets, which reduce diet quality and increase diet-related chronic disease (Monteiro et al., 2025).

2.2.4. Dietary Assessment of UPF

Several approaches to assessing dietary intake of UPF exist. Historical UPF patterns have been
retrospectively assessed using crude methods such as national food balance sheets and household
budget and expenditure surveys (Dicken et al., 2024). More commonly, UPF consumption is
assessed via 24-h food recalls, food diaries and FFQs, with a secondary step of then coding each
food item by its NOVA category (Dicken et al., 2024). Alternatively, dedicated UPF measurement
tools have been developed such as the NOVA score, NOVA24h web recall and NOVA FFQ (Costa et
al., 2021; Dinu et al., 2021; Neri et al., 2023).

One of the first NOVA specific screening tools, NOVA score, was developed in 2018 as part of a
telephone-based population surveillance for NCD risk factors in Brazil (VIGITEL) (Costa et al., 2021).
It allows UPF intake to be captured quickly in a 3-minute electronic questionnaire, which asks

participants to note their intake of 23 key UPF subgroups specific to Brazil and has been successfully
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validated against the 24-h recall method (Costa et al., 2021). NOVA score outputs a total score
relating to the UPF subgroups consumed. This was later adapted for use in Ecuador, India and
Senegal (Freire et al., 2025; Ghosh-Jerath et al., 2025; Kébé et al., 2024). The NOVA classification
system has also been applied to FFQs, such as by Dinu et al. (2021) who developed a 94-item
questionnaire for Italian adults. Lastly, a specific web-based 24-h recall that automatically classified
foods into their relevant NOVA categories called the ‘NOVA24h’ was later described and validated
by Neri et al. (2023). Dietary UPF intake can then be related to sociodemographic factors, health

outcomes and nutritional intakes.

These variances in how UPF are assessed, including the wide difference in food products across
different markets and different interpretations of the same NOVA classification system make
consistent comparisons between studies challenging. Whereas, 24-h food recalls and food diaries
can be timely and costly, they do offer more detail on food items (such as branding and can be
tailored to include source information) that allow more reliable NOVA classification than the likes of
FFQs with their limited number of food options (D'Abbronzo et al., 2024; Freire et al., 2025; Loftfield
et al., 2025). D'Abbronzo et al. (2024) argues that both 24-h recall and FFQ are imprecise as they
were not desighed to be UPF measurement tools, so misclassification and bias is always a risk.
Applying NOVA classifications to extensive food databases is a timely process, with significant
ambiguity as to where each individual product should be classed. Some studies break down
homemade meals to theirindividualingredient level, while others class every food item by its entirety
but often lack necessary details to make these decisions accurately (Khandpur et al., 2021). Often
food items have multiple options available in the supermarket that range from unprocessed to UPF;
or itis unclear whether items are homemade or readymade (Khandpur et al, 2021). Itis then at the

researcher’s discretion which classification is chosen, and this varies between individual studies.

The development of NOVA specific measurement tools is invaluable in offering an option to aid
fast assessment and consistent monitoring of UPF intake in populations where previously the
complexity, cost and time involved were barriers to do so (Costa et al., 2021; Freire et al., 2025).
However, they lack the ability to calculate specific energy or nutrient intakes from UPF, making them

more useful for tracking population trends over time efficiently (D'Abbronzo et al., 2024).

2.2.4.1. Intake24: Online 24-h Dietary Recall
Technological access and innovations have allowed for increased use of online tools in assessing

population dietary intake. Notably, Intake24, a self-administered online 24-h dietary recall
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developed in the UK, has gained popularity (Foster et al., 2014). It utilises the multiple-pass method
which involves participants initially listing the foods and drinks they consumed at mealtimes
throughout the day, then it goes over the quantity of each item consumed and any clarifying
questions before providing a final opportunity to review and add any missing items (Simpson et al.,
2017). Intake24 has been recognised as achieving similar results to other common methods in
adolescents but with the added benefits of reduced participant burden, increased acceptability and
efficiency (Bradley et al., 2016; Delve et al., 2015; Foster et al., 2019; Whitton et al., 2021). For
example, when specifically examined against traditional interviewer led 24-h recalls employing the
multiple-pass method, studies have shown favourable results with Intake24 only underestimating
mean energy intake at a top level by 1% in participants aged 11-24 years, and 3% in the subset aged

11-16 years (Bradley et al., 2016; Delve et al., 2015).

This agreement with interviewer recalls shows good methodological consistency, however
validation with objective measures such as doubly labelled water and controlled feeding trials offer
greater accuracy. This was reviewed by Foster et al., in 2019, which found estimated intake
moderately correlated with total energy expenditure measured via doubly labelled water, with an
underestimation of energy intake by 25% across three 24-h recalls via Intake24. They note this is
consistent with results from established dietary analysis methods such as weighted food diaries and
recalls led by interviewers. Intake24 has also been evaluated against a controlled feeding day held
in a research centre in Western Australia (n = 150) where all food and drink consumption were
weighed and energy intake was calculated, this too found that Intake24 underestimated mean daily
energy intake by 10% (Whitton et al., 2021). While the authors concluded energy intake was not
significantly different at a top level between the two methods, it should be noted individual estimates

had a much greater variance in accuracy.

Intake24, like other recall methodologies is prone to participant underreporting, errors and recall
bias (Fosteretal., 2019). Itis wellrecognised that unhealthy foods are often underreported as a form
of social bias (Rauber et al., 2022). This is highly relevantto UPF measurement as any under reporting
of unhealthy foods would in most cases correspond with underreported UPF intake. Intake24 has
been designed with a smaller database of food options specifically to ease the user burden, as a
result individuals may not be able to always accurately select the correct food item (Ni Mhurchu,
2023). 24-h recalls are also limited in that they represent only one day’s worth of eating and thus

may not fairly represent true eating habits (Oliveira et al., 2024a). However, Intake24 is advantageous
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in that it is particularly suited to capturing detailed food intake and eating context through the same
survey instrument. The online platform allows for personalised questions for each meal occasion
with minimal additional survey time. Thus, detailed information can be collected from large
adolescent samples, with greater ease, time and cost savings than individually interviewing every

student.

2.2.5. Global Consumption Rates of UPF
The global intake of UPF is significant. In fact, many global food corporation’s annual turnover is
higher than the gross national product of some mid-range countries (Monteiro et al.,, 2018).
Numerous studies around the world have attempted to gauge the percentage of UPF consumed
within populations. What becomes apparent is while UPF is typically increasing everywhere, there is
a split between developed countries where UPF intake is very high and steady, if not in some cases
experiencing a small decline, and developing countries where UPF intake is less but still growing
(Chavez-Ugalde et al., 2024; Williams et al., 2025; Zobel et al., 2016). A review by Marino et al. (2021)
found that UPF intake accounted for more than 50% of daily energy intake in countries such as the
US and UK, while Italy with its predominantly Mediterranean diet had the lowest intake at 10%. South
American countries have a more modest intake, with estimates putting Brazil at 21.5%, Chile at 29%
and Columbia at 34% of total energy intake (Poti et al., 2017). Monteiro et al. (2019) also notes the
slowing in growth of UPF sales amongst high income countries to just 1% per year, in contrast this
sits at 10% per year in middle income countries. Closer to home, Australia has been found to have
an average UPF consumption of 38.8% of total energy intake and 56.4% of total energy purchased
(Coyle et al., 2022; Dicken et al., 2024). While population level assessments of UPF intake in New
Zealand is missing, one study identified that 83% of packaged items in supermarkets in 2013 were

UPF (Luiten et al., 2016).

Of particular concern is that UPF consumption has been found to be consistently higher amongst
young people (Dicken et al., 2024; Marino et al., 2021). High intake amongst young people is
concerning, as studies have shown that patterns of UPF consumption in childhood track into
adulthood, with potential consequences for NCDs and adiposity (Chamarthi et al., 2025; Penha et
al., 2022). A multi-country review of adolescent UPF intakes reported substantial differences
between Latin American and high-income Western countries, ranging from 16% of total energy

intake among Colombian adolescents to 67% among adolescents in the US (Neri et al., 2022). Figure
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1 summarises the findings of UPF intake of adolescents from around the world and again highlights

this split between developed and developing countries.

Interestingly, UPF consumption in UK adolescents declined from 67.7% to 62.8% between 2008
and 2019 (Chavez-Ugalde et al., 2024). A similar trend is occurring in the US, whilst UPF initially
increased from 61.4% in 1999 to 67.0% in 2018, driven by ready-to-eat meals and sweet snacks,
more recent estimates put it now at 63.0% (Wang et al., 2021; Williams et al., 2025). While in
Australia, which shares a dominant supermarket chain with New Zealand, a recent study of children
aged 8 to 12 years of age, identified UPF intake to represent 47.2% of total energy intake (Clark et al.,
2025). Prior to this research project, the only study directly assessing UPF intake in young people of
NZ was limited to preschoolers in Dunedin, which estimated UPF to account for 51% of energy intake
at 5 years old (Fangupo et al., 2021). Thus, this study assessing UPF intake in NZ adolescents is of
absolute importance for firstly understanding how NZ compares globally and how we could adopt

more healthful eating patterns from countries where UPF is not so predominant.
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Figure 1 Percentage of Total Energy Intake from UPFs among Adolescents — a Global Comparison.

Note. Data adapted from Neves et al. (2022). Adolescents aged 12-19 years old, except for Brazil and
Argentina (10-19 years old).
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2.3.The Impact of UPF Consumption

2.3.1. Adverse Health Outcomes
Prior to the conceptualisation of NOVA, the health impacts of UPF were limited to a more singular
food approach such as the impacts of sugar sweetened beverages (SSB) (Monteiro et al., 2010).
However, in the last 14 years the depth of research has rapidly expanded. It is now more appropriate
to consider these impacts from findings at meta-analysis and systematic research levels due to the
scope of this thesis. UPF consumption has been associated with the likes of overall mortality,
diabetes, depression, CVD, and metabolic syndrome and its contingency of hypertension,
dyslipidaemia, overweight and obesity (Henney et al., 2023; Micek et al., 2021; Monteiro & Astrup,
2022; Vitale et al., 2024; Wang et al., 2024). UPFs are also associated with increased overall risk of
cancer, and notably hormone driven cancers and those of the digestive system (Isaksen & Dankel,

2023; Lian et al., 2023).

For example, one of the most recent systematic umbrella reviews of available meta-analyses,
found 32 health outcomes directly associated with UPF exposure (Lane et al., 2024). This included
class 1 evidence (convincing) of higher risk of CVD related mortality, Type 2 diabetes (T2D) and higher
risks of anxiety and other combined common mental disorders. In addition to this it showed class 2
evidence (highly suggestive) of all-cause mortality, heart disease mortality, depression, adverse
sleep, wheezing and obesity. Another recent umbrella review of 39 meta-analyses found UPF intake
to be associated with 25 health outcomes (Dai et al., 2024). Class 1 included renal function decline,
wheezing in children and adolescents, class 2 linked UPF intake with diabetes, overweight, obesity,
depression and common mental disorders. Also notable is that no studies found any positive health
outcomes from UPF intake (Dai et al., 2024). Vitale et al.’s. (2024) meta-analysis also noted high UPF
intake was associated with a 37% increased risk of diabetes and 32% of obesity; as well as increased
risk of hypertension, hypertriglyceridemia and low high-density lipoprotein (HDL) cholesterol. The
authors note that inconsistent application of UPF assessment is a challenge when comparing data
from different studies. These findings have also been explored experimentally where UPFs have been

shown to promote systemic inflammation (Henney et al., 2023).

The impact of UPF intake on children and adolescent health is an emerging field. So far, in children
and adolescents, higher UPF intake has been associated with increased risk of dental caries,
obesity, metabolic syndrome and greater adiposity (Cascaes et al., 2022; De Amicis et al., 2022; de

Oliveira et al., 2022; Frias et al., 2023; Monteiro & Astrup, 2022). While a specific systematic review
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on UPF and obesity and cardiometabolic comorbidities in children and adolescents found 14 out of
17 studies reported associations between increased UPF intake and higher overweight/obesity and
cardiometabolic comorbidity prevalence (Petridi et al., 2023). Similarly, a review in paediatric
populations found higher UPF intake was associated with insulin resistance, mental health

conditions, gut microbiome changes and liver disease (Chamarthi et al., 2025).

del Giudice et al. (2025) proposed that UPF may disrupt the gut barrier, cause dysbiosis, chronic
inflammation and micronutrient deficiencies, theorising that these mechanisms promote the
development of allergies and asthma in childhood. A small study in children used blood tests to
calculate a composite, validated measure of low-grade inflammation (INFLA-score), and linked UPF
intake with higher level of inflammation regardless of weight (Mete et al., 2024). Other emerging
fields are linking high UPF intake with poor academic performance in adolescents and sleep
disorders (Delpino et al., 2023; Lopez-Gil, Cisneros-Vasquez, et al., 2025). A cross-sectional study
in adolescent girls linked high UPF intake with greater odds of depression, stress and anxiety (Ali et
al., 2026). It is clear to see that further actionable research into UPFs is an urgent health matter at
the population level and for future generations. Thus, the need to understand contextual influences

that drive UPF intake is essential to making progress in developing strategies to reduce UPF intake.

2.3.2. Nutrient Profiles and Diet Quality
The poor nutritional profile of dietary patterns high in UPF help explain these negative health
consequences. Two key meta-analyses of the nutritional profile of UPF are aligned in their findings
that UPF are energy-dense and nutrient-poor. For example, Martini et al. (2021) conducted a
quantitative meta-analysis of nationally representative surveys. UPFs were found to be correlated
with higher amounts of total fat, saturated fat and free sugars; conversely, UPFs were lower in fibre
and protein. From a micronutrient level they were lower in potassium, zinc, magnesium and vitamins
A, B3, B12, C, D and E. This pattern had a linear inverse relationship between UPFs and minimally
processed foods. Micek et al.’s (2021) systematic review and meta-analysis was aligned with these
findings, where UPF consumption was associated with excess calories, saturated fats, free sugars,
low fibre intake and poor micronutrient intake of potassium, magnesium vitamin B3, B12, D, zinc and

phosphorous.

Studies have examined nutrient density and cost of UPF. UPF tend to be lower cost, have less

nutrients (as measured by NRF scores) but are higher in energy (Mendoza-Velazquez et al., 2022;
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Shilpi et al., 2019). Likewise, a New Zealand study examined packaged foods available in four major
supermarkets and showed UPF had a significant positive association with worse nutrient profile
scores (NPSC) utilised by the HSR system (Luiten et al., 2016). The NPSC represents a continuous
index, the lower the number the healthier the food. In this study, minimally processed foods scored
a 3.27 whereas, UPFs came in at 11.63, indicative of their poorer nutrient profile (Luiten et al., 2016).
Another example from the US found UPF were less expensive, on average $0.55 per 100 kcal versus
$1.45 for unprocessed foods. This study also noted that UPF prices were more stable over a 12-year
period compared to unprocessed foods (Shilpi et al., 2019). The abundant supply and low cost of
UPF foods should be considered one of many driving factors in their high intake. When diets are high
in UPF, studies have also shown them to be conversely low in fruits, vegetables, fish and fibre rich
foods such as legumes (Lauria et al., 2021; Zapata et al., 2023). UPF intake also displaces water
intake. Baraldi et al. (2021) found upper quintiles of UPF intake consumed on average 706mL less
water each day. Those in the upper quintiles consumed more SSBs and had less water present in

solid food.

Other studies have found that high UPF intake is associated with lower total intake of polyphenols
(Coletro et al., 2023). Leitao et al. (2024) examined the influence of UPF specifically on flavonoids
and discovered their intakes decreased 50-70% in five out of six classes of flavonoids when
comparing the lowest and highest UPF intake quintiles. Interestingly, there was one group of
flavonoids, isoflavones, that increased by 260%, this represents the high prevalence soy-based
ingredients used in UPF. Another avenue of research has found that biomarkers show potential as
measuring UPF exposure. Industrial elaidic acid (an exogenous fatty acid formed when oil is
hydrogenated and heated) and 4-methylsyringol sulfate (found in smoked food) were both positively
associated with the UPF dietary pattern in a data subset from the EPIC study (Huybrechts et al.,
2022). Packaging of UPF may also be contributing to negative health impacts. For example, higher
UPF intake has been associated with higher urinary levels of monoethyl phthalate (MEP), a
metabolite from plasticisers used in packaging and manufacture (Huang et al., 2021). Findings from
the cross-sectional US National Health and Nutrition Examination Survey (2009-2016), also support
this, with urinary concentrates of phthalates and bisphenol increasing upwards from the bottom
quintile of UPF intake (Martinez Steele et al., 2020). When one considers the nutritional demands of
rapid growth during adolescence and the high intakes of UPF amongst this age group, the nutritional

profile of UPFs is lacking.
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2.4.Eating Context and UPF Consumption

2.4.1. Factorsinfluencing Adolescent Diets
Adolescent diets are influenced by a multitude of variables, and numerous frameworks have
attempted to describe these. Vidal et al. (2023) conducted a comprehensive systematic review of
fifty articles on factors that influence adolescent food choices and identified four key dimensions
comprised of individual, social, community and macrosystem factors. For example, Vidal et al.
(2023) identified at the individual level, food appeal and time scarcity can all play a role in food
choices. Adolescents are also influenced by their social groups with parents, caregivers and peers
playing an important role as well as their socioeconomic position. Likewise, at a community level
the environments they interact with such as their home, school and neighbourhood and their level
of food insecurity matter. Lastly, mass media in the likes of digital tools, social media and video
games play a role at the macro level that can be both a positive (i.e. a rich source of nutritional

information) and/or a negative driving force.

Specific reviews have focused on adolescent dietary behaviours and grouped such factors into
either barriers or facilitators to healthy eating habits. For example, Mazarello Paes et al. (2015) found
12 key factors associated with SSB consumption amongst young children. Of which, the following
had negative implications; a child’s preference, screen time, snacking, lower socioeconomic status,
younger age, formula-fed, early introduction of solids, parental behaviours such as foods as rewards
or perceived barriers, out of home care and proximity to convenience or fast-food stores. While
positive modelling of food choices by parents, parents living together, school policy and staff skills
and easy supermarket access were classed as protective. Likewise, a systematic review by Leandro
etal., (2019) noted preference for processed food and less fruit and vegetable intake, skipping meals
and sedentary behaviour as associated with overweight and obesity in adolescents in lower middle-
income counties. Whereas physical activity, attitudes to healthy food, and participating in health

interventional programmes were positive enablers.

Similar factors were also identified by Poorolajal et al. (2020) meta-analysis on factors influencing
obesity in children. Protective factors identified included physical exercise, eating breakfast every
day and higher fruit and vegetable intake. While, shorter breastfeeding duration, inadequate sleep,
watching TV, playing computer games, consumption of SSB, fast or fried food, smoking and drinking
alcoholwere identified as contributing factors. Across these reviews, the consistent takeaway is that

adolescent dietary behaviours are multidimensionalin nature, shaped by individual preferences, the
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home and neighbouring environment, societal norms and wider mass media and food system

availability.

2.4.2. Factors influencing UPF Consumption in Adolescents
Understanding the factors that specifically influence UPF consumption in adolescents is paramount
to creating targeted interventions to reduce UPF intake and its associated negative health
consequences. The frequent inclusion of socioeconomic and demographic variables in many UPF
studies allows for an insightful starting point. A recent systematic review by Dicken et al. (2024)
across studies spanning 32 countries found UPF consumption varied significantly by socioeconomic
and demographic variables such as age, ethnicity, rural/urban split, food insecurity, income and
region. While, this review was across all population ages, the most relevant finding across 17
countries was the influence of age; younger age was consistently associated with higher UPF
consumption in all countries, notably amongst adolescents. At the total population level,
urbanisation and a single relationship status were also associated with higher UPF across countries.
Whereas the effect of education, income and socioeconomic status differed depending on the
country and gender was generally not an influence. While not specific to adolescents, these findings
are still of interest as adolescents are still very much influenced by these factors at a household
level. Another review of UPF consumption over 99 studies, across all ages and spanning 1,378,454
participants, also noted considerable variation amongst the influencing factors of gender, age and
BMI. Again, it was noted how young people, as well as men and those who are overweight or obese,

typically consume higher UPF intakes than older age groups (Marino et al., 2021).

Dicken et al. (2024) notes how high-income countries tended to have lower UPF consumption
amongst those of higher education and socioeconomic status, in contrast to upper middle-income
countries where the reverse was apparent. For example, a study out of the UK found UPF intake was
higher amongst adolescents from lower socioeconomic backgrounds, those of white ethnicity and
located in North England (Chavez-Ugalde et al., 2024). Likewise, another UK study assessing toddler
and children age groups, also identified lower socioeconomic status as being associated with higher
UPF consumption, and higher maternal education playing a key protective role (Heuchan et al.,
2025). This link between high UPF consumption and socioeconomic disadvantage and low levels of
education was also mirrored in an Australian Health Survey (2011-2013) on adults aged over 19 years

(Marchese etal., 2022). Itis not surprising that socioeconomic inequalities can influence UPF intake.
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A study by Vandevijvere et al. (2020) in Belgium found that diets higher in UPF intake were

significantly cheaper, and conversely diets higherin minimally processed food were more expensive.

On the other hand, the large-scale National school health survey on Brazilian adolescents (n =
159,245), identified four key variables associated with higher UPF intake including attending private
schools, being female, white ethnicity or living in a non-capital city (Gongalves et al., 2023). Maternal
education was again found to be protective of UPF consumption. Gongalves et al. (2023) highlights
how these variables can be indirect markers of socioeconomic status and that higherincomes afford
the option of quality food, however this conflicts with their finding of higher UPF amongst those
studying at privately paid schools. Likewise, another systematic review of variables associated with
UPF consumption in Brazilian adolescents supported this finding of studying at private schools with
higher UPF consumption, as well as sedentary behaviour (notably screen time), high BMl and female
gender (Paulo Henrique et al., 2023). Only one comparative study has been conducted in New
Zealand to date, although this specifically looked at UPF consumption in those aged 12-60 months
of age (n = 669), while not as relevant, it highlighted widespread UPF exposure from a young age
across the time period regardless of demographics (Fangupo et al., 2021). The only influencing factor
identified was maternal obesity and high UPF consumption at 1 year of age. Thus, supporting the

notion of parental influences on UPF intake.

At the individual level, inadequate sleep duration (less than 8 hours or more than 10) is another
influencing factor that has been associated with higher UPF consumption in Brazilian adolescents
(Rocha et al., 2024). Emotional eating behaviours have also been explored regarding UPF
consumption. A 2025 study out of the US in pre-adolescents showed that food fussiness traits were
associated with an increase in UPF consumption, whereas food enjoyment was associated with a
decrease in UPF consumption from baseline over a 12-month period (Yeum et al., 2025). Other
studies have found strong associations between binge eating and UPF consumption in children and
adolescents, with one noting that 100% of food consumed in a binge pattern were of UPF origin

(Ayton et al., 2021; Esther & Oren, 2023).

Adolescent culinary skill level is another important influencing factor. Watanabe et al. (2024)
provides an insightful review arguing the passing down of cooking traditions and skills are
diminishing over time and subsequently contributing to increased UPF consumption and reduced
homemade meals and poorer diet quality. In fact, a study out of Spain found adolescents who had

very adequate culinary skills consumed significantly less UPF servings than those with very
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inadequate skills (Hermosa-Bosano & Lopez-Gil, 2025). Frequency of cooking in the home and
parents’ culinary skills have also been associated with lower UPF intake (Martins et al., 2020; Tucker
et al., 2024). Parents cooking skills have been found to play an important role in children’s diet
quality; as they displace UPF and increase consumption of homemade meals and fruit and vegetable
intake (Martins et al., 2020). It is critical to understand here that adolescents are predisposed to
higher UPF consumption and thus a vulnerable age group and there are many influencing factors

forming an individual’s consumption habits.

2.4.3. The Role of Eating Context and UPF Consumption
In contrast to sociodemographic influences, very little is known about contextual factors that drive
UPF consumption at varying eating occasions (Rauber et al., 2022). This is surprisingly overlooked
given food consumption is experiential. Eating context is simply defined by Rauber et al. (2022, p.
112) as “the situation in which people eat”. To be more specific, this focuses on the immediate
setting in which one consumes a meal or eating occasion, such as the location the meal is eaten,
whom it is eaten with, when it is eaten (mealtime e.g. lunch) and how it is eaten (for example in front
of the television or at a table) (Mak et al., 2012; Rauber et al., 2022). These are the four key variables
adopted by similar studies linking UPF and eating context (Mak et al., 2012; Neves et al., 2022; Onita
et al., 2021; Rauber et al., 2022). Suggs et al., (2018) goes one step further and groups the social
setting of people and place into what is termed a dyad. Eating occasion refers to any episode of food
or beverage consumption (McNaughton et al., 2020). An important distinction to make is this study
has adopted the participant identified approach to defining eating occasions (Leech et al., 2021).
That is eating occasions are split into their socially defined mealtime, that is selected by the
participant (from a list of six options) as they fill in the questionnaire. Meal occasions specifically
refer to socially defined eating periods such as breakfast, lunch and dinner and snack occasions

refer to morning tea, afternoon tea and evening snack (Leech et al., 2021).

Mak et al. (2012) highlights how adolescents experience a broad range of social settings
throughout the day whether it be from meals consumed at home with parents, to lunch at school
with friends or snacking at after school sports. Through these different social settings, the food
provided and whom it is consumed with all influence eating habits. There are several different
approaches to assessing eating context. These vary from frequency-based questionnaires exploring
habits, direct observation of behaviours, assessment of meal surroundings, and ecological

momentary assessments (EMA) via additional questionnaires in food diaries or modified 24-h recalls
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(Mak et al., 2012). The advantages of 24-h recalls discussed previously is the necessary detail to
apply NOVA classifications, calculate UPF as a share of total daily energy and gather contextual data

simultaneously.

The research specifically investigating eating context and UPF consumption is very limited in
contrast to the depth of studies on UPF impacts on health. Table 3 highlights key characteristics of
studies that have explored eating context and UPF consumption in children and adolescents. This
table also features two relevant studies on eating context and fruit and vegetable consumption in
children and adolescents, which can serve as a proxy for minimally processed food consumption.
While not specifically focused on UPF consumption, they feature important aspects in how they
approach assessing eating context and more recent research has adapted this lens on to UPF
consumption. Studies that included children or adolescents have been included in this table due to
the lack of studies on the topic, and adult studies referred to if findings are relevant. A discussion of

these studies follows Table 3.
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Table 3 Summary of Studies assessing Contextual Influences on Adolescent UPF Intake.

Author Age/ Context Data Collection UPF Measure Analysis Key Findings Notes / Limitations
(Year) Population Examined
Onita et al. 4-10y,n = Where, With 4-day food diary  NOVA - UPF% of total Exploratory Lunchtime had higher UPF Food recall reported by parents,
(2021) 1,772, UK whom, TV (interviewer energy intake, DINO factor intake when 'eating with family  prone to errors and
National Diet screen, Ata reviewed) programme (Diet In, analysis while watching TV' or 'away underreporting. Study missing
and Nutrition table, Nutrients Out), UK from home', and lower UPF information on meal type.
Survey (NDNS ~ Mealtime Nutrient Databank intake when 'eating at school Directional causality not
2008/2014) (NDB) with friends'. Dinner had assessed.
higher UPF intakes when
‘eating alone in bedroom' or
‘with family while watching
V.
Rauber et 11-18y,n= Where, With 4-day food diary  NOVA - UPF% of total Exploratory No significant associations at Study missing information on
al. (2022) 542, UKNDNS  whom, TV (interviewer energy intake, DINO factor lunchtime. meal type. Directional causality
(2014/2016) screen, Ata reviewed) programme, UK NDB analysis Higher UPF consumption at not assessed. Source of food not
table, dinner was associated with assessed.
Mealtime ‘watching TV alone in the
bedroom’ and ‘out of home
with friends’.
Martineset  4-10y,n= TV screen, 4-day food diary  NOVA - UPF% of total Linear Higher UPF intake was Food recall reported by parents,
al. (2019) 1,277, UK Mealtime (interviewer energy intake, DINO regression associated with watching TV prone to errors and
NDNS reviewed) programme, UK NDB models while eating. 70% of children underreporting - effect size of TV
(2008/2014) watched TV whilst eating, with  watching may be higher on UPF

31.4% watching at lunch and
dinner. Children that watched
TV for lunch and dinner
consumed 6.1% more energy
from UPF than those who did
not.

intake. Reverse causality unable
to be ruled out.
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Nevesetal. 14-19y,n= Where, With 2x 24-h recall NOVA, nutritional Cluster Identified “inappropriate Limited to one geographical
(2022) 805, 29 public  whom, Screen  (interviewer composition table analysis eating contexts” associated location and school type.
schoolsin use, Meal led), exploratory  (Instituto Brasileiro de with higher UPF consumption Contextual questionnaire not
Brazil frequency, context Geografiae at breakfast and dinner, as validated.
How questionnaire Estatistica) well as higher BMI and body
fat %.
Andradeet 10y and over, Where 2x 24-hrecall NOVA, Brazilian Table Multi-level Eating out of home was UPF intake for this population
al. (2020) n=32,390, (interviewer of Food Composition modelling associated with a 0.41% was low at a mean intake of
Brazilian reviewed) (TBCA) increase in UPF intake within 20.4% of total daily energy. The
Household and between individuals. UPF,  effect of eating out may be bigger
Budget Survey sugary beverages and ready- in populations that consume
(2008/2009) to-eat meals intake was higher  more UPF.
as the frequency of eating out
of home increased.
Mak et al. 1.5-10y,n= Where, With 4-dayfood diary  Fruit and vegetable Mixed Consumption of fruit and Food intake reported by parents,
(2012) 642, UKNDNS  whom, TV (interviewer intake, DINO logistic vegetables more likely with who relied on other carers report
(2008/2010) screen, Ata reviewed) programme, UK NDB regression friends and at school (children if not present. Contexts
table, and mixed aged 4-6 years). frequently 'not specified' and
Mealtime multinomial  All children were more likelyto  treated as missing data. Level of
logistic by consume vegetables with TV engagement with TV not
quintiles off and sitting a table. assessed. Not UPF specific but
fruit and vegetable intake
represent minimally processed
foods by NOVA definitions.
Suggsetal. 6-14yapprox., Where, With 7-day food diary  Nine food categories Generalised  Higher consumption of Social dyads outside of 'home
(2018) n=608, Swiss whom as per the Swiss estimating vegetables, lower with family' represented only 6%
healthy living Society for Nutrition equations consumption of sweets and of occasions reducing the ability
programme (SSN). soft drinks in those that ate at to compare dyads. 7-day food
Social dyads - home with family (compared diary requires high compliance,

combining people and
place created for each
meal occasion
(breakfast, lunch,
dinner).

to those at school with peers
or a restaurant with family).

potential for respondent fatigue
and missing items. UPF not
examined specifically but
vegetables a proxy for minimally
processed items and sweets and
soft drinks for UPF.
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Silva et al. 11-17y TV screen, FFQ; NOVA applied to food Descriptive 75.4% of participants had Not all UPF foods examined, as
(2021) approx.,n= Mealtime socioeconomic, categories (fried and excessive UPF consumption, only at a top level of select food
16,324, behavioural, snacks, salted inferential this was associated with categories. Use of a FFQ does not
National dietary and processed foods, soft analyses. eating while watching TV and give accurate % of UPF to total
Survey of health drinks, sweets and Poisson's daily TV time greater than daily energy intake. Other non-
School Health, questionnaire fast food). multiple three hours, having breakfast contextual variables associated
2015 edition regression less than 4x a week. with excess UPF intake, show
(PeNSE-2015), model that eating behaviours influenced
Brazil adjusted for by more than just context.
confounding Causality cannot be
factors. extrapolated.
Souzaetal. 4yandolder, Where 4-day food diary  NOVA - UPF% of total Linear For children, eating at home Food diaries only captured 4 days
(2022) n=2,449, UK (interviewer energy intake, DINO regression associated with lower UPF of a full week. Adults completed
NDNS reviewed) programme, UK NDB models intake, while eating at leisure those for children under 11 years.
(2014/2016) and sports places was Highlights a key difference in fast
associated with UPF intake. food outlets versus sit-down
For adolescents, eating at restaurants.
home as well as sit-down
restaurants was associated
with lower UPF intake, while
eating fast food was
associated with UPF intake.
For adults, eating at sit-down
restaurants associated with
lower UPF intake, while eating
at fast-food restaurants was
associated with UPF intake.
Toumpakari 11-18y,n= Where, With 4-day food diary  Non-core food intake Descriptive Non-core food consumption Not specifically UPF, but non-
etal. 666, UCKNDNS  whom (interviewer (defined by fat and analysis. was higher at eateries or with core foods good indicator of
(2016) (2008/2011) reviewed) sugar cut-off points Combined friends, and lower when at foods more likely to be UPF.
from the Australian ranking. home or with parents. Results are a fair proxy for UPF,

Guide to Healthy

Eating) e.g. soft drinks,
potato chips, biscuits.

considering relevant study
design.
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Oliveira et 6-11y,n= With whom Online survey NOVA score system Multivariate ~ Regular family meals were UPF intake not directly
al. (2024b) 1,887, (sociodemograp  developed from 0 to logistic associated with low UPF measured. Selection bias
Brazilian hic, nutritional 10, points for every regression consumption, as well as high possible from snowball
schoolchildren status, family UPF food category models dietary diversity and healthy recruitment method used. Parent
and their meal frequency, consumed. BMlin children. Regular family ~ reported anthropometric
caregivers food meals were associated with attributes and child reported food
consumption, eating without TV screens intake liable for error. Internet
eating and present. questionnaire allowed for ease of
sedentary data collection, potentially less
behaviours) accurate than more direct
measurements.
Oliveira et 6-11y,n= Screen use, Online survey. NOVA score system Poisson's Screen use, eating atirregular ~ Questionnaire on previous day
al. (2024a) 2,021, Mealtime, Illustrated developed from 0 to regression hours, eating alone and not food consumption filled in by
Brazilian With whom Questionnaire 10, points for every contributing to meal children, whilst designed for this
schoolchildren on Food UPF food category preparation identified as risk age there is still potential for
and their Consumption consumed. factors for high UPF intake and  error.
caregivers for Brazilian low dietary diversity. Eating
Schoolchildren three main meals identified as
(QUACEB) protective against UPF intake
previous day and beneficial to dietary
consumption; diversity.
and the
Illustrated
Questionnaire
on Eating and
Sedentary
Behaviours
(QUICAS).
Rodriguez- 12-16y,n= Screen use, Focus groups Exploratory topics of Inductive Three key themes arose Small sample size from one high
Barniol et 30, Spanish With whom adolescents' thematic including majority of meals are  school in Spain. Focus groups
al. (2024) high school perceptions, attitudes, analysis eaten in the presence of conducted in front of friends

and motivations on
screen use and UPF
intake; nutrition
education needs and
UPF knowledge.

screens, UPF consumption is
higher when alone at
breakfast, mid-afternoon
snacks, main meals and on
the weekend. Social events
encourage high UPF intake
due to taste, availability and
convenience.

which may have added a social
bias. Results should not be
extrapolated to wider
populations.
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Carroll et 3-5y,n=560, Screenuse, 3-day food NOVA - UPF% of total Beta In unadjusted models, eating Specific to one region only and
al. (2024) preschool With whom diary, baseline energy intake, regression together as a family was not ethnically diverse. Parent
children & and 1 year later Nutrition Data System  models associated with marginally reported diet and screen time.
parent dyads for Research lower UPF intake. In adjusted Retrospective study, application
from a New models, higher screen time of NOVA used food labels from
Hampshire was significantly associated 2022, but data collection
community with greater UPF intake. occurred in 2014-2016.
Fonsecaet  7-9y,n=2326, Mealtime Previous day NOVA-% UPF of total  Logistic Skipping breakfast, mid- Actual amounts of food eaten not
al. (2023) public school food energy intake regression afternoon snack and supper measured, only the presence of
in Brazil questionnaire models was associated with higher food types. NOVA classification
UPF intake. Whilst, eating retrospectively applied to food
lunch, mid-afternoon snack questionnaire which was not
and dinner was associated designed with purpose of
with consumption of processed food measurement.
minimally processed foods. Study results represent one city
only, not to be generalised.
Bonaccio 19yandolder, Mealtime Online 24-h NOVA - % of total Multivariabl ~ Late eaters were associated Study population adults not
etal. n=8,688, recall, European  weight of food eaten e-adjusted with higher UPF intakes and adolescents. Median mealtime
(2023) nationwide Food Propensity  (g/d) regression lower minimally processed from study used to split those
Italian Questionnaire models food intakes. into early and late eaters,
Nutrition & adjusted to definition of late eaters may not
Health Survey Italian be accurate.
(INHES) requirements.
Gombi- 10yandolder, Mealtime 1-2x24-hrecall NOVA-% UPFoftotal  Multinomial  Level of snacking was Underreporting prevalent from
Vacaetal. n=46,164, (interviewer led)  daily energy intake, logistic positively associated with UPF  low El observed in sample.
(2024) Brazilian splitinto quintiles. regression, consumption across all age Potential for participant bias to
Household Mealtime splitinto split by age groups. Association was underreport undesirable foods
Budget Survey breakfast, lunch, group strongest amongst such as UPF or forget snacks they
(2017-2018) dinner or snacks. adolescents. have consumed. Association may
be stronger.
Tucker et 19yand Where/Source  2x24-h recall NOVA-% UPF oftotal ~ Multivariate  Higher household cooking Does not directly assess meal
al. (2024) younger, n = (interviewer led)  daily energy intake, linear frequency significantly source, but the act of cooking the
6,032, US household cooking regression associated with lower UPF mealin the home implies the
National frequency of evening models consumption and better diet dinner is sourced from home and
Health and meals adjusted for  quality. consumed in the home.
Nutrition sociodemog
Examination raphics
Survey (2007-
2010)
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10yandolder, Mealtime 1-2x24-hrecall NOVA-% UPFoftotal  Multiple Later first meals, last meals No other contextual factors
Crispim et N = 46,164 of (interviewer led)  energy intake, TBCA linear and midpoint of calorie intake ~ considered that may drive these
al. (2025) which regression was associated with higher temporal eating patterns.
adolescents n models for UPF intake and lower
= 8,469, alland minimally processed food
Brazilian stratified by  intake. Shorter overnight
Household age group. fasting was also associated
Budget Survey with higher UPF intake. Across
(2017-2018) all age groups.
Lépez-Gil, 12-17y,n= Screen use Self-reported NOVA - average Generalised  Higher eating distraction Direction of the relationship
Quiroz- 826, Eating questionnaire weekly portion for linear scores associated with higher  cannot be established. Cultural
Cardenas, Healthy and on eating each group was models, UPF intake and lower habits may influence the impact
etal. Daily Life distractions, calculated adjusted for  adherence to Mediterranean of eating distractions and diet
(2025) Activities Spanish- demographi  diet. Eating while using a quality, results cannot be
study in Spain validated UPF cand phone or social networks was extrapolated outside of this
FFQ. socioecono associated with significantly region in Spain. Self-reported
Mediterranean mic, higher UPF intake. Eating UPF data prone to recall error and
Diet Quality behavioural ~ while watching TV was not biases.
Index. factors. statistically significant.
Corréa et 7-14y,n= Source Parents: NOVA classification Negative Buying foods from snack bars Questionnaire reviews presence
al. (2018) 2,195, state socioeconomic  assigned to 21 food binomial or fast-food outlets was of UPF intake in one day only,
and public and groupsin regression associated with higher UPF does not measure actual intake
schoolsin demographic questionnaire. intake frequency in 11-14y. of UPF in grams or % of energy
Florianopolis, data. Children: Frequency of UPF Buying from butchers was and does not look at general
Brazil 24-h recall consumed the associated with higher intake frequency.
previous day previous day. frequency of unprocessed and
consumption. minimally processed foods in
11-14y.
Andrettaet  6-16y,n= Mealtime, UPF UPF classification as Poisson High UPF consumption Study notes it may have under
al. (2021) 1,309, Source consumption per Dietary Guidelines  regression associated with snacking and assigned UPF status to foods e.g.
municipal questionnaire for the Brazilian using a buying or bringing snacks to bread was classed as processed,
schoolsin (interviewer Population. hierarchical ~ school. when could easily have been
Caxias do Sul, support). model. UPF consumption was lowest UPF. NOVA not used. Excluded
Brazil Socioeconomic/ at lunch and dinner. private school students, biasing

demographic
questionnaire.

the results to certain
socioeconomic groups.
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Rochaetal. n=71,553, Screen use, 1x 24-hrecall NOVA-% UPF oftotal  Generalised  UPF intake was higher in Not eating context specific, looks
(2021) 1,247 public Mealtime, energy intake linear adolescents that did not eat at top level eating habits and
and private Source models school meals, skipped food frequency.
schoolsin 124 breakfast often, ate in front of
Brazilian cities screens almost every day or
every other day, and higher
total screen time.
Teixeira de 8-12y,n= Screen use 2x 24-h recalls. NOVA-% UPF oftotal ~ Simple and Watching TV during meals Sample limited to public school
Lacerda et 260, public Questionnaire energy intake multiple positively associated with UPF  children in one region of Brazil.
al. (2020) schoolsin (anthropometric logistic intake (1.87x more likely). Direction of the association
Southeast of eating and regression cannot be ascertained.
Brazil lifestyle habits)
Melo et al. 14-19y,n= Screen use 2x 24-h recalls. NOVA (3 categories Linear UPF intake associated with Incorporated culinary foods
(2021) 804, public used) - % UPF to total regression screen use. category into minimally
schools in Juiz energy intake model processed category as usually
de Fora, Brazil, associated with meal preparation
(Adolescent of these food items. Conflicts
Lifestyle with current 4 category NOVA
Study) model.
Costaetal. 15-17y,n= Screen use FFQ UPF NOVA not used. Poisson Adolescents watching more The sample size was small for
(2025) 2,315, subgroups Questionnaire used 10  regression than 6 hours of TV daily - 1.8x adolescents compared to other
Brazilian previous day. most consumed UPF producing more likely to consume high ages assessed. A more detailed
National Behavioural subgroups from the prevalence UPF intake than those assessment of actual UPF intake
Health Survey questionnaire. Brazilian Dietary ratios watching no TV. Watching would allow for exact quantities

2019.

Survey (2009-2009).

other screens (phone,
computer) for more than 6
hours daily - 2.4x more at risk
of high UPF intake than those
not.

and application of NOVA for a
comparable UPF result.

Note. DINO = Diet In, Nutrients Out; FFQ = Food Frequency Questionnaire; INHES = Italian Nutrition & Health Survey; NDB = Nutrient Databank; NDNS = National Diet
and Nutrition Survey; QUACEB = Questionario de Consumo Alimentar para Criangas Escolares Brasileiras; QUICAS = Ilustrado sobre Comportamentos Alimentares e

Sedentarios; SSN = Swiss Society for Nutrition; TBCA = Tabela Brasileira de Composi¢ao de Alimentos; UPF = Ultra-Processed Food.
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2.4.4. When is UPF consumed?
An interesting area of nutrition research has examined the temporal influences of when meals are
eaten and the likelihood of UPF consumption. Such studies have explored the association of meal
timing, regularity and snacking behaviours. The research to date highlights the importance of
consuming core meals (breakfast, lunch and dinner) as protective against UPF intake. Andretta et
al.’s (2021) study on UPF consumption in public school children in Brazil, found UPF consumption
was lowest at lunch and dinner times. This finding was also replicated by Fonseca et al. (2023) in
public school children from another area of Brazil, where eating lunch, a mid-afternoon snack and
dinner was positively associated with minimally processed food consumption. This was yet again
supported by a further nationwide online questionnaire in Brazilian schoolchildren, which found
eating three main meals to be protective against UPF consumption and promoting dietary diversity
(Oliveira et al., 2024a). Another study, albeit in adults, identified that eating more meals per day was
protective against UPF intake (Mattar et al., 2022). Note these studies are limited to a Brazilian
perspective on UPF intake, which as discussed prior has a more moderate UPF intake than other
developed countries, care must be taken when extrapolating these findings. While, the importance
of regular main meals may also contribute to health benefits, as a multi-country study of young
European adolescents (n =7,915), found those that consumed breakfast and dinner were less likely

to be overweight (Vik et al., 2013).

While these core mealtimes are important, it is vital to understand their nutritional quality is still
influenced by other contextual factors. This point is clearly articulated in another Brazilian study
which examined the association of “inappropriate” eating contexts at mealtimes in adolescents
(Neves et al., 2022). Those who consumed breakfast and dinner meals in what was defined by the
study as “inappropriate” had significantly higher UPF intake alongside higher BMI and body fat
percentage. Inappropriate contexts were defined by behaviours such as out of home eating, on the

couch or bed, on the go, alone or in front of a screen.

Conversely, eating habits that omit core mealtimes have been shown to have negative
consequences when it comes to UPF consumption, for example skipping breakfast. A secondary
analysis of the data from the Study of Cardiovascular Risk in Adolescents (ERICA) 2013-2014,
allowed the examination of a large dataset of adolescents (n = 71,533) across 124 cities in Brazil,
and revealed that UPF intake was significantly higher in those that skipped breakfast (Rocha et al.,

2021). At the same time Silva et al. (2021) examined data from the 2015 Brazilian National Survey of

40



School Health, and also found that eating breakfast less than four days a week was an independent
factor associated with high UPF intake. This finding was replicated again in Brazil by Fonseca et al.
(2023). It is worth noting that the act of skipping breakfast has also been associated with poorer diet
quality and health consequences such as childhood obesity in other areas of nutritional research

(Leech et al., 2015; Patricia et al., 2018).

Snacking behaviours have also been linked with higher UPF intake, with some particularly noting
the mid-afternoon occasion (Andretta et al., 2021; Fonseca et al., 2023; Rodriguez-Barniol et al.,
2024). The link between snacking and UPF consumption is also more poignant amongst
adolescents. Arecent large study of the Brazilian Household Budget Survey (2017-2018), from those
aged 10 years or older (n = 46,164), using two 24-h food recalls with trained interviewers, also
associated high UPF intake with snacking behaviour across all ages but most notably amongst
adolescents (Gombi-Vaca et al., 2024). UPF represent an easy and fast solution for hungry
adolescents searching for snacks between main meals. A lack of autonomy over food decisions,
limited participation in food shopping and meal preparation have been identified in focus groups
studies as contributing to the underdevelopment of cooking skills amongst adolescents (Rodriguez-
Barniol et al., 2024). Oliveira et al. (2024a) also noted not contributing to meal preparation as a risk

factor for high UPF intake.

Other areas of research have explored the influence of how mealtimes are spread throughout the
day. In an Italian study of adults (n = 8,688), late eaters were found to have higher intakes of UPF
(Bonaccio et al., 2023). While in adolescents, later meals that are not homemade, have also been
associated with higher intakes of fast food, convenience foods and sugar-sweetened beverages
(Overcash et al., 2020). A literature review identified that these ‘late types’ have also been found as
more likely to skip breakfast, consume more UPF foods and have a comparatively higher weight and
BMI (Teixeira et al., 2023). Conversely, the habit of ‘morningness’, i.e. meals weighted towards the
earlier part of the day, are associated with more frequent intake of fresh or minimally processed
foods (Teixeira et al., 2023). Oliveira et al. (2024a) also found those that ate at irregular hours had a
91% higher chance of belonging to what they term a high-risk group, defined as having higher
consumption of UPF and lower consumption of natural foods. Lastly, Crispim et al. (2025) noted UPF
consumption was higher when the timing of first meals, last meals and the midpoint of calorie intake
in the day occurred later in the day. UPF intake was also higher amongst those with shorter overnight

fasting patterns. Both these patterns held across all age groups in the study. One can surmise that
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eating habits that depart from traditional structured mealtimes such as skipping meals, snacking,

irregular or later eating patterns promote higher UPF consumption.

2.4.5. Whereis UPF consumed?
When delving into contextual influences such as where meals are eaten and with whom, this review
initially examines these variables separately and then explores studies that have combined these
variables, as previously defined as social dyads. Where meals are consumed is defined by Rauber et
al. (2022, p.112) as the ‘place of consumption’. This has shown a consistent relationship with UPF
consumption across relevant studies and is often framed as at home versus out of home, with some
studies going further to differentiate between possible in home and out of home settings (Andrade
et al., 2020; Mak et al., 2012; Neves et al., 2022; Onita et al., 2021; Rauber et al., 2022). It is
recognised that most children (and likely adolescents) meals are consumed at home, but the
amount of out of home meals is rising due to convenience and these meals are typically lower in
nutritional quality and bigger in portion size (Islam et al., 2020). UPF consumption is consistently
lower when meals are consumed at home, and higher when they are consumed out of home as

discussed below.

One of the first studies of its kind, whilst not specifically UPF, examined the influence of where
meals were eaten on non-core food intake amongst UK adolescents (Toumpakari et al., 2016). These
non-core food items were defined by their fat and sugar levels according to the Australian Guide to
Healthy Eating; and serve as a proxy for UPF intake. The study found that 33.2% of non-core food
items were consumed at home compared with 57.0% out of home at eateries. Not long after,
Andrade et al. (2020) published an article on the influence of place of consumption on UPF intake
from the Brazilian Household Budget Survey (08/09), ages 10 years and over (n = 32,390). It was the
first to specifically look at UPF intake and frequency of out of home consumption, noting that UPF
intake increased as the frequency of eating out increased. They recorded a small but relevant 0.41%

increase in UPF intake both within and between individuals when eating out of home.

Souzaetal. (2022) took this a step further and examined places of consumption influence on UPF
intake across the life stages in the UK NDNS (2014/2016) (n = 2,449). From this it was consistently
found that no matter what age, eating at fast-food restaurants was associated with higher UPF
intake. Leisure and sports venues were also associated with higher UPF intake for children. For

children and adolescents eating at home was linked with lower UPF intake. While for adolescents
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and adults, eating at sit-down restaurants was also associated with lower UPF intake. Taking
adolescents specifically as an example, in this study every 1 percentage-point increase in calories
from fast food places was associated with a 0.29 percentage pointincrease in share of calories from
UPFs. Likewise, every 1 percentage point increase in meals consumed at home or at sit-down
restaurants, was associated with a 0.12 and 0.21 percentage point decline in share of calories from
UPF, respectively. This study highlights a distinction in food quality between fast food outlets and
sit-down restaurants which involve more minimally processed foods with culinary ingredients as
opposed to fast meals that require food to have been prepared in advance (thus the addition of
preservatives or artificial flavours to enhance taste). From the consumer perspective Onita et al.
(2021) notes that this high UPF intake out of home is attributable to the wide use of appealing

marketing and wide UPF availability in these environments in swaying food choices.

2.4.6. Who is UPF consumed with?

2.4.6.1. Parental Influence
Social groups have been identified as one of the key dimensions influencing adolescent diets (Vidal

et al., 2023). With whom one eats, whether it is parents, caregivers, peers or alone, can all play arole
in UPF consumption. The protective effects of eating together as a family are well established. A
systematic review by Woodruff and Hanning (2008) found that family meals improved the dietary
quality of adolescents. Carroll et al. (2024) explored 3-day food diaries from preschool children and
their parents in New Hampshire and found a marginally lower intake of UPF was identified amongst
those who ate together as a family. More significant findings were uncovered by Oliveira et al.’s
(2024b) cross-sectional survey as part of the nationwide ‘Schoolchildren Nutrition Study' in Brazil,
which illustrated an association between regular family meals and low UPF consumption. Not only

this, but it also was associated with high dietary diversity and healthy BMI.

Similarly, a study on children and adolescents in North Carolina found more frequent family
meals were associated with higher fruit and vegetable intake and lower sugary drink consumption
(Fink etal., 2014). This was also linked with better diet quality. A meta-review that pooled the results
of 17 studies across 182,836 children and adolescents found that having family meals 3 or more time
a week was significantly associated with a 20% reduction in the odds of eating unhealthy foods and
35% less in disordered eating, with the added benefit of being less likely to be overweight (Hammons

& Fiese, 2011).
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Suggs et al. (2018) highlights the role parents play as gatekeepers, typically controlling the food
available and its preparation, as well as being responsible for promoting healthy eating habits. Also
noting, that excessive parental control or pressure on eating behaviours can be detrimental and have
the opposite effect. From an emotive perspective, family meals can promote self-regulation, a sense
of belonging and family culture (Jones, 2018). Regular family mealtime benefits extend to academic
performance, wellbeing, less negative behavioural issues such as substance abuse, depression or
violence (Jones, 2018). Jones’ (2018) review article also notes that key barriers to regular family
meals are time and work constraints, overscheduling of children and distractions. Highlighting that
the intrusion of screens into modern life may play an important role in contributing to the general
decline in family dinner frequency over the last few decades. The role of family members outside of
parents is more ambiguous. For example, grandparents have been found to use unhealthy foods as
treats or gifts to grandchildren highlighting the role of food can go beyond its inherent nutritional
value and have deeply rooted emotive value (Suggs et al., 2018). Influences of wider social group
settings are an area for future research, with focus groups amongst Spanish adolescents suggesting

that UPF intake is higher at social events (Rodriguez-Barniol et al., 2024).

2.4.6.2. Eating Alone
In contrast, eating alone has been associated with poor dietary intakes and health outcomes in

adolescents. Specifically, it has been associated with lower fruit and vegetable intake and greater
junk food and sugary drink consumption in adolescents (Reicks et al., 2019). Eating alone has also
been correlated with health consequences such as greater BMI and body fat for age in adolescents
(Neves et al., 2022). Rauber et al. (2022) argues eating alone removes the inherent social nature of
mealtimes and promotes individualisation of eating. Thus, the opportunity to promote healthy eating
patterns through parental modelling and pattern development to children is lost (Onita et al., 2021;
Rauber et al., 2022). Onita et al. (2021) reasons that the very nature of UPF as convenient, portable
and requiring minimal preparation, explains the higher consumption when alone for example in a

bedroom.

2.4.6.3. Eating with Peers
Suggs et al. (2018) highlights that the influence of peers can be both positive and negative. For

example, the sheer presence (social facilitation) of peers or behaviours that their peers exhibit
(social modelling) can influence food consumption. Likewise, adolescents may alter their eating
patterns if eating healthy food is seen as unpopular. Rauber et al. (2022) also raised this point, that

adolescents will alter their eating choices to fit into friend groups “perceived norms”. Studies have
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shown that adolescents will actively request UPF from their parents and exhibit similar snacking
habits as classmates (Giese et al., 2015; Rodriguez-Barniol et al., 2024). UPF intake as measured by
non-core food consumption has shown to be higher with friends (51.3%) than with parents (32.1%)
in UK adolescents (Toumpakari et al., 2016). The influence of peers has been seen to increase as
children get older, as well as frequency of consuming foods alone due to a growing independence
(Mak et al., 2012). Similarities are not limited to just food consumption patterns, a systematic review
by Fletcher et al. (2011) noted school friends often share similar BMlI’s, the significance of this
association was more pronounced the higher the BMI. The study also found boys share similar fast

food eating patterns.

The theme across these studies is consistent, in that regular family mealtimes and helping with
family meal preparation are protective, whilst eating alone is detrimental. Peer influences can be
more complex, thus when viewed from a dyad perspective of location plus social setting a more

accurate picture is available.

2.4.7. UPF Intake and Social Dyads (Where and with Whom)
When we examine where a particular meal is eaten and with whom, a richer context is provided and
potential for greater insights or stronger associations to be revealed. This is a growing area of
research in the UPF field, with a pivotal study in the field of eating contexts being that of Mak et al.
(2012). It was one of the first to assess the multi-dimensional manner of eating contexts, however
focused on fruit and vegetable intake in UK children. Using an ecological momentary assessment
approach, food diaries over four days explored every eating context with additional questions of
where and with whom a meal was eaten, if a TV was being watched and if it was consumed at the
table. It revealed fruit and vegetable intake was higher in structured environments such as school or
with friends amongst children aged 4-6 years. Children were also more likely to consume vegetables
when the TV was off or if they were sitting at a table. Whilst this study did not combine the contexts,
itwas unique in asking for these four influencing factors on eating context at the same time. It should
be noted device use has also expanded beyond TV since this study was conducted, with recent
estimates from the US showing 95% of adolescents have access to a smartphone, up from 23% in

2011 (Pew Research Center 2013; Pew Research Center 2024).

Suggs et al. (2018) took it one step further and explored what happened when two contexts, where

and with whom a meal was eaten, were combined into a social dyad. The resulting 7-day food diary
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study from Swiss school children participating in a healthy living programme, revealed that eating at
home with one’s family was associated with higher intakes of vegetables and lower intake of sweets
and soft drinks; when compared with meals consumed at school with peers or at restaurants with

their family.

Onita et al. (2021) took a slightly different take as part of the UK NDNS (2008/2014) in children.
Food was recorded in 4-day food diaries and NOVA classification subsequently applied. Every eating
occasion recorded where it was consumed, with whom, and how (i.e. if the TV was on and if the child
was seated at a table). Exploratory factor analysis identified key contextual patterns, and these were
explored for associations with the percentage mean UPF contribution of total energy intake at lunch
and dinner. Its key findings revealed lower UPF intake at lunch when consumed at school with
friends, versus those consumed at home with family in front of the TV or away from home. Whilst at

dinner, UPF intake was higher when alone in the bedroom or consumed in front of the TV with family.

In a similar study design with several of the same authors, Rauber et al. (2022) explored eating
context and UPF consumption in adolescents from the UK National Diet and Nutrition Survey (2014-
2016). Although, lunch revealed similar eating context patterns (at school with friends, in front of the
TV with family or away from home), no significant association was identified between these and UPF
intake. However, at dinner time, meals consumed in the bedroom alone with the TV on or out with
friends were associated with higher UPF intake, whilst eating dinner in front of the TV with family was
not. These studies offer rich detail into understanding adolescent UPF intake. Structured
environments like school with friends at lunch tend to be associated with lower UPF intake, as can
eating at home with family. However, eating alone in one’s bedroom or eating meals out of home
with family and friends, notably at fast food outlets, lend themselves more to higher UPF intake.
Thus, highlighting the importance of considering location and social setting in combination when

assessing influences on UPF intake.

2.4.8. How is UPF consumed?
The above studies explored the interplay of location and eating company with mealtimes.
Intrinsically linked and sometimes included in these contextual analyses is the role of how a mealis
consumed. Commonly noted by two key variables, with attention such asin front of a TV or electronic
device/screen and activity level (e.g. seated a table, lying or sitting on a couch or bed, or on the go,

standing or walking). Studies on activity levels while eating UPF is limited. Neves et al. (2022)
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included ‘eating while sitting or lying on a couch or bed, standing or walking’ as an inappropriate
eating context in their study, which was linked with other inappropriate eating contexts and found to
be associated with higher UPF intake at breakfast and dinner. Whilst Mak et al. (2012) found children
were more likely to consume vegetables while seated at the table, a more appropriate context.
Conversely, the role of screens and UPF intake has been explored widely and results consistently
reveal its association with contributing to higher UPF intake (Melo et al., 2021; Rocha et al., 2021;
Silva et al., 2021; Teixeira de Lacerda et al., 2020).

A study on adolescents in the city Juiz de Fora of Brazil, showed that as daily screen time
increased UPF consumption also increased (Melo et al., 2021). Another small study on children from
the southeast of Brazil, found that those who watched TV while eating were 1.87 times more likely to
consume a high level of UPF (Teixeira de Lacerda et al., 2020). It is worth noting that Oliveira et al.,
(2024b) found that regular family meals were associated with not eating in front of television screens.
An analysis of data from children in the UK NDNS (2008/2014) specifically reviewed the link between
TV watching and UPF intake (Martines et al., 2019). It found the prevalence of TV watching during
meals at more than 70% of the study population, notably 31.4% watched TV at lunch and dinner.
Watching TV during meals was found to be associated with greater UPF intake. Those that watched
at both meals consumed 6.1% more energy from UPF on average per day. Higher average daily UPF

intake was also found in those who watched TV at dinner only, at 3.4% more energy from UPF.

Arecent study by Lépez-Gil, Quiroz-Cardenas, et al. (2025), in Spanish adolescents, is one of the
first to ascertain the influence of multiple eating distractions on diet quality and UPF intake. Multiple
eating distractions were defined in the study as using a mobile phone (calling, texting, emailing,
social media), watching TV or eating while standing. They found a higher eating distraction score was
significantly associated with higher UPF consumption. When broken down to the individual
distraction level, only the use of phones had a significant association, equivalent to an additional
121grams of UPF intake on average per day. Higher total screen time has also been associated with
higher UPF intake across several studies in children and adolescents (Carroll et al., 2024; Rocha et
al., 2021; Silva et al., 2021). Silva et al. (2021) found that eating while watching TV or watching TV for
three hours or more daily was independently associated with a 9% and 8% higher risk of excessive

UPF intake in Brazilian adolescents respectively.

Another review of data from the 2019 Brazilian National Health Survey found notably strong

associations over 6 hours of daily screen use in adolescents (n = 2,315) (Costa et al., 2025). For
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example, adolescents watching TV for more than 6 hours daily were 1.8x more likely to have a high
UPF intake than those not watching TV during the day. When this was assessed by other screen types
such as phones and computer use the association was stronger, over 6 hours of daily use
corresponded with 2.4x greater prevalence of high UPF consumption comparatively. Rodriguez-
Barniol et al. (2024) focus groups on adolescents, noted that the underlying drivers between screen
use and UPF intake may relate to being exposed to UPF advertising targeted at adolescents. Also,
when watching screens alone in particular, adolescents may engage in compulsive and impulsive

consumption of UPF designed to be addictive.

2.4.9. Sources of UPF in Adolescent Diets
The role of where food is sourced from instead of where itis consumed is an important nuance. One
that has not been addressed simultaneously in eating context studies to date. For example, a mother
makes lunch for her child at home from supermarket ingredients, but the meal is consumed at
school. Compare this with the child that eats from the school tuckshop and another that eats from
the school lunch programme; all are classified as meals eaten “at school with friends” but this
misses the important difference where the meal was sourced from. Additionally, children and
adolescents without financial means might have little influence over what they are consuming in this
eating context. The tuck shop lunch compared with the school lunch programme are diametrically
opposed, one full of UPF and the other as in the case of New Zealand specifically designed to meet
nutritional requirements set by the Ministry of Health (MoH) nutrition team. In fact, a recent
assessment of NZ school canteen menus found that most foods did not meet healthy food and drink
guidelines from the MoH, with 40% of items coded as red for unhealthy and 41% for less healthy
(Pillay et al., 2024). The benefits of school lunch programmes have been identified in a large study of
71,553 Brazilian adolescents. The authors found those who did not consume school provided
lunches had significantly higher UPF intakes (Rocha et al., 2021). Likewise, Andretta et al. (2021)
noted a 9% higher prevalence of UPF consumption amongst those buying or bringing their lunch and

snacks to school (55.5% vs. 44.5%, p = 0.007).

Another example would be takeaways from fast food joints eaten ‘at home at the dinner table’
versus eating out of home at the actualfast-food joint. These differences if not accounted for in study
design allows for potential data errors to enter in to how UPF consumption is defined. The question
‘is it ready-made?’ for meals consumed at home is a good catch all for identifying UPF intake in the

home environment. Corréa et al.’s (2018) study in adolescents from Florianopolis, Brazil identified
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that sourcing foods from snack bars or fast-food outlets was associated with a 11% higher UPF
intake frequency, whereas foods sourced from butchers were associated with a 11% higher
minimally processed food intake frequency. While there is limited research in this area, it appears
that school lunch programmes can be protective in terms of lowering UPF, and meals prepared at
home from butcher/supermarket ingredients are also lower in UPF. Unsurprisingly, fast food outlets

or convenience stores tend to be sources of high UPF content.

2.5.Summary

In summary, significant global changes converged to create the perfect conditions for the rise of UPF
and displacement of traditional diets. This nutritional transition is now recognised as coming with
costs in the form of poor dietary intakes and associated adverse health conditions. Adolescents are
particularly vulnerable to UPF exposure, due to their high nutritional needs during rapid growth and
simultaneous high UPF intakes. Adolescent food habits are shaped by several forces, of which eating
contextis highly relevant when considering targeting lower UPF intake. Eating context can be shaped
by where, with whom, how and when food is consumed. Source of UPF intake is also of interest. This
thesis examines the influence of these eating contexts on adolescent UPF intake in New Zealand.
This is highly relevant as prior to this study no data is available on UPF intake amongst NZ

adolescents.
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Abstract

This study aimed to explore associations between eating contexts and ultra-processed food
(UPF) consumption and its contribution to energy intake by eating occasion amongst New
Zealand (NZ) adolescents. A secondary objective examined associations between where foods
were sourced and UPF intake. Dietary intake was assessed via a 24-hour (24-h) food recall, using
the web-based technology Intake24 from a convenience sample of adolescents (n = 631), years
7-13 (aged 11-18), from schools within the Auckland, Bay of Plenty and Waikato regions in NZ.
Foods were categorised into their level of processing using the NOVA classification system.
Eating context was assessed by location consumed, with whom and whether an electronic
device was present, across six mealtimes. Frequent eating patterns, classed as social dyads
(where and with whom), were identified. Linear regression models were used to analyse the

association between contextual factors and UPF intake in SPSS v.29.0.

UPF contributed 62.5% of total daily energy intake overall. UPF intake was significantly higher at
snack times, particularly during evening snacks (79.6% of energy intake from that eating
occasion). Meals consumed on the go (81.4%), in bedrooms (73.7%), and from fast-food outlets
(74.0%) had the highest UPF contribution. Parental presence, especially at the family table, was
associated with lower UPF intake (51.3%). Food sourced from convenience and fast-food outlets
contributed > 80% UPF, while school lunch programmes were only 31.4%. Strategies to reduce
UPF consumption in NZ adolescents could include encouraging family meals, reduced or
healthier snacking, and increased eligibility and uptake of the government-funded school lunch

programme.
Key words

Ultra-processed foods, eating context, eating occasion, energy intake, social dyad, adolescents,

New Zealand.
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3.1.Introduction

The food system has radically changed over the last few decades, with a significant increase in the
range and availability of processed food options which are now being recognised as having adverse
health outcomes (Henney et al., 2024; Martini et al., 2021; Steele et al., 2023). Adolescents are
particularly vulnerable to this food environment, as they are in a critical window of development
where eating habits and preferences are being formed (Martini et al., 2021). Adolescent food choices
are shaped by multiple factors, including individual preferences, social influences (e.g. parents and
peers), community environments (e.g. school, home, and neighbourhood food availability), and
wider macrosystem drivers such as digital tools (Vidal et al., 2023). A deeper understanding of how
these influences shape adolescents’ dietary behaviours is important to inform effective strategies

to reduce processed food intake and associated negative health effects.

The NOVA food classification system is the most recognised approach to defining the degree to
which foods are processed (Monteiro et al., 2018). Four clear categories group foods as either
unprocessed and minimally processed, processed culinary ingredients, processed foods or lastly,
ultra-processed foods (UPFs) (Astrup & Monteiro, 2022; Henney et al., 2023). This UPF category is of
most concern, defined by NOVA as “of industrial formulations made mostly or entirely with
substances extracted from foods, often chemically modified, and from additives, with little if any
whole food added” (Astrup & Monteiro, 2022). Numerous studies around the world have attempted
to gauge the percentage of UPFs consumed within adolescent populations. A multi-country review
reported substantial differences in UPF intake between Latin American and high-income Western
countries, ranging from 16% of total energy intake among Colombian adolescents to 67% among

adolescents in the US (Neri et al., 2022).

This large contribution of UPFs can be attributed to a culmination of several socio-economic
shifts, such as increased snacking and eating out of home behaviours, which go hand in hand with
the rise in accessibility of supermarkets and takeout options (Henney et al., 2024; Martini et al.,
2021). UPFs are also often mass-produced from high yield crops with extended shelf stability from
preservatives, which makes for an affordable and highly profitable product (Astrup & Monteiro,
2022). Marketing of such products by many global corporates has been shown to target young people

(Mallarino et al., 2013; Soares Guimaraes et al., 2020). UPFs tend to be highly palatable, and are high
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in salt, sugar, and fat content (particularly saturated and trans fats); coupled with artificial flavours

(Astrup & Monteiro, 2022).

UPFs are commonly high in energy and low in nutrient density (Micek et al., 2021). Findings from
meta-analysis and systematic reviews of UPF nutritional profiles have shown them to be low in
protein, fibre and important micronutrients (potassium, magnesium, phosphorous, zinc and vitamin
A, B3, B12, C, D, E) and phytochemicals (Martini et al., 2021; Micek et al., 2021). They have been
found to displace healthier options and water intake, whilst also increasing exposure to phthalates
and bisphenol (Baraldi et al., 2021; Martini et al., 2021; Steele et al., 2023). The evidence against
highly processed diets is rapidly mounting. In children and adolescents, higher UPF intake has been
associated with increased risk of dental caries, obesity, metabolic syndrome and greater adiposity
(Astrup & Monteiro, 2022; Cascaes et al., 2022; De Amicis et al., 2022; de Oliveira et al., 2022; Frias
et al., 2023).

Three different studies in the UK have examined eating context amongst UK children and
adolescents with a congruous average UPF intake at 65-67% of total daily energy (Martines et al.,
2019; Onita et al., 2021; Rauber et al., 2022). Analyses of eating context found that increased UPF
consumption was associated with eating out of home, alone in the bedroom and in front of the TV
(Martines et al., 2019; Onita et al.,, 2021; Rauber et al., 2022). Likewise, a study in Brazilian
adolescents noted ‘inappropriate’ eating contexts at breakfast and dinner, such as out of home
eating, noisy environments, on the couch or bed, on the go, alone or in front of a screen contributed
to increased UPF intake and were associated with higher BMI and body fat percentage (Neves et al.,

2022).

Beyond these studies there is a lack of global research into contextual factors influencing UPF
intake amongst adolescents. This study represents the first New Zealand (NZ) based study to
quantify UPF intake by detailed eating context (where, with whom and screen presence) at each meal
occasion for adolescents. It aimed to examine how these contexts, alongside food source, are
associated with UPF consumption and its contribution to energy intake. ldentification of such
contextual patterns will deliver insights that can be adopted by public health policymakers and

health promotion channels to encourage the reduction of UPF intake.
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3.2.Methods
3.2.1. Study Design and Participants
Eligible study participants were defined as students classed year 7 to 13 (11-18 years old), from
schools and Kura kaupapa Maori (kura; Maori-medium immersion schools based on the indigenous
people of Aotearoa New Zealand, reflecting their language and culture) within the Auckland, Waikato
and Bay of Plenty regions of NZ; that opted into the study. There were no specified exclusion factors
for students that wished to participate, however competency to complete the online 24-h recall in
English was necessary. Recruitment and data collection took place during school terms 3 and 4 of
2024, at the schools’ convenience. A total of over 300 schools were invited into the study either via
phone call or email: consisting of 251 schools participating in the government-funded healthy school
lunches programme (Ka Ora, Ka Ako) and 71 non-eligible for the programme. A sample size of n =
600 participants was targeted based on comparable studies examining contextual influences on
UPF intake in adolescents (Rauber et al., 2022). This provided sufficient statistical power to detect

differences across contexts.

Students over 16 years of age were able to self-consent on the day of data collection, after
acknowledgement of the participation information sheet and consent form. Those under 16, had an
email invite sent to their parents with a link to the participant information sheet and consent form,
to be completed online the day prior to data collection. Printed copies were available to send home
where requested. The demographic questionnaire, participant information sheet and consent form
were available in English and te reo Maori (the Maori language of New Zealand). Individual
participants were not reimbursed for the study, schools received a gift voucher to use as they saw
most beneficial to their school. This study was given ethical approval by the Massey University

Human Ethics Committee, Ohu Matatika 1, Application OM1 23/55.

3.2.2. Sociodemographic Data
A short demographic questionnaire was completed by participants using an online Qualtrics survey.
Participants were asked to report the school they attended, their age, year level, sex at birth, gender
and ethnicity as defined by the Stats NZ 2023 census (Stats NZ 2023). Where a participant selected
multiple ethnicities, ethnic prioritisation using the following rank order was applied to reduce this to
a primary ethnic group; Maori, Pacific, Asian, other ethnicity, and NZ European (Education Counts,

2024). Additional data was gathered from Education Counts for school-specific details including
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region, school equity index, rural or urban school area, and whether the school was eligible in 2024

for the government-funded school lunch programme.

3.2.3. Dietary Data Collection
Participating students attended a one-hour session with research team members to complete an
online 24-h dietary recall (Intake24) on research iPads. Each participant was given a unique code to
use when entering their data to allow the data to remain de-identifiable. Data collection took place
in a classroom at their school during usual school hours. At least two trained researchers were
available to help support participants use the platform as they recalled every food and drink item
they consumed the previous day. Intake24 was originally developed in the UK for young people aged
11 to 24 years (Foster et al.,, 2019) and was specifically adapted to the New Zealand food
environment (Mackay et al., 2025) It contains a NZ specific list of 2,618 foods that link to existing and

newly developed food composition lines (Mackay et al., 2025).

Intake24 employs the multiple-pass method, where food intake is reviewed in several stages,
each step helping to further prompt memory recall and thus enhance the accuracy of the data
gathered (Simpson et al., 2017). It prompts participants to initially list the foods and drinks they
consumed at mealtimes throughout the previous day (midnight to midnight). They then match each
item to the closest fit on a predefined food list, before proceeding to estimate portion size from either
visual aids, household measures or standard portions/unit measurements assigned to that food
item. Clarifying questions such as associated foods prompts (e.g. sugar on your cereal?) or forgotten
food prompts, provide a final opportunity to review and add any missing items (Simpson et al., 2017).
Food item and portion size were then linked to a predetermined nutrient line. This allowed Intake24
to automatically output an excel table of all 24-h recalls with relevant nutrient level data. Any items
that were not on the predefined list could be added by the participant by selecting ‘missing item’ and

then entering the details manually.

3.2.4. UPF Classification
Each food and beverage item consumed by participants was manually classified by two members of
the research team based on its level of food processing. The NOVA classification system was used
to categorise food items as either; unprocessed or minimally processed foods, processed culinary
ingredients, processed foods or UPFs (Martinez-Steele et al., 2023). NOVA has wide adoption and

recognition within the scientific community, with the added benefit of allowing UPF consumption to
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be compared with similar studies in other countries (Sneed et al., 2023). The coding of NOVA
categories to food items was guided by Monteiro (2019), alongside best practice recommendations
from Martinez-Steele et al. (2023). Monteiro created the NOVA classification system and thus,
category definitions from this article were adopted as key guiding principles. All items were coded
individually by two researchers, items that alighed were automatically coded as such, items listed
as discordant were discussed together and consensus reached. Ingredient level data of individual
items was sourced from the two major supermarkets online retail listings New World (2025) and
Woolworths (2025). If no consensus was available, these items were escalated to a senior
nutritional team member for final decision. Mixed meal items were broken into aggregate food
ingredients and coded atthe ingredient level; ingredients were given a weighted share of each recipe.
Recipe sources included the AUSNUT recipes files and New Zealand Food Composition Files (FSANZ
2014; Plant and Food Research 2024).

3.2.5. Eating Contexts Data
Contextual details were asked for each eating occasion using a customised scheme specific to this
research study (Appendix A., Supplementary Figure 1). This included the source of most of the food
in the meal (e.g. supermarket), where (where was most of the food for that meal was eaten e.g. at
school), with whom (whom it was eaten with e.g. alone), and lastly, screen present (was the food
consumed in front of an electronic device e.g. yes/no/don’t know). Intake24 recorded foods
consumed across six mealtimes (breakfast, morning snack, lunch, afternoon snack, dinner and
evening snack), if a meal was not consumed participants could simply click “did not have”. This
takes a participant identified approach to defining eating occasions, as per their social defined
mealtime (Leech et al., 2021). Meal occasions specifically refer to breakfast, lunch and dinner and

snack occasions to morning tea, afternoon tea and evening snack (Leech et al., 2021).

3.2.6. Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics for Windows, Version 29.0 (IBM Corp.,
Armonk, NY, USA). The characteristics of the population were described according to their
sociodemographic variables, in absolute frequency (n) and relative percentages (%). The analysis of
UPF intake by eating context was conducted at the mealtime level as the proxy for eating occasion
e.g. breakfast. Individual food items and ingredients consumed during a single mealtime were
summed to calculate total energy intake (Total kJ) and UPF energy contribution (UPF kJ and % of Total

kJ from UPF) from that eating occasion. Continuous outcomes were reported as means and standard
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deviations (SD) and categorical variables as counts and percentages. Outliers with excess portion
sizes or nutrient intakes were reviewed and either removed or corrected if appropriate. Participants
were removed from the dataset if their energy intake was classed as not plausible, i.e. too low (<
2100 kJ) ortoo high (> 21000 kJ), a range used by other studies to define extreme misreporting (Lipsky
et al., 2017; Verspoor et al., 2020). Where some eating context data was missing “n/a” was simply
provided as the selected option, rather than removing from the database completely, in line with
approaches in similar studies (Mak et al., 2012). Eating context patterns were further assessed by
the construction of “social dyads”, this refers to the pairing of “where” and “with whom” a meal was
consumed (Onita etal., 2021; Rauberetal., 2022). Categorical tables were used to reveal social dyad
patterns (n > 100), identifying the six most common groupings and avoiding sparse category counts

when assessed by mealtime.

Linear regression models were used to assess context group differences for continuous
outcomes (total energy intake [k]], UPF energy intake [kJ], and percentage of total energy from UPF),
with categorical variables (where, with whom, source) modelled using one way ANOVA. T-tests were
used for if a screen device was present or not. Significant findings were further assessed by Tukey’s
HSD post hoc tests to ascertain pairwise differences. A two-tailed p-value < 0.05 was classed as
statistically significant. Stacked bar charts were produced in Microsoft Excel (Microsoft Corp.,

Redmond, WA, USA). Small cell sizes (n < 10) were excluded from descriptive figures.

3.3.Results

3.3.1. Participant Characteristics
A total of 698 participants from 16 schools (including one kura) completed the 24-h recall, of which
67 were excluded for implausible energy intakes, leaving 631 participants included in the data
analysis; of which 565 also completed the demographic questionnaire (Table 4). The sample was
skewed towards females at 62.4%, compared to males at 26.9%. Most participants were in year 12
(40.4%) and year 13 (25.8%), with 69.3% aged over 16 years. A diverse range of ethnicities were
represented in the sample population, with 28.7% identifying as NZ European, 28.4% as Maori,
17.6% as Pacific peoples and 12.5% as Asian. The regional split was composed of Auckland (43.4%),
Bay of Plenty (33.1%) and the Waikato region (20.1%). The schools involved in the study were
predominantly in large or major urban areas (71.3%), with school equity indices over 460 (77.5%)
indicating lower socioeconomic status. More than half of the participants were from schools eligible

for the government-funded school lunch programme (53.7%).
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Table 4 Sociodemographic Characteristics of Participants (n = 631).

Age n (%)
Under 16 128 (20.3)
16 years and over 437 (69.3)
Not specified 66 (10.5)

Sex
Female 394 (62.4)
Male 170 (26.9)
Not specified 67 (10.6)

Year Level
7 4(0.6)

8 14(2.2)

9 32(5.1)
10 69 (10.9)
11 28(4.4)
12 255 (40.4)
13 163 (25.8)
Not specified 66 (10.5)

Priority Ethnicity
European 181 (28.7)
Maori 179 (28.4)
Pacific Peoples 111 (17.6)
Asian 79 (12.5)
Middle Eastern, Latin American, and African 9(1.4)
Not specified 72 (11.4)

Region
Auckland 274 (43.4)
Bay of Plenty 209 (33.1)
Waikato 127 (20.1)
Not specified 21(3.3)

School Equity Index*

Above 4602 489 (77.5)
Below 460 121(19.2)
Not specified 21(3.3)

Rural/Urban School Area
Large or major urban 450 (71.3)
Small or medium urban 142 (22.5)
Rural settlement 18(2.9)
Not specified 21(3.3)

Government-funded School Lunch Programme
Yes 339(53.7)
No 271(42.9)
Not specified 21(3.3)

Daily Total k) from UPF, mean (SD) 5,435 (3,592)

% of Daily Total kJ from UPF, mean (SD) 62.5(25.3)

SD = standard deviation. Percentages are rounded to 1 decimal point.
"Not specified" field indicates missing data, included as it represents > 5% of responses.

1460 is the median equity index for all NZ schools in 2024
2 Higher equity index reflects lower socioeconomic status
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3.3.2. NOVA Classification
Atotal of 9085 individual food entries were recorded from 24-h recalls using Intake24. After removing
duplicates, this resulted in 1,080 unique items. Of these, 186 were identified as mixed dishes; after
reclassification of some ready-made UPF products, the remaining 150 recipes were deconstructed
and coded at the ingredient level using a weighted approach. Of the single UPF items (930), all were
double coders by two researchers and a third researcher reviewed a random 5% of this list. Initial
agreement between the two coders was 88.8%, and any items flagged for discussion due to
potentially fitting in more than one NOVA category (8.9%) or coded differently (2.3%); were resolved
by consensus and discussion with a third researcher. UPF contributed 62.5% of total daily energy
intake, processed food contributed 8.2%, culinary ingredients contributed 3.0% and minimally

processed and unprocessed foods contributed 26.3%.

3.3.3. Mealtime and UPF Consumption
Data from the 631 included participants featured 2,542 eating occasions, of which lunch (19.7%)
and dinner (20.5%) were the most frequent mealtimes, whilst combined total snacking occasions
represented 43.5% of meals (Table 5). Over one third (34.7%) of included participants skipped
breakfast. Significant differences in percent of total energy from UPF was identified across
mealtimes (p < 0.001). Evening snacks accounted for the highest share of energy from UPF (79.6%),
significantly higher than all other mealtimes (p < 0.05); however, it featured the lowest mean total
energy intake at 1583.1 kJ (x 1798.9). Conversely, dinner had the lowest share of energy from UPF
intake (51.7%) but contributed the most to total energy intake with 2879.3 kJ (+ 2058.8 kJ) per eating
occasion. Tukey’s post hoc analysis confirmed that all snack times were significantly higher in UPF

compared with main mealtimes (breakfast, lunch and dinner) (p < 0.05).
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Table 5 Contribution of UPF Consumption to Total Energy Intake by Mealtime in New Zealand Adolescents.

Total kJ UPF kJ % of Total kJ from UPF % of Total
Mealtime Mean SD Mean SD Mean SD n (EOs) EOs
Evening snack 1583.1 1798.9 1299.2 1591.4 79.6 34.5 304 12.0
Afternoon snack 1978.2 2154.3 1437.8 1934.2 69.7 38.6 394 15.5
Morning snack 1754.2 1532.3 1254.5 1368.6 69.6 36.5 408 16.1
Lunch 2368.2 1919.3 1321.5 1430.5 60.0 40.2 502 19.7
Breakfast 1897.1 1451.4 1122.2 1197.3 59.4 34.8 412 16.2
Dinner 2879.3 2058.8 1591.7 1819.6 51.7 39.4 522 20.5

EO = Eating Occasion; SD = Standard Deviation; UPF = Ultra-Processed Food. Results are rounded to 1 decimal point.

P-value for the percentage of Total kJ from UPF across meal occasions: < 0.001 (One-way ANOVA).
Continuous variables are displayed as (Mean + SD) and categorical values as n (%).
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3.3.4. Eating Context and UPF Consumption
Associations between eating context and UPF consumption were explored (Table 6). A significant
difference (p < 0.001) was found for energy intake and share of UPF intake across the different
locations that meal occasions were consumed. Meals consumed on the go had the highest share of
UPF (81.4%), followed by other settings (79.3%), fast food outlets (74.0%) and in one’s bedroom
(73.7%). Meals consumed at fast food outlets contained notably higher energy at 3240.2 kJ (+ 2037.6)
when compared with all other settings. Eating at school and at the table at home were associated
with significantly lower intake of UPF than on the go, bedroom or informal settings (p < 0.05). When
eating at home, meals consumed in the bedroom were significantly higher in UPF compared to other

areas (p < 0.05). Most meals (65.9%) were consumed within the home environment.

Eating with others had the highest share of UPF intake (80.0%), followed by eating with friends
(66.2%) and alone at 65.6%. Post hoc analysis showed significantly higher UPF intake amongst these
three groups when compared to meals consumed with parents (p < 0.05). The presence of any adult
family member was associated with some of the lowest levels of UPF intake (parents (55.9%),
extended family (55.3%) and mixed social groups (53.7%)). Note mixed social groups were defined
as adult relatives plus any mix of friends or others. Eating in front of a screen or device was not

significantly associated with the amount of UPFs consumed (p = 0.11).
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Table 6 Contribution of UPF Consumption to Total Energy Intake by Eating Context in New Zealand Adolescents.

Total kJ UPF kJ % of Total kJ from UPF % of Total
Context Mean SD Mean SD Mean SD p-value n (EOs) EOs*
Where <0.001
Onthe go 2331.0 1845.7 1954.1 1718.1 814 31.7 93 4.1
Other 1990.3 1824.7 1570.9 1676.0 79.3 33.9 56 2.5
Fast food outlet, cafe, restaurant 3240.2 2037.6 2597.1 2227.8 74.0 38.7 56 2.5
Home (Bedroom) 1922.6 1951.9 1457.8 1645.7 73.7 36.5 244 10.8
Friend or relative's house, Marae 1804.4 1449.6 1302.3 1246.6 66.5 42.0 17 0.8
Home (Living area) 2103.8 1622.8 1328.3 1445.2 62.9 38.4 275 12.2
School 2060.3 1892.8 1195.9 1388.2 61.7 39.2 668 29.6
Home (Table) 2233.0 1933.2 1285.6 1590.2 58.0 38.4 851 37.7
With whom <0.001
Others 2135.4 1435.5 1745.5 1422.8 80.0 30.1 59 2.4
Friends 2107.2 1815.8 1392.1 1564.6 66.2 37.8 653 26.2
Alone 2009.6 1955.2 1347.7 1669.7 65.6 38.6 975 39.1
Siblings 2218.8 2000.1 1147.6 1303.5 59.6 39.2 245 9.8
Parents 2286.6 1765.6 1308.7 1581.5 55.9 39.6 427 17.1
Extended family 2746.7 2182.0 1523.6 1730.1 55.3 38.9 82 3.3
Mixed social group 2701.2 2248.8 1404.0 1574.6 53.7 37.2 52 2.1
In front of a screen 0.11
No 2203.0 1995.7 1438.2 1675.9 65.1 38.4 854 40.4
Yes 2094.8 1785.9 1283.8 1476.9 62.3 38.6 1262 59.6

EO = Eating Occasion; SD = Standard Deviation; UPF = Ultra-Processed Food. Values are rounded to 1 decimal point, except for p-values, which are rounded to 3
decimal points.
Continuous variables are displayed as (Mean + SD) and categorical values as n (%).

P-value calculated using One-way ANOVA (for where and with whom) and t-tests (for in front of a screen).
Excludes eating occasions with unspecified context variables (missing data: 11% for where, 2% for whom, and 17% for screen presence).
*Percentages are calculated as a proportion of eating occasions with a valid response for each contextual variable.
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3.3.5. Social Dyad Approach (Location and Social Setting) Combined Effects
Presented in Table 7 are the six key social dyads (location and social setting) identified in the data
(number of eating occasions > 100). Eating alone in informal settings such as the bedroom or living
area scored the highest for UPF intake at 72.5% and 65.8% respectively, whereas parental presence
was associated with lower UPF intake, especially when seated at a table (51.3%). Meals consumed
with parents at a table were significantly lower in UPF intake than other settings with no parental
presence (p <0.005). Meals eaten at the table alone were on average 20.3% higher in UPF than meals
eaten with parents at the table, suggesting parental presence has a greater influence on UPF
consumption than location (p = 0.014). Total energy intake appeared to be inversely related to UPF

contribution, with meals higher in UPF generally providing less energy.
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Table 7 Contribution of UPF Consumption to Total Energy Intake by Key Social Dyads (Location and Social Setting) Combined Effects in New Zealand
Adolescents.

Total kJ UPF kJ % of Total kJ from UPF
Social Dyad Mean SD Mean SD Mean SD n=EQOs
Bedroom, eating alone 1851.0 1864.7 1394.4 1542.0 72.5 37.0 214
Living area, eating alone 1945.8 1570.9 1263.3 1397.6 65.8 37.8 115
School, eating with friends 1951.5 1671.4 1190.3 1272.8 62.6 38.1 463
Table, eating alone 2117.8 2123.4 1292.0 1741.2 61.7 384 398
Living area, eating with parents 2346.3 1818.2 1427.4 1651.5 58.4 40.0 100
Table, eating with parents 2207.7 1586.8 1119.5 1338.3 51.3 39.5 234

EO = Eating Occasion; SD = Standard Deviation; UPF = Ultra-Processed Food. Values are rounded to 1 decimal point.
Continuous variables are displayed as (Mean + SD) and categorical values as n (%).

P-value for the percentage of Total kJ from UPF across social dyads: < 0.001 (One-way ANOVA).

*Social dyads with a n (EOs) > 100 were included in table.
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Figure 2 splits the social dyad data according to mealtime. The influence of social dyads varied
depending on the eating occasion. UPF intake was consistently higher at snacking occasions
compared with main meals. This was most notable at the evening snack occasion with UPF intake
ranging from 72.5-92.0% of mean energy intake across all dyads; of which the highest two dyads
were with parents in the living room (87.1%) and with parents at the table (92.0%). Variances in
morning snacks by context were observed, morning snacks consumed at school with friends were
lower in UPF (67.7%) than those who had morning snacks at home (ranging from 72.7-81.2%).
Afternoon snacks at school with friends had a similar UPF intake at 65.8%; and were highest when
consumed inthe living area athome (74.1%) and lowest when at the home table alone (62.3%). When
reviewing main meals, breakfast consumed at school was higherin both mean UPF share and energy
intake (66.9%; 2158.0 kJ = 1900.0) compared to breakfast consumed in the home environment.
Whereas lunch consumed at home in ones bedroom was lower in UPF but higher in energy intake
(46.2%; 2951.7 kJ £ 2113.9) than lunch at school with friends (58.1%) and lunch at home seated with
parents (78.4%). Overall, evening meals were typically lower in UPF share, with meals consumed at
the table with parents having the lowest amount of UPF at 36.9%. The exception was evening meals
consumed alone in the bedroom (70.6%). The evening meal occasion also accounted for the largest
intake of energy during the day (ranging from 2501.5kJ to 3125.6kJ). Full numerical values underlying
Figure 2 are provided in Appendix B (Supplementary Table 1).
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Figure 2 Contribution of UPF Consumption to Total Energy Intake by Key Social Dyads (Location and

Social Setting) split by Mealtime, in New Zealand Adolescents.
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3.3.6. Food Source and UPF Consumption

Figure 3 highlights that of the seven categories from which meals were sourced, convenience-based
stores and fast-food outlets had the highest contribution of UPF to energy intake (> 80%) and fast-
food outlets contributed the highest mean total kJ per eating occasion at 3210.6 kJ (SD = 2058.66).
Meals sourced from school canteens were also high in UPF (70.5%) but contributed a lower share of
energy (M =1794.1 kJ, SD = 1542.0). The school food programme had the lowest UPF share of all
sources at 31.4%, while also contributing the second-highest total energy intake per eating occasion
at 3109.2 kJ (SD = 2346.1). Full numerical values underlying Figure 3 are provided in Appendix B
(Supplementary Table 2).
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Figure 3 Contribution of UPF consumption to Total Energy Intake by Food Source in New Zealand
Adolescents.
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3.4. Discussion
This study explored the relationship between eating context and UPF intake amongst New Zealand

adolescents, with a particular focus on where, with whom and the presence of an electronic screen
during meal consumption. Additionally, associations between where food was sourced and UPF
consumption was explored. Our analyses highlighted that UPF intake in NZ adolescents is high and
contextual factors are significantly associated with UPF intake. High UPF intake was found in all
shacking occasions (notably, in the evening), when meals were being consumed on the go, and at
fast-food and other informal settings. Meals consumed alone (notably in the bedroom) or with
‘others’ (not family or friends) were markedly higher in UPF. Conversely, UPF intake was lower at
dinner times, in structured environments such as school and at the table at home, and in the
presence of adult relatives, particularly parents. Likewise, meals sourced from convenience stores,
fast food outlets and school canteens were high in UPF content, whereas meals from funded school
lunch programmes were low. Screen use during meals showed no significant association with UPF

consumption.

This was the first study to explore contextual influences on UPF intake in adolescents in New
Zealand. The high UPF intake in this study population (62.5%) is consistent with recent studies in
other Western countries such as the UK (67.8%) and the US (65.7%), but interestingly is higher than
Australia (54.3%) which shares a major supermarket player and would be commonly considered
more culturally aligned (Machado et al., 2020; Rauber et al., 2022; Zhang et al., 2022). A previous
multi-country review of adolescent UPF intake found UPF contribution to energy intake ranged from
18% to 68%, with a clear delineation in UPF intakes between Latin America and Western countries
(Neri et al., 2022). With NZ at the top end of this spectrum, UPF consumption should be classed as
a public health concern requiring targeted interventions. In NZ, high UPF intake is also evident earlier
in life; a previous study in young children reported that UPF contribution ranged from 45-51% of total
energy intake from one to five years, respectively (Fangupo et al., 2021). Thus, our study highlights a
significant increase in the adolescent age bracket. This finding is mirrored in a recent systematic
review by Dicken et al. (2024) exploring global socioeconomic and demographic influences on UPF
consumption, across 17 countries that examined age; younger age was consistently associated with

higher UPF intake in all countries, most notably amongst adolescents.

Like earlier studies, snack occasions were found to be higher in UPF intake, especially at evening

times (Andretta et al., 2021). A recent large study in Brazil (n = 46,164) found that high UPF intake
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was associated with snacking behaviour, particularly amongst adolescents aged 10-19 years
(Gombi-Vaca et al., 2024). Other studies have linked higher UPF consumption with mid-afternoon
shacks (Fonseca et al., 2023; Rodriguez-Barniol et al., 2024). UPFs are often desirable as snack
options for adolescents as they offer a convenient and fast solution. Focus group explorations on
this topic highlight that adolescents often lack autonomy over their food decisions, with limited
participation in food shopping and meal preparation contributing to underdevelopment of cooking
skills (Rodriguez-Barniol et al., 2024). This may be a contributing factor to adolescents selecting
ready-made UPF snacks. Adolescents will also request UPF from their parents and exhibit similar

snacking habits as their classmates (Giese et al., 2015; Rodriguez-Barniol et al., 2024).

The notion of later eating patterns has been explored in the literature. In an ltalian study of adults
(n = 8,688), late eaters were found to have higher intakes of UPF (Bonaccio et al., 2023). In
adolescents, later meals, that are not homemade, have been associated with higher intakes of fast
food, convenience foods and sugar-sweetened beverages (Overcash et al., 2020). A literature review
identified that these ‘late types’ have also been found as more likely to skip breakfast, consume
more UPF foods and have a comparatively higher weight and BMI (Teixeira et al., 2023). Conversely,
the habit of ‘morningness’, i.e. meals weighted towards the earlier part of the day, are associated
with more frequent intake of fresh or minimally processed foods (Teixeira et al., 2023). A high
proportion of participants in our study skipped breakfast, a practice which has been associated with
significantly higher UPF intake, poorer diet quality and childhood obesity (Leech et al., 2015; Patricia
etal.,2018; Rochaetal., 2021). Another study found that eating breakfast less than four days a week
was an independent factor associated with excessive UPF consumption in Brazilian adolescents (n

= 16,324) (Silva et al., 2021).

Both breakfast and dinner represent pivotal mealtimes in healthy dietary habits. A multi-country
study in Europe (children aged 10-12, n = 7,915) found that the consumption of breakfast and dinner
reduced the chances of being overweight (Vik et al., 2013). Likewise, eating three main meals has
been identified as a protective factor against UPF consumption and for dietary diversity in school
children (Oliveira et al., 2024a). Our study found the dinner occasion to have the lowest UPF share,
this was universal across different contexts and confirms its importance as an occasion for healthy
eating. However, the nutritional quality of these mealtimes are still subject to influence by contextual

factors. Neves et al. (2022) identified that adolescents who consumed breakfast and dinner meals
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in “inappropriate” eating contexts (e.g. out of home eating, on the couch or bed, on the go, alone or

in front of a screen) had higher UPF intake.

On-the-go, fast food and convenience store items were significantly associated with UPF intake
in our study. This finding aligns with other international studies that found fast food intake was
directly associated with UPF consumption in adolescents and school children (Corréa et al., 2018;
Souza et al., 2022). Greater UPF consumption is also found outside of the home, with lower UPF
consumption and better dietary quality when meals are consumed within the home (Andrade et al.,
2020; Onita et al., 2021). The home environment was the main environment for food consumption
(65.9% of meals), like other studies in adolescents (Rauber et al., 2022). Where one eats within the
home was also associated with UPF intake. Our study confirmed that meals consumed at the home
table were lower in UPF. While this was the first finding of its kind in adolescents, similar studies into
adolescent fruit and vegetable consumption support this (Mak et al., 2012). Our work adds a new
perspective to the growing body of literature on social dyads, by highlighting that meal occasions
consumed with parents at the table were significantly lower in UPF than meals consumed alone in

the bedroom.

It is theorised that structured environments such as school and the home are associated with
better food choices, but within the school environment two opposing forces exist (Ortega et al.,
2020; Ziauddeen et al., 2018). School canteens in New Zealand are high in UPF, while the
government-funded school lunch programme meals analysed in this study (data collected in 2024)
offers energy dense but minimally processed meals. A recent assessment of New Zealand school
canteen menus found that the majority of foods did not meet healthy food and drink guidelines from
the Ministry of Health, with 40% of items coded as red for unhealthy and 41% for less healthy (Pillay
et al., 2024) The benefits of school lunch programmes were also identified in a large study of 71,553
Brazilian adolescents. The authors found those that did not consume school provided lunches had

significantly higher UPF intakes (Rocha et al., 2021).

Social roles are an important factor in UPF consumption. Our finding that adolescent UPF
consumption was higher when eating alone has been found in other studies in children and
adolescents (Oliveira et al., 2024a; Onita et al., 2021; Rauber et al., 2022). It has also been correlated
with greater BMI and body fat for age (Neves et al., 2022). Eating alone has also been associated with
lower fruit and vegetable intake and greater junk food and sugary drink consumption in adolescents

(Reicks et al., 2019). Conversely, this study found the presence of an adult relative or parent was
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associated with lower UPF consumption. Family meals are an important cornerstone in healthy
eating habits. A systematic review specifically found that family meals improved the dietary quality
of adolescents (Woodruff & Hanning, 2008). This is supported by a study on Brazilian family
dynamics that found lower UPF intake, higher dietary diversity and healthier BMIs amongst families
who had regular family meals (Oliveira et al., 2024b). Frequency of cooking in the home and parents’
culinary skills have also been associated with lower UPF intake (Martins et al., 2020; Tucker et al.,
2024). Parents cooking skills have been found to play an important role in children’s diet quality; as
they displace UPF and increase consumption of homemade meals and fruit and vegetable intake
(Martins et al., 2020). Watanabe et al. (2024) highlights the concern that these essential life skills are

not necessarily passed on to future generations, due to parental time pressures.

Consumption of UPF was higher when eating with friends in our study. Similarly, Toumpakari et
al. (2016) found adolescents consumed more hon-core food with friends (51.3%) than with parents
(32.1%). A systematic review of young people’s consumption habits found that school friends often
share similar BMIs, and this is more significant the higher the BMI (Fletcher et al., 2011). Boys were
also found to share similar fast food consumption patterns. The role of peer interactions in UPF
intake should not be overlooked. While Rauber et al. (2022) found no association for lunch meals
with friends in school, they did note out of home evening meals with friends were linked with
increased UPF intake in adolescents. This suggests structured environments are protective against
UPF intake. Lastly, our study showed that UPF consumption with “others’ was highest. Whilst more
clarity is needed on whom this consists of, it portrays that weaker social ties increase UPF

consumption.

This study also found no significant association between screen use and UPF consumption. This
varies from most of the literature that has associated eating in front of a TV or screen and total daily
screen time with higher UPF consumption (Carroll et al., 2024; Martines et al., 2019; Melo et al.,
2021; Rocha et al., 2021; Silva et al., 2021; Teixeira de Lacerda et al., 2020). It is plausible the lower
response rate to this contextual question influenced this result. This area warrants further enquiry
to identify any nuances in screen use and UPF consumption. For example, excessive daily screen
use (over 6 hours) has recently been identified as strongly associated with high UPF intake amongst

Brazilian adolescents (n =2,315) participatingin the 2019 National Health Survey (Costa et al., 2025).

84



3.4.1. Strengths and Limitations
This is first New Zealand-based study (and one of few globally) to quantify adolescents’ UPF intake
by detailed eating context dyads at each mealtime. A large sample size was achieved with high levels
of both Maori and Pacific ethnicities represented which have historically been underrepresented in
health research (Ministry of Health 2015). The adoption of the NOVA classification allowed for
consistent categorisation of food using a proven, standardised model which has gained widespread
adoption amongst the scientific community (Monteiro et al., 2018). This enhances the comparability
of our results with other studies in the field. Intake24 allowed for deidentified dietary data collection
from groups of students simultaneously. This was advantageous in allowing anonymous data
collection and thus reducing social bias or any stigma associated with reporting eating patterns.
Simple adaptation of Intake24 allowed for the addition of context relevant questions to be embedded

within the recall.

Despite the study’s many strengths, limitations were also present. This study was explorative in
nature capturing a snapshot in time, a repeat recall on varying weekdays including the weekend,
would have added to the robustness. The study had a greater proportion of schools participating in
the government-funded school lunch programme, which typically serves schools of higher
socioeconomic disadvantage, thus influencing the generalisablity of the results to the wider
population. It was also limited to three regions in the North Island of New Zealand and weighted
towards older students. Therefore, wider regional variances may exist, and new insights could be
gained from a study focused on primary school age children (5-12 years) in New Zealand. Intake24,
like other recall methodologies is prone to participant underreporting, errors and recall bias (Foster
et al., 2019). Notably, the use of generic food lists limits the precision of NOVA classification where
processing level is unclear and/or multiple options exist within supermarkets. As a single recall,
causality cannot be assumed but the insights gained offer useful exploratory insights into key
contextualfactors for New Zealand adolescents. The New Zealand government-funded school lunch
programme has been significantly restructured since the time of data collection for this study and
results cannot be considered representative of its current food provision. Social dyads broken down
by mealtime include small numbers of eating occasions in some instances, potential for sample size

errors are plausible.

Future studies could look to include parentalvariables, such as education or cooking skill, as this

study highlighted the important role that parental presence plays in adolescent UPF consumption.
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Likewise, adolescent cooking skills and food autonomy are also worthy of investigation. Several
valuable insights have been gained that could be used in targeted health promotion campaigns such
as the value of social eating, notably the family meal at the dinner table; the importance of having
healthy snacks readily available; and supporting the continuation and/or extension of funded school
lunch programmes. As more research comes to light on the detrimental effects of UPF on nutrient
intakes and health outcomes, fast food companies, manufacturers and suppliers may find
increasing pressure to consider minimal processing in their new product development cycles.
Government food organisations also can take the lead on this especially when it comes to foods
targeted at children and adolescents. Ethnic and sociodemographic influences on contextual intake

of UPF were not examined and warrant further research.

3.5.Conclusion

In conclusion, this study highlighted the important role of contextual factors on the consumption of
UPF amongst adolescents in New Zealand. Factors associated with higher UPF intake included
consumption of convenience-based meals (shacks, fast food, on-the-go) and isolated eating
contexts. Whereas structured environments (school, at the table) and family-oriented meals were
associated with lower UPF intake. These findings represent actionable insights for targeted health
promotions, such as encouraging family meals, healthy snack availability, and reinforcing the
importance of school lunch programmes to reduce UPF intake. As the health risks of UPF become
greater understood, the food industry and policy makers will likely find increasing public pressure to
support the provision of more minimally processed foods, especially those targeted at children and

adolescents.
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Chapter 4. Conclusion and Recommendations

4.1.Achievement of Aim and Objectives

The main aim of this study was to understand the role eating contexts play in how UPFs are sourced
and consumed (where, when and with whom), and their contribution to daily energy intake among
New Zealand adolescents. Adolescents are at a particularly susceptible life stage to excess UPF
consumption. The detrimental health effects of UPF are now widely understood and accepted. By
discovering the key contextual patterns driving UPF consumption, powerful insights can be gained
and directly adopted by health promotion channels and public health policy makers. Ultimately,
information is key to encouraging impactful UPF intake reduction. This study utilised the web-based
platform Intake24, adapted to the NZ food environment, to conduct 24-h recalls with students (years
7 to 13) in participating schools throughout Auckland, Bay of Plenty and Waikato. The well-
recognised NOVA classification system was applied, and participants mean daily UPF intake and

contribution to total daily energy intake was calculated.

Our primary objective was assessed across eating occasions (identified by six mealtimes). The
data also assessed if any associations between contextual factors (location, social setting and
screen use) and UPF intake were present. Social dyads were constructed of the most common
contextual eating patterns by where a meal was consumed and with whom. Our findings highlighted
that UPF intake in New Zealand adolescents at 62.5% total daily energy intake is high by global
standards. Several contextual factors were significantly associated with higher UPF intake including
snacking (especially evening snacks), meals consumed on the go, at fast food locations and other
informal settings. Meals consumed alone (notably in the bedroom), or with ‘others’ outside of one’s
immediate family and friend social circles were also associated with higher UPF intake. Whilst lower
UPF intake was associated with dinner times, eating in structured environments such as school or

at the family table; as well as in the presence of adult relatives (particularly parents).

This research advances the field of eating context and environments by providing a
comprehensive take on multiple eating contexts across eating occasions and identifying key eating
patterns via social dyads. By highlighting high risk versus protective eating contexts for UPF intake;
this helps clarify which contexts should be targeted for health intervention strategies. Our secondary

objective was to determine if where foods were sourced from had any association with UPF intake
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amongst New Zealand adolescents. Our findings alighed with our hypothesis, identifying food
sourced from convenience stores and fast-food outlets were excessively higher in UPF. We also
found school lunch programmes offered the lowest UPF eating source. This demonstrates how
government food programmes can improve adolescent diet quality and how influential the food
environment is. This research is highly relevant, as international awareness of the negative health
impacts of UPF grows and continues to be highlighted in the media. It provides tangible insights that
can easily translate into policy and public health promotion initiatives to reduce UPF intake amongst

a demographic vulnerable to high consumption.

4.2.Strengths

This is first New Zealand-based study (and one of few globally) to quantify adolescents UPF intake
by detailed eating context, social dyads and food source at specified eating occasions. The use of
the validated Intake24 recall model combined with the widely recognised NOVA classification for
UPF allowed for the production of a robust dataset that can be compared with international studies.
Extensive time was taken to thoroughly apply the NOVA classification, including ingredient level
checking of products from two major supermarket chains within NZ and double coding by two
researchers, and verification of a subset of the data by a third team member. Intake24 allowed for
anonymous data collection which is beneficial in reducing social bias associated with reporting of
unhealthy foods such as UPF. Intake24 also permitted the easy addition of contextual information
to be gathered at the same time each mealtime was reported, ensuring accuracy without having to
further match the two. Lastly, strong representation of different ethnic groups within NZ were

achieved from a relatively large sample size

The study is advantageous in that it looks at contextual elements separately and also the
combined effect of location and social setting. However, further research could explore the
weighting of each element in influencing food choice. Likewise, comparison on the influence of
where a mealis consumed versus where it is sourced would be interesting, as this study was limited

to just describing the influence of both of these.

4.3.Limitations

However, several limitations are apparent in this study. The cross-sectional nature of this study

means causality cannot be inferred, and its geographic focus to the upper North Island limit its
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generalisability to all New Zealand adolescents. An opportunity also exists to understand UPF intake
in school children aged 5-12 years, which has yet to be assessed in NZ. Intake24, like traditional
interviewer led food recalls, is susceptible to participant underreporting and errors. The application
of NOVA categories to generic food lines within Intake24 may at times lack the level of detail needed
to classify with accuracy, especially when multiple options of varying processing level exist with
supermarkets. The sociodemographic questionnaire and contextual questions regarding location
and screen use had non-response rates over 10%. It is possible that an individual’s tendency to not
complete a survey fully may also correspond with differences in eating patterns; thus, the exclusion
of those missing contexts may have influenced the end UPF intake result. Meals were limited to six
predetermined eating occasions within Intake24. Eating outside of these occasions may have been

missed, under reported or added into other occasions.

The exploration of key social dyads by eating occasions (e.g. lunch, alone in bedroom) included
data from a low number of participants in some cases (n > 10 responses were included). The small
sample size in some low frequency groups may have exaggerated differences in UPF intake. The
results of this study cannot be considered representative of the current NZ school lunch programme
due to recent restructures and changes to its provision. We found no association with screen use
which differs from the majority studies in this field. This may reflect the higher non-response rate to
this particular contextual question. Alternatively, possible limitations in how we assessed screen
use, for example via a single recall versus habitual use, if the screen was actively being watched or

passively in the background or the duration of total screen time.

4.4.Recommendations for Future Research

Future studies could look to include parental variables, such as education or cooking skill, as this
study highlighted the important role they play just by their presence. Alongside this, adolescent food
cooking skills are also worthy of investigation into their influence on UPF intake. Likewise, whether
food items were selected by the parent, or the adolescent would be of interest in assessing how
ones’ level of autonomy in food decisions influences UPF consumption. The categories of ‘other’
people and ‘other’ places scored very high in UPF. Deeper insight into what these categories
represent could reveal fresh insights. Whilst it is useful to see the impact of where a food was
consumed and where it was sourced from, further analysis could dive deeper into the nuances here

to see which drives behaviour more, it is likely in some circumstances behaviour is largely
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determined by what is available or automatically provided and other situations where social
influence is more dominant. The use of new advances in artificial intelligence assisted wearable
cameras which passively photograph, identify food and portion size and eating context has strong
potential for improving accuracy in UPF intake estimation, while reducing researcher burden at the

same time (Gemming et al., 2015; Zheng et al., 2024).

Several valuable insights have been gained that could be used in targeted health promotion
campaigns such as the promotion of the value of social eating, notably the family meal at the dinner
table; as well as easy availability of health snacks and turning ones screen off. Transformation of
school canteens that operate outside of the government-funded lunch programme to provide
nutritious and minimally processed snacks is an actionable opportunity. Whilst school lunch
programmes have a vital place in providing healthy meals and significant daily calorie contribution
to vulnerable New Zealand adolescents. Understanding how the new school lunch programme has
shifted UPF intake could be of interest. Convenience food options within close geographical
proximity to schools could be identified to trial changes at an environmental level to influence UPF
intake or even banned within a certain radius. The influence of ethnicity and sociodemographics on
UPF consumption was outside of the scope of this thesis but represent an interesting area for future

research given the impact of cultural dietary norms and economic influences on food choices.

As more research comes to light on the detrimental effects of UPF on dietary intakes and health
outcomes, fast food companies, manufacturers and suppliers may find increasing pressure to
consider minimal processing in their new product development cycles. Food regulatory and public
health organisations also can take the lead on this especially when it comes to foods targeted at
children and adolescents, for example through advertising restrictions (including digital and instore
positioning) and front of pack UPF warning labels. Overtime, as more research becomes available
increased regulatory scrutiny of additives allowed in food in terms of their safety profile may be
needed. Other government policies that reduce UPF intake such as dedicated taxes on SSBs should
also be considered. Conversely, they are also able to help make healthy food more accessible by
supporting initiatives targeted at affordability of healthy food. The development of a quick and
affordable regular monitoring system of UPF intake in New Zealand children and adolescents is also

recommended; insights from countries that have taken a lead on this such as Brazil would be of use.
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4.5.Conclusion

In summary, this study highlighted the important role of contextual factors on the consumption of
UPF amongst adolescents in New Zealand. UPF intake was high by global standards, which is a
concerning metric considering it association with poor nutritional profile and health outcomes.
Factors associated with higher UPF intake included consumption of convenience-based meals
(snacks, fast food, on-the-go) and isolated eating contexts. Whereas structured environments
(school, at the table) and family-oriented meals were associated with lower UPF intake.
Adolescence is a critical life stage where lifelong eating habits are formed, thus healthy eating

patterns can lay the foundations to prevent long term NCDs.

These findings represent actionable insights for targeted health promotions, such as encouraging
family meals, healthy snack availability, and reinforcing the importance of schoollunch programmes
to reduce UPF intake. While more targeted interventions on adolescent food environments such as
school canteen provision regulations, advertising restrictions, UPF labelling on food packaging and
geolocation restrictions of UPF foods are mitigation tools that could be considered. As the health
risks of UPF become greater understood, the food industry and policy makers will likely find
increasing public pressure to support the provision of more minimally processed foods, especially

those targeted at children and adolescents.
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Chapter 5. Appendices

5.1.Appendix A. Eating Context Questions

Where was most of the food for your breakfast bought from?

o Supermarket/ fruit and vegetable store / butcher

o Mealdelivery boxes (e.g. My Food Bag or HelloFresh)

o Convenience store / dairy / bakery / petrol station

o Fastfood /take-away outlet / food truck / 'street food' (includes delivery services)
o Café/restaurant (includes delivery services)

o Canteen at work or school / university or student hall

o Marae/ church

o Schoolfood programme (e.g. Ka Ora, Ka Ako, breakfast in schools)
o Food charity / food bank

o Vending machine

o Home grown, hunted, gathered, or gifted

o Water from tap

o Don'tknow

o Other - please specify....
Where was most of the food for your breakfast eaten?

o Athome - atthe table

o Athome -inthe living area

o Athome -inabedroom

o Ata friend orrelative's house
o Atschool

o Onthe go (walking/cycling)

o Onthe go (car/bus/train)

o Atasports event

o Fastfood /takeaway outlet

o Café/restaurant

o Marae
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o Church
o Otherplace
o Don't know

o Other - please specify....

Were you using a device or watching a screen while eating your breakfast?

o Yes
o No
o ldon'tremember

o Other - please specify....

Who was this food / kai eaten with?

o Alone

o With parents

o With siblings

o With extended/other relatives/whanau (e.g. aunts/uncles/grandparents/cousins)
o With friends

o With others

o Don't know
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5.2.Appendix B. Supplementary Data

Supplementary Table 1 Contribution of UPF Consumption to Total Energy Intake by Key Social Dyads (Location and Social Setting) split by
Mealtime, in New Zealand Adolescents.

Mealtime
Breakfast Morning snack Lunch
% of Total kJ % of Total k) % of Total kJ

Total k) UPFkJ from UPF TotalkJ UPFkJ from UPF TotalkJ UPFkJ fromUPF
Social Dyad Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Bedroom, eating alone 1670.6 808.1 10717 764.0 59.7 38.1 1631.3 767.7 1220.3 6876 74.0 324 2951.7 2113.9 1543.0 22069 46.2 38.5
Living area, eating alone 1805.0 1290.2 848.8 696.2 50.1 38.5
Table, eating alone 1800.0 1232.2 1019.4 936.4 58.0 344  2359.3 2503.4 1857.3 24576 72.7 343 2333.8 1755.3 1209.5 13364 604 412
School, eating with friends 2158.0 1900.0 12924 949.0 66.9 33.6 1726.6 1273.8 1227.8 1205.0 67.7 354 2112.8 1852.6 1154.2 1296.3 58.1 39.3
Living area, eating with parents 1481.7 563.9 7869 5309 529 33,5
Table, eating with parents 1603.4 982.0 885.0 967.1 532 384 1260.5 1513.9 1119.0 1576.1 81.2 34.0 2249.7 1526.6 1761.3 1572.1 78.4 29.6

Mealtime

Afternoonsnack Evening meal Late snack

% of Total k) % of Total k) % of TotalkJ

Total k) UPFkJ from UPF TotalkJ UPFkJ from UPF TotalkJ UPFkJ fromUPF
SocialDyad Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Bedroom, eating alone 1748.8 2036.8 1335.1 1599.8 69.3 419 2607.4 1987.1 18459 1556.3 70.6 33.2 1517.9 1793.0 1305.2 1556.0 81.5 334
Living area, eating alone 1819.8 12284 1362.1 1173.3 741 326 2890.0 2153.9 1665.2 2340.2 52.7 43.9 1652.1 17729 13734 1597.7 823 31.1
Table, eating alone 1968.7 2722.9 1248.7 2308.0 62.3 42.0 3125.6 2649.0 1693.8 1979.0 54.3 40.3 1779.4 2058.0 1270.6 1693.2 72.5 39.9
School, eating with friends 1648.6 1905.2 911.1 12254 65.8 454
Living area, eating with parents 2229.7 1354.0 1536.0 1388.7 65.3 33.1 3101.3 20216 1753.1 2067.0 46.2 41.3 988.8 8819 8022 626.3 87.1 284
Table, eating with parents 2261.5 19957 1881.1 19925 734 329 2501.5 1583.8 945.0 1169.9 36.9 36.2 1611.7 1529.6 1455.1 1462.6 92.0 17.1

SD = Standard Deviation. Values are rounded to 1 decimal point. Continuous variables are displayed as (Mean +SD). *Social dyads with a n(EOs )<10fora particularmealtime were excluded fromthe table
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Supplementary Table 2 Contribution of UPF Consumption to Total Energy Intake by Meal Source in New Zealand Adolescents.

Total kJ UPF kJ % of Total kJ from UPF % of Total
Meal Source Mean SD Mean SD Mean SD n (EOs) EOs*
Convenience store, dairy, bakery, petrol station, vending machine 2212.3 1796.9 1833.8 1703.0 80.7 315 146 7.0%
Fast food, cafe, restaurant 3210.6 2058.7 2656.7 2109.5 80.1 33.2 67 3.2%
School, work canteen 1794.1 1542.0 1171.2 1270.0 70.5 36.3 134 6.4%
Marae, church 2541.8 1890.3 1896.0 1726.9 63.0 43.5 17 0.8%
Supermarket, Fruit and vegetable store, Butcher, meal delivery boxes, 2079.8 1811.5 1278.3 1487.2 61.8 38.0 1576 75.5%
Home grown, hunted, gathered, or gifted 1699.0 1367.9 792.5 918.1 52.6 42.0 31 1.5%
School food programme 3109.2 2346.1 846.9 1308.1 314 37.7 116 5.6%

EO= Eating Occasion. SD = Standard Deviation. Values are rounded to 1 decimal point. Continuous variables are displayed as (Mean + SD) and categoricalvalues as n (%).

P-value for the percentage of Total kJ from UPF across Meal Source: <0.001 (One-way ANOVA).

*Percentage is calculated as a proportion of total eating occasions with a valid response for Meal Source (e.g. all eating occasions with "where" it was sourced from reported).
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