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Excessive intakes of added and free sugars are associated with several adverse
health effects. However, due to an absence of objective or standardised methods
to measure intake, there is limited knowledge about consumption, including in
Swedish adolescents.

Adolescence is a critical period for establishing healthy dietary habits, as food
patterns formed during these years often persist into adulthood, influencing long-
term health. Dietary habits of Swedish adolescents overall fail to meet dietary
guidelines. The adolescent diet is generally low in vegetables and fruit, dietary fibre
and wholegrains, alongside high in saturated fats, salt, and sugars. Despite these
concerns, intake levels of added or free sugars have not previously been quantified
in Swedish adolescents.

The overarching aim of this doctoral thesis is to examine dietary intake in
Swedish adolescents, emphasising added and free sugars intake. This includes
refining methods for estimating intake, identifying contributing food sources,
investigating contextual and dietary associations, as well as the potential nutritional
impact of the Keyhole symbol in guiding healthier food choices. The thesis builds
on the findings of four original papers, each addressing a specific research aim and

contributing unique insights to the thesis.



The thesis presents a systematic approach to quantifying added and free sugars
intake, applied to the Swedish Food Agency’s nationally representative dietary
survey Riksmaten Adolescents 2016-17. Main findings are that, on average,
Swedish adolescents were over-consuming added and free sugars with respect to
dietary guidelines; 45% respectively 30% had a lower daily intake of added
respectively free sugars than the maximal recommended intake. Main sources of
sugars were foods with low nutritional content, with major contributors in sugar-
sweetened beverages, sweets and chocolates. Intakes of added and free sugars were
higher during weekends, and the sugars were mostly consumed outside of main
meals, predominantly within the home environment. Furthermore, higher intakes
of added and free sugars were observed to be associated with progressively less
favourable dietary intakes. A shift to Keyhole alternatives for everyday foods
would improve adolescents’ overall nutrient intakes, even with smaller exchanges.
However, the impact on reducing sugars were limited as most contributing sources
are not eligible for labelling.

As a few nutritionally poor food groups are the primary sources of added and
free sugars in the adolescent diet, refining dietary guidelines to target these specific
foods rather than emphasising sugars reduction alone could enhance clarity and

effectiveness in public health communication.
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Background

A poor diet is among the most impactful lifestyle factors influencing the global
burden of disease, associated with obesity and diet related non-communicable
diseases. A recent systematic analysis from the Global Burden of Disease project
identified poor diet as one of the primary risk factors for death worldwide in 2021
(GBD 2021 Risk Factors Collaborators, 2024) through their comprehensive
analysis covering risk factors across 204 countries. In particular, diets high in
sodium and low in dietary components as whole grains, fruits, and vegetables were
seen to significantly contribute to the disease burden. In addition, a diet high in
sugar-sweetened beverages (SSBs) was identified as a risk factor that has seen
increasing exposure and burden over time (GBD 2021 Risk Factors Collaborators,
2024). In Sweden, dietary risk factors are after tobacco smoking the leading
modifiable risk factor for disease burden (Institute for Health Metrics and
Evaluation IHME), 2024).

Diet and health of young people in Sweden

Overweight and obesity are significant contributors to the disease burden in
Sweden (GBD 2021 Risk Factors Collaborators, 2024), affecting many and posing
serious health risks. The prevalence of childhood and adolescent obesity has
increased alarmingly over the recent decades and has become one of the main
serious health challenges. Obesity in childhood and adolescence tend to remain
through adulthood (Simmonds et al., 2016) and leads to an increased risk of
cardiovascular diseases later in life (Sommer & Twig, 2018). Diet undoubtedly
plays a significant role in the development of overweight and obesity, which can
be influenced through changes in eating habits. In Sweden, about one fifth of
adolescents are either overweight or obese, reported both subjectively in 2021-
2022 by the Public Health Agency of Sweden (The Public Health Agency of
Sweden, 2023), and objectively in 2016-2017 by the Swedish Food Agency
(Warensjo Lemming et al., 2018a).

The Swedish Food Agency continuously carries out national dietary surveys to
identify dietary habits representative of the Swedish population (Warensjo
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Lemming et al.,, 2018a). In the Swedish food agency’s 2012 report on Swedish
adults’ dietary intake (Riksmaten adults 2010-11) it was shown that among the
youngest category of adults (18-30 years old) the lowest reported intakes of
vegetables and legumes, and fruits and berries was seen. Furthermore, high
reported intakes of foods high in fats and sugars as well as sugar-sweetened
beverages were seen in the same age group. The youngest category of adults thus
appeared to have the least healthy dietary habits among all adults (Amcoff et al.,
2012).

In 2016-2017, the Swedish Food Agency conducted a national survey of
Swedish adolescents (Riksmaten adolescents 2016-17). This survey is to date the
only dietary survey on a national representative sample of Swedish adolescents.
Findings in Riksmaten adolescents 2016-17 were insufficient intakes of vegetables
and fruits and conversely excessive intakes of foods such as sweets, cookies, snacks
and sugary drinks contributing with high energy but low nutritious content, with
nearly 40% of Swedish adolescents’ total energy intake coming from discretionary
foods and beverages (Lindroos et al., 2021). These are foods contributing with
energy from saturated fat, sugars and/or alcohol, but are of low nutritional value
to the diet (Australian Bureau of Statistics, 2015; Lindroos et al., 2021). Vegetable
and fruit intakes in adolescents’ diet were at about half of recommended intakes,
and approximately 17% of adolescents’ energy contribution came from sweets,
cookies, snacks and sugary drinks. Other aspects of concern in adolescents’ dietary
intake were high intakes of processed and red meats and on average lower
consumption of fish than recommended (Warensj6 Lemming et al., 2018a).
Nutrient wise, adolescents consume too much saturated fat, salt and sugars, while
having too low intakes of polyunsaturated fats and dietary fiber, and also too low
intakes of whole grain. Most adolescents get sufficient amounts of vitamins and
minerals necessary for growth and well-being through diet, however concerns are
warranted regarding the intakes of vitamin D, and iron (especially regarding older
adolescent girls), as many adolescents have values below the average requirement.
Additionally, there are some concerns for folate, selenium, vitamin A, and vitamin
C. While the majority of adolescents meet their average requirements for these
micronutrients, a notable portion still does not (Warensjé Lemming et al., 2018b).

Dietary habits adopted in childhood and adolescence are suggested to track
into adulthood (Craigie et al, 2011; Lien et al, 2001; Mikkila et al., 2005;
Movassagh et al.,, 2017; Patterson et al., 2009), therefore, adolescence marks a
critical period for shaping lifelong habits, as this stage of life offers opportunities
to influence dietary behaviours that can persist into healthy habits in adulthood.
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Adolescence is by the WHO referred to as the life phase between childhood and
adulthood, covering ages from 10 to 19, and highlighted as a unique period of

human development as well as an important time for establishing the basis of good
health (World Health Organization, 2020).

Disparities in diet and health

Results from the Swedish food agency’s national survey Riksmaten Adolescents
2016-17 (Warensjo Lemming et al., 2018a), also declared that dietary habits among
adolescents to parents with low education or income are less healthy than in
adolescents to parents with high. In a complementary survey, out-of-school
adolescents’ dietary habits and health were assessed (Warensjo Lemming et al.,
2018a). Out-of-school adolescents (mean age 19 years old) had a considerably
higher prevalence of overweight and obesity. In the study population, 42% had
either overweight or obesity, where 23% had obesity as compared to six percent
in the comparative age group where the participants were enrolled in school
(Warensjo Lemming et al., 2018a). The out-of-school adolescents also extensively
reported a worsened health and dissatisfaction with their body weight. Earlier
results from the Swedish food agency’s national survey on children (4 year olds,
and children in school year 2 and school year 5) with dietary intake assessed in
2003 (Enghardt Barbieri et al.,, 2006) found that children to parents with post-
secondary education consumed more fruits and vegetables as well as having a
higher nutrient density in their diets.

In Sweden, health disparities are well-documented among different population
groups. People with lower socioeconomic position (determined by education,
occupation, and income) are more prone to have a worsened health than those
with higher socioeconomic position (The Public Health Agency of Sweden, 2020,
2024). Particularly, there is a strong association observed between educational level
and health (The Public Health Agency of Sweden, 2024). Numerous studies have
shown that individuals with low socioeconomic position, and children and
adolescents in families with low socioeconomic position, are more likely to have
less healthy dietary habits, have a higher prevalence of overweight and obesity,
report poorer health, and have shorter life expectancy than individuals with higher
socioeconomic position (Giskes et al., 2010; Mackenbach et al., 2008; Mattisson,
2016; Moraeus et al., 2012).

Causes that may explain differences in dietary habits between individuals with

high and low socioeconomic position are price of foods in relation to income

17



18

¢ ESTIMATING ADDED AND FREE SUGARS INTAKE IN SWEDISH ADOLESCENTS

(Beydoun & Wang, 2008; Konttinen et al., 2013; Ryden & Hagfors, 2011),
differences in lifestyle (Stringhini et al., 2010), and individual choice of familiar
foods (Konttinen et al., 2013). Particularly, discrepancies in dietary habits between
individuals with high and low socioeconomic position are found in intakes of
vegetables, fruits and energy-dense foods (Amcoff et al., 2012; Konttinen et al.,
2013; Mattisson, 2016), where people with higher socioeconomic position have
more beneficial intakes.

Given the well-documented presence of dietary disparities across different
social groups, it is important to incorporate these factors when analysing dietary
intake. Food choice is influenced by a complex interplay of factors, where
socioeconomic position, biological features, psychological components, habits,
knowledge, attitudes, physical environment, and personal identity (e.g., age, gender
and ethnic identity) play important roles (Chen & Antonelli, 2020). Failing to
account for these discrepancies risks ignoring critical determinants of dietary
behaviour, which can effect existing health inequalities. By integrating
sociodemographic analyses, researchers and policymakers can develop more

targeted, effective interventions to promote equitable dietary health.

Dietary guidelines
The Swedish national dietary guidelines are set, by the Swedish Food Agency, to

promote healthy eating and decrease risks of common non-communicable
diseases, as cardiovascular diseases, obesity, type II diabetes and certain cancer
forms (Brugard Konde et al., 2015), and since 2015 also incorporating strategies
to reduce the environmental impact of food consumption (Swedish Food Agency,
2024b). The dietary guidelines are based on the Nordic Nutrition
Recommendations (Blomhoff et al., 2023) which were first released in 1980 and
have since been continuously updated to reflect the latest scientific research, large
population based surveys on dietary habits and scientific evidence on the
environmental impact of different foods. Emphasised in the Swedish guidelines
are a diet containing vegetables, fruits, whole grains, fish and healthy fats. The
dietary guidelines also recommends limitations of foods such as sweets, cookies
and sugar sweetened beverages contributing with high energy and low nutritious
content, as well as general limitations of salt, added sugars (Brugard Konde et al,,
2015) and free sugars (Blomhoff et al, 2023). The Nordic Nutrition
Recommendations were updated in 2023 (Blomhoff et al., 2023), and the revised
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guidelines for Swedish adults have recently undergone public consultation
(Swedish Food Agency, 2024b) and will be released later this year (2025).

Recommendations on dietary sugars

A limited intake of certain dietary sugars is recommended due to potential
associations with adverse health effects (EFSA Panel on Nutrition et al., 2022).
High intakes of dietary sugars contribute with energy but low nutritious content in
the diet, and may further contribute to overweight and obesity if intakes are above
energy requirements (Te Morenga et al., 2012), dental caries (Jepsen et al., 2017,
Moynihan & Kelly, 2014), and risk of chronic diseases such as cardiovascular
diseases and type 2 diabetes (Kell et al, 2014; Te Morenga et al, 2014).
Consequently, dietary guidelines worldwide recommend a limitation of dietary
sugars in its refined form. Several terms with varying definitions of sugars exist,
most commonly distinguished as ‘total sugars’, ‘added sugars’ and ‘free sugars’.
The recommendations on added and free sugars aim to give guidance on
limitations of sugars added to products or in processed products, not limiting the
intake of foods as vegetables and fruits where sugars are incorporated in the cell
structures. Dietary guidelines are typically recommending a limitation in intake to
a maximum of 10% of total energy intake (E%) of these ‘extra’ sugars for reasons
of the above-mentioned adverse health effects, but also as high intakes may
compromise the intakes of micronutrients and dietary fibre (Blomhoff et al., 2023;
Sonestedt & Overby, 2023; U.S. Department of Agriculture, 2020; World Health
Organization, 2015). However, the European food safety authority (EFSA) could
not identify a level of intake without adverse health effects in their recent extensive
review of dietary sugars and health outcomes for providing scientific advice on
dietary sugars, and thus recommend it to be as low as possible (EFSA Panel on
Nutrition et al., 2022). In the latest NNR, intakes of added or free sugars are
recommended to be kept below 10 E%, and preferentially lower (Blomhotff et al.,
2023).

19
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Definitions of dietary sugars

Dietary sugars are the smallest and simplest carbohydrates, composed of mono-
and disaccharides. They are commonly found as simple sugars in many foods, as
well as they act as building blocks for more complex carbohydrates. The term
‘sugars’ is generally used to declare mono- and disaccharides while ‘sugar’ often is
used to describe purified sucrose (World Health Organization & Food and
Agriculture Organization of the United Nations, 1998). Naturally, sugars are found
in foods as milk, fruit and vegetables, but sugars may also be added to foods for
taste or functional reasons. Sugars added to foods or sugars naturally occurring in
foods do not differ, and thus cannot be differentiated by their molecular structure.
Hence there is no analytical laboratory method to declare whether the sugars are
added or not. Consequently, in nutrition labelling this has led to nutrition
declarations mainly stating the only available measurement for sugars i.e., total
sugars. Total sugars, as implicated by its name, is the total sugars content in foods,
added as well as naturally occurring. Thereby the consumer, by reading the
nutrition declaration, is not informed of how much of the sugars in the food
product are added, and further if limited intakes of sugars are attained.

Today, recommendations regarding sugars are, as mentioned, mostly focusing
on limiting intakes of added or free sugars. However, measuring adherence to these
recommendations presents a significant challenge due to the inability to accurately
differentiate added or free sugars from naturally occurring sugars in foods as there
are no objective methods for differentiation (e.g., objective biomarkers). Most
food composition databases and labelling systems do not provide this distinction.
This lack of clarity makes it difficult for researchers, policymakers, and consumers

to monitor intake and to evaluate compliance with dietary guidelines.

Non-milk extrinsic sugars

In 1989 the Committee on Medical Aspects of Food Policy (COMA) Panel on
Dietary Sugars at the United Kingdom Department of Health and Social Security
first developed classifications of sugars based on their natural forms to assist
consumers’ choice of what was considered to be ‘healthy’ sugars (Department of
Health and Social Security & Committee on Medical Aspects of Food Policy, 1989;
World Health Organization & Food and Agriculture Organization of the United
Nations, 1998). Sugars were classified by their natural form as intrinsic or extrinsic
sugars. Intrinsic sugars were described as sugars incorporated within the cell

structure of intact vegetables and fruits. Conversely, extrinsic sugars were
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described as sugars that are not naturally incorporated within the cell structure of
foods (Scientific Advisory Committee on Nutriton (SACN), 2015). Lactose in milk
is by this definition an extrinsic sugar, which caused further division to milk
extrinsic sugars and non-milk extrinsic sugars (NMES) since milk extrinsic sugars
did not account as ‘unhealthy’ type of sugars (Department of Health and Social
Security & Committee on Medical Aspects of Food Policy, 1989). NMES typically
include sugars in fruit juices, table sugar, honey, sucrose, glucose and glucose
syrups added to food plus 50% of sugars in canned, stewed, dried or preserved
truits (Kelly et al., 2005). Dietary advice on NMES has exclusively been used within
the UK, where previous recommendations were replaced with recommendations
on free sugars in 2018 (Scientific Advisory Committee on Nutriton (SACN), 2015;
Swan et al., 2018).

Added sugars

Added sugars is a term without a universally agreed definition, thus varying
definitions are circulating.

In 1998, the World Health Organization (WHO) equated sugar, defined as
purified sucrose, with added sugars as well as ‘refined sugars’, establishing the same
definition for these two terms (World Health Organization & Food and
Agriculture Organization of the United Nations, 1998).

The United States Department of Agriculture (USDA) first mentioned added
sugars in their fourth edition of the Dietary guidelines for Americans in 1995,
although without any definition (U.S. Department of Agriculture, 1995). In the
fifth edition, added sugars were defined as being all sugars used as ingredients in
processed and prepared foods, excluding sugars naturally occurring in foods such
as fruit and milk (U.S. Department of Agriculture, 2000) The first quantitative
dietary advice regarding added sugars intake were launched in the U.S. in 2005
(Bowman, 2017; U.S. Department of Agriculture, 2005), and recommendations
within the U.S. are still regarding intake of added sugars (U.S. Department of
Agriculture, 2020). The USDA definition of added sugars includes, apart from
refined sugars, sugars in fruit juice concentrates, honey and syrups (U.S.
Department of Agriculture, 2005). The Institute of Medicine (IOM) adopted the
same definition as USDA in 2002 (Institute of Medicine (IOM) & Food and
Nutrition Board, 2002) and so has the American Heart Association (Bowman,
2017; U.S. Department of Agriculture, 2005).

21
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In Sweden, recommendations regarding intake of added sugars originated from
guidance on refined sugars which was used until 2014 (Abrahamsson et al., 1983;
Nordic Council of ministers, 1989, 1996, 2004). The focus was shifted to added
sugars with the NNR 2012, with a comparable definition as the previous for
refined sugars (Nordic Council of Ministers, 2014), i.e., similar to how the WHO
originally defined added sugars. All official recommendations on sugar intake used
in Sweden since the first NNR can be viewed in Table 1. In the latest NNR
(Blomhoff et al., 2023), both the definition of and recommendations regarding
added sugars are equivalent to the previous NNR recommendation. However, the
NNR 2023 is in addition giving recommendations regarding free sugars intake
(more details provided in the following section).

EFSA’s definition for added sugars (European Food Safety Authority, 2018)
used to be identical with the NNR definition (Nordic Council of Ministers, 2014),
however now the EFSA has slightly changed the wording to ‘mono- and
disaccharides added to foods as ingredients during processing or preparation at
home, and sugars eaten separately or added to foods at the table’ (EFSA Panel on
Nutrition et al., 2022).
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Table 1. Sugar intake recommendations used in Sweden since the first edition of the
Nordic Nutrition Recommendations

Recommen- Term and intake Definition description of sugars in

dation recommendation recommendation

NNR 1980/ Intake of refined? or Refined or industrially produced sugar refer

SNR 1981 industrially produced sugar to sucrose and other sugars. This does not

(1%t ed.)! should be at maximum 10 include naturally occurring sugars in fruit,

E%. vegetables, and milk, but does include starch

syrup, glucose, and other hydrolysed starch
derivatives.

NNR 1989/ Intake of sugar (so-called By sugar is meant refined or industrially

SNR 1989 refined? sugars) should not produced sugar (sucrose and other sugars).

(2" ed.)t exceed 10 E% However, naturally occurring sugars in fruits,
vegetables, milk, etc., are not included.

NNR 1996/ Intake of refined? sugars Refined sugars include sucrose, fructose,

SNR 1997 should not exceed 10 E% starch hydrolysate (glucose, high fructose

(39 ed.)! syrup), etc., as a component in food or
added during cooking.

NNR 2004/ Intake of refined? sugars Refined sugars include sucrose, fructose,

SNR 2005 should not exceed 10 E% glucose, starch hydrolysates (glucose syrup,

(4" ed.) high-fructose syrup) and other isolated sugar

preparations such as food components used
as such or added during food preparation
and manufacturing.

NNR 2012 Intake of added sugars Added sugars include sucrose, fructose,

(5™ ed.) should be kept below 10 E% glucose, starch hydrolysates (glucose syrup
and high-fructose syrup), and other isolated
sugar preparations used as such or added
during food preparation and manufacturing.

NNR 2023 Intake of added or free Added sugars: Refined sugars such as

(6™ ed.) sugars should be kept below  sucrose, fructose, glucose, starch
10 E%, and preferentially hydrolysates (glucose syrup, high-fructose
lower syrup), and other isolated sugar preparations

used as such or added during food
preparation and manufacturing.

Free sugars: Added sugars plus sugars
naturally present in honey, syrups, fruit juices
and fruit juice concentrates.

The terms, intake recommendations, and definition descriptions are consistent with those stated
in each nutrition guideline respectively.

IFreely translated from Swedish to English.

2In 1981 and 1989 (and in 2012) referred to as ‘raffinerat socker/raffinerade sockerarter’; in 1997
and 2005 as ‘renframstéllda sockerarter’.

NNR, Nordic Nutrition Recommendations; SNR, Swedish Nutrition Recommendations
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Free sugars

The WHO extended the added sugars concept in 2002 (World Health
Organization & Food and Agriculture Organization of the United Nations, 2003),
and introduced free sugars, which besides added sugars also include sugars in
forms of honey, syrup, fruit juice and fruit juice concentrate. These sugars are
termed ‘free’ because they are not within the cellular structure of foods (alike
extrinsic sugars), however they do not include sugars naturally occurring in dairy.

The current WHO free sugars definition, which is the most commonly used
definition, is (World Health Organization, 2015):

‘Free sugars include monosaccharides and disaccharides added to foods and
beverages by the manufacturer, cook or consumer, and sugars naturally
present in honey, syrups, fruit juices and fruit juice concentrates’

The WHO recommends a limited intake of free sugars with a maximum intake of
10 E%, with conditional recommendations to aim for a free sugars intake below 5
E% (World Health Organization, 2015).

As mentioned, the NNR 2023 introduced recommendations regarding free
sugars in addition to added sugars. The NNR 2023 adopted the WHO definition
for free sugars, recommending that the intake of added or free sugars should be
below 10 E%, and preferentially lower (Blomhoff et al., 2023). Also, the EFSA are
currently focusing on both added and free sugars (EFSA Panel on Nutrition et al.,
2022).

With the shift from NMES to free sugars intake recommendations in the U.K.,
the definition of free sugars now differs from the WHO definition. The U.K.
definition also includes sugars naturally present in smoothies made from fruit and
vegetable, purées, pastes, powders and extruded fruit and vegetable products
(Swan et al, 2018), ie., similar to the definition of the previous NMES

recommendation.

This preceding text, which includes added and free sugars definitions from various
authorities, highlights differences between definitions. Presented are well-known
and widely used examples, among many others. Accordingly, the inconsistency in
defining added sugars spans from whether the term only includes refined sugars
(also with various definitions) to whether sugars in fruit and vegetable juices, juice
concentrates, honey, and syrups are included. For free sugars, the extent to which

fruit and vegetables must be processed to be considered ‘free’ is inconsistent.
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Figure 1 illustrates the definitions of added, free and total sugars in relation to each

other, according to how they are defined in this thesis.

Total sugars

All sugars present in diet
e.g., naturally present in

Free sugars
Naturally present in

Added sugars

...
; Cereal and
‘ Fruit and cereal products

vegetable juices
Refined sugars and concen-
trates

Figure 1. Definitions of dietary sugars

According to how they are defined in this thesis. Added sugars were defined as sugars from all
foods and beverages where refined sugars were used as such or added during cooking or manu-
facturing, in line with the definition from the Nordic Nutrition Recommendations. Free sugars were
defined as all added sugars as well as sugars naturally present in honey, syrups, and fruit and
vegetable juices and concentrates, in line with the definition from the World Health Organization.
Total sugars were defined as all sugars (total mono- and disaccharides) present in diet.
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Assessing usual dietary intake

When researching dietary intake among populations or individuals, we are often
interested in capturing the usual dietary intake, also referred to as the habitual
dietary intake, or simply the ‘true’ dietary intake. The usual dietary intake is defined
as the long-term average food or nutrient intake of an individual. The time frame
required for reporting the long-term intake lacks a standardised interpretation and
may be specified differently depending on context. Therefore, the usual intake can
be specified in various ways, for example (often) over a research data collection
period, over a year, over a decade, over a lifespan, etcetera, depending on what the
research interest may be.

The usual dietary intake measure is important, particularly when assessing
nutrient adequacy to determine if an individual’s or population’s dietary intake
meets dietary recommendations or requirements, which are intended to be met
over time. Similarly, this is highly relevant when we are researching long-term
relationships between dietary patterns and health or disease outcomes as we
typically are interested to know how the usual diet is related to an outcome.

There is no dietary assessment method that can perfectly capture the real food
intake, or the usual intake. This is due to inherent challenges associated with
assessing dietary behaviour, as well as practical and logistical limitations of dietary

assessment methods. This is further presented and discussed below.

Challenges in measuring usual dietary intake

In theory, we could assess the usual intake by collecting an extensive number of
accurately reported uninfluenced food records until the intake distribution would
stabilise, however this approach is clearly impractical. Food frequency question-
naires (FFQs) attempt to capture usual intakes directly, however short-term
methods, as 24-hour dietary recalls, have been shown to more accurately capture
the individual dietary intake (Freedman et al., 2014; Freedman et al., 2015).
Nevertheless, short-term methods cannot capture the usual intake well, especially
not regarding episodically consumed foods (Tooze, 2020), i.e. foods not eaten
every day but that are periodically part of the diet. Since many foods are not
consumed on a daily basis, the intake will frequently be reported as zero for a given
day.

A common and simple way to estimate the daily intake is by calculating the
average intake over two or a few days of assessed intake, typically by 24-hour

recalls. However, these averages, do not accurately reflect a person’s usual intake
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because they contain a lot of random error, particularly due to day-to-day
variations in dietary intake. In the context of 24-hour recalls, the day-to-day
variation is known as the within-person variation, and it can also be expressed as
within-person random error. These random errors decrease the precision of the
measurement (increase the spread of distribution), in contrast to systematic errors
(or bias) which decrease the accuracy (wrongly placing the mean). In other words,
single measures are not inaccurate but imprecise, as they reflect the random
variation in dietary intake which is characterised by natural variations in an
individual’s food consumption patterns. With a sufficient quantity of repeated
measurements, the random errors would average out in the long run (Dodd et al,,
2000), resulting in the ‘true’ intake, however still with potential systematic errors.
Although in practice, dietary assessments often require so many repeated
measurements to obtain an average unaffected by random error that it becomes
unfeasible. It has been estimated that between 31 and 433 days of data are needed
to predict one individual’s usual nutrient intake, depending on nutrient of interest
(Basiotis et al,, 1987). And if we are to measure individual consumption of
episodically consumed foods eaten very rarely, even more assessment days would
be necessary.

Despite greater random error due to the day-to-day intake variations, short
term assessment tools (as 24-hour recalls) are often preferable over long term
assessment tools (as FFQs) for estimating usual dietary intake. This is because 24-
hour recalls offer less systematic bias compared to FFQs (Freedman et al., 2014,
Freedman et al., 2015), which are more prone to recall bias. The 24-hour recall
method also benefits from its detailed dietary data which allows for better error
correction through statistical methods. Apart from these advantages, there is also
a shortage of external reference measures for bias correction (e.g., biomarkers)
(Kirkpatrick et al., 2022), consequently it is difficult to assess and correct for
systematic errors like misreporting or underestimation of food intake. This lack of
external validation tools, for sugars as well as for many other nutrients and foods,
means that systematic errors can go undetected or remain uncorrected, further

complicating the accuracy of dietary assessment.

Modelling usual dietary intake

To overcome the limitations with short-term measurements, but still take
advantage of the richer detail they provide compared with methods created to

directly capture usual intake, statistical methods to estimate usual intake
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distributions have been developed. These methods all follow the same three
fundamental steps (Dodd et al., 2006; Tooze, 2020) using dietary data from at least
two non-consecutive assessment days. Step 1: Data adjustment, which includes
transformation of the data to approximate normality and adjusting for factors like
sequence, day of the week, or seasonality, Step 2: Estimation of mean intake on a
transformed scale and separation of within-person and between-person variance,
and Step 3: Estimation of the usual intake distribution, including removal of the
within-person variation (shrinking the distribution), and including back-
transforming the data to its original scale.

Four of the most frequently used methods for modelling usual intakes today
are, in order of development, the Iowa State University (ISU) method (Nusser et
al., 1996), the National Cancer Institute (NCI) method (Tooze et al., 2000), the
Multiple Source Method (MSM) (Haubrock et al., 2011), and the Statistical
Program to Assess Dietary Exposure (SPADE) (Dekkers et al., 2014). All these
methods, in contrast to preceding methods, specifically address episodically
consumed foods, apart from also including regularly consumed foods (Tooze,
2020). These approaches help estimate occasional consumption and handle non-
consumers; however, the ISU and SPADE methods have certain limitations when
it comes to estimating intakes of episodically consumed foods, which are not
present in the NCI method and MSM. These limitations make the ISU and
SPADE methods less suitable for general use with episodically consumed foods.
The NCI method and MSM have however been shown by simulation studies to
perform similarly in modelling usual intake distributions for episodically consumed
foods (Laureano et al., 2016; Souverein et al, 2011). Most of the methods
developed for usual intake estimation focus on estimating group-level distributions
of usual intake rather than precise individual-level estimates. However, if we want
to research diet-health relationships, individual usual intake estimates must be
present, not only usual intake distributions, and episodically consumed foods must
be addressed. Apart from being able to estimate usual intakes from episodically
consumed foods, both the NCI method and the MSM provides estimates of
individual usual intakes (Souverein et al., 2011). The individual usual intake from
these methods can be described as the probability of consuming a food, nutrient,
or other dietary component on any given day, multiplied by the average intake
amount on a consumption day (Conrad & Néthlings, 2017; Tooze et al., 2000).

To further improve the modelling of usual dietary intakes, covariates can be
incorporated into some of these statistical methods (Souverein et al., 2011) and are

chosen depending on the specific focus of analysis. These covariates allow for
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more nuanced estimates by accounting for individual or contextual factors that
may influence the dietary intake, as the usual dietary intakes will be estimated
within the given groups. Commonly used covariates are demographic factors as
sex and age groups, which are fundamental in capturing inherent differences in
dietary intake (e.g., energy intake varies between men and women and between
children and adults). Other relevant covariates may include socioeconomic
variables like income and educational levels, which can provide insights into how
economic and educational disparities influence eating behaviours. Additionally,
temporal factors such as day of the week or seasonal variations can be included to
account for variations in intake patterns over time. By integrating these kinds of
covariates, we can obtain more accurate and representative estimates of usual
dietary intakes, particularly when we are analysing sub-populations.

Usual intakes modelled from two recall days may not be enough for estimating
accurate individual intakes, however, if combined with additional data from other
dietary instruments, such as intake frequencies from an FFQ), the strengths of each
method can be utilised while minimising their weaknesses. The food propensity
questionnaire (Subar et al., 2000), a type of FFQ), is a dietary assessment tool that
was specifically designed for usual intake assessment, and to be used as a covariate

in estimations of usual intakes.
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Nutrient profiling and front-of-pack nutrition
labelling

Nutrient profiling is used in various contexts to promote public health and guide
consumer choices. The definition of nutrient profiling is ‘the science of classifying
or ranking foods according to their nutritional composition for reasons related to
preventing disease and promoting health’ (Kelly & Jewell, 2018). Nutrient profiling
is typically used either to refer to nutrient levels in foods (e.g. ‘high fat’, ‘low fat)
or to refer to overall health effects of consuming the food as being a more healthy
or unhealthy option. The use of nutrient profiling is common in nutrition labelling,
where front-of-pack labels (FOPL) assist the consumer towards making healthier
food choices (Lehmann et al., 2017).

Nutrition fact panels have been recognised to be difficult to interpret for
consumers, wherefore FOPLs can be a good complement (Anastasiou et al., 2019).
The FOPLs gives additional nutritional and health advice to the mandatory
nutrition facts panel and are most often based on nutrient profiling criteria.
Interpretive FOPL, such as e.g., the Keyhole symbol or Nutri-Score, is a policy
priority to improve diet and health in the WHO Regional Office for Europe as
well as a recognised policy priority for national governments (Kelly & Jewell,
2018). On an international level, more than 40 countries use some sort of
government-endorsed nutritional labelling scheme on the front of pack of food
products (Storcksdieck genannt Bonsmann et al.,, 2020). The FOPL labelling
schemes vary in several ways, for instance in terms of presentation, health
messages to be communicated and nutrient focus. Most FOPL mainly focus on
nutrients of concern for diet-related non-communicable diseases, where
commonly included nutrients are sodium, saturated and trans fatty acids and
added, free or total sugars. The FOPL schemes may also include other
components of food items and diets, such as promoting intakes of fruits and
vegetables, whole grains and fibre. The FOPL is one tool in supporting a healthier
diet, primarily as it guides the consumer to make informed food choices, but also
as it may drive manufacturers to make more healthy food products (Kelly & Jewell,
2018). In the EU, the most common type of FOPL system is endorsement logos,
which are logos communicating healthful food options. These types of logos will
be displayed on products that fulfil certain nutritional criteria, while the vast
majority will not be carrying the logo (Kelly & Jewell, 2018). Other types of FOPL
systems are grading systems, colour coded nutrient-based systems, and nutrient

specific warning labels.
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Real-life evidence on the nutritional effects of front-of-pack nutrition labels on
diet is limited. However, modelling studies simulating hypothetical effects of
different labels have investigated the impact, generally demonstrating improve-
ments in the diet for the particular nutrients of concern in the labelling schemes
(Emrich et al., 2017; Julia et al., 2016; Mendoza et al., 2018; Raulio et al., 2017
Roodenburg et al., 2013). Although also negative effects have been observed, in
one study on intakes of fat-soluble vitamins (Roodenburg et al., 2013).

The Keyhole symbol

The very first endorsement logo created, and the first FOPL, is the Keyhole
symbol. It was established by the Swedish Food Agency in 1989 (World Health
Organization, 2011), and is now used in multiple countries. The aim of the
Keyhole is to guide consumers toward healthier food choices by highlighting
products that are considered healthier based on their nutritional content. The label
have been used in Sweden since then, with reformation latest in 2021 (Swedish
Food Agency, 2021).

The Keyhole symbol is a criteria-based FOPL in line with the Nordic Nutrition
Recommendations (Amcoff et al., 2015), with different criteria for different food
groups. The Keyhole symbol is used to highlight the healthier options within a
food category, targeting nutritional composition of total fat, saturated fat, trans-
fat, salt, free sugars and dietary fiber, as well as the content of whole grains, fruits
and vegetables including legumes. Additionally, it is used to label healthy
unprocessed foods, such as vegetables, fruit and fish. There are 11 food categories
with additional sub groups, 32 food groups in total, available for labelling (Swedish
Food Agency, 2021). The symbol is available for core foods only, meaning foods
such as snack foods cannot carry the logo.

The Keyhole symbol is widely recognised in Sweden (Swedish Food Agency,
2014), although the nutritional effects of shifting to a Keyhole compliant diet on

adolescents’ dietary intake have previously not been investigated.
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Rationale for the present research

Excessive consumption of added and free sugars has been associated with several
adverse health effects. However, due to a lack of objective or standardised
methods to measure intake fairly little is known about consumption, including in
Swedish adolescents.

Children and adolescents have been approximated to have the highest intakes
of added and free sugars both globally (Walton et al., 2023) and in Europe (Azais-
Braesco et al., 2017), compared to adults. This elevated consumption is especially
concerning during these formative years, as it may not only impact direct
nutritional adequacy and health, but also contribute to the establishment of dietary
patterns that often persist into adulthood. Eating habits developed in childhood
and adolescence may track over time (Chong, 2022; Craigie et al., 2011; Patterson
et al., 2009), making these young years critical for establishing healthy eating
behaviours. Understanding and addressing intakes of added and free sugars during
this period in life is crucial for promoting long-term health and preventing diet-
related diseases.

Adolescents in Sweden are not meeting national dietary guidelines, and about
17% of the adolescents’ total energy intake comes from sweets, cakes, snacks and
sugar sweetened beverages (Warensjo Lemming et al, 2018a). This indicates
potential overconsumption of added and free sugars among adolescents, although
actual intake levels have not previously been identified, neither has contributing
food sources, nor associations of added and free sugars intakes with nutrient intake
and food consumption.

Health promotion efforts in terms of front-of-pack nutrition labels can give
further guidance to a healthier diet, where the Keyhole symbol is a well-recognised
and established health logo in Sweden. However, the nutritional impact of eating
in accordance with Keyhole nutritional criteria needs to be evaluated to understand

its effect on the nutritional intake of adolescents.



Research aims

The overarching aim of this doctoral thesis is to examine dietary intake in

Swedish adolescents, with a particular emphasis on added and free sugars

intake. This includes refining methods for estimating added and free sugars

intake, identifying contributing food sources, investigating contextual and

dietary associations, and model the potential nutritional impact of dietary shifts

toward foods meeting the Keyhole criteria.

Specific aims of each paper are:

L.

II.

I1II.

IV.

to refine and develop a systematic procedure to estimate added and free
sugars content in food items, to implement this to all food items used in a
Swedish national dietary survey on adolescents, and further to describe

sugars intake in Swedish adolescents.

to describe and identify contributing food sources to added, free, and total
sugars intake among Swedish adolescents, explore differences in consump-
tion of sources of free sugars between sociodemographic groups, and

investigate when and where free sugars are consumed.

to investigate associations between added and free sugars intake and
nutrient intake, adherence to nutrient reference values, as well as food

consumption in a nationally representative sample of Swedish adolescents.

to investigate the potential impact of the front-of-pack label the Keyhole
on Swedish adolescents’ nutrient intake by modelling a shift from reported

dietary intakes to foods meeting the Keyhole nutritional criteria.






Subjects and methods

This thesis builds on the findings of four original research papers, each addressing
a specific research aim and contributing unique insights to the overall study. In the
thesis, dietary data of adolescents in Swedish school years 5, 8 and 11 (year two in
Swedish secondaty school/high school) are included, covering ages mainly ranging
from 11-19 years old. This research is based on data from the Riksmaten
Adolescents 2016-17 survey, collected by the Swedish Food Agency.

Paper I lays the groundwork for the subsequent three papers by providing food
content estimates of added and free sugars which further are applied to the
Riksmaten Adolescents 2016-17 survey data. Paper II and Paper III follows a
branch of exploring and understanding added and free sugars intake in Swedish
adolescents, including describing and identifying contributing food sources as well
as examining associations with nutrient intake and food consumption. Paper IV
follows another route by investigating the potential impact of the Keyhole symbol
on Swedish adolescents’ nutrient intake. Since the Keyhole criteria include
restrictions regarding free sugars in food items, obtaining free sugars estimates is
necessary to fully investigate the impact of all criteria. An overview of the research
papers included in the thesis and their relationships is illustrated in Figure 2.
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Papers included in doctoral thesis

Paper Il. Paper lll.
Dietary sources of Associations of free
free, added, and total and added sugars
sugars in Swedish intakes with nutrient
Paper | adolescents intake ano_l foqd
) consumption in
Procedure to estimate Swedish adolescents
added and free sugars in

food items from the
Swedish food
composition database Paper IV.
~ used in the national Consumption of foods
dietary survey Riksmaten with the Keyhole front-
Adolescents 2016-17 v | of-pack nutrition label:
potential impact on
energy and nutrient
intakes of Swedish
adolescents.

Figure 2. Overview of the thesis papers and their relationships.

Paper | provides the foundation for the subsequent papers, as its findings and estimates of added
and free sugars are essential for their analyses. The top branch with Paper Il and Il explores
intakes of added and free sugars in Swedish adolescents, while the lower branch focuses on
potential food label impacts.

Study sample and participants

The Riksmaten Adolescents 2016-17 survey

Riksmaten Adolescents 2016-17 was designed as a cross-sectional dietary survey
on a nationally representative sample of Swedish adolescents (Moraeus et al.,
2018). Starting in September 2016 and ongoing to May 2017, the Swedish Food
Agency carried out the dietary survey on adolescents in grades 5, 8 and 11 (mean
ages 12, 15 and 18 years old respectively). The recruitment process, carried out by
Statistics Sweden, involved a random selection of 619 schools, around 200 schools
per school year, stratified by geographic location, municipality type, and school
size, to ensure national representativeness. From 5145 adolescents initially invited,
3477 (68%) participated, and 3099 (60%) provided complete dietary data. An
analysis of non-participation indicated that the sample was representative of the
population in terms of socioeconomic background and school organisation
(Moraeus et al., 2018).
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Data collection occurred class-wise, with approximately half of the students
participating in each academic semester over the 2016—2017 school year. Trained
personnel from the Swedish Food Agency visited the recruited classes during the
first data collection day to instruct the adolescents on how to report their dietary
intake in a web-based system, to collect anthropometric data and to collect blood
and urine samples on a subset of participants (biological sampling data are not
included in this thesis). Height and weight were measured on-site using
standardised equipment. Accelerometers (Actigraph GT3X and GT3X+) were
used to objectively assess physical activity among the adolescents, instructing them
to wear them for 7 days. Additionally, both students and their legal guardians
completed questionnaires covering background information.

This thesis includes the 3099 adolescents who had complete dietary

registration.

Ethical considerations

The Riksmaten Adolescents 2016-17 survey was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures involving
research study participants were approved by the Regional Ethical Review Board
of Uppsala (registration no. 2015/190). The patticipants and their legal guardian
received information about the study one month prior the start and could
withdraw from the study at any time without giving any reason. Informed consent,

either written or verbal, was obtained from all participants.

Dietary intake assessment

The dietary assessment in Riksmaten Adolescents 2016-17 was conducted using
RiksmatenFlex, a web-based tool developed by the Swedish Food Agency
specifically for this survey (Lindroos et al, 2019). The assessment tool was
designed to provide flexibility and ease of use across devices like smartphones and
tablets. The tool combines a diet recording component (RiksmatenFlexDiet) and
a questionnaire component (RiksmatenFlexQ)).

The participants completed two non-consecutive 24-hour dietary recalls with
RiksmatenFlexDiet over a specified period, with the first recall day occurring the
day before the school visit, and the second on a randomly assigned day within the
next 2-7 days (Moraeus et al., 2018). This approach ensured data collection from
weekdays and weekends to capture typical eating patterns. The registration of one

day’s dietary intake typically took 15 to 30 minutes. Dietary data were also collected
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for one more day, which was partially recorded during the school visit and
completed during the next day. However, this day was excluded from the analyses
because it used a mixed method and included the offering of fruit and juice to the
adolescents undergoing biological sampling, which could influence their reported
food intake.

The diet recording component RiksmatenFlexDiet is a self-administered die-
tary registration method comparable with the 24-hour dietary recall, which have
been validated for reliable intakes estimates of energy, fruit, vegetables, and whole
grains (Lindroos et al., 2019). To ensure usability for adolescents, the tool was
developed based on statistics on food intake in the age groups and refined with
focus groups and user testing sessions. This dietary assessment method allowed
participants to report foods by selecting from a food list of 778 foods and
beverages, including mostly generic food items. Participants recorded the type of
food, intake amounts either as standard portions, sizes, pieces, in household
measurements or through portion pictures, and location of each meal. After
completing a day’s entry, automated prompts reminded the participants of
commonly forgotten foods.

The questionnaire component RiksmatenFlex(Q was designed to collect
detailed contextual information on adolescents’ dietary habits and lifestyle factors.
Created alongside the RiksmatenFlexDiet, it included questions on various lifestyle
behaviours, food choices, and eating habits to complement the dietary recall data.
The RiksmatenFlex(Q) also included food propensity questionnaires to capture

food items episodically consumed (Moraeus et al., 2018).
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Food composition data and data preparation

All food items in RiksmatenFlexDiet were derived from the Swedish food
composition database. This enabled automatic calculations for energy and nutrient
intake of nutrients included in the database.

The Swedish food composition database

The Swedish food composition database contain more than 2400 food items with
detailed nutritional information, and is designed to reflect Sweden’s current food
supply, updated regularly. The database represents typical nutrient values of certain
foods by aggregating data from the most common brands within each food
category (Swedish Food Agency, 2024c). Nutrient values in the Swedish Food
Database are determined through multiple methods (Swedish Food Agency,
2024a):

e Analytical values: most nutrients are directly analysed by the Swedish Food
Agency using rigorous quality-controlled methods, considering the food’s
structure and nutritional components.

e Transferred values: some nutrient data are sourced from the food industry,
publications, or food composition databases from other, preferably Nordic,
countries. These values are often re-calculated to align with Swedish
standards.

e Estimated values: for certain foods, nutrient values are estimated from
similar items, or by product information, ingredient lists or recipes, with
some nutrients set to zero in the case of non-occurrence of naturally present
nutrients.

e C(Calculated values: some nutrients are derived from other measurements,
such as calculating protein from nitrogen content using a conversion factor.

Calculations also apply to numerous composite dishes, where calculations are
performed by preparing virtual recipes in the system and adding ingredients that
can be either analysed, transferred, estimated, or calculated. These types of
calculations adjust for changes in weight, water, fat, and nutrient levels due to food
preparation. Aggregated similar foods are as well types of calculated foods were,
e.g., ‘ereen, yellow, red bell pepper’ are aggregated to create a generic bell pepper
food category.
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The food composition database used in the dietary survey

The 778 food items in the food list in RiksmatenFlexDiet were derived from 844
single food items from the Swedish food composition database (i.e., single food
items with nutrient values mainly determined through laboratory analysis, but also
transferred, estimated, or calculated values), creating the Swedish food
composition database, version Riksmaten Adolescents 2016-17. These 844 single
food items were either included as they were in RiksmatenFlexDiet, or used to
create composite food items (i.e., foods composed of two or more food items),
with single food items appearing in composite food items as ingredients in up to
six stages. In total, 1483 food items formed the database in RiksmatenFlexDiet.
Figure 3 illustrates the structure of the food items included in RiksmatenFlexDiet.

Food items in
RiksmatenFlexDiet database

1483 individual food items

( )]
- Poaininin ainininie diuinie dol
sy 844 '\_’f T(\;vo or more . 639
~ . . 00ds compose: . .
s single food items into new i?ems — | composite food items

Food items in \ /

RiksmatenFlexDiet food list

325 single food items 453 composite food
included items included
778
food items

Figure 3. Structure of food items included in the dietary survey

In the Riksmaten Adolescents 2016-17 survey the participants could choose from 778 food items
in the food list in RiksmatenFlexDiet. These food items originated from 844 single food items from
the Swedish food composition database. The single food items were both transferred directly to
the food list (325 items) and used for creating composite food items, where 453 composite items
were transferred to the food list.
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Procedure to estimate added and free sugars

In the first paper (Paper I), a procedure to estimate added and free sugars in food
items from the Swedish food composition database was developed and applied.
The results from this paper provide the basis for the other three papers.

Two systematic methods for estimation of added sugars content (Louie et al.,
2015) and free sugars content (Kibblewhite et al., 2017) were refined and
combined to get an overarching ten-step procedure for estimation of both added
and free sugars. Added sugars were defined as sugars from all foods and beverages
where refined sugars were added during cooking or manufacturing, in line with the
NNR (Nordic Council of Ministers, 2014). Free sugars were defined as all added
sugars as well as sugars naturally present in honey, syrups, and fruit and vegetable
juices and juice concentrates, in line with the WHO (World Health Organization,
2015). Total sugars were defined as all sugars (total mono- and disaccharides)
present in diet.

The developed procedure was adapted on all 1483 food items forming the
database in RiksmatenFlexDiet. Estimations were based on total sugars in each
individual food item, giving every food item an added and a free sugars value. This

further enabled sugars intake estimates in the adolescents’ diet.
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Categorisation of food items into food categories

Food items in the RiksmatenFlexDiet food list were categorised into broader food
categories based on similarities in food composition and culinary use to
demonstrate food source contribution to added, free and total sugars (Paper II),
and for exploring associations from various food sources with added and free

sugars intake (Paper III). Table 2 shows how this was done for the respective
papet.

Table 2. Food category description for Paper Il and Paper lli

Food category Description Food category
Paper Il Paper lll

All types of plain breads and rolls, including
Breads . .

yeast breads, crisp breads, and tortillas. Bread, breakfast
Breakfast cereals cereals, porridge

and porridge Breakfast cereals, mueslis, porridge, and gruel.

Sweetened yoghurt, sour milk, fresh cheese,

Dairy products condensed milk, milk drinks, and plant-based
(sweetened) . .
dairy alternatives.
Unsweetened milk, yoghurt, sour milk, fresh Dairy products
Dairy products cheese, cured cheese, butter, butter blends,
(unsweetened) cream, creme fraiche, sour cream, and plant-
based dairy alternatives.
All types of fruits including berries. Fresh, . .
) frozen, dried, cooked, canned, or candied. Fruits and berries
Frults and Al f bles, including | d
vegetables types of vegetables, inclu .|ng egumes an
mushrooms. Fresh, frozen, dried, cooked, Vegetables
canned, or candied.
Juices Juices from 100% fruits and/or vegetables. Juices

Alcoholic beverages: beer, wine, hard cider,

spirits, and liqueurs.

Nutritional products: energy and protein bars, Miscellaneous
meal replacements, and protein supplements.

Nuts: all sorts of whole nuts (natural, salted,

spiced, or candied).

Miscellaneous

Crisps, popcorn

Snack foods: crisps and popcorn. and similar snacks




Table 2. cont.
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Food category
Paper Il

Description

Food category
Paper Il

Mixed dishes

Mixed dishes, home cooked and ready-made
foods, including whole or products from meat,
poultry, fish, seafood, eggs, plant-based meat
alternatives, oils, margarines, potatoes, pasta,
rice, and pseudocereals. Cold cuts. Mixed
dishes and products including vegetables and
legumes.

Fish'

Meat'

Pizza, pie, ready-
made sandwiches

Vegetables'

Sauces and
condiments

Sauces, dressings, condiments (e.g., ketchup,
mustard, mayonnaise, and sweet chili sauce),
and dips for savoury foods.

Sugar sweetened
beverages

Soda, cordial, energy drinks, and sugar
sweetened juice drinks.

Sugar sweetened
beverages

Sugars, syrups,

Sugars, syrups, and honey.

and honey
Sweet pastries, cakes, cookies, ice cream,
Sweet bakery desserts (e.g., chocolate pudding, pannacotta, Sweet bakery
products and tiramisu), sweet fruit soup, fruit cream, and products and
desserts dessert toppings (e.g., chocolate and caramel desserts
sauce).
Sweet spreads Jams, marmalades, jellies, apple sauce, and )
sweet nut and cocoa spread.
Sweets and Sweets and
Sweets and chocolates.
chocolates chocolates

1Composite food items were disaggregated into their individual ingredients for accurate assign-

ment of fish, meat and vegetables in Paper IlI.

Food consumption data preparation

The food consumption data assessed with RiksmatenFlex were handled differently
in the different papers to meet the different aims. An overview of dietary
components included, dietary intake data processing and preparation, and

statistical outcomes in the respective papers is presented in Table 3, and more

details described within this section.
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Table 3. Dietary components, data processing, and statistical outcomes by paper

Paper number and aim

Dietary
components

Dietary intake data processing and
preparation

Statistical outcomes

I. torefine and develop a
procedure to estimate added
and free sugars content in
food items, to implement this
to all food items used in a
Swedish national dietary
survey on adolescents, and
further to describe sugars
intake in Swedish
adolescents.

Sugars
Energy

Procedure for estimation of added and
free sugars within diet developed and
applied on the participants food intake.

Usual intakes estimated for the dietary
components with the Multiple source
method.

Descriptive statistics on added, free and total sugars
intake presented.

Sugars intake compared with sugars recommendations.

Differences in sugars intake between girls and boys within
school years analysed.

. to describe and identify
contributing food sources to
added, free, and total sugars
intake among Swedish
adolescents, explore
differences in consumption
of sources of free sugars
between sociodemographic
groups, and investigate
when and where free sugars
are consumed.

Sugars
Energy
Food groups

Sugars intake contribution calculated
proportional to total intake of sugars (1),
and per consumer (2):

1. all participant’s two-day records were
summed and divided into food
categories;

2. only participants who reported food
items within the respective food
categories were included.

Estimated average intakes of dietary
components calculated as the average
intake over the two days.

Quintile categorisation based on free
sugars intake.

Population proportions derived for all foods contributing to
sugars intake.

Descriptive statistics on most contributing sources among
consumers presented.

Differences in intake of most contributing sources
between girls and boys, and between different school
years analysed for consumers.

Quintile comparison of top five contributors to free sugars.

Associations with sociodemographic factors investigated.

Time and location of sugars consumption investigated.

a4
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Table 3. cont.

Paper number and aim Dietary Dietary intake data processing and Statistical outcomes
components preparation
[1l. to investigate Sugars Usual intakes estimated for the dietary Differences in sociodemographic characteristics between
associations between added  Energy components with the Multiple source the intake quintiles investigated.
and free sugars intake and Food groups  method.
nutrient intake, adherence to  Nutrients

nutrient reference values, as
well as food consumption in
a nationally representative
sample of Swedish
adolescents.

Whole grains

Quintile and decile categorisation based
on free sugars intake.

Trends between free sugars intake and nutrient and food
group intake across free sugars intake quintiles were
assessed.

Nutrient intake compared with nutrition recommendations
across the sugars intake divisions.

IV. to investigate the
potential impact of the front-
of-pack label the Keyhole on
Swedish adolescents’
nutrient intake by modelling
a shift from reported dietary
intakes to foods meeting the
Keyhole nutritional criteria,
using dietary data from a
Swedish national dietary
survey of adolescents.

Sugars
Energy
Nutrients
Whole grains

Multiple scenarios were calculated where
Keyhole-compliant foods replaced non-
compliant foods in varying proportions.

Estimated average intakes of dietary
components calculated as the average
intake over the two days.

Descriptive statistics on intake of nutrients with Keyhole
criteria presented across scenarios.

Differences in macro- and micronutrients between
reported intake and the modelled scenarios investigated.

Nutrient intake compared with nutrition recommendations
in the different scenarios.

Associations with sociodemographic factors investigated.
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Estimating usual sugars, nutrient and food intake from
two-day intake

Dietary intake in Riksmaten Adolescents 2016-17 was assessed over two days per
participant, which is not representative to usual dietary intake. In Paper I and Paper
I11, estimated usual dietary intake was used in analysis to enable comparisons with
dietary recommendations and assess trends across levels of free sugars intake.
However, for Paper II, the study aim was concentrated to describe population
proportions of sugars contributors in adolescents’ diet, therefore usual intake
estimates were not appropriate.

In Paper I, two-day collected sugars intake and energy intake data were
transferred to usual intake using the MSM statistical program package (Harttig et
al., 2011; Haubrock et al., 2011). The MSM provides estimation of usual dietary
intake, combining dietary data from multiple short-time assessments (for more
information, see section Assessing usual dietary intake), here using the two
retrospective days collected per participant. School year and sex were included as
covariates in the model. Usual sugars and energy intake values were generated to
enable both sugars intake values in grams and calculation of percent of energy
intake.

In Paper III, usual dietary intake was estimated for all food groups and
nutrients with the MSM, using sex and school year as covariates. For intake of red
meat, poultry, and fish, food propensity questionnaire information collected per
individual was used to classify participants as consumers or not, which were
included in the MSM transformation. For other dietary variables, all participants
were assumed to be consumers. Total food intake from the food groups
vegetables, fruits and berries, meat (red, poultry, processed), and fish and shellfish
was categorised accordingly, with composite foods disaggregated into their
individual ingredients for accurate assignment. The intake of other food groups
was calculated only if they were consumed in their original form, not including

being part of composite foods.

Food category contribution

Contributing sources to added, free and total sugars in adolescents’ diet were
obtained by calculating food category contribution of total intakes of the sugars
respectively (Paper II). The contribution to sugars intake from different food
categories was calculated across all participants, i.e. proportional to total intake of

sugars, and per consumer. For the proportional calculations, all participant’s two-
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day records were summated and divided into the defined food categories,
expressed as percent contribution to total intake (%). For the per consumer
analyses, only participants who reported food items within the respective food
categories were included. Food category intake per consumer is expressed as
percent of total energy intake (E%) to adjust for differences in energy intake and

requirement.

Modelling dietary intake scenarios

In Paper IV, potential effects on nutritional quality in dietary intake when shifting
into Keyhole labelled food intake were investigated in adolescents. Potential
effects were investigated by modelling food replacement scenarios, where food
items not complying with the Keyhole nutritional criteria in adolescents’ reported
diet were replaced with items that complies. Food replacements were made on an
individual basis by partially replacing each participant’s food intake. Five scenarios
were modelled to explore effects of exchanging adolescents’ diet at different levels
of agreement to Keyhole criteria compliant foods. Scenarios 1-4 explored
nutritional effects of replacing food items at 25, 50, 75 and 100% respectively. In
scenario 5, an energy adjustment factor was applied to the 100% scenario as it was
assumed that total energy intake would decrease when modelling diets with
Keyhole compliant foods, as decreased fat content and increased dietary fiber

content are criteria. The different scenarios are illustrated in figure 4.
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25% replacement 50% replacement

L J L J 100% replacement
with energy correction

\/ \/

75% replacement 100% replacement
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Figure 4. Replacement scenarios in Paper IV

Five scenarios were modelled to explore effects of exchanging adolescents’ diet at different levels
of agreement to Keyhole criteria compliant foods. Different scenarios explored nutritional effects
of replacing food items at 25%, 50%, 75% and 100% respectively, i.e., assuming dietary changes
to an extent of replacing every fourth meal, every other meal, three of four meals, and all meals.
In a fifth scenario, an energy adjustment factor was applied to account for differences due to these
replacements, i.e., assuming consumption of the same amount of energy with dietary changes of
eating slightly more or less than reported.
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Statistical methods

Descriptive, comparative and predictive analyses were performed using
appropriate statistical methods, details within each paper respectively.

Statistical analyses were performed using IBM SPSS Statistics version 25.0
(IBM Corp., Armonk, NY, USA) for Paper I, and Stata statistical software
(StataCorp) for Paper II-IV. In Paper II and Paper 111, Stata version 18.0% was used
and in Paper IV Stata version 16.13 was used.

To further explore the credibility of the results, additional sensitivity analyses
were conducted in Paper II and Paper IV considering plausible energy reporting,
given the well-documented bias of misreporting within dietary intake assessment.
Plausible energy reporters were determined by comparing energy intake captured
by RiksmatenFlex with total energy expenditure following the methods of
Goldberg and Black (Black, 2000; Goldberg et al., 1991), utilising data derived
from accelerometers, body weight, and height (Warensjé6 Lemming et al., 2018a).

2 StataCorp. 2023. Stata Statistical Software: Release 18. College Station, TX: StataCorp LLC.
3 StataCorp. 2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC
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Results

The results from the four original research papers are summarised in the following
section, highlighting the key discoveries. Additionally, other relevant findings are
included to provide a more comprehensive understanding of the research and its

broader implications.

Participant characteristics
The 3099 adolescents from Riksmaten Adolescents 2016-17 included in this study

were almost equally distributed across the school years with slight under-
representation in school year 11, and 55% were gitls. Table 4 shows characteristics
of the sample including BMI status, parental education level, school municipality
size and how they reported their energy intake in relation to their energy
expenditure. These variables were used in different analyses in the different papers.
Of the total sample 72% had normal weight, and 61% had parents with education
level >12 years (not accounting for missing values). Most adolescents resided in
medium sized towns (42%), compared to 29% in both large cities and smaller
towns/rural areas. The majority had reported their energy intake as plausible
relative to their energy expenditure (61%), however many had missing values for

this comparison due to incomplete assessment of physical activity.
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Table 4. Characteristics of the participants in Riksmaten Adolescents 2016-17

School year 5 School year 8 School year 11
(n=1049) (n=1050) (n=1000)
Girls Boys Girls Boys Girls Boys

(n=559) (n=490) (n=574) (n=476) (n=577) (n=423)

BMI status? (%)

Underweight 8.6 6.5 7.0 7.4 5.2 5.7
Normal weight 68 70 75 76 72 68
Overweight 18 18 15 13 18 18
Obese 4.3 3.1 2.3 4.2 4.5 7.3
Missing 1.3 2.2 0.3 0.2 0.5 0.7
Parental education level (%)

<12 years 33 38 32 35 42 37
>12 years 63 58 61 55 54 52
Missing 3.8 3.9 6.8 9.9 4.3 10
School municipality size (%)

Large cities 37 31 27 28 24 27
Medium sized towns 32 40 56 52 36 38
Smaller towns 31 29 17 20 40 35
Reported energy intake® (%)

Under reporting 12 20 12 11 8.8 8.3
Plausible 51 46 46 38 45 35
Over reporting 20 12 19 16 18 13
Missing 18 23 24 35 29 43

Mean ages school year 5, 8, and 11: 12, 15, and 18 years old.

Values were missing due to missing questionnaires, missing body height or weight data, and
incomplete accelerometer measurements.

aBMI status was determined according to International Obesity Task Force cutoffs (Cole &
Lobstein, 2012).

PEnergy intake was considered implausible if the energy intake to expenditure ratio was outside
+1 SD.
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Procedure to estimate added and free sugars

One main outcome from the study on estimating added and free sugars within the
database used in the Riksmaten Adolescents 2016-17 survey in Sweden (Paper I)
were that a refined, systematic ten-step procedure for estimating sugars was
developed and applied to all food items in the RiksmatenFlexDiet database. This
generated added and free sugars intake estimates for all participants in Riksmaten
Adolescents 2016-17. Step assignment of food items according to the ten-step
procedure in a simplified version of the procedure can be viewed in Table 5.

Adaptations of the two previous systematic methods for estimations of sugars
content in foods (Kibblewhite et al, 2017; Louie et al., 2015) introduced
modifications to address foods specifically in the Swedish diet. Modifications
included added sugars definition adjustments to align with the Nordic Nutrition
Recommendations (Nordic Council of Ministers, 2014), expansion of food
categories (e.g., including culturally specific foods as gravlax and pickled herring),
additions of food categories (e.g., additions of non-dairy alternative products),
reclassification of foods (particularly breads which are commonly sweetened in
Sweden as opposed to other parts of the world), and calculation modifications (for
both sugars estimate calculations and for contents of composite foods).

The procedure was constructed as a ten-step decision making process, where
assumptions were made on added and free sugars content based on the total sugars
(total mono- and disaccharides) value of the food of interest. If a food item did
not meet the criteria within the first step you moved on to the next step and so
forth, until the food met the given assumptions or conditions. The first six steps
are considered as objective steps as these are based on pre-defined assumptions.
The last four steps are considered as subjective steps, as these require further
subjective estimations. Within the RiksmatenFlexDiet database, added and free
sugars estimates for each individual food item were largely based on objective steps

(92-93% for the sugars respectively).
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Table 5. Assignment of food items according to the ten-step procedure

Foods assigned

Step

Foods with 0 g added or free sugars
(but not 0 g total sugars)

Recipe calculation of foods with estimates from step 1-4

Added or free sugars content based on analytical data
(lactose and/or fructose) ‘

Added or free sugars subjectively estimated from
ingredient list or recipe

None of the above applicable: added or free sugars
are assumed to be 50% of total sugars

[EEN
o

This is a simplified version of the systematic ten-step procedure for estimating added and free
sugars content in food items, with food assignment examples of each step respectively. The
primarily principle in the procedure is to base the estimations on data of total and naturally
occurring sugars in each food item. Begin at step one and proceed until you reach the step that
matches the given assumptions or conditions. Full details of the procedure for estimating added
and free sugars can be found in Paper I.
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Added and free sugars intake and compliance
with recommendations

Results from Paper I revealed that 45% of Swedish adolescents kept their added
sugars intake below the recommended maximum (<10 E%), while 30% met the
recommendation for free sugars (<10 E%). Only 3% met the WHO conditional
recommendation for free sugars (<5 E%). Boys had higher absolute intakes of
sugars than girls, but lower relative values, consequently more boys complied with
recommended intakes. Median usual intakes of added sugars were 10 E%, and of
free sugars 12 E% among the adolescents. Table 6 presents added and free sugars

intake and compliance with recommendations.

Table 6. Added and free sugars intake and compliance with recommendations

School year 5 School year 8 School year 11

Girls Boys Girls Boys Girls Boys
(n=559) (n=490) (n=574) (n=476) (n=577) (n=423)

Sugars intake (E%)
median (p25; p75)

Added sugars 10(8;12) 10(7;12) 11 (9;12) 10(8;13) 11(9;13) 9 (7;12)
Free sugars 13 (10;15) 11 (8;14) 12(10;15) 12 (9;15) 12 (10;15) 11 (8;14)

Complying with sugars
recommendations (%)

free sugars <10 E% 25 38 21 33 25 45
free sugars <5 E% 0.9 4.5 0.4 5.0 0.9 6.4
added sugars <10 E% 45 54 34 45 41 57

Calculated to estimate usual dietary intake using the Multiple Source Method.

Estimated usual intake versus two-day average intake

Figure 5 illustrates the differences in intake distributions between short-term
measures (two day within person mean intake) and usual intakes (estimated from
the two days of reported dietary intake with the MSM) and displays intake
distributions of free sugars in adolescents. The estimated usual intake distribution
has a relatively symmetric shape, with a distinct peak above 10 E%. The two-day
mean intake distribution is wider and shifts toward the left, suggesting lower intake
levels compared to the usual intakes. This comparison illustrates how short-term
intake data can overestimate nutrient adequacy, emphasising the importance of

adjusted intake data for accurate assessment.
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Figure 5. Free sugars intake (E%) distributions from two-day means compared to from
usual intake estimation

Intake distributions of free sugars in adolescents (n=3099) based on within-person means of two
24-hour recalls (green), and usual intakes estimated with the Multiple Source Method (blue).

The median intakes of free sugars were 10.7 E% and 11.9 E% from the two-day
mean intake and estimated usual intake respectively, Table 7. When observing the
two-day mean intake, 55% of the adolescents exceeded an intake of 10 E%.
However, when observing the estimated usual intake, 70% exceeded the recom-
mended maximum intake. The difference between the types of intakes became
proportionally larger when comparing intakes to the WHO conditional
recommendations (<5 E%), which falls within in the tail of the usual intake
distribution. For this conditional recommendation, 16.9% and 2.7% complied
from two-day mean intake respectively estimated usual intake.

Table 7. Free sugars intake (E%) two-day mean intake vs. estimated usual intake

Min. p25 Med. p75 Max. Intake <5 E% Intake <10 E%
(E%) (%)
2-day mean 0.0 6.6 10.7 15.7 48.9 16.9 454
Usual intake 11 9.5 11.9 14.6 34.2 2.7 30.2

Descriptive statistics of free sugars intake in adolescents (n=3099) based on within-person means
of two 24-hour recalls, and usual intakes estimated with the Multiple Source Method.
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Food sources of sugars in adolescents’ diet

The primary source of sugars within the diet of Swedish adolescents was SSBs
(Paper 1I), with 34%, 30% and 18% contribution to total intakes of added, free
and total sugars respectively, Figure 6. SSBs were particularly consumed by boys,
adolescents to parents with lower education levels, and those residing in smaller
cities/rural areas. Other food categories contributing substantially to both added
and free sugars intake were sweets and chocolates (23% respectively 20%), sweet
bakery products and desserts (13% respectively 11%), and sweetened dairy
products (10% respectively 9%), Figure 6. Fruit and vegetable juices contributed
with 11% of the free sugars intake, and this food category was the only source that
showed an apparent difference between sources to added and free sugars.

During the two days of dietary assessment, 61% reported consumption of
SSBs, 37% consumption of juices, 44% consumption of sweets and chocolates,
and 49% consumption of sweet bakery products and desserts. Among consumers,
median intake of free sugars from SSBs were 4.4 E%, from juices and from sweets
and chocolates 3.1 E% each, and from sweet bakery products and desserts 1.9 E%.

Fewer food groups contributed substantially to added and free sugars intake
among the high sugars consumers than among those consuming less, where SSBs
and sweets and chocolates accounted for most of the intake in the high consumers
(64% of all free sugars in those consuming more than 17 E%).

Intakes of free sugars were higher during weekends, mostly consumed outside

of main meals, and predominantly consumed within the home environment.
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Figure 6. Food sources of added, free, and total sugars in adolescents’ diet

Food categories are ranked according to contribution to free sugars intake. Food category
‘Miscellaneous’ comprises alcoholic beverages, nutritional products, nuts, and snack foods (e.g.,
crisps, popcorn). Food category ‘Mixed dishes’ comprises foods commonly included in main
meals (e.g., pasta, rice, potatoes, meats, fish). Numbers are displayed when food categories are
contributing with >2% to total intake.
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Associations of sugars intake with nutrient
intake and food consumption

Paper III identified associations between higher added and free sugars intake and
progressively less favourable nutrient and food intakes in Swedish adolescents.
This included lowered intakes of most micronutrients, dietary fibre, and essential
fatty acids with increased added and free sugars intake. Other findings were that
energy intake was gradually lower across the rising levels of added and free sugars
intake, and intakes of sodium, vitamin C (to some extent for free sugars) and
saturated fats showed a beneficial pattern.

A higher intake of added and free sugars was negatively associated with foods
included in analysis that typically are considered as part of a healthy diverse diet;
vegetables, fruits and berries, fish and shellfish, meat, whole grains, dairy products,
and bread, breakfast cereals and porridge (p<0.01), Figure 7 shows food intake
across deciles of free sugars intake.

At higher energy intakes from added and free sugars, >11.3 E% for added
sugars and >12.9 E% for free sugars, the likelihood of meeting nutrient reference
values decreased significantly. Although, for nutrients critical within the adolescent
diet, such as vitamin D, selenium, dietary fiber and polyunsaturated fats, lower
odds of meeting reference values were observed even at lower intake levels of
added and free sugars. Micronutrient intake in absolute (per day) and relative
intakes (per MJ) across free sugars intake deciles are presented for calcium, folate,
iron, selenium, vitamin C and vitamin D in Figure 8. Significant trends were
observed indicating a decline in micronutrient intake across the free sugars intake
levels for both absolute and relative intakes for the micronutrients (p<<0.001),
except for vitamin C were a positive association was observed in relative intake

(p<0.05) but no significant association for absolute intake.
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Figure 7. Food intake across intake levels of free sugars

Median intakes presented per free sugars decile. Observe that the food category dairy products
uses a different unit (10 g/d) to fit the graph. Calculated to estimate usual dietary intake using the
Multiple Source Method.
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Figure 8. Median micronutrient intake across intake levels of free sugars

Micronutrient intake is expressed in both absolute intake per day (blue) and relative to energy
intake (green). Calculated to estimate usual dietary intake using the Multiple Source Method. The

highest average requirement (AR) or provisional AR for adolescents is plotted in each graph, i.e.

for sex and age groups females & males 11-17 y; >males 215 y; females 218 y; *females 11-14

y; “‘males 215 y; Smales 15-17 y. For vitamin D, AR is the same for all.
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Potential effects of the Keyhole symbol on
adolescents’ nutrient intake

Paper IV demonstrated that shifting adolescents’ diets to include more Keyhole-
compliant foods led to improved overall nutrient intake. Replacing non-compliant
foods with Keyhole-compliant alternatives led to increased intakes of whole grains,
dietary fibre, and polyunsaturated fats, while decreasing saturated fats and total fat.
Even at partial replacement levels, there were noticeable improvements in nutrient
intake, particularly for whole grains, dietary fibre, and fats. Intake of energy,
nutrients and whole grains in replacement scenarios 50%, 100% and 100% energy
corrected is presented with recommendations in Table 8.

However, the impact on reducing free sugars and salt intake was limited. Free
sugars saw only a modest reduction of around 3% in the 100% replacement
scenario, as many high-sugar items, like sugar sweetened beverages and sweets and
chocolates, are ineligible for Keyhole labelling and were therefore not replaced.
Similarly, salt intake saw only minor reductions since salt-rich foods as ready meals
were excluded from the replacement scenarios.

This study found that while shifting to Keyhole-compliant foods generally
improved nutrient intake, it led to some unintended adverse effects. Specifically,
there were reductions in monounsaturated fats, vitamin A, thiamine, and ribo-
flavin. These decreases occurred due to replacing butter, breakfast cereals and
certain meat and dairy products with Keyhole-compliant alternatives that
contained lower levels of these nutrients.

Younger adolescents showed greater improvements than older adolescents
from the modelled replacements in meeting dietary recommendations, particularly
for saturated fats, polyunsaturated fats, dietary fibre, and whole grains.
Additionally, girls showed a greater reduction (but small in absolute terms) in salt
intake compared to boys, likely due to different dietary patterns. However, no
significant differences were found based on the other characteristics: parental
education level, municipality size, or BMI status. This suggests that while age and
sex influenced some dietary outcomes, the Keyhole label’s impact was largely
consistent across different socioeconomic backgrounds and body weight
categories.

Opverall, the Keyhole label proved useful for promoting healthier dietary
choices, although further strategies beyond the Keyhole label system are needed

to more effectively reduce free sugars and salt consumption among adolescents.



Table 8. Intake of energy, nutrients and whole grains in replacement scenarios

RESULTS °

Reported 50% 100% 100% replacement Rec
intake replacement  replacement energy-corrected '
Nutrient/ ]
component Median (p25; p75)
8338 8194 8070 8338
Energy (kJ)
(6598; 10597) (6481; 10440) (6358; 10269) (6598; 10597)
Total fat (E%) 34 (30; 39) 33 (29; 38) 32 (28; 36) 32 (28; 36) 25-40
SFA (E%) 13 (11; 16) 12 (11; 14) 11 (9; 13) 11 (10; 13) <10
MUFA (E%) 13 (11; 15) 13 (10; 15) 12 (10; 14) 12 (10; 14) 10-20
PUFA (E%) 4.4 (3.6; 5.4) 4.9 (4.0; 6.0) 5.4 (4.3;6.8) 5.3 (4.3; 6.6) 5-10
Protein (E%) 16 (14; 19) 17 (15; 20) 18 (15; 21) 18 (16; 21) 10-20
Carbohydrates (E%) 47 (42; 51) 47 (43; 52) 48 (43; 52) 47 (42; 51) 45-60
. i 2-32
Dietary fiber (g/MJ) 2.0 (1.6; 2.5) 2.2(1.8;2.7) 2.3(1.9;2.9) 2.3(1.9;2.8) >3b
Whole grains (g/MJ) 2.4 (1.0; 4.8) 5.3(3.1;8.2) 8 (4.7; 12) 7.6 (4.5;11.4) 7.5°¢
Added sugars (E%) 9 (5.1; 14) 8.8 (4.7; 13) 8.4 (4.3; 13) 8.3 (4.2; 13) <10
Free sugars (E%) 11 (6.6; 16) 10 (6.2; 15) 10 (5.8; 15) 10 (5.7; 15) <10
Sodium (g) 3.1(2.4;4.1) 3.0(2.3;4.0) 3.0(2.3;3.9) 3.1(2.4;4.1) 2.4
Salt (g) 7.8 (6.0; 10) 7.6 (5.9; 10) 7.5(5.8;9.8) 7.8 (6.0; 10) 6.0

aNutrition recommendations 1-17 years old

bNutrition recommendations 218 years old

¢Based on recommendations of 75 g whole grains per 10 MJ (Becker et al., 2012)

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Nutrition recommendations were derived from the Nordic Nutrition Recommendations 2012.
All differences between reported intakes and the Keyhole 100% replacement scenario were statistically
significant (p<0.001, Wilcoxon signed rank test).






Discussion

Due to the absence of objective methods for accurately measuring intake of added
or free sugars it is crucial to develop and utilise reliable alternative methods. These
methods play a vital role in assessing dietary intake and is essential for monitoring
adherence to dietary guidelines. This thesis aimed to provide reliable, standardised
estimates of added and free sugars, allowing for consistent comparisons and
greater transparency in dietary assessments. The developed procedure and
application facilitated description and identification of food sources to added and
free sugars, and investigation of associations between intakes of added and free
sugars and nutrient and food intake in Swedish adolescents. Furthermore, the
availability of free sugars food content estimates within the Swedish food
composition database enabled investigation of the potential impact of the Keyhole

in adolescents’ diet, covering all aspects of the Keyhole criteria.

Methodological considerations

The dietary data used in this thesis primarily comprises two different types related
to food and nutrient intake: food composition data and food consumption data.

Food composition data refer to the detailed nutritional and chemical
information about food items. It includes energy, macro- and micronutrients, and
may include other bioactive compounds in individual food items. This type of data
is typically compiled in food composition databases, such as the Swedish food
composition database, or the food composition data extract to RiksmatenFlexDiet
database. Food composition data are fundamental for estimating nutrient intake,
formulating dietary guidelines, and assessing the nutritional quality of diets at both
individual and population levels. The food composition data provide the
fundamental resource that enables the translation of food consumption data into
nutrient intake data in individuals.

Food consumption data, on the other hand, describes the dietary intake of
individuals or populations. This data can be collected with different types of
dietary assessment methods. Food consumption data capture the quantities, types,

and frequencies of food items consumed, often categorised by demographic
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variables like age, sex, or other sociodemographic information. Unlike food
composition data, which offers static nutrient profiles of food items, food
consumption data can reflect dynamic eating behaviours and dietary trends,
offering understandings of dietary diversity, adherence to nutrition recommend-
ations, and the sociodemographic factors influencing food choices.

Both the food composition data and the food consumption data are essential
in dietary research, however, have limitations that can affect the accuracy of dietary
assessments. Food composition data can suffer from outdated or incomplete
nutrient information on individual food items, while food consumption data are
prone to self-reporting bias and may not accurately capture usual intake.
Recognising these limitations is crucial for improving data collection and

interpreting results in nutritional epidemiology and public health research.

Estimating added and free sugars content in foods

In dietary research, particularly for added and free sugars, the absence of objective
analytical methods presents a significant challenge. One of the primary strengths
of the developed procedure for estimating added and free sugars, and similar
methods, is its ability to address this lack of direct analytical techniques for
differentiating added and free sugars from naturally occurring sugars in a
systematic and largely transparent way.

The origin of this paper (Paper I) stemmed from an initial intention to apply
previously established methods for sugars content estimation (Kibblewhite et al.,
2017; Louie et al., 2015). However, the application process revealed numerous
necessary changes, requiring major adjustments of the procedure to fit the context
of the Swedish dietary survey on adolescents. This ultimately led to the
development of the systematic procedure utilised here. These findings highlight
the complexity involved when researching dietary intake and habits in different
settings and contexts.

By providing a systematic framework, the ten-step procedure ensured
consistency and transparency in estimating sugars content across a wide variety of
foods. The method combined objective measures, such as total sugars content and
naturally occurring lactose and fructose within foods, with logical subjective steps,
making it both flexible and adaptable to diverse dietary patterns. For example, the
inclusion of culturally specific foods like sweetened breads and pickled products
in the Swedish context increased its relevance and applicability within the Swedish

setting. This could be expanded to an even broader context, with inclusions of
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even more specific foods added within the established ten-step food categories.
The procedure was successfully implemented for the EFSA scientific opinion
regarding the tolerable upper intake level for dietary sugars (EFSA Panel on
Nutrition et al., 2022), however encountered other methodological issues due to
the massive amount of data with varying level of detail from the different
European countries (EFSA Panel on Nutrition & Novel Foods and Food
Allergens (NDA), 2022a). Furthermore, the procedure is continuously used to
update the Swedish food composition database, Figure 9.

Papers included in doctoral thesis Impact beyond thesis

European Food Safety Authority
Paper Il

Paper Il

Associations of free
and added sugars
intakes with nutrient

Dietary sources of
free, added, and
total sugars in

Implementation in the EFSA food
composition database, enabling

intake estimates in the European
population for the EFSA scientific
opinion regarding the tolerable
upper intake level for dietary sugars

intake and food
consumption in
Swedish
adolescents

Swedish
adolescents

A

Paper I.
Procedure to estimate
added and free sugars in
food items from the
Swedish food
composition database

Swedish Food Agency

Paper IV. used in the national
t?maum;_;thio[r;1 of dietary survey Riksmaten | ¢ Implementation in the Swedish food
00ds Wi e o .
Keyhole front-of- \ 4 Adolescents 2016-17 ' composition database, enabling

pack nutrition label:
potential impact on
energy and nutrient
intakes of Swedish
adolescents.

publicly available food content
estimates of added and free sugars

Figure 9. Papers included in thesis and impact beyond thesis

The high proportion of objective steps (92-93% for foods in the Riksmaten-
FlexDiet database) minimised the subjectivity and strengthened the reliability of
the estimates.

However, the ten-step procedure also has limitations. Despite efforts to
minimise subjectivity, a small proportion of estimates still relied on subjective
judgments, which introduces a potential risk of variability and biases. These
subjective decisions may depend on the expertise and interpretation of the
researcher applying the method, which could lead to inconsistencies if the
procedure is applied by different teams or in different contexts. If these subjective
judgements are made on commonly consumed foods, this can have major
consequences in dietary intake evaluations, however this was not the case in the

present study.
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While the procedure is designed to be systematic, it is time-consuming and
requires expertise to implement correctly. This can limit its scalability and be a
major limitation in contexts where resources or expertise are lacking. As there are
some subjective decisions to the model, estimations cannot be made automatically.

Another key limitation is the fundamental reliance on available food
composition data. To achieve appropriate estimates of population intakes of
sugars (or any nutrient for that matter) it is essential to have continuous updated
food composition data — we eat what is available in-store. If nutrient data for
specific foods are incomplete or inaccurate, the estimates may not fully capture the
true sugars content. For composite or prepared foods, assumptions about
ingredient proportions and preparation methods might oversimplify complex
recipes, resulting in less precise estimates. Furthermore, the method does not
account for individual differences in food preparation at home or in food
production. In this dietary survey, the food list provided participants with a large
selection of food items that were specifically selected to suit the dietary habits of
the Swedish adolescent population, and the food items had detailed up-to-date
nutrient data. While the food list was not designed explicitly to optimise the
accuracy of sugars intake estimation, this may introduce some limitations in the
precision of the sugars intake assessment. Nonetheless, given the wide variety of
food options included and their relevance to the population, the assessed sugars
intakes are likely sufficiently accurate for the purposes of this study. However,
there are other issues with dietary intake assessment that are more likely to limit

the accuracy of the sugars intake assessment.

Strengths and limitations with the dietary recall

The absence of objective methods to capture dietary intake requires our reliance
on self-reported dietary data. The dietary data were in this study assessed with what
can be described as a computer-administered 24-hour dietary recall. The 24-hour
dietary recall method is a widely used method in nutritional research because of its
ability to provide detailed information on an individual’s food intake over a specific
day. One of its primary strengths lies in its capacity to capture a thorough snapshot
of dietary intake, which is particularly useful for assessing nutrient intake.
Furthermore, the assessment method is relatively low in participant burden, as it
typically requires only a short interview (RiksmatenFlexDiet took about 15-30

minutes per one day’s registration), and it can be administered multiple times to
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improve accuracy or modelled with statistical methods to reflect usual intake
(Gibson R.S., 2024).

However, there are notable limitations with self-reported dietary data. In 24-
hour dietary recalls, the reliance on participants’ memory can lead to recall bias,
where individuals may forget or misreport their intake. Misreporting may occur
due to social desirability bias, which can be described as participants altering their
responses to meet perceived social norms or expectations, leading them to
underreport foods considered ‘unhealthy’ or overreport those viewed as ‘healthy’
(Kirkpatrick S, 2024). Given the negative focus on dietary sugars in media as well
as in dietary guidelines during the recent years, this awareness may unconsciously
encourage underreporting in dietary intake as individuals become more conscious
of a stigma attached to added and free sugars intake.

High sugars contributing foods like SSBs, sweets and chocolates, sweet bakery
products and desserts are further often consumed by adolescents in informal
contexts outside of main meals (Rebuli et al., 2020; Souza et al., 2022), which was
also found in Paper II, and this may complicate accurate reporting. These items
may be overlooked or forgotten during the dietary recall, particularly when
consumed outside the regular meals or in small quantities. This issue was addressed
with the RiksmatenFlexDiet by using probing questions of easily forgotten foods
before the submission of the recall, however it is unlikely that this eliminated the
1ssue completely.

Another bias in dietary surveys is self-selection bias. Self-selection bias occurs
when participants choose to participate in a study rather than being randomly
selected. It is often observed that healthier individuals with healthier dietary habits
are more likely to participate in dietary surveys due to e.g., personal interests in
diet and health (Young et al., 2020). In Riksmaten Adolescents, school classes were
randomly selected for participation to ensure representativeness with regards to
demographic factors. The participation rate was rather high, with 60% of the
invited adolescent participating in the dietary survey. However, it is uncertain
whether these adolescents are representative of the general population in terms of
dietary intake. It is likely that those who chose to participate have healthier dietary
habits than the general adolescent population, i.e., eating less sugar-rich foods than
average, which could introduce further bias in the study results.

Together, these factors highlight the challenges in accurately capturing added
and free sugars intake through self-reported 24-hour recalls. Therefore, the results
require careful interpretation. It is reasonable to assume that added and free sugars

intake are higher among Swedish adolescents than reported within this study.
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Despite the inherent limitations associated with self-reported dietary intake
assessment which are discussed here, it is important to emphasise the strengths of
the dietary assessment methods used in this study. The dietary assessment methods
used in Riksmaten Adolescents 2016-17 are carefully considered, taking into
account the limitations of self-reported dietary assessment, to collect dietary data
in the best possible way in a large-scale study for the intended adolescent
population. Additionally, the participation rate of 60% is quite unusual for dietary
research, and it reflects a significant engagement level from the invited adolescents.
The quality and comprehensiveness of the available food composition data further
enhance the reliability of the findings.

Estimating and understanding the need for usual dietary

intakes

Information on individual dietary intake is typically assessed over one or a few
days, balancing practicality with the difficulty of capturing long-term dietary habits,
as done in Riksmaten Adolescents 2016-17, with the two days of retrospective
registration included for this study. This approach is fundamental for assessing
population-wide dietary patterns, given the unfeasibility of collecting accurate and
representative long-term dietary data. However, as food intake is prone to day-to-
day variations the intake distribution of these observed short-term individual
means is too wide, with both the low- and high-end tails overestimating the
frequency of low and high consumption. This make it seem like there are more
individuals with very low or very high intakes than there would be if we were
observing the long-term intake (as demonstrated in Figure 5). If we compare the
number of individuals meeting dietary recommendations based on short term
intakes, we are likely to draw the wrong conclusion regarding compliance with
guidelines. The differences in compliance with dietary guidelines become
particularly significant when the recommendation cut-offs are within the tails of
the intake distribution, where small variations in intake can lead to large
discrepancies in whether individuals are classified as meeting or not meeting the
recommendations, which is the case in terms of added and free sugars intake.
There were 16.9% versus 2.7% of adolescents meeting the WHO conditional
recommendation of <5 E% of free sugars (Table 7), depending on if we were
observing the two day mean intake or the estimated usual intake, which is a

substantial difference.
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The need for usual dietary intake measurements in research analysis varies
according to research question, as exemplified in the background. The level of
detail needed from dietary data increases as the research objectives become more
complex, and can be expressed as four levels of research objectives (Gibson R.S,,
2024). When exploring mean usual dietary intakes of a group (level one), we do
not need repeated measures or to model the usual intake as it will be roughly the
same, but we need to make sure samples are representative of what is researched.
However, when the objective is to determine the proportion of a population that
meets a certain reference measure (level two), such as dietary guidelines, it is
necessary to capture distributions of usual intake. The usual intake distribution can
be estimated from at minimum two days of dietary recalls, which is sufficient to
determine the proportion of a population at risk of inadequate intakes for foods
and nutrients, with more replicate measures or adjustments needed for episodically
consumed foods and nutrients. At level three, objectives are to rank individuals by
their usual intake within a group, typically to relate dietary intake with health
outcomes. And finally, at level four the objective is to estimate individuals’ usual
intakes for correlation or regression analyses, such as relating intake with
biochemical markers, which requires the highest level of data detail. Therefore,
usual intakes measures were needed in Paper I and Paper 111, in order to more
accurately compare adolescent intake with nutrition recommendations, and to
explore trends across the spectrum of free sugars intake. Although, for Paper 11,
research objectives required population proportions and measures of central
tendency only, therefore usual intake measures were not appropriate or necessary.
However, some analyses in Paper IV could benefit from usual intake estimates to
increase accuracy for, in particular, comparisons between micronutrient intake and
requirements (it is published as a supplement to Paper IV). Due to intake data
already being modelled in different ways in the intake scenarios, we choose to not
also model usual intakes on top of that. However, to demonstrate potential
changes in relation to the different scenarios this information was also included,
but caution should be taken when interpreting the proportions adhering to the
requirements.

The statistical models to estimate usual dietary intakes from short-term intake
assessments are all based on one same flawed assumption. The assumption that
the dietary recalls are unbiased tools for measuring usual food intake (Dodd et al.,
2006). However, the presence of systematic errors must be thought of as
unavoidable in all types of self-reported dietary assessment methods. Systematic

errors can result in biased estimates of both the mean usual intake and the
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proportions of individuals meeting dietary recommendations. For instance, if
certain food sources are systematically underreported or intake is underestimated
due to e.g., limitations in the food composition database used, this may lead to
exaggerated estimates of the number of individuals falling below recommended
intake levels (Kirkpatrick et al., 2022). As several validation studies have shown
misreporting of, in particular energy (Freedman et al., 2014), intake in 24-hour
recalls, some foods must be misreported as well. Hence, foods reported with bias
in the recall will result in biased usual intake estimates as well. Misreporting may
be handled in several ways, e.g., by examining outliers in energy and nutrient intake,
or as we did in our sensitivity analyses, by excluding participants with implausible
energy intakes. However, it is difficult to distinguish reporting error from the

broad spectrum of possible dietary intake values (Schoeller & Westerterp, 2017).
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Discussion of results

Added and free sugars intake in Swedish adolescents

A majority of adolescents exceeded the maximum recommended intakes for both
added and free sugars, with median intakes of 10 E% and 12 E% (Paper I). As
previously mentioned, the same procedure for estimating sugars content was
implemented for the EFSA scientific opinion regarding the tolerable upper intake
level for dietary sugars (EFSA Panel on Nutrition et al., 2022) on a substantial
material of European dietary data. The intake results in Swedish adolescents are
within range of European adolescents, however the span was wide, with mean
intakes ranging from 5-19 E% and 8-22 E% for added and free sugars respectively
(EFSA Panel on Nutrition & Novel Foods and Food Allergens (NDA), 2022b).
Compared to previous population based Swedish dietary surveys in children
(Enghardt Barbieri et al., 2006) and adults (Amcoff et al., 2012), the reported intake
of sugars appears to have decreased among the younger population. Farlier surveys
found that approximates of added sugars (calculated as the sum of total sucrose
and monosaccharides) accounted for about 13—15% of energy intake in children
in 2003 and 11% in younger adults in 2010-11. This decline may reflect changing
dietary trends. However, it could be a result from differences in dietary habits
between adolescents and younger children and adults, or could be due to
differences in methodological approaches. The calculation of added sugars in
previous surveys may overestimate the intake as some sugars naturally occurring
in fruits and vegetables are included in the added sugars approximates as well.
There were 45% respectively 30% of adolescents meeting the added and free
sugars recommendation of a maximum of 10 E%, and only 3% achieving the
WHO conditional recommendation of below 5 E%. While reducing added and
free sugars consumption is a public health goal, achieving the stricter

recommendation may require extensive social changes.

Food sources to added and free sugars

Most added and free sugars consumed by Swedish adolescents comes from
nutrient-poor food sources (Paper II). SSBs, including sodas, energy drinks, and
cordial, accounted for about a third of the added and free sugars intake, making
them the largest single contributor. This is consistent with global patterns where
SSBs consistently have been found to be major sources of added and free sugars

among adolescents (Amoutzopoulos et al., 2020; Bailey et al., 2018; Jomaa et al.,
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2021; Kovalskys et al., 2019; Louie et al., 2016; Marinho et al., 2020; Mesana et al.,
2018; Monge-Rojas et al., 2022; Ricciuto et al., 2021; Ruiz et al., 2017; Sluik et al.,
2016). The high contribution from SSBs is concerning due to their low satiety and
provision of ‘empty calories’, which may result in overconsumption of energy
without providing essential nutrients. The top three food categories contributing
most to both added and free sugars in Swedish adolescents were all nutrient poor
food choices. SSBs, sweets and chocolates, and sweet bakery products and desserts
contributed with 70% and 61% to the added and free sugars intake, with the
contribution of juice consumption being the main difference between the two
definitions.

The foods that mainly contribute to added and free sugars are foods outside of
what would be considered essential or necessary for a balanced and healthy diet.
Therefore, targets for interventions to limit sugars intake could emphasise not just
reducing added and free sugars intake but instead these high sugars contributing

food sources as SSBs, sweets and chocolates.

Sugars intake and associations with nutrient and food intake

Higher intakes of added and free sugars are associated with compromised nutrient
and food intake in Swedish adolescents (Paper III). All food group intake trends
were significant for both absolute intake and intake relative to energy
consumption. This indicates that as added and free sugars intakes increase in
Swedish adolescents, there is a shift towards less nutrient-dense foods. This shift
suggests that higher added and free sugars intakes are associated with dietary
patterns favouring less nutritious food options over a balanced diverse diet. Thus,
the excess intake of added and free sugars among Swedish adolescents does not
appear to be eaten in addition to other healthy foods but rather replacing healthy
foods.

A few studies on this matter have suggested higher cut-offs for recommend-
ations than the conventional 10 E% regarding the association with micronutrient
dilution and diet quality. Cut-offs have been suggested at 13 E% free sugars in
British children and adolescents (Gibson et al., 2016), around 20 E% for Australian
children and adolescents (Wong et al., 2019), at 19 E% added sugars for American
children and adolescents (Fulgoni et al., 2019), and an optimum intake range of
free sugars has been observed between 5-15 E% in Australian adults (Mok et al.,
2018).
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Conforming to these results, nutrient adequacy in Swedish adolescents were
substantially reduced among mid-to-high consumers of added and free sugars,
starting from a quintile division in intakes at 11.3 E% added sugars and 12.9 E%
free sugars. However, compromised intakes among adolescents with the lowest
intakes of added and free sugars intake were not observed. In fact, those who
consumed the least generally had the highest nutrient intakes and highest
proportions meeting reference values. While there were substantial declines in the
number of adolescents meeting nutrient reference values from the 4t added and
free sugars intake quintiles (>11.3 E% and >12.9 E%) in our sample, critical
nutrients within the diet of Swedish adolescents such as vitamin D, selenium,
dietary fiber and PUFA (including vitamin C for added sugars) were distinctly
reduced even in lower quintiles. These findings suggest that an intake of no more
than 10 E% from free sugars, or potentially lower, would be beneficial to support
nutrient adequacy in Swedish adolescents. Consequently, with regards to
associations with micronutrient and food intake, it seems plausible to limit
consumption of added and free sugars in Swedish adolescents and these findings
suggest that an intake of no more than 10 E% from free sugars, or potentially

lower, would be beneficial to support nutrient adequacy in Swedish adolescents.

Potential nutritional effects of the Keyhole in adolescents’
diet

The findings of Paper IV demonstrated that theoretical replacements of foods in
adolescents’ diet to meet Keyhole criteria generally improved compliance with
nutritional recommendations. These improvements were observed even with
partial food replacements, suggesting the potential effectiveness of Keyhole-
labelled foods in promoting healthier diets even with smaller dietary changes.

However, reductions in free sugars and salt intake were less pronounced than
other nutrients with criterion, largely due to the ineligibility of many high-sugars
and high-salt foods for Keyhole labelling. As the Keyhole label is a positive
endorsement logo, it is only displayed on foods that are encouraged to be
consumed, targeting foods with healthier nutrient profiles than others in the same
food category.

The primary sources to free sugars in adolescent diets fall outside the categories
eligible for the Keyhole. As the contribution to sugars from the sugar-rich food
sources within the diet of Swedish diet was not extensively studied at the time of

this modelling study, the potential impact with regards to free sugars could not be
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estimated beforehand. However, it was known that these food sources are popular
foods in the adolescent diet, so the results are not surprising. As the major sources
to free sugars intake in Swedish adolescents cannot be labelled with the Keyhole,
this limits the potential impact of the Keyhole system on reducing overall sugars

consumption, as it cannot directly address these discretionary food choices.

Ethical reflections

Although the application for ethical review and the data collection both were
completed and approved before my involvement, I believe it is important to reflect
on the ethical considerations. Even though I may not be fully aware of all decisions
made, reflecting on potential ethical issues from an external perspective can be
valuable. This reflection helps ensure that ethical standards are maintained and
highlights the importance of ethical practices in the research process, particularly
within the field of Food and Nutrition.

The child and adolescent populations are vulnerable in the research context as
there may be challenges in regard to their comprehension and ability to understand
the risks and consequences the research is posing (Swedish Research Council &
Uppsala University, 2020). In general, children, especially of older age, and
adolescents seem to be able to understand the purpose of research and grasp the
concept of voluntariness of participation (Crane & Broome, 2017). Nevertheless,
this population encounter individual needs and different levels of understanding
(Crane & Broome, 2017).

The Swedish Research Council’s codex state that ‘research on a vulnerable
population such as children shall never be performed if it is possible to carry out
on another population less vulnerable’ (Swedish Research Council & Uppsala
University, 2020). In relation to this research, the adolescent study population is
obviously necessary to assess information about adolescent food consumption.
When capturing dietary intake to enable suitable dietary advice for prevention of
potential diet related health issues, it is important to monitor dietary intake of the
whole population and thus it is unavoidable to include both children and
adolescents.

Balancing ethics, morals, and the possibility of gaining new important
knowledge is essential in research, as it ensures that the quest for important
scientific discoveries does not compromise the integrity of the research or the well-
being of participants. Ethical review is necessary when the research falls within the

scope of the law, the Act concerning the Ethical Review of Research Involving
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Humans (SES 2003:460), which is when certain conditions exist, to protect the
individual and the respect for human dignity in research (Swedish Research
Council, 2024). As this thesis focuses on dietary intake of adolescents, health issues
might indirectly be linked to dietary habits. Also, dietary habits may reveal other
highly personal information such as cultural factors and social determinants of
health (Hurlimann et al., 2017). Individual information collected and included in
this thesis was about food intake, body height, body weight, physical activity and
information about socioeconomic background. This collected information beyond
food intake may also be argued to be crucial for monitoring dietary intake because
it may significantly influence dietary habits. Understanding these factors is
necessary to develop targeted interventions and promote equitable health
outcomes. Apart from these variables, the full survey also included the collection
of blood and urine samples. The Riksmaten Adolescents 2016-17 survey was
approved by the Regional Ethical Review Board of Uppsala before the start of the
study (registration no. 2015/190).

In Riksmaten Adolescents 2016-17 the participants and their legal guardians
received information about the study one month prior the start, and the
participants who were undergoing biological sampling had to give their written
informed consent prior to the study (or their legal guardian). For the remaining
participants verbal consent was applied, and the participants agreed to participate
by taking part in the dietary survey. During the first day of dietary registration, a
research group visited the participants to help them register their food intake, and
to present and inform about the study. As the research group started their visit
with a presentation of study and were there throughout their first day of
registration, the participants should be well-informed about the study. As the two
younger age-group were grade 5 and 8 students, they included underaged
participants and participants under the age of 15. By agreeing to a verbal consent
from the younger adolescents, it is not assured that all participants’ legal guardians
were aware of the study. Even though the study was approved by an ethical review
board, I think it may be morally problematic to include someone’s children in
research without ensuring they are aware. This also somewhat contradicts SES
2003:460 §18, which outlines that the legal guardians must be informed.

Another critical ethical concern is that public health recommendations often
focus on reducing added or free sugars, yet, in many cases, there is a lack of
transparent, reliable data on the added sugar content in foods. Without clear data
on these sugars, neither on labels nor in publicly available food composition

databases, consumers are left without the necessary details to make informed
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dietary choices. This undermines their autonomy and unfairly shifts responsibility
onto them. This lack of transparency may also worsen health inequities, especially
among vulnerable populations. To be ethical and effective, guidelines must be
accompanied by improved information, standardised measurements, and

supportive policies. This thesis aimed to address these issues.



Conclusions

Adolescents in Sweden consumed, on average, too much sugars with respect to
the maximal recommended intake of added and free sugars. Most added and free
sugars in the adolescent diet came from nutrient-poor food sources. The top
contributors were SSB:s, sweets and chocolates, accounting for 57% of the intake
of added sugars and 50% of free sugars. The fundamental difference between the
two sugars classifications in intake were free sugars intake from fruit juice. Intakes
of added and free sugars were higher during weekends, and the sugars were mostly
consumed outside of main meals, predominantly within the home environment.
Increased intakes of added and free sugars were associated with a progressively
less favourable dietary intake. High-sugars foods with poor nutrient content
seemed to replace other more nutritious foods, rather than be eaten in addition to
them. With regards to micronutrient intakes, nutrient adequacy was significantly
compromised at intake levels above 11.3 E% for added sugars and 12.9 E% for
free sugars, however, for critical nutrients within the diet of Swedish adolescents
even at much lower intake levels. Thus, intakes of added and free sugars should be
kept low in adolescents’ diet to maintain a nutritionally adequate diet. A shift to
Keyhole alternatives for everyday foods can improve adolescents’ overall nutrient
intakes, even with smaller replacement in diet. However, the impact on reducing
sugars is limited as most contributing sources are not eligible for labelling.

As a few nutritionally poor food groups are the primary sources of added and
free sugars in the adolescent diet, refining dietary guidelines to target these specific
foods rather than emphasising sugars reduction alone could enhance clarity and

effectiveness in public health communication.






Future perspectives

Free sugars or sugar free? — A need for clearer
sugars communication

To effectively promote the reduction of added or free sugars intakes in
adolescents’ diets, as well as in the whole population, it is essential to provide clear
guidance. The definitions of added and free sugars and related terms entails several
challenges, with one major issue being inconsistency. While free sugars include
both added sugars and those naturally present in honey, syrups, and fruit juices,
added sugars typically refer only to sugars added during processing or preparation.
This overlap can confuse consumers as well as professionals who try to adhere to
dietary guidelines and communicate health messages. The term free sugars might
at first seem easy to interpret, compared to added sugars with its numerous
definitions, yet the free sugars definition unfolds a variety of perspectives including
consumer understanding. From a consumer perspective, this definition can be
both helpful and difficult as it has not been used for as long in nutrition
recommendations or is as straightforward as the term added sugars. Potentially,
consumers could easily mix up free sugars with ‘sugar free’ because the terms
sound similar although having fundamentally different meanings. Furthermore,
food manufacturers may exploit these inconsistencies to present their products in
a more favourable light. The complexity of these definitions highlights a need for
clearer, more consistent communication to bridge the gap between research,
nutrition recommendations and everyday food choices.

The recent NNR 2023 (Blomhoff et al., 2023) includes recommendations for
both added sugars and free sugars, which can be problematic for several reasons.
First, because the definitions of added sugars and free sugars overlap but are not
identical. This difference can create confusion for consumers, who may not easily
distinguish between the two terms when making food choices. Second, having two
recommendations can lead to inconsistent interpretations of nutrition
recommendations. Consumers, food manufacturers, and health professionals
might find it challenging to navigate these distinctions, potentially undermining
efforts to reduce overall sugar consumption. By focusing solely on added sugars

intake, individuals might feel they are within guidelines by monitoring only these
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sugars, even if they are consuming significant amounts of free sugars from other
sources. This means that someone could technically adhere to the
recommendation if only looking at the added sugars definition while still
consuming high levels of free sugars. Lastly, from a regulatory and labelling
standpoint, the two different definitions complicate the development of clear,
standardised labels, which could help consumers to make informed decisions.
Overall, while the intentions behind the nutrition recommendations are well-
grounded, the dual focus on added and free sugars in the NNR 2023 may
accidentally contribute to misunderstandings and hinder effective public health
messaging.

Apart from recommending limitations of both added and free sugars in the
NNR 2023, there are also recommendations regarding intakes of fruit juice with
the science advice being ‘Low to moderate intake of fruit juice may be part of a
healthy diet. Intake of fruit juice should be limited for children’ (Blomhoff et al.,
2023). This recommendation somewhat implies another health message than the
free sugars recommendation (which could be perceived as ‘moderate consumption
of fruit juice is healthy for you’ versus ‘free sugars are not healthy and should be
kept low within the diet’). From this thesis and Paper II, we now know that the
principal difference between added and free sugars in adolescent consumption lies
in fruit juice intake. Hence, you could say that free sugars guidance is stated twice
in the recommendations. According to a recent scoping review of the health
effects of fruit juice (Rosell & Nystrém, 2024) for the NNR, the authors argue that
that low to moderate intake of fruit juice is not associated with an apparent risk of
chronic diseases. Additionally, that it may have protective effects on cardiovascular
disease. However, they conclude that there is limited evidence regarding health
effects of fruit juice.

Based on current terms and recommendations it could be sufficient to limit the
sugars guidance to explicitly added sugars, with the inclusion of all mono- and
disaccharides that are added to foods and beverages (including those in e.g., honey,
syrups, fruit and vegetable juices and concentrates when these are added to foods),
as the term is well-recognised and quite easy to understand, and keeping the
additional recommendations on fruit juice if we want to communicate that fruit
juice has different health outcomes than other sources of free sugars. A guidance
on limiting added sugars, combined with clear recommendations about fruit juice
consumption, provides a robust framework for healthy dietary choices regarding

sugars intake.



FUTURE PERSPECTIVES ¢

Bear in mind that both added and free sugars, and the related terms, are
‘constructed’ nutrients. We are the ones defining which sugars that are included
and not, and this is why we cannot objectively measure it — it is not the total
amount of mono- and disaccharides in the diet. Even though there are negative
health effects associated with both added and free sugars, negative health effects
are more clearly attributed to sources of added and free sugars, i.e., particularly
SSBs, rather than added or free sugars in general (Mela & Woolner, 2018; Yan et
al., 2022). This can be for several reasons such as that sugars from liquid sources
are easier to consume in excess as they have been identified to have lower effect
on satiety compared to solid foods (Pan & Hu, 2011), that research has been more
concentrated to SSBs than other sources of sugars (Yan et al., 2022), and that these
sources do not or barely contribute with anything else to the diet than energy in
the form of added sugars. Also, SSBs, unlike many other foods, come in standard,
pre-packaged serving sizes (such as 33 cl cans or bottles) with labelled nutritional
information. This uniformity makes it easier for individuals to report consumption
accurately in surveys and for researchers to measure the intakes of added and free
sugars from these sources. In contrast, other solid sources to added and free sugars
often vary widely in portion sizes, preparation, and ingredient composition, leading
to more measurement error and less precise estimates of added or free sugars
intake. Consequently, the clarity and consistency in beverage data help produce
more robust associations between SSB consumption and adverse health effects.

In Swedish adolescents, a few nutritionally poor food sources primarily
contributed to intakes of added and free sugars (Paper 1I). Also, higher intakes of
both added and free sugars were associated with a poorer diet (Paper I1I), which
were mainly driven by the same nutrient poor sources in those consuming more
sugars. By shifting dietary guidelines to highlight the primary food sources to
added and free sugars, instead of focusing on reducing added or free sugars intakes

overall, public health messages could become clearer and more effective.

Future research directions on sugars intake

Continuous representative dietary surveys are necessary for monitoring dietary
habits and improving public health. These studies can provide comprehensive
dietary information that helps identify dietary trends and patterns in food
consumption across different populations. Added and free sugars intake may be
different in other populations as well as the major dietary sources. Could adults

perhaps allow for a higher relative contribution to sugars intake with regards to
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micronutrient intake and food consumption, due to healthier dietary habits? Is a
different dietary pattern observed in younger children, maybe with higher intakes
of juices and sweetened dairy products? By understanding the food patterns,
targeted interventions and policies to promote healthier eating habits can be
developed, which aids in reducing the prevalence of diet-related diseases.
Therefore, it is important that we continue to measure intakes of added and free
sugars through these kinds of surveys.

Another perspective to research is how adolescents and their parents are
reasoning with regards to sugars consumption and food choices. Are they aware
of the major sugar sources and the added and free sugars content within foods?
Or are they maybe cutting sugars from everyday foods and neglect the sugars from
discretionary foods? Given the complexity of sugars recommendations with its
inconsistent and varying definitions, it is plausible that there is a need for
enhancing consumer understanding, which is essential for enabling informed
dietary decisions that could promote healthier food choices.

Previous research has mostly associated high intakes of added or free sugars to
poor health outcomes and dietary intakes, but has most often overlooked the
different sources, which could have distinct effects on dietary intake. In paper III,
adverse associations of added and free sugars intakes with dietary intake were
observed. From these analyses, there was a potential displacement effect observed,
however, exploring associations with sources to sugars could help clarify if certain
sources more clearly contribute to poor diet quality or nutrient inadequacy.
Especially considering that some sources may be eaten together with more
nutrient-dense foods. Focusing on the sources to added or free sugars, rather than
the total intake, would be valuable to gain deeper understandings for improving

diet quality and refining public health strategies.
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Svensk sammantattning

Bakgrund

Konsumtionen av tillsatta och fria sockerarter (eller tillsatt och fritt socker) ar
kopplad till en rad negativa hilsoeffekter och utgdr ett betydande folkhilso-
problem globalt. Dock finns det en brist pa studier som visar hur mycket av dessa
sockerarter som konsumeras. Detta beror frimst pa en brist pa objektiva eller
standardiserade matmetoder fOr att sirskilja intaget av tillsatta och fria sockerarter
fran naturligt f6rekommande sockerarter.

Sockerarter ar de grundliggande och minsta komponenterna 1 kolhydrater och
bestar av mono- och disackarider. Ordet socker anvinds ofta synonymt med
vanligt strosocker eller sackaros, medan ordet sockerarter pa ett mer tydligt sitt
anger att det handlar om mono- och disackarider. Dirfér anvinds hir sockerarter
som begrepp. Naturligt forkommande sockerarter finns i livsmedel som mjolk,
frukt, och gronsaker, men sockerarter tillsitts dven livsmedel for smak eller
funktion. Eftersom bade naturligt férekommande och tillsatta sockerarter har
samma kemiska uppbyggnad gir det inte att sirskilja dem analytiskt.

Ett begrinsat intag av framfor allt tillsatta sockerarter har rekommenderats
globalt savil som i Sverige under de senaste decennierna, ofta med en
rekommendation om ett maximalt intag om 10% av det totala energiintaget (E%).
Tillsatta sockerarter definieras pa olika sitt av olika aktorer men definitionerna
handlar om de sockerarter som tillsitts livsmedel av tillverkare, matlagare eller kon-
sumenter, det vill siga inte om de sockerarter som férekommer naturligt 1
livsmedel. Under senare tid har rekommendationerna dven kommit att handla om
fria sockerarter. Fria sockerarter innefattar oftast alla tillsatta sockerarter inklusive
de sockerarter som ir naturligt forekommande i honung, sirap, samt juice och
juicekoncentrat fran frukt och gronsaker. I de senaste nordiska nirings-
rekommendationerna (2023) rekommenderas en begransning av intaget av bade
tillsatta och fria sockerarter till maximalt 10 E% men helst lagre.

Ungdomsiren dr en avgérande period for att etablera hilsosamma kostvanor
da de tenderar att kvarsta i vuxen alder, vilket har lingsiktig paverkan pa halsan.

Generellt sett uppfyller inte svenska ungdomars kostvanor rekommendationerna,
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och ungdomars kost tenderar att ha ett for lagt intag av gronsaker, frukt, kostfiber
och fullkorn, samt ett f6r hogt intag av mattat fett, salt och socker.
Uppskattningsvis kommer ca 17% av den totala andelen energi i ungdomars kost
tran godis, kakor, snacks och lisk. Trots detta har inte intaget av tillsatta och fria
sockerarter hos svenska ungdomar tidigare identifierats och dir med inte heller
toljsamheten till den begransning av sockerintaget som rekommenderas i narings-
rekommendationerna.

For att fraimja ett halsosamt kostintag finns olika hilsofrimjande insatser, dar-
ibland framsidesmirkningar pa livsmedelsforpackningar. Framsidesmirkningar
syftar till att ge konsumenter lattillginglig information om ett livsmedels narings-
sammansattning for att hjilpa dem att gora hilsosammare val. Framsides-
mirkningar bygger ofta pa naringsprofilering vilket enligt Virldshalso-
organisationen ar “vetenskapen om att klassificera eller rangordna livsmedel
baserat pa deras naringssammansittning for att férebygga sjukdomar och frimja
hilsa”. I Sverige har den positiva framsidesmarkningen Nyckelhalet anvints sedan
slutet av 1980-talet och kriterierna har kontinuerligt uppdaterats av Livsmedels-
verket, senast 2021. Nyckelhdlet bendmns som en positiv markning da markningen
endast sker av livsmedel som uppfyller sarskilda kriterier for att vara halsosammare
livsmedelsval. Kriterierna ar utformade for att frimja en kost med mer kostfiber
och fullkorn, hilsosammare fettsammansittning, samt mindre salt och fria
sockerarter. Nyckelhalet dr en vilkind mirkning i Sverige och nistan alla kinner
till den. Hur en hogre andel nyckelhalsmarkta livsmedel paverkar niringsintaget
hos svenska ungdomar har dock inte undersokts

Genom mer kunskap om ungdomars intag av tillsatta och fria sockerarter kan
riktlinjer och insatser utvecklas for att fraimja bittre livsmedelsval, vilket i sin tur

kan bidra till f6rbattrad hilsa pa lingre sikt.

Syfte

Det 6vergripande syftet med denna sammanlaggningsavhandling ar att undersoka
svenska ungdomars kostintag, specifikt med fokus pa konsumtionen av tillsatta
och fria sockerarter. Detta undersoks i fyra fristiende delarbeten som var och ett
besvarar ett sarskilt delsyfte.

Det forsta delsyftet ar att utveckla en systematisk metod for att uppskatta
intaget av tillsatta och fria sockerarter i livsmedel, att implementera metoden pa

alla livsmedel som utgor livsmedelsdatabasen i en svensk matvaneundersékning
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utférd pa ungdomar, och vidare att beskriva intaget av tillsatta och fria sockerarter
hos svenska ungdomar.

Det andra delsyftet ar att beskriva och identifiera bidragande livsmedelskillor
till intaget av tillsatta, fria och totala sockerarter bland svenska ungdomar, utforska
skillnader i konsumtion av livsmedelskallor till fria sockerarter mellan sociodemo-
grafiska grupper, och underséka nir och var fria sockerarter konsumeras.

Det tredje delsyftet ar att undersoka associationerna mellan niringsintag,
foljsamhet till referensvarden for niringsimnen, och livsmedelskonsumtion i
relation till intaget av tillsatta respektive fria sockerarter bland svenska ungdomar.

Det fjarde delsyftet ar att undersoka de potentiella niringsmissiga effekterna
av framsidesmirkningen Nyckelhalet pa svenska ungdomar kostintag, genom att
modellera ett byte fran sjalvrapporterat livsmedelsintag till livsmedel som uppfyller
Nyckelhalets kriterier.

Metod

Ett nationellt representativt urval av 3099 ungdomar i arskurs 5, 8 och arskurs 2
pa gymnasiet (1 aldrarna ca 12, 15 och 18 ar) fran Livsmedelsverkets mat-
vaneundersokning Riksmaten ungdom 2016-17 utgor det empiriska underlaget f6r
denna avhandling. Riksmaten ungdom 2016-17 var en tvirsnittsstudie som
genomfordes under hostterminen 2016 och varterminen 2017. Det dr den forsta
och enda nationella matvaneundersokningen som har genomforts pa svenska
ungdomar. Ungdomarnas kostintag var sjilvrapporterat under tva ej pa varandra
paféljande dagar med en retrospektiv kostregistrering. En webbaserad metod
anvindes for att samla in information om kostintaget, jimforbar med 24-timmars
intervjuer. Kostdatan var insamlad under en period med en representativ
tordelning av vardagar (mandag-torsdag) och helgdagar (fredag-sondag).
Information om livsmedelssammansittning hidmtades fran den svenska
livsmedelsdatabasen Bide data fran matvaneundersékningen och livsmedelsdata-
basen tillhandaholls av Livsmedelsverket.

En systematisk metod for att pa ett kvalificerat sitt uppskatta livsmedels-
innehallet av tillsatta och fria sockerarter utvecklades utifran tva tidigare metoder
som utformats i Australien respektive i Nya Zealand. Metoden applicerades pa alla
livsmedel 1 livsmedelsdatabasen som anviandes i Riksmaten ungdom 2016-17,
vilket mojliggjorde berakning av ungdomarnas totala intag av tillsatta och fria

sockerarter.
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I de fall dir intagsnivaer av socker, mikronaringsimnen eller livsmedelsgrupper
skulle jimforas med naringsrekommendationer och referensintag mer ingaende an
1 medeltal justerades kostdatan utifran de tva sjalvrapporterade dagarna till
uppskattat langtidsintag med Multiple Source Method. Langtidsintag, vilket ocksa
kan benimnas som habituellt intag eller vanemaissigt intag, innebir den
genomsnittliga mingden av ett niringsimne eller livsmedel som en individ
konsumerar 6ver en lingre tidsperiod. Detta matt ar viktigt eftersom det ger en
mer rattvis bild av en persons kostvanor och potentiella halsoeffekter jamfért med
kortvariga eller enstaka maitningar av kostintaget. Langtidsintag ar ocksa
nodvindigt for att mita foljsamhet till niringsrekommendationer, eftersom
rekommendationerna ar utformade fOr att uppfyllas 6ver tid.

For att undersoka effekterna av att ersitta livsmedel som inte uppfyller
Nyckelhilets kriterier med Nyckelhalsmirkta livsmedel 1 ungdomars kost
modellerades olika scenarier. Livsmedel som inte uppfyllde Nyckelhélets kriterier
ersattes med Nyckelhalsmarkta alternativ, dir ersittningsnivaerna var 25%, 50%,
75% och 100%. Ett ytterligare scenario modellerades dir energiintaget holls
konstant.

Beskrivande, jimférande och prediktiva statistiska analyser utférdes med
lampliga statistiska metoder. Ungdomarnas niringsintag jamfordes frimst med
rekommendationer och referensvirden frin de nordiska niringsrekommen-

dationerna, samt i nagra fall andra relevanta riktlinjer.

Resultat och konklusion

Resultaten visar i korthet att svenska ungdomar i genomsnitt at for mycket tillsatta
och fria sockerarter i relation till naringsrekommendationerna. Medianintaget av
tillsatta och fria sockerarter var 10 E% respektive 12 E%, och 45% respektive 30%
av ungdomarna uppfyllde rekommenderade intagsnivaer. De huvudsakliga
kallorna till socker i ungdomars kost var livsmedel med ldgt naringsinnehall, dir de
storsta livsmedelskillorna var sockersétad dryck och godis. Dessa tva
livsmedelsgrupper stod tillsammans for runt halva intaget av tillsatta och fria
sockerarter i ungdomarnas kost. Intaget av fria sockerarter var hogre under helgen
och sockret its mest utanfoér huvudmalen, frimst 1 hemmet. Dessutom
observerades ett negativt samband dir ett 6kande intag av tillsatta och fria
sockerarter var associerat med ett mindre och mindre gynnsamt nirings- och

livsmedelsintag. Resultaten indikerar att vid en hégre konsumtion av socker sker
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intaget pa bekostnad av “vanlig mat”, vilket resulterar i ett simre kost- och
naringsintag 6ver lag.

En overgang till nyckelhalsmarkta alternativ skulle forbittra det totala
naringsintaget 1 ungdomars kost, aven vid mindre forindringar i kosten. Resultaten
visade framfor allt potentiella forbiattringar gallande intaget av fullkorn och fiber,
samt en forbittrad fettsammansittning i kosten. Generellt skulle dven intaget aven
av mikroniringsamnen forbattras. Effekterna pa sockerintaget skulle dock vara
begrinsade eftersom de storsta livsmedelskallorna till tillsatta och fria sockerarter
inte kan markas med nyckelhalet.

Eftersom de frimsta kallorna till tillsatta och fria sockerarter i svenska
ungdomars kost dr nagra fa naringsfattiga livsmedelsgrupper, skulle en omformule-
ring av rekommendationerna kunna leda till en tydligare kommunikation kring
hilsosamma kostvanor. I stillet for att fokusera pa att minska intaget av tillsatta
och fria sockerarter, som ir begrepp som kan vara svara att forsta, skulle man
kunna fokusera pa att begrinsa konsumtionen av dessa livsmedelsgrupper. Detta
kan bidra till ett tydligare och mer malgruppsanpassat budskap.
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aldreinriktat socialt arbete. Géteborg 2003

206. KRISTINA AHLBERG  Synvéndor.
Universitetsstudenters berdttelser om kvalitativa forandringar
av sdtt att erfara situationers mening under
utbildningspraktik. Géteborg 2004

207. JONAS IVARSSON  Renderings &> Reasoning:
Studying artifacts in human knowing. G6teborg 2004

208. MADELEINE LOWING
Matematikundervisningens konkreta gestaltning. En studie av
kommunikationen lirare — elev och matematiklektionens
didaktiska ramar. G6teborg 2004

209. PIJA EKSTROM Makten att definiera. En studie
av bur beslutsfattare formulerar villkor for specialpedagogisk
verksambet. Géteborg 2004

210. CARIN ROOQOS  Skrifisprikande diva barn. En
studie om skriftsprakligt lirande i forskola och skola.
Goteborg 2004

211. JONAS LINDEROTH Datorspelandets mening.
Bortom idén om den interaktiva illusionen. Géteborg 2004

212. ANITA WALLIN  Evolutionsteorin i klassrummet.
Pa vdig mot en dmnesdidaktisk teori for undervisning i
biologisk evolution. Goteborg 2004

213. EVA HJORNE  Excluding for inclusion? Negotiating
school careers and identities in pupil welfare settings in the
Swedish school. G6teborg 2004

214. MARIE BLIDING Innesiutandets och utesiutandets
praktik. En studie av barns relationsarbete i skolan.
Goteborg 2004

215. LARS-ERIK.JONSSON _Appropriating
Technologies in Educational Practices. Studies in the Contexts
of Compulsory Education, Higher Education, and Fighter
Pilot Training. Géteborg 2004

216. MIA KARLSSON An ITiS Teacher Tean as a
Community of Practice. G6teborg 2004

217. SILWA CLAESSON Lirares levda kunskap.
Goteborg 2004

218. GUN-BRITT WARVIK Awmbitioner att firindra
och artefakters verkan. Grinsskapande och stabiliserande
praktiker pa produktionsgolvet. Goteborg 2004



219. KARIN LUMSDEN WASS  Vauxenutbildning i
omvandling. Kunskapslyftet som et sitt att organisera
Sfornyelse. Goteborg 2004

220. LENA DAHL Awmningspraktikens villkor. En
intervjustudie av en grupp Rvinnors forestallningar pd och
erfarenbeter av amning. Géteborg 2004

221. ULRIC BJORCK Distributed Problem-Based
Learning. Studies of a Pedagogical Model in Practice.
Goteborg 2004

222. ANNEKA KNUTSSON  “To the best of your
knowledge and for the good of your neighbonr”. A study of
traditional birth attendants in Addis Ababa, Ethiopia.
Goteborg 2004

223. MARIANNE DOVEMARK Ansvar — flexibilitet
— valfribet. En etnografisk studie om en skola i forandring.
Goteborg 2004

224. BJORN HAGLUND  Traditioner i mite. En
kvalitati studie av fritidspedagogers arbete med samlingar i
skolan. G6éteborg 2004

225. ANN-CHARLOTTE MARDSJO  Ldrandets
skiftande innebirder — nttryckta av forskollirare i
vidareutbildning. Géteborg 2005

226. INGRID GRUNDEN At dtererivra kroppen. En
studie av livet efter en ryggmargsskada. Géteborg 2005

227. KARIN GUSTAFSSON & ELISABETH
MELLGREN Barus skriftsprikande — att bli en
skrivande och lisande person. Gteborg 2005

228. GUNNAR NILSSON _A## dga 7. Praxisndra
studier av lararstudenters arbete med geometrilaborationer.
Goteborg 2005.

229. BENGT LINDGREN Bild, visualitet och vetande.
Diskussion om bild som ett kunskapsfilt inom utbildning.
Goteborg 2005

230. PETRA ANGERVALL Jaimstilldbetsarbetets
pedagogik. Dilemman och paradoxer i arbetet med
Jamstélldhet pa ett foretag och ett universitet. Géteborg 2005

231. LENNART MAGNUSSON  Designing a
responsive support service for family carers of frail older pegple
using ICT. Géteborg 2005

232. MONICA REICHENBERG Gymmnasieelever
samtalar kring facktexter. En studie av textsamtal med goda
och svaga lisare. Goteborg 2005

233. ULRIKA WOLFF  Characteristics and varieties of
poor readers. Géteborg 2005

234. CECILIA NIELSEN Mellan fakticitet och projekt.
Lds- och skrivsvirigheter och strivan att dvervinna dem.
Goteborg 2005.

235. BERITH HEDBERG  Decision Making and
Commmunication in Nursing Practice. Aspects of Nursing
Competence. Géteborg 2005

236. MONICA ROSEN, EVA MYRBERG & JAN-
ERIC GUSTAFSSON  Ldiskompetens i skoldr 3 och 4.
Nationell rapport fran PIRLS 2001 i Sverige. The IEA
Progress in International Reading Literacy Study. Géteborg
2005

237. INGRID HENNING LOEB  Utveckling och
Jorindring i kommunal vixenutbildning. En yrkeshistorisk
ingdng med berattelser om lirarbanor. Géteborg 2000.

238. NIKLAS PRAMLING Minding metaphors: Using
figurative language in learning to represent. Géteborg 2006

239. KONSTANTIN KOUGIOUMTZIS
Ldérarkulturer och professionskoder. En komparativ studie av
idrottslirare i Sverige och Grekland. Goteborg 2006

240. STEN BATH Kvalifikation och medborgarfostran.
En analys av reformtexter avseende gymnasieskolans
sambdallsuppdrag. G6teborg 2000.

241. EVA MYRBERG Fristdende skolor i Sverige —
Effekter pa 9-10-driga elevers lisformdga. G6teborg 2006

242. MARY-ANNE HOLFVE-SABEL _A#titudes
towards Swedish comprebensive school. Comparisons over time
and between classrooms in grade 6. Géteborg 2006

243. CAROLINE BERGGREN  Entering Higher
Education — Gender and Class Perspectives. Géteborg 2006

244. CRISTINA THORNELL & CARL
OLIVESTAM Kulturmite i centralafrikansk kontext med
kyrkan som arena. Géteborg 2006

245. ARVID TREEKREM _At# leda som man lir. En
arbetsmiljipedagogisk studie av toppledares ideologier om
ledarskapets taktiska potentialer. Géteborg 2006

246. EVA GANNERUD & KARIN
RONNERMAN [nnehdll och innebird i lirares arbete i
Jforskola och skola — en fallstudie ur ett genusperspektiv.
Goteborg 2006

247. JOHANNES LUNNEBLAD  Forskolan och
mangfalden — en etnografisk studie pa en forskola i ett
multietniskt omride. Goteborg 2006

248. LISA ASP-ONSJO  Atgirdsprogram — dokument
eller verktyg? En fallstudie i en kommun. Gteborg 2006

249. EVA JOHANSSON & INGRID PRAMLING
SAMUELSSON  Lek och liiroplan. Mdten mellan barn och
ldrare i forskola och skola. GSteborg 2006

250. INGER BJORNELOO  Innebirder av hillbar
utveckling. En studie av lirares utsagor om undervisning.
Goteborg 2006

251. EVA JOHANSSON Efiska dverenskommelser i
Jforskolebarns virldar. Goteborg 2006

252. MONICA PETERSSON A genuszappa pa siker
eller oséiker mark. Hem- och konsumentlunskap ur ett
kansperspektiv. Goéteborg 2007

253. INGELA OLSSON  Handlingskompetens eller
inldrd hyalplishet? Larandeprocesser hos
verkstadsindustriarbetare. G6teborg 2007



254. HELENA PEDERSEN  The Schoo! and the
Apnimal Other. An Ethnography of human-animal relations
in edncation. Géteborg 2007

255. ELIN ERIKSEN ODEGAARD  Meningsskaping
7 barnehagen. Innhold og bruk av barns og voksnes
samtalefortellinger. Géteborg 2007

256. ANNA KLERFELT Barns multimediala
berdttande. En link mellan mediakultur och pedagogisk
praktik. Géteborg 2007

257. PETER ERLANDSON  Dovile bodies and
imaginary minds: on Schon's reflection-in-action. G6teborg
2007

258. SONJA SHERIDAN OCH PIA WILLIAMS
Dimensioner av konstruktiv konkurrens. Konstruktiva
konkurrensformer i forskola, skola och gymnasium.
Goteborg 2007

259. INGELA ANDREASSON  Elevplanen som text -
omr identitet, genus, makt och styrning i skolans
elevdokumentation. Géteborg 2007
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260. ANN-SOFIE HOLM Relationer i skolan. En
studie av femininiteter och maskunliniteter i dr 9. Géteborg
2008

261. LARS-ERIK NILSSON  But can't you see they are
lying: Student moral positions and ethical practices in the wake
of technological change. GSteborg 2008

262. JOHAN HAGGSTROM Teaching systems of linear
equations in Sweden and China: What is made possible to
learn? Géteborg 2008

263. GUNILLA GRANATH Milda makter!
Utvecklingssamtal och loggbicker som disciplineringsteniker.
Goteborg 2008

264. KARIN GRAHN  Flickor och pojkar i idrottens
liromedel. Konstruktioner av genus i
ungdomstranarntbildningen. Goteborg 2008.

265. PER-OLOF BENTLEY Mathematics Teachers and
Their Conceptual Models. A New Field of Research.
Goteborg 2008

266. SUSANNE GUSTAVSSON  Motstind och mening.
Innebird i blivande larares seminariesamtal. Goteborg 2008

267. ANITA MATTSSON  Flexibel utbildning i
praktiken. En fallstudie av pedagogiska processer i en
distansutbildning med en dppen design for samarbetslirande.
Goteborg 2008

268. ANETTE EMILSON Det dnskvirda barnet.
Fostran uttryckt i vardagliga kommunikationshandlingar
mellan larare och barn i forskolan. Gteborg 2008

269. ALLI KLAPP LEKHOLM Grades and grade
assignment: effects of student and school charachterisites.
Goteborg 2008

270. ELISABETH BJORKLUND _A# erivra
litteracitet. Sma barns kommunikativa miten med berdattande,
bilder, text och tecken i forskolan. Goteborg 2008

271. EVANYBERG Om livets kontinuitet. Undervisning
och lirande om véixcters och djurs livscykler - en fallstudie i
arskurs 5. Goteborg 2008

272. CANCELLED

273. ANITA NORLUND Kritisk sakprosalisning i
gymnasieskolan. Didaktiska perspektiv pa larobicker, lirare
och nationella prov. Géteborg 2009

274. AGNETA SIMEONSDOTTER SVENSSON
Den pedagogiska samlingen i forskoleklasen. Barns olika satt
att erfara och hantera svarigheter. Gteborg 2009

275. ANITA ERIKSSON O feori och praktik i
lararutbildningen. En emografisk och diskursanalytisk studie.
Goteborg 2009

276. MARIA HJALMARSSON  Ldrarprofessionens
genusordning. En studie av larares uppfattningar om
arbetsuppgifter, kompetens och forvantningar. Géteborg
2009.

277. ANNE DRAGEMARK OSCARSON  Se/f
Assessement of Writing in Learning English as a Foreign
Langnage. A Study at the Upper Secondary School Level.
Goteborg 2009

278. ANNIKA LANTZ-ANDERSSON  Framing in
Educational Practices. Learning Activity, Digital Technology
and the Logic of Sitnated Action. Géteborg 2009

279. RAUNI KARLSSON ' Demokratiska virden i
Jforskolebarns vardag. Géteborg 2009

280. ELISABETH FRANK  Ldisformadgan bland 9-10-
aringar. Betydelsen av skolklimat, hem- och skolsamverkan,
ldrarkompetens och elevers hembakgrund. Géteborg 2009

281. MONICA JOHANSSON _Anpassning och
motstand. En etnografisk studie av gymnasieelevers
institutionella identitetsskapande. Gteborg 2009

282. MONA NILSEN  Food for Thought. Communication
and the transformation of work experience in web-based in-
service training. Géteborg 2009

283. INGA WERNERSSON (RED) Genus i forskola
och skola. Forandringar i policy, perspektiv och praktik.
Goteborg 2009

284. SONJA SHERIDAN, INGRID PRAMLING
SAMUELSSON & EVA JOHANSSON (RED) Barns
tidiga lirande. En tvdarsnittsstudie om forskolan som miljo for
barns lirande. G6teborg 2009

285. MARIE HJALMARSSON  Lgjalitet och motstind -
anstalldas agerande i ett foranderligt hemtjanstarbete.
Goteborg 2009.



286. ANETTE OLIN Skolans mitespraktik - en studie
om skolutveckling genom yriesverksammas forstaelse.
Goteborg 2009

287. MIRELLA FORSBERG AHLCRONA
Handdockans kommunikativa potential som medierande

redskap i forskolan. Géteborg 2009

288. CLAS OLANDER  Towards an interlanguage of
biological evolution: Exploring students” talk and writing as
an arena for sense-making. Géteborg 2010
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289. PETER HASSELSKOG S/gdldrares
[orhallningssatt i undervisningen. Géteborg 2010

290. HILLEVI PRELL Promoting dietary change.
Intervening in school and recogniging health messages in
commercials. Géteborg 2010

291. DAVOUD MASOUMI Quality Within E-learning
in a Cultural Context. The case of Iran. G6teborg 2010

292. YLVA ODENBRING Kramar, kategoriseringar och
bjdlpfroknar. Konskonstruktioner i interaktion i forskola,
[orskoleklass och skolar ett. Goteborg 2010

293. ANGELIKA KULLBERG What is tanght and
what is learned. Professional insights gained and shared by
teachers of mathematics. Géteborg 2010

294. TORGEIR ALVESTAD Barnehagens relasjonelle
verden - smd barn som kompetente aktorer i produktive
forbandlinger. Géteborg 2010

295. SYLVI VIGMO New spaces for Langnage 1 earning.
A study of student interaction in media production in English.
Goteborg 2010

296. CAROLINE RUNESDOTTER [ otakt med tiden?
Folkhigskolorna i ett foranderligt falt. Goteborg 2010

297. BIRGITTA KULLBERG Er# etnografisk studie i en
thailindsk grundskola pa en § i sodra Thailand. 1 sikandet
efter en framtid da nuet har nog av sitt. Géteborg 2010

298. GUSTAV LYMER The work of critique in
architectural education. Géteborg 2010

299. ANETTE HELLMAN Kan Batman vara rosa?
Forbandlingar om pojkighet och normalitet pa en forskola.
Goteborg 2010

300. ANNIKA BERGVIKEN-RENSFELDT
Opening higher education. Discursive transformations of
distance and higher education government. Géteborg 2010

301. GETAHUN YACOB ABRAHAM Education for
Denocracy? Life Orientation: Lessons on Leadership
Qualities and 1 oting in South African Comprebensive
Schools. Géteborg 2010

302. LENA SJOBERG Bist i klassen? Lérare och elever i
svenska och europeiska policytexter. Géteborg 2011

303. ANNA POST Nordic stakeholders and sustainable
catering. Géteborg 2011

304. CECILIA KILHAMN Making Sense of Negative
Numbers. Géteborg 2011

305. ALLAN SVENSSON (RED) Utvérdering Genom
Uppfolining. Longitudinell individforskning under et
balysekel. Géteborg 2011

306. NADJA CARLSSON [ kamp med skriftsprafket.

Vuxcenstuderande med lis- och skrivsvirigheter i ett
livsvarldsperspektiv. Géteborg 2011

307. AUD TORILL MELAND _Ausvar for egen lering.
Intensjoner og realiteter ved en norsk videregdende skole.
Goteborg 2011

308. EVANYBERG Folkbildning for demokrati.
Colombianska kvinnors perspektiv pa kunskap som
Jforindringskraft. Géteborg 2011

309. SUSANNE THULIN Ladrares tal och barns
nyfikenbet. Kommunikation om naturvetenskapliga innehall i
Jforskolan. Goteborg 2011

310. LENA FRIDLUND Interkulturell undervisning —
ett pedagogiskt dilemma. Talet om undervisning i svenska som
andrasprik och i forberedelseklass. Géteborg 2011

311. TARJA ALATALO Skicklig lis- och
skrivundervisning i ak 1-3. Om lirares majligheter och hinder.
Goteborg 2011

312. LISE-LOTTE BJERVAS  Samtal om barn och
pedagogisk dokumentation som bedomningspraktik i
forskolan. En diskursanalys. Géteborg 2011

313. ASE HANSSON ' Ausvar fir matematiklirande.
Effekter av undervisningsansvar i det flersprakiga
klassrummet. Géteborg 2011

314. MARIA REIS _A# ordna, fran ordning till ordning.
Yngre forskolebarns matematiserande. G6teborg 2011

315. BENIAMIN KNUTSSON  Curricutum in the Era
of Global Development — Historical 1egacies and
Contemporary Approaches. Géteborg 2011

316. EVA WEST Undervisning och larande i
naturvetenskap. Elevers lirande i relation till en
Jorskningsbaserad nndervisning om ljud, hirsel och hilsa.
Goteborg 2011

317. SIGNILD RISENFORS  Gymnasieungdomars
livstolkande. G6teborg 2011

318. EVA JOHANSSON & DONNA
BERTHELSEN (Ed.) Spaces for Solidarity and
Individualism in Edncational Contexts. Géteborg 2012

319. ALASTAIR HENRY L3 Motivation. G6teborg
2012

320. ANN PARINDER  Ungdomars matval —
erfarenbeter, visioner och miljoargument i eget hushall.
Goteborg 2012

321. ANNE KULTTI Flersprakiga barn i forskolan:
Villkor for deltagande och lirande. Goteborg 2012



322. BO-LENNART EKSTROM Kontroversen om
DAMP. En kontroversstudie av vetenskapligt grinsarbete och

dversatining mellan olika kunskapsparadigm. Goteborg
2012

323. MUN LING LO Variation Theory and the
Tmprovement of Teaching and 1earning. Géteborg 2012

324. ULLA ANDREN  Se/fawareness and self-knowledge
in professions. Something we are or a skill we learn.
Goteborg 2012

325. KERSTIN SIGNERT VVariation och invarians i
Maria Montessoris sinnestrinande materiel. G6teborg 2012

326. INGEMAR GERRBO Idén om en skola for alla
och specialpedagogisk organisering i praktiken. Géteborg
2012

327. PATRIK LILJA Contextualizing inquiry.
Negotiations of tasks, tools and actions in an upper secondary
classroom. Goteborg 2012

328. STEFAN JOHANSSON On the Validity of
Reading Assessments: Relationships Between Teacher
Judgements, External Tests and Pupil Self-assessments.
Goteborg 2013

329. STEFAN PETTERSSON  Nutrition in Olympic
Combat Sports. Elite athletes’ dietary intake, hydration statns
and experiences of weight regulation. G6teborg 2013

330. LINDA BRADLEY Language learning and
technology — student activities in web-based environments.
Goteborg 2013

331. KALLE JONASSON Sport Has Never Been
Modern. G6teborg 2013

332. MONICA HARALDSSON STRANG Yngre
elevers lirande om natur. En studie av kommunikation om
modeller i institntionella kontexter. Goteborg 2013

333. ANN VALENTIN KVIST Immigrant Groups and
Cognitive Tests — Validity Issues in Relation to V ocational
Training. Géteborg 2013

334. ULRIKA BENNERSTEDT Knowledge at play.
Studies of games as members’ matters. Géteborg 2013

335. EVA ARLEMALM-HAGSER  Engagerade i
vdrldens bista? Lérande for hallbarbet i forskolan.
Goteborg 2013

336. ANNA-KARIN WYNDHAMN Tiénka fritt,
tanka ratt. En studie om vérdedverforing och kritiskt
tankande i gymnasieskolans undervisning. Gteborg 2013

337. LENA TYREN "7 fir ju inte riktigt
Jforutséittningarna for att genomfora det som vi vill.” En studie

om ldrares mdjligheter och hinder till forindring och forbittring
i praktiken. Goteborg 2013

Editors: Jan-Eric Gustafsson, Ake Ingerman and
Pia Williams

338. ANNIKA LILJA Fortroendefulla relationer mellan
lirare och elev. G6teborg 2013

339. MAGNUS LEVINSSON  Evidens och existens.
Evidensbaserad undervisning i [juset av lirares erfarenbeter.
Goteborg 2013

340. ANNELI SCHWARTZ Pedagogik, plats och
prestationer. En etnografisk studie om en skola i fororten.
Goteborg 2013

341. ELISABET OHRN och LISBETH LUNDAHL
(red) Kon och karridr i akademin. En studie inom det
utbildningsvetenskapliga filtet. Géteborg 2013

342. RICHARD BALDWIN  Changing practice by
reform. The recontexctualisation of the Bologna process in
teacher edncation. Géteborg 2013

343. AGNETA JONSSON _A## skapa liroplan for de
_yngsta barnen i forskolan. Barns perspektiv och nuets
didaktik. Géteborg 2013

344. MARIA MAGNUSSON  Skylta med kunskap. En
studie av hur barn urskiljer grafiska symboler i hem och
Jforskola. Géteborg 2013

345. ANNA-LENA LILLIESTAM _Akftor och struktnr
7 historieundervisning. Om utveckling av elevers bistoriska
resonerande. Gteborg 2013

346. KRISTOFFER LARSSON  Kritiskt tinkande i
grundskolans samballskunskap. En fenomenografisk studie
om manifesterat kritiskt tankande i samballskunskap hos
elever i drskurs 9. Goteborg 2013

347. INGA WERNERSSON och INGEMAR
GERRBO (red) Differentieringens janusansikte. En
antologi fran Institutionen for pedagogik och specialpedagogik
vid Goteborgs universitet. G6teborg 2013

348. LILL LANGELOTZ Vad gir en skicklig lirare?

En studie om kollegial handledning som utvecklingspraktifk.
Goteborg 2014

349. STEINGERDUR OLAFSDOTTIR  Television
and food in the lives of young children. G6teborg 2014

350. ANNA-CARIN RAMSTEN  Kunskaper som
bygade folkhemmet. En fallstudie av forutsitiningar for lirande
vid teknikskiften inom processindustrin. Géteborg 2014

351. ANNA-CARIN BREDMAR  Ladrares arbetsglidye.
Betydelsen av emotionell narvaro i det pedagogiska arbetet.
Goteborg 2014

352. ZAHRA BAYATI “den Andre” i lirarutbildningen.
En studie om den rasifierade svenska studentens villkor i
lobaliseringens tid. Géteborg 2014

353 ANDERS EKLOF Project work, independence and
critical thinking. Géteborg 2014

354 EVA WENNAS BRANTE Mite med multimodalt
material. Vilken roll spelar dyslexi for uppfattandet av text
och bild? Géteborg 2014

355 MAGNUS FERRY Idrottsprofilerad utbildning — i
sparen av en avreglerad skola. Géteborg 2014



356 CECILIA THORSEN Dimensionality and Predictive
validity of school grades: The relative influence of cognitive and
socialbebavioral aspects. Gteborg 2014

357 ANN-MARIE ERIKSSON  Formnlating
Fknowledge. Engaging with issues of sustainable development
through academic writing in engineering edncation.
Goteborg 2014

358 PAR RYLANDER Trinares makt dver spelare i
lagidyotter: Sett ur French och Ravens maktbasteori.
Goteborg 2014

359 PERNILLA ANDERSSON VARGA
Skrivundervisning i gymnasieskolan. Svenskdmnets roll i den
sociala reprodufktionen. Goteborg 2014

360 GUNNAR HYLTEGREN Vagbet och vanmakt
- 20 dr med kunskapskray i den svenska skolan.
Goteborg 2014

361 MARIE HEDBERG Idrotten satter agendan.
En studie av Riksidrotisgymnasietranares handlande ntifran
sitt dubbla nppdrag. Goteborg 2014

362 KARI-ANNE JORGENSEN  What is going on ont
there? - What does it mean for children's experiences when the
kindergarten is moving their everyday activities into the nature -
landscapes and its places? Goteborg 2014

363 ELISABET OHRN och ANN-SOFIE HOLM
(red) At lyckas i skolan. Om skolprestationer och kon i
olika undervisningsprakitiker. Géteborg 2014

364 ILONA RINNE Pedagogisk takt i betygssamtal.
En fenomenologisk hermenentisk studie av gymnasieldrares och
elevers forstaelse av betyg. Géteborg 2014

365 MIRANDA ROCKSEN Reasoning in a Science
Classroom. Géteborg 2015

366 ANN-CHARLOTTE BIVALL Helpdesking:
Knowing and learning in I'T support practices.
Goteborg 2015

367 BIRGITTA BERNE Naturvetenskap miter etik. En
klassrumsstudie av elevers diskussioner om samballsfragor
relaterade till bioteknik. Goteborg 2015

368 AIRI BIGSTEN Fostran i firskolan.
Goteborg 2015

369 MARITA CRONQVIST Yrkesetik i lirarutbildning
- en balanskonst. Géteborg 2015

370 MARITA LUNDSTROM Farskolebarns stravanden
att kommunicera matematik. Géteborg 2015

371 KRISTINA LANA Makt, kin och diskurser.
En etnografisk studie om elevers aktorsskap och
positioneringar i undervisningen. Géteborg 2015

372 MONICA NYVALLER Pedagogisk untveckling
genom kollegial granskning: Fallet Idrande Besok utifran
aktir-ndtverksteori. Goteborg 2015

373 GLENN OVREVIK KJERLAND

A lare  undervise i kroppsoving. Design for utvikling
av teoribasert undervisning og kritisk refleksjon i
kroppsovingslererntdanningen. Géteborg 2015

374 CATARINA ECONOMOU I svenska tvi vagar
Jjag prata mer och sa”. En didaktisk studie om skolimnet
svenska som andrasprik. Géteborg 2015

375 ANDREAS OTTEMO Kin, kropp, begdr och
teknik: Passion och instrumentalitet pa tvd tekniska
haogskoleprogram. Goteborg 2015

376 SHRUTI TANEJA JOHANSSON _Autism-in-
context. An investigation of schooling of children with a
diagnosis of antism in nrban India. Géteborg 2015

377 JAANA NEHEZ Rektorers praktiker i mite med
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Sugar is a highly debated nutrient, with excessive intake of added and free
sugars being associated with several adverse health effects. Due to a lack
of objective or standardised methods to measure intake, there is limited
knowledge about consumption, including in Swedish adolescents. This
doctoral thesis aims to provide a comprehensive understanding of added and
free sugars intake among Swedish adolescents, including its food sources,
and its contextual and dietary associations. It also investigates the potential
role of the Keyhole symbol in guiding adolescents toward healthier food
selections. The thesis presents a systematic approach to quantifying added
and free sugars content in the Swedish food composition database, further
applied to the Swedish Food Agency’s nationally representative dietary
survey Riksmaten Adolescents 2016-17, and used to fully investigate the
potential impact of all Keyhole nutritional criteria. By shedding light on
these aspects of their diet, this research can contribute to informing better
dietary practices and public health policies to promote healthier food intakes

for adolescents.

Julia Wanselius is a registered dietitian
and holds a Master of Medical Science in
Clinical Nutrition. Her research interests
include public health nutrition.
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