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Summary

Objectives

A healthy lifestyle, particularly during childhood and adolescence, is essential for long-term health, but
making healthy food choices can be challenging. In Switzerland, nearly 15% of youth are overweight or
obese (per 2023), increasing their risk for non-communicable diseases (NCDs) later in life. Although
adult dietary guidelines exist, there are currently no specific recommendations for children aged 4-17.
Building on a 2022 report focused on adults, this project aims to develop evidence-based and
sustainable nutritional recommendations for Swiss children and adolescents. It includes a literature
review on diet and NCD risk, identification of relevant food groups, comparison of European dietary
guidelines, and considerations for environmental sustainability in youth diets.

Methodology

The methodology follows the approach of the 2022 Swiss nutrition report, focusing on systematic
reviews and meta-analyses (2010—March 2025) related to diet and major NCDs in children aged 4-17.
Databases searched include PubMed, Cochrane, and Google Scholar. The search targeted
associations between specific food groups and outcomes like obesity, type 2 diabetes, and
cardiovascular diseases, including intermediate markers (e.g., fatty liver, hypertension). Articles were
screened using strict inclusion/exclusion criteria and graded for evidence quality.

Food groups were assessed rather than individual nutrients or dietary patterns, based on the Swiss
Food Pyramid and adjusted for items typically consumed by children and adolescents. Categories
include beverages, fruits and vegetables, starch-based products, dairy, protein sources (of plant or
animal origin), oils/fats/nuts, and ultra-processed food (snacks and general). For international
comparisons, desktop research of dietary guidelines for children (4-17 years) was conducted for
selected European countries and using WHO, UNICEF, and FAO databases. For the sustainability
analysis, environmental impacts of food consumption in Swiss youth, was estimated, comparing current
diets with modified ones (e.g., reduced dairy). Impacts were calculated using established ecological
assessment models.

Findings for food groups

Water should be the main fluid source, with no significant link to NCDs (based mainly on cross-sectional
studies, CSS). Sugar-sweetened beverages are linked to obesity risk; limiting intake to one portion (=350
ml) per day is advised (supported by many studies, though these were often performed without
adjustment for energy intake). Fruit juices may increase obesity risk if consumed in quantities above
one portion per day. Caffeinated drinks should be limited to providing max. 2.5 mg caffeine per kg body
weight daily to prevent cardiovascular issues (supported by toxicological data and randomized
controlled trials, RCTs). No conclusions could be made for artificially sweetened beverages. Dietary
patterns with high levels of fruits and vegetables show potential protective effects against NCDs. Grains
(refined vs whole-meal) show inconclusive results. Sugar-containing breakfast cereals show
contradictory findings; benefits may relate more to breakfast habits rather than breakfast cereals
themselves, other cereals, pseudocereals, and starchy tubers lack sufficient evidence for conclusions.
Meat: there is weak evidence linking processed meat to CVD markers; very limited data on the
association with obesity. Fish shows weak evidence for lower CVD risk, particularly blood pressure
reduction. No conclusions are possible for eggs (insufficient reviews). Milk and dairy show mixed but
generally protective associations with obesity, regardless of fat content. There is limited evidence
suggesting benefits for diets high in grain legumes. Plant-based milk, meat, fish, and egg alternatives,
nuts and seeds, and oils and fats lack conclusive evidence due to limited or no reviews. Confectionary
showed contradictory results; the weak positive evidence requires further investigation. There is
conflicting evidence for savoury snacks. Ultra-processed foods (UPFs) show weak and inconsistent
evidence linking high consumption to obesity, CVD, and metabolic syndrome markers. In summary,
strong evidence supports limiting sugary drinks and increasing fruit and vegetable intake, while most
other food groups lack conclusive or consistentdata. Due to the lack of strong evidence, it was not
possible to group food groups according to their influence on the risk of developing obesity, type 2
diabetes or cardiovascular diseases.

However, this review also highlights major methodological challenges in the current literature. Much of
the available evidence is based on cross-sectional studies, often performed in low- to middle income
countries, with few long-term or standardized prospective studies. There are inconsistent definitions of
food groups, limited data from high-income settings, and insufficient adjustment for energy intake and
dietary patterns. As a result, current research linking childhood and adolescent dietary intake to later-



life NCDs remains inconclusive, partly due to the long latency between early dietary exposures and
disease onset.

Recent research trends are moving away from studying single food groups toward examining overall
dietary patterns, which may better reflect real-world eating behaviours. To strengthen dietary guidance
for children and adolescents, more rigorous, harmonized, and longitudinal research is urgently needed.

Findings for international comparisons

International nutritional guidelines for children and adolescents share common core messages but differ
in their level of detail, age specificity, and use of evidence. Most are directed toward professionals and
caregivers rather than young people themselves. Switzerland is distinctive in addressing adolescents
directly; however, its recommendations are adapted from adult data, and the supporting evidence base
is not clearly documented.

Across countries, the primary objectives of these guidelines are to prevent malnutrition and support
healthy growth, though the underlying health rationale is often implicit. There is limited consensus on
whether health messages are more effective when directed at children or their parents. Considerations
of sustainability are increasingly incorporated but remain inconsistently addressed and, in some
contexts, sensitive.

Family and school environments are consistently identified as key settings influencing dietary
behaviours, with some countries providing specific recommendations for school food services. The
presentation and accessibility of digital formats vary substantially. The Dutch “Schijf van Vijf” stands out
forits age- and gender-specific digital tools, offering an engaging model compared to more traditional
materials, such as those used in Switzerland. Increased investmentin ap pealing, evidence -based digital
resources could enhance the effectiveness of nutrition communication among today’s digitally native
youth.

Findings environmental aspects

The environmental impact of diets varies by age, dietary patterns, and national context. Although
children and adolescents account for a smaller share of overall food consumption, their eating habits
are formative and mighthave long-termimplications for health and sustainability. Promoting sustainable,
healthy diets from an early age can yield lasting benefits, but children's specific nutritional needs must
be carefully addressed. Some European countries now use the Planetary Health Diet as a reference
when integrating sustainability into dietary guidelines. Reducing red, in particular processed, meat intake
could be a key strategy that aligns health and environmental goals without risking nutrient deficiencies.
In contrast, reducing dairy requires more caution, as it remains an important nutrient source during
growth. First European experiences show that incorporating sustainability into dietary advice is feasible
without compromising nutritional adequacy.

General conclusions

To improve the effectiveness of nutrition guidance, future efforts should focus on conducting high-quality
longitudinal research, tailoring age-specific recommendations, integrating sustainability in youth
guidelines, enhancing school food policies, empowering parents, and testing which messaging
strategies concerning health and / or sustainability, most successfully influence young people's
behaviour.
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1 Introduction, context, objective

1.1 Introduction

A healthy lifestyle includes a balanced diet. However, despite, or because of the wide variety of food on
offer, it is not always easy for consumers to make healthy food choices. The Federal Food Safety and
Veterinary Office (FSVO) regularly develops and revises nutritional recommendations and other p ublic
health measures to promote a varied and balanced diet for the population across the different stages of
life. Childhood and adolescence are considered crucial phases in which the foundations for a healthy
lifestyle are acquired (GBD 2021 Risk Factors Collaborators, 2024).

Children and adolescents need a balanced supply of energy and nutrients for their physical and mental
development. In Switzerland around 15 per cent of children and adolescents are overweight or obese
(Herter-Aeberlietal., 2019), this prevalence is stable, as data from 2023 confirm, with 11.9% overweight,
and 2.7% obesity rates in the age range of 6 to 12. (BAG, 2025). Overweight and especially obesity in
childhood and adolescence may be risk factors for non-communicable diseases (NCDs) such as
diabetes and cardiovascular diseases in adulthood (Reilly & Kelly, 2011), although more robust studies
investigating this association are needed (Park et al., 2012). Around half of these diseases can be
prevented or at least delayed by a healthy lifestyle and a balanced diet (WHO, 2013), (WHO, 2014),
(Benziger et al., 2016).

Promoting healthy eating from an early age is particularly important, as dietary habits formed in
childhood strongly influence eating behaviour later in life. According to (Bogaard, 2023), habits such as
regular breakfastconsumption, low sugarintake, and vegetable preferences are often carried into young
adulthood. The authors identified active parental engagementin the eating process as a key determinant
of children’sdietary behaviours. Theirfindings suggestthat parental modelling alone (e.g., merely eating
breakfastin front of the child) is less effective in promoting long-term healthy eating habits than explicit
parental communication that explains the reasons for such behaviours, such as emphasizing the
benefits of breakfast for health, cognitive performance, and overall well-being (Bogaard, 2023). Other
authors made similar observations (Fisberg et al., 2024), (Mahmood et al., 2021). Furthermore, a field
experiment by Belot et al. underline that early childhood habits are more malleable, whereas changing
dietary behaviour in adulthood is significantly more difficult, underlining the importance of early
interventions for healthy nutrition (Belot et al., 2013). Mazzocchi et al. highlight that the first 1°000 days
of life are decisive for the child tastes’ preferences: Food preferences are closely linked to habits. There
is a strong connectionbetween how familiar a particularfood is and the preference forthis food. Children
love what they know and eat what they love. The example set by parents seems to be very important.
When addressing an infant and a young child, education is not primarily conveyed through words, but
through the repeated offer of a varied and healthy diet and example (Mazzocchi et al., 2021).

On the other hand, food consumption can shift with age and changing life stages. According to Kudlova
& Schneidrova, large changes in diets occur between the age of 1 and 5. These changes can differ
depending on the country and context (urban vs. rural). Thus, more context-specific researchis crucial
to better understand the influence of children’s diet patterns on the patterns in later stages of life
(Kudlova & Schneidrova, 2012).

Because dietary habits in childhood and adolescence often persist into adulthood, early nutrition should
consider not only health but also environmental sustainability. Food production and consumption have
a major impact on greenhouse gas emissions, land use, and biodiversity. Encouraging sustainable,
balanced diets from an early age therefore helps secure lifelong health while also protecting the
environment. At the same time, particular attention must be paid to children’s needs during growth
phases to ensure that considering environmental aspects does not lead to nutrient deficiencies. This
balanced approach should be reflected in modern nutritional recommendations, which aim to promote
both individual health and the well-being of the planet.

1.2 Context

In 2022 a Swiss review presented scientific literature from 2015 onwards, focused on associations
between food groups and major NCDs using a standardized classification system to evaluate the
strength and consistency of evidence. It also assessed the ecological footprint of food production and
consumption and compared Swiss dietary guidelines with those from neighbouring countries and major
international organizations. The report targeted healthy adults aged 18 to 65 years and excluded other
age groups as well as specific physiological conditions (e.g., pregnancy, lactation) and disease-specific

6


https://consensus.app/papers/parent-influences-on-the-dietary-habits-of-young-adults-bogaard/56f85c2d4e225964a04f2c252ae1d53a/?utm_source=chatgpt

dietary recommendations. It was structured into four main sections, addressing associations between
foods and NCDs, ecological impacts of commonly consumed foods in Switzerland, comparison of dietary
guidelines and the identification of food groups relevant to Swiss nutrition policy (Marques-Vidal et al.,
2022). The report provided the scientific basis for revising the Swiss dietary guidelines and was used in
the development of the new Swiss Food Pyramid for Adults (BLV, 2024). However, despite these
advances for the adult population, Switzerland currently lacks official, food-based dietary
recommendations for children and adolescents aged 4 to 17 years, beyond the existing Dietary
Reference Values for nutrients (DRVs) (BLV, o. J.).

1.3 Objective

The aim of this project is therefore to develop scientifically sound and sustainable nutritional
recommendations which can then inform the development of dietary recommendations for the younger
Swiss population. This reportis conceived as an extension of the 2022 report, by focussing on children
and adolescents in the age groups of 4 to 17 years. Although most food categories correspond to those
investigated in the above-mentioned report, they will be partially re-grouped and additional food
categories, which might be relevant to the targeted age groups, will be included in case of evidence.
This report has the following objectives:

- To conduct aliterature review and analysis: investigate the impact of food on the risk of selected
non-communicable diseases (NCDs), in particular overweight/obesity, type 2 diabetes and
cardiovascular diseases, in children and adolescents.

- Grouping and evaluation of foods according to their influence (positive, negative or neutral) on the
risk of developing the selected NCDs.

- Comparison and tabulation of European dietary recommendations by age group (including their
definition). Differences and similarities between the dietary recommendations of the European Food
Safety Authority (EFSA), the WHO and Switzerland are analysed regarding visual presentation,
main messages and presentation of the dietary recommendations. If available, initial findings from
the menuCH Kids study can be considered (BLV, 2025a).

- Proposal of relevant foods: Identification of relevant foods and food groups for the nutritional
recommendations in Switzerland. Review and addition of foods from the new Swiss food pyramid
and nutritional disc (BLV, 2024). Determination of the frequency of consumption per age group.

- Consideration of the requirements for a sustainable diet: Analysis of the challenges of a sustainable
diet in relation to children and young people and listing of important environmental issues for future
dietary recommendations (e.g. meat consumption, seasonality, transport, packaging, nutritional
trends, new foods on the market).

2 Methodology, search strategy and evaluation of results

2.1 Food groups

The focus was on food groups and not on individual nutrients, or on dietary patterns. The selection of
food items considered was based on the current Swiss Food Pyramid (BLV, 2024) and on the report on
dietary recommendations for adults, including foods and beverages that are more frequently or
specifically consumed by children and adolescents, the finalised list was discussed with the FSVO
(Table 1).

2.2 Systematic literature search

The literature search strategy followed that used for the 2022 report, i.e. was based on the analysis of
peer-reviewed systematic reviews and meta-analyses published from 15t January 2010, up to March
2025. Peer-reviewed systematicreviews (SR) and meta-analyses (MA), in English, were searched using
a matrix consisting of the age groups, selected non-communicable diseases and intermediate markers
in combination with food groups (Table 1) in the common databases (PubMed, Google scholar,
Cochrane). Any large-scale studies published in the same time frame and fulfilling the inclusion criteria
below (Table 2), but not included in the retrieved SRs, MAs, were also to be included.



Table 1: Food groups considered for the literature search

Beverages

Water

Sugar-containing beverages (sugar-sweetened beverages or fruit juices)
Caffeinated drinks (unsweetened / sweetened, energy drinks)

Artificially sweetened beverages

Fruits and vegetables

As a whole group not specified in subcategories

Starch-based products

Wheat-based products
Breakfast cereals
Other cereals and pseudocereals

Milk and Dairy

As a whole group not specified in subgroups

Protein sources of animal origin

Meat red/white, unprocessed/processed
Fish unprocessed / processed

Eggs

Protein sources of plant origin

Legumes (pulses)
Plant-based meat, fish and egg analogues
Plant-based milk alternatives

Oils, fats, nuts

Nuts and seeds
Qils and fats

Packaged foods and snacks
(incl. Ultra-processed foods)

Snacks (sweet, savoury)
Other ultra-processed foods

Table 2: General search strategy (inclusion and exclusion criteria)

General search criteria

outcomes

Overweight and obesity, with fatty liver (as intermediate outcome),

Type 2 diabetes, with metabolic syndrome, glucose intolerance blood sugar (glucose) as intermedate
outcomes

Cardiovascular events, with prehypertension / hypertension and atherosclerosis, ischemic heart
disease as intermediate outcomes

» Compound search strings for Pubmed and Cochrane, based on outcomes, in appendix A

Age groups

Targeted age groups 4 to 17 years (for prospective long-term studies: as starting age).
» Compound search string Pubmed and Cochrane, based on age group, in appendix A

Study types

Peer-reviewed systematic reviews (SR) and meta-analyses (MA),
Compound search string Pubmed and Cochrane, based on publication type, in appendix A
Relevant umbrella reviews were retained for general considerations

Combined
general search
string

eo|e \7'

A combined (general) search string foroutcomes, age groups and publication types was generated
»  General search string Pubmed and Cochrane, in appendix A

Food groups and inclusion / exclusion criteria

Food groups

Search criteria: based on food definitions for each category, expanded based on the authors’ expertise on
the subject. Search strings for the specific food groups are listed in appendix A.

Combined
search string

Combined general search string AND specific food group string

date

Starting 1. January 2010

Inclusion e  When all conditions above are fulfilled

criteria e  When the reviews include mainly (> 50%) studies conductedin Europe or other high-income counties
(HIC).

Exclusion e  Whenever the above conditions are not fulfilled (e.g. adult studies, first 4 years),

criteria e  further exclusion criteria: pregnancy, prenatal studies, focus on the first 1000 days

focus on other outcomes (e.g. dental or mental health, allergies),

focus on dietary interventions (e.g. RCTs) with already overweight/obese children or adolescents,
interventions in school settings, with other outcomes (e.g. modifying dietary behaviour, promoting
physical activity)

studies performed mainly (> 50%) in low- and middle-income countries (LMIC), including upper-middle-
income countries, unless a stratification (geographic or LMIC vs HIC) was performed in the analysis of
the data

when the review consisted of only one article for the selected food group or outcome

The searches were performed by the main author(s) per chapter, who compiled a table, listing the
retained reviews, outcomes, age groups, any definitions used for the food groups and the main findings
and conclusions of the authors of the MAs and SRs, as verbatim statements, partially abridged and or
commented. The authors evaluated the retained reviews with the grading systemusedin the ad ultreport
“‘CHUV” (Marques-Vidal et al., 2022), which was however slightly adapted, with a lower scoring for SRs
and MAs based mainly (> 50%) on cross-sectional studies (CSS) (level B), compared to MAs based on
prospective cohort studies (PCS) (level A), see Table 3.



Table 3: Classes of recommendations and evidence levels. Adapted from (Marques-Vidal et al., 2022)
Class Definition

0 Sufficient evidence of no effect (RR/OR= 1 rsp., close to 1 or 0),

Insufficient / Conflicting evidence and/or divergence of opinion about the benefits orrisk of the food, risks/benefits
are not statistically significant

Definition

Conclusions derived from MAs of CCS, SRs of CCS, or NRs

C Experts’ agreement and/or individual relevant PCS, RCTs

RR relative risk, OR odds ratio, MA meta-analysis, CSS cross-sectional study, PCS prospective cohort study, RCT randomized controlled study, NR narrative reviews

2.3 Conclusions and recommendations

Whereverfeasible, data on portion sizes should berecorded. Reported data should specify the minimum
and maximum intake ranges associated with individual outcomes, as well as the optimal intake levels,
where applicable. When available, data should be stratified by age group to ensure appropriate
comparability and interpretation.

2.4 Methods for international comparison

A desk-based comparative analysis was undertaken to map existing food-based recommendations for
children and adolescents aged 4-17 years across selected European countries. The analysis
encompassed Germany, Austria, France, ltaly, the United Kingdom, the Netherlands, and Sweden,
representing both Switzerland’s neighbouring countries and a selection of European states recognised
for having comprehensive dietary guidelines. Information was systematically collected from official
government and public health authority websites, World Health Organisation (WHO), United Nations’
Children Fund (UNICEF), Food and Agriculture Organisation (FAO), and therein included links to
national recommendations.

2.5 Methods for the sustainability perspective

A calorie-based scaling approach was used because total energy intake serves as a reasonable proxy
for the overall amount of food consumed, which largely determines diet-related environmental impacts.
Assuming a similar dietary composition across age groups and varying only total energy intake enables
a consistent estimation of relative contributions to total impacts in the absence of detailed age-specific
consumption data. Comparable proportional or energy-based approaches have been applied in previous
environmental and nutrition modeling studies (Poore & Nemecek, 2018). Data from Beretta and Hellweg,
who differentiate 23 food categories to estimate the environmental impacts of food consumption in
Switzerland was used (Beretta & Hellweg, 2019). Based on this, the amount of food consumed in
Switzerland was calculated for each age group, based on the population (BFS, 2025) and the average
recommended energy consumption in kilocalories per day (BLV, 2024). The estimated energy
consumption in a specific age group based on recommendations differs between the minimum of 666-
1’030 kcal/d in the first year and the maximum of 2'228-2'940 kcal/d between the age of 15-17. The
results were used to calculate the share of food consumption and related environmental impacts of
children and young adolescents compared to food consumption of the entire population.

In a second step, change was made to the status quo consumption by Beretta and Hellweg by reducing
dairy consumption to 2 and 3 portions per day and increasing the consumption of all other food
categories proportionally, keeping overall energy intake constant. Subsequently the climate and
environmental impacts of these two scenarios based on the data from Beretta and Hellweg, who used
the impact methods “IPCC Global Warming Potential 100 years” and “Ecological Scarcity 2013” was
calculated (Beretta & Hellweg, 2019). The same procedure was followed twice, once changing dairy
consumption in the entire population and once changing it only in the children and adolescents’ group.
The details are included in a separate Appendix B.



3 Food Groups and association with noncommunicable diseases
3.1 Beverages

3.1.1 Water

Author: Beatrice Baumer Reviewer: Janice Sych
Introduction

As stated in the Swiss dietary guidelines for adults, beverages provide fluids that the body needs for all
life processes. As the body cannot build up reserves, it is important to drink regularly. The
recommendation is 1-2 liters of water per day for adults, in the form of tap water, mineral water,
unsweetened herbalteas(BLV, 2024), the guidance values being 1.5 mL/kcal(energy need)forinfants,
decreasing to 1.0 mL / kcal for adults (in temperate weather, normal level of physical activity) (EFSA
Panel on Dietetic Products, Nutrition, and Allergies (NDA), 2010).

Search strategy

A systematic search was carried out as described in the general methods section. For the NCD
outcomes, the combined terms of the search string were used, as defined in the general method and
the search string for water, as for all food groups is in appendix A.

Main findings

After applying exclusion criteria (adults, other outcomes, focus on pregnancy and/or newborns), only
one paper was retained (Muckelbauer et al., 2014) (Table 4). This systematic review showed
contradictory results, depending on the study type (prospective studies vs. cross-sectional studies).

Table 4: Classes of recommendations and evidence levels for water and NCD outcomes

Ref. Study type Outcome Age Food Results Class Level
group | type
(Muckelbauer | SR based on | BMI 2-19 Water | Based on CSS evidence, higher
et al., 2014) 13 studies: 4 water consumption seems to be
PCS, 9 CSS associated with higher weight
status.

In contrast, PCSs suggest a
weight-reducing effect of water
consumption, but evidence for a
causal association is still low.
BMI: body mass index; CSS: Cross-sectional study; PCS: Prospective Cohort Study; SR: Systematic Review

Conclusion

To support healthy hydration habits and reduce potential health risks, water should be the main
beverage consumed by children and adolescents. While there is no strong evidence that higher water
intake directly reduces disease risk, weak evidence suggests that frequent consumption of energy-
providing beverages, including sugar-sweetened and other caloric drinks, including caffeinated drinks,
may increase health risks (see chapters 3.1.2 and 3.1.3), and there is no clear evidence that artificially
sweetened beverages are beneficial (see chapter 3.1.4) the default fluid should therefore be
unsweetened water.

3.1.2 Sugar-Containing Beverages (SCBs)
Authors: Beatrice Baumer Reviewer: Janice Sych
Introduction

Non-dairy sugar-containing beverages (SCB) are a collective term for sugar-sweetened beverages
(SSB) and fruit-juices, with a similar sugar content (8-12% w/v) as main energy source. Sugar-
sweetened beverages (SSB) are beverages based on water, sweetened with sugars, such as sucrose,
glucose syrups, high-fructose corn syrups (HFCS), or fructose. Other ingredients and additives provide
flavour, colour, and possibly micronutrients (vitamins, minerals). Fruit juices are based on juices or
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diluted fruit concentrates and provide the naturally occurring compounds of the raw material (nutrients
such as vitamin C, provitamin A, potassium, and bioactive secondary metabolites), the naturally
occurring sugars are in species-specificratios of sucrose to fructose to glucose. Insome cases, the tem
“100% juice” refers to juices directly expressed from fruits (i.e. not concentrated and reconstituted).
SCBs are considered one of the leading sources of added sugars in the diet of USA children (Frantsve-
Hawley et al., 2017), as well as in German adolescents (Mesana et al., 2018). A European study
concluded that European adolescents consume on average daily 117 kcal from SSB and 70 kcal from
fruit juices, i.e. 46 g of sugar (Duffey et al., 2012). Model pathways linking high consumption of SSBs to
obesity and other outcomes have been hypothesized (Alcaraz et al., 2021). In the current Swiss food
pyramid for adults SCBs are placed at the top (discretionary food products), with a guideline of 0-1
servings per day, i.e. 2 decilitres of sweet drinks such as cola, iced tea, (caffeinated) energy drinks, light
or zero drinks, syrup, and fruit juice-based beverages. Up to 4 portions of fruit juices per week are
accepted as fruit equivalent in the food pyramid for adults (BLV, 2024).

The classification of flavoured dairy beverages remains ambiguous, as there is no consensus on
whether they should be categorized as sugar-sweetened beverages (SSBs), dairy products, or even as
ultra-processed foods, in this report they are briefly discussed in chapter 3.4.2.

Search Strategy

A systematic search was carried out in the two databases PubMed and Cochrane. For the NCD
outcomes, the combined terms of the search string were used, as defined in the general methods. For
the food group, both subcategories (SSB and fruit juices) were searched in combination, because some
studies address both together, others separately. The full syntax for searches in PubMed and Cochrane
is in appendix A. This search retrieved 121 articles. which were then screened, based on abstract: main
exclusion criteria were unavailability of full-text (only abstract), out of scope age-range (prenatal, first
1000 days), focus on specific nutrients, focus on dietary patterns, general context fruits and vegetables,
milk-based beverages, life style factors as primary research (sleep, television, media, physical activity),
socioeconomic factors (determinants, taxes, role of industry, studies in developing countries),
prevention /interventional studies. This narrowed the search to 16 articles for SSB and body weight /
BMI/ body composition outcomes, 4 for SSB and other outcomes, and 6 for fruit juices, for a total of 26
studies summarized in Table 5.

Main Findings

While SSBs are frequently combined with other discretionary foods (e.g., snacks, sweets, or ultra-
processed products), this section includes only studies that specifically targeted SSBs or reported
separate data for them.

Across most studies, higher sugar-sweetened beverage (SSB) intake was positively associated with
overweight, obesity, and higher body fat in children and adolescents. Most authors did however grade
the evidence as weak. The consumption of fruit juice was not associated with an increased body weight,
although some studies suggested a possible risk, when increasing the number of servings (Nguyen et
al., 2024), (Auerbach et al., 2017). None of the included reviews found evidence supporting a beneficial
association between fruit juice consumption and a reduced risk of obesity.

SSBs were studied in association with cardiometabolic risk factors, and higher consumption of SSB, i.e.
7509 resp. >1.3 servings per day, (Farhangi et al., 2020), (Hoare et al., 2017). Other authors (Markey
et al., 2023) claim that the methodological heterogeneity was too high, making meta-analyses very
challenging.

In general heterogeneity is observed at different levels:

o The variability in study designs, populations, and exposure definitions contributes to
inconsistencies in findings.

o variability in portion sizes and consumption categories: Reported portion sizes vary widely,
ranging from as little as 100 ml to as much as 12 fl. oz (=350 ml), making comparisons difficult.

o Unclear adjustment for total energy intake: Not all studies account for total energy intake as a
confounder, which is crucial for determining the independent effects of SCB consumption
(Jakobsen et al., 2023a).

o When total energy intake is considered, associations between SCB and adiposity often weaken,
suggesting that energy balance plays a key role (Trumbo & Rivers, 2014)

o Some studies, such as (Crowe-White et al., 2016) and (Frantsve-Hawley et al., 2017), indicate
that the observed associations might be overestimated when energy intake is not propery
adjusted.
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o Lack of change-over-change analysis for long follow-ups: Many studies fail to incorporate a
change-over-change analysis (Frantsve-Hawley et al., 2017), which is particularly important for
long-term studies involving children and adolescents. This omission neglects time-related
changes such as growth, shifts in body composition, and age-related variations in dietary
patterns (e.g., changing fruit juice preferences as noted by Auerbach et al., 2017).

o The role of physical activity is also highlighted as a potential confounder. For example, (Grimes
et al., 2021) found that the association between SSB consumption and obesity became non-
significant after adjusting for physical activity.

o Hoare et al. (2017) further suggest that declining physical activity with age, particularly in
adolescent girls, might exacerbate the long-term effects of sustained SCB consumption,
potentially leading to obesity and metabolic complications.

Overall, the above methodological concerns underscore the difficulty in drawing definitive conclusions
from existing research, particularly regarding causality and long-term health effects.

Conclusion

Despite considerable heterogeneity in study designs, portion sizes, and methodological approaches,
the preponderance of evidence indicates a positive association between higher sugar-sweetened
beverage (SSB) consumption and increased risk of obesity, with each additional serving of SSB. I
should be acknowledged, however, that most studies have not adequately adjusted for total energy
intake or physical activity, which may confound the observed relationships.

Importantly however, no evidence supports a protective or beneficial effect of increased SSB
consumption (decreased obesity risk). Collectively, these findings reinforce the classification of SSBs
as discretionary items rather than essential components of a balanced diet but could be considered an
energy source.

One serving of fruit juice per day could still be included as part of a balanced diet. However, all sugar-
containing beverages, including fruit juices, should be recognized as sources of energy, with the
potential for overconsumption if not accounted for within total energy balance. To mitigate the risk of
excessive energy intake, consumption should be moderated, particularly when not matched by an
increase in physical activity or of energy expenditure.
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Table 5: Classes of recommendations and evidence levels for sugar-containing beverages and outcomes

Ref. Study type Outcome | Age Food Summary / Results / Conclusions by the authors / Comments cl
ass Level
group | type
SSB and Body weight / BMI / body composition
(Liu et al., MA, 51 BMI 2-18y | SSB Meta-analysis by gross national income per capita showed that consuming more sugar-
2024) studies, sweetened beverages was a risk factor for childhood overweight and obesity in both low- and
mainly CSS middle-income countries/regions (OR=1.31; 95% Cl=1.21-1.41) and high-income
countries/regions (OR=1.24; 95% Cl=1.13-1.36)
(Nguyen et | SR and MA Weight 6 Serving | Among cohort studies, each serving/day increase in SSB intake was associated with a 0.07 -
al., 2023) of 40 PCS gain and month | defined | kg/m?(95% Cl: 0.04 kg/m? 0.10 kg/m?) higher BMI in children
and 8 RCTs | BMI sto17 | as 12 Most studies (n=34) were not adjusted for energy intake
(mainly HIC) y oz (355
ml)
(Jakobsen | SR/ MA of Overweigh | Mean SSB* Sugar sweetened beverages* and overweight/obesity: the OR (95% CI) for higher intake of
et al., 26 CSS t/ obesity | age 5- sugar-sweetened beverages versus lower intake of sugar-sweetenedbeverages was 1.20 (1.09,
2023a) 18y 1.33)(p < 0.05)(I12=79.34%)in children and adolescents 5-18 years. In children 5-11 years, the
OR (95% Cl) was 1.23 (1.10, 1.38) (p <0.05) (n:12)and in adolescents 12—18 years of age, the
OR (95% Cl) was 1.30 (1.15, 1.46) (p < 0.05) (n:3).
*(soft drinks, sugary beverages, sweetened beverages, and soda) no 100% fruit juices
(Rousham | SR/MA, 45 Obesity, <10.9 [ 250 ml To summarize, in children £10.9 y, the body of evidence indicates that SSB consumption may
etal., RCTs or various years servings | increase BMI, percentage body fat, orthe risk of overweight/obesity, but 100% fruit juice showed
2022) PCS markers atstart | for the little / no effects on the former outcomes (low certainty). A meta-analysis of 3 studies reporting
thereof MA effects of SSB consumption on change in BMI from baseline to follow-up showed no effect
(pooled effect estimate: B = 0.01; 95% CI: —0.00, 0.02).
(Abbasaliz | SR, based BMI/BFP | 2-18 Various | High SSBs consumers were 1.14 times more probable to develop obesity compared with low
ad on 33 SSB* SSBsconsumers (OR: 1.14; Cl 0.92-1.35), which were not statistically significant. An increase
Farhangiet | studies (19 of 0.75 kg/m? in BMI was associated with high SSBs consumption in children and adolescents
al., 2022) CSS) (weighted mean average): 0.75; Cl 0.35-1.15; p < 0.001), thus the weight increase was
published significant. High SSBs consumption was significantly linked with higher WC (WMD: 2.35 cm; ClI
2013-2020, 1.34, 3.37; p = 0.016) with significant heterogeneity.
international A high SSBsintake was associated with 2.74% increase in BFP (weighted mean average: 2.81;
Cl 2.21-3.41; p < 0.001) with significant heterogeneity among studies.
* carbonated soft drinks, juices or cordials, energy drinks, sugar-sweetened sodas, lactobacillus
beverages, milk beverages, tea beverages, coffee drinks, fruit drinks with added sugatr,
lemonades, yogurt drinks, chocolate milk, and other sugar-added beverages
(Mayer- SR (based Body com- | Baseli | SSB In studies examining SSB intake in children, most studies (~80%) reported a significant effect or
Davis et on 46 position, ne 2- association between SSB intake and adiposity, however this was not always consistent within
al., 2020) articles, overweight | 14 studies that reported multiple outcome measures. There were additional concems related to risk
mainly PCS) | , obesity of bias and generalizability. Moderate evidence suggests that higher sugar-sweetened beverage
intake is associated with greater adiposity in children.
Evidence is insufficient for the relationship between sugar-sweetened beverages compared with
low- and no- calorie sweetened beverages on adiposity in children.
(English et | SRbasedon | Growth, From SSB Limited evidence suggests that sugar sweetened beverage consumption during the
al., 2019) RCTs and size, body | first 2 complementary feeding period (first two years) is associated with increased risk of obesity in
PCS compositio | y to childhood, but is not associated with other measures of growth, size, and body composition.
n 115y
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(Café et SR 15 cross- | overweight | 8-18y | SSB One can conclude that there is no consensus in the literature about the association between the
al., 2018) sectional intake of sugar-sweetened non-alcoholic drinks or milk and the BMI of adolescents
studies, 8
otherstudies
(Costa et SR, based Body fat 5-22 SSB Among the studies that evaluated the association between consumption of soft drinks/sweetened
al., 2018) on 12 (DXA, BIA, (subtopi | beveragesand body fat (n 12), eight found associations, which were all in a positive direction (i.e.
studies (7 skinfolds) ¢, main higher consumption of soft drinks/sweetened beverages was followed by higher levels of body
PCS, 2 CSS, topic fat). The adjustment variables applied in the individual studies were not consistent, total energy
3 interven- UPF) intake was not always included
tional)
(Schneider | NR based BMI, BF Expos During adolescence, adhering to a dietary pattern characterized by high consumption of energy-
et al., on PCS ure at dense food, fast foods, sugar-sweetened beverages and soft drinks, as well as low fibre intake,
2017) 10-19 appears to contribute to an increase in body fat in early adulthood.
(Frantsve- | SR, based Weight <12y, | SCB*¥, MA not possible due to heterogeneity of study designs. Our results support a statistically
Hawley et on 6 RCTs gain follow- | 100g significant positive association between SCBs and total and central adiposity among children
al., 2017) resp. PCS up 1- portions | under age 12. This association is most consistent for total adiposity among children <5.
10y *Excluded: dairy beverages
(Luger et SR, limited WC, BMI, mean SSBs * | The association between SSB consumption and body weight measures was positive in 96% of
al., 2017) to 20 PCS body age 9 prospective cohort studies in children and adults including 242,352 participants. The remaining
and RCTs compositio | vy, 4% (one study in children) showed no association, and no study showed an inverse or negative
published n study association.
between duratio Comment: The authors conclude: “By combining the already published evidence with the new
2013 and n0.5- one, we conclude that public health policies should aimto reduce the consumption of SSBs and
2015 13 encourage healthy altematives such as water.”
years, *SSBs: including sodas/soft drinks, fruit juice drinks, syrup-based drinks, flavored water with
sugar, and sports drinks
(Bucher SR of 29 obesity whole | SSBs The present review shows that most studies rated with strong methodology indicated a positive
Della Torre | PCS and 3 range | as association between SSB consumption and risk of obesity or obesity, especially among
etal, RCT (all'in 1-18 heterog | overweight children. In addition, study findings highlight the need for the careful and precise
2016) HIC) eneous | measurement of the consumption of SSBs and of important confounders.
group”® *The authors conclude: “In the absence of a consensus for a definition of SSBs, some studies
with neutral quality rating limited theiranalysis to sugar-sweetened carbonated beverages, most
included all beverages with added sugar, while others have included beverages with added as
well as natural sugar (i.e., fruit juice). In two studies, SSBs were not differentiated from artificially
sweetened beverages during the measures or analysis; therefore, the specific effect of SSBs
could not be isolated.”
(Trumbo & | SRof 8 BMI, Results of observational studies that examined the relationship between sugar-sweetened
Rivers, studies adjusted beverage intake and obesity risk that were adjusted for energy intake and physical activity were
2014) (PCS or for energy inconsistent foreach of the three age groups evaluated (children, adolescents, and adults). From
CSS) intake this review, evidence foran association between sugar-sweetened beverage intake and obesity
risk is inconsistent when adjustment for energy balance is made.
(Morgan, NR of 6 SRs | obesity School | HFCS- There is inconclusive scientific evidence to definitively link HFCS beverage consumption in
2013) and MAs, -aged | sweeten | school-aged children to obesity. Consumption of HFCS beverages in children may displace
these (6-12)
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studies ed consumption of milk. Many entities contribute to childhood, yet limitation of sweetened beverages
include PCS SSBs may decrease obesity in children
and CSS
(Malik et SR &MA, 20 | BMI, Base- | 12-0z— Ouranalysis of 1-y change in BMl included 7 studies with 11 comparisonsin 15,736 children and
al., 2013) studies overweight, | jine serving | adolescents. The summary estimate indicated that BMI increased by 0.06 (95% ClI: 0.02, 0.10;
(PCS or obesity), ages2 | (=350 random-effects model) for each additional daily 12-0z serving of SSBs over a 1-y period.
clinical trials) ::Zkrac;idmetd) to16y | ml) /d However: A total of 5 studies including 2772 children and adolescents were included in our
USA, olic increme | analysis of SSB trials and body weight. Based on these data, we found a nonsignificant
Europe, outcomes nt of difference in change in BMI from reducing SSB consumption [weighted mean difference (WMD):
Canada SSB 20.17;95% Cl: 20.39, 0.05; 12 =74.6%; P heterogeneity = 0.003] in the random-effects model.
Results from the fixed-effects model were significant (20.12; 95% CI: 20.22, 20.02).
SSB and other outcomes
(Giovannu | SR (5 PCS) | T2DM 2-18 SSB This systematic review aimed to assess the association between SSB consumption and type 2
ccietal., diabetes risk. The included prospective studies in children and adolescents evaluated
2024b) intermediate metabolic markers (fasting glucose and insulin) rather than the primary outcome of
type 2 diabetes. No significant associations were observed. Due to the lack of direct evidence on
the primary outcome and concemns regarding potential confounding, no conclusion statement
could be made.
(Markey et | SR (4 PCS) Cardiomet | <10.9 | SSB Methodological heterogeneity was too high across studies to meta-analyze effect estimates, no
al., 2023) abolicrisk |y associations were evident between SSB consumption and blood lipids, glycemic control, or blood
factors pressure,
(Farhangi MA of 14 Hyper- 6-22, SSB, High SSB* consumption was associated with 1.67 mmHg increase in systolic blood pressure
etal., studies tension, most intake: (SBP)in children and adolescents (WMD: 1.67; Cl 1.021-2.321; P < 0.001). The difference in
2020) published blood startin | O to DBP was not significant (WMD: 0.313; CI -0.131-0.757; P =0.108). High SSB consumers were
2009-2020, pressure g11- median 1.36 times more likely to develop hypertension compared with low SSB consumers (OR: 1.365;
of which 8 12 750g/ Cl 1.145-1.626; P = 0.001). In dose—-response meta-analysis, no departure from linearity was
CSS day observed between SSB intake and change in SBP (P-nonlinearity =0.707)or DBP (P-nonlinearity
=0.180).
*SSBs = sodas/soft drinks, carbonated beverages, non-100% fruit juice drinks, syrup-based
drinks, flavored water with sugar, sports and energy drinks, chocolate milk, yogurt drinks,
lemonades, Coca-Cola, Sprite, orange juice, Nutrition Express, and Red Bull and sweetened teas
(Hoare et SR, 12 with At least 4-18 Various | Of the studies examining children and adolescents, 10 studies were found finding significant
al., 2017) children and | one types, positive associations between SSB consumption and weight-related measures, including
adolescents | clinical includin | overweight/obesity defined by internationally recognized criteria (e.g., WHO, International Obesity
(6 PCS, 6 cardiovasc g ASB Taskforce, higher BMI/BMI z-scores, greater WC, and %BF.
CSSs ular or Adolescent females who moved into the top tertile of SSB consumption (>1.3 servings/day)
metabolic between 14 to 17 years were at greater overall cardiometabolic risk (OR: 3.2,95% CI: 1.6-6.2, p
risk factor < 0.001), but overall, there is still insufficient data to assess relationships with cardiometabolic
outcomes.
Fruit juices
(Nguyen et | SR and Changesin | median | 100% This systematic review and meta-analysis of 17 eligible studies (n = 45 851) found a positive
al., 2024) MA BMI age, 8 | fruit association between intake of 100% fruit juice and weightgain in children. Among cohort studies in
(based on juices*
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17 PCS [1-15] children, each additional serving per day of 100% fruit juice was associated with a 0.03 (95% ClI,
or RCTs) years 0.01-0.05) higher BMI change.
The systematic review and meta-analysis of prospective cohort studies in children demonstrated a
positive association between 100% fruit juice consumption and change in BMI (0.03; 95% CI, 0.01-
0.05), with younger children showing higher BMI for each additional serving per day than older
children (0.15; 95% Cl, 0.05-0.24 and -0.001; 95% CI, -0.01 to 0.01, respectively). The authors
conclude to agree with (Auerbach et al., 2017)
*1 serving = 8 0z (237 mi)
(Rousham | SR/MA, <10.9 250 The body of evidence forallage groups <10.9y indicates that 100% fruit juice consumption makes
etal., based on years ml* little orno difference to increased BMI, percentage body fat, or the risk of overweight/obesity (low
2022) 17 RCTs starting certainty).
or PCS exposu * as standardized serving for the MA
re
(Mayer- SR, 23 Body com- 100% Limited evidence suggests 100% juice intake in children is not associated with adiposity or height in
Davis et studies position, fruit children. The few studies that were significant were not consistent in direction. The evidence in
al., 2020) (PCS and | overweight, juices children was limited by lack of clarity in defining the juice exposure; inconsistent quantification of
RCTs) obesity juice consumption, inconsistent measures of adiposity, lack of evidence from stronger study
designs, and inadequate adjustment for confounders
(Frantsve- | SR, 15 Weightgain | <12 Fruit Ourresults [forthe association between] for 100 percent fruit juice [and total adiposity or central
Hawley et studies, years juices adiposity] only suggest differences by age; most studies showed negative association in the age
al., 2017) PCS group < 12 years old but positive association <5 years old
(Auerbach | MA, 8 Change in 1-18 100% Controlling for total energy intake, 1 daily 6- to 8-0z serving increment of 100% fruit juice was
etal., PCS, BMI BMI z; | years, fruit associated with a 0.003 (95% CI: 0.001 to 0.004) unit increase in BMI z score over 1 year in
2017) mainly PI) healthy | juices children of all ages (0% increase in BMI percentile). In children ages 1 to 6 years, 1 serving
USA and increment was associated with a 0.087 (95% confidence interval: 0.008 to 0.167) unit increase in
Germany BMI z score (4% increase in BMI percentile). This increase is not clinically significant. 100% fruit
juice consumption was not associated with BMI z score increase in children ages 7 to 18 years.
(Crowe- Evidence- | Weight 1-18 100% Statistically significant differences between higher and lower fruit juice consumers in terms of
White et based status/ years fruit weight status were reported only in studies that did not adjust for total energy intake. None of the
al., 2016) review, adiposity, juices, 11 comparisons that adjusted for total energy intake reported a statistically significant difference
using 12 P1, BMI also between higher and lower fruit juice consumers in terms of weight status. This indicates that
CSS, 8 from consumption of 100% fruit juice has no independent effect on weight status apart from energy 1
PCS concen | intake. In summary, consumption of 100% fruit juice within the context of an overall healthy dietary
trates pattern may play a role in preventing nutrient deficiency without contributing to excess weight gain.
Nevertheless, 100% fruit juice should not replace all whole fruit in the diet and these findings do not
negate the effects of whole fruit consumption in promoting the same outcomes.

ASB artificially sweetened beverages , BIA Bioelectrical Impedance Analysis, BMI: body mass index , Cl confidence interval, Cl Confidence interval, CSS: Cross-sectional Study; DBP diastolic blood pressure, DXA Dual-energy X-ray Absorptiometry HFCS high
fructose corn syrup; MA Meta-analysis; HIC High income country, OR Odds ratio, PI: ponderal index, PCS: Prospective Cohort Study; RCT: Randomized-controled trial, SCB sugar-containing beverage, SPB systolic blood pressure, SR: Systematic Review, SSB

Sugar-sweetened beverage, T2DM type 2 diabetes mellitus, UPF ultra-processed food, USA United States of America, WC waist circumference, WHR weight to hight ratio, WHO World Health Organisation, WMD weighted mean average
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3.1.3 Caffeine-containing beverages

Authors: Sibylle Juvalta Reviewer: Beatrice Baumer

Introduction

Various beverage types can contain caffeine or related substances (methylxanthines), from coffee, to
coffee-milk combinations, Camellia sinensis and maté (/lex paraguariensis) based teas, and caffeine or
guarana-containing energy drinks, to cocoa-based products (in form of theobromine and theophylline).
The consumption of these types of beverages increases during adolescence, with data showing that in
Switzerland 6 to 16 year-old adolescents have a daily intake of 39 mg caffeine, mainly via cocoa mik
(29%), chocolate (25%), soft drinks (11%), mocha yoghurt (10%) and energy drinks (8%) (Rios-Leyvraz
et al., 2020).

The effect of caffeine depends on the rate of metabolism in the liver, where enzymes break down
caffeine stepwise to paraxanthine (and other substances) and then to methyluric acids, which are
excreted by the kidneys. This process is not immediate, the metabdlic rate is defined in half-time rates,
which vary between individuals, and between age groups, for examples for adults (2.5-4.5 hours or
longer), for newborns approx. 80 hours (Van Dam et al., 2020). Concerns have been expressed about
developing a caffeine-dependence in adolescent years, as well as a caffeine-induced disruption of sleep
patterns (Bartel et al., 2015; Temple, 2019) and physical complaints like headaches, stomach-aches
and low appetite (Kristjansson et al., 2014). The effects of caffeine on children and adolescents’ health
outcomes are insufficiently determined, therefore it is not possible to derive a safe level of total caffeine
intake, however a single intake of 3mg/kg body weight (bw) per day is believed to be safe (EFSA Panel
on Dietetic Products, Nutrition and Allergies (NDA), 2015), although some reviewers (Wikoffet al., 2017)
refer to recommendations limiting caffeine intake to < 2.5 mg/kg bw/day for children and adolescents,
based on a toxicological evaluation (Nawrot et al., 2003). Less is known about the potential toxicity of
cocoa methylxanthines (theobromine, theophylline). An EFSA evaluation showed that children and
adolescents are indeed the age groups with the highest theobromine intake from dietary sources (with
mean values of 0.5 to 1.5 mg/kg bw, the 95" percentile however from 2 to 6.5 mg/kg bw/day).
Theobromine is less pharmacologically active than caffeine, and no safety concern is anticipated for
intakes below conservative values of 0.3 mg/kg bw/day as a flavouring (Silano et al., 2017).

Search strategy

A systematic search as defined in the general methods was carried out in the two databases PubMed
and Cochrane. The Cochrane database was searched for the terms “caffeine”, “tea”, “coffee”, “maté’
and “guarana”. For the NCD outcomes, the combined terms of the search string described in the
methods chapter, was used in combination with the search string for the caffeinated beverages as
shown in appendix A. 19 papers were retrieved, further exclusion criteria were pregnancy and sleep

patterns; and after hand screening 3 papers were retained and are summarized in Table 6.
Main findings

With respect to effects of caffeine on blood pressure, evidence from 4 of 5 randomized controlled trials
suggestsasignificantly increased blood pressure after ad ministrating 1-5 mg/kg caffeine to children and
adolescents (Wikoff et al., 2017). However, the clinical significance of this finding is unclear, because
most trials captured only a few events of caffeine exposure and it is unclear if a transient higher blood
pressure following caffeine exposure is harmful, both fora short-termand along-term perspective. Also,
certain subgroups seem to be more sensitive to increases in blood pressure following caffeine
consumption. For example, Savoca et al. (2005) reported higher blood pressure levels in African
American adolescents compared to White adolescents. Considering adverse events of high-blood
pressure, some reviews confirm that up to 2.5 mg caffeine /kg body weight can be consumed safely by
healthy children (Doepker et al., 2018; Wikoff et al., 2017), as was also reported in an earlier review
(Nawrot et al., 2003). In 5 of 6 controlled trials, 1-6 mg/kg caffeine was found to significantly lower the
heart rate of children and adolescents (Wikoffet al., 2017). Burrows et al. (2013) conducted a systematic
review about the health effects of energy drinks but did notfind any studies with children and adolescents
who are the main consumers of energy drinks. In our search, we identified reviews of clinical cases of
adverse events after consumption of energy drinks (Costantino et al., 2023). As the authors suggest, it
is not certain that the adverse events were caused alone by the energy drinks. Most reported adverse
events were cardiovascular, e.g. arrhythmias, chest pain or palpitations, or lower heart rate
(bradycardia) and neurological problems (e.g. agitation or dizziness). As reported by Ali et al. (2015)
and Burrow et al. (2013), interactions between caffeine and other ingredients of energy drinks such as
taurine could lead to detrimental outcomes, for example, taurine and caffeine increase the strength of
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heart contraction (Dobrek, 2025). We did not consider the indirect effects of caffeine on weight due to
an altered sleep cycle (Torres-Ugalde et al., 2020).

Conclusion

Caffeine consumption in children and adolescents is associated with a transient increase in blood
pressure and a decrease in heart rate, as shown in randomized controlled trials. Prospective studies
are needed to determine the long-term effects on cardiovascular health. Doepker et al (2018) suggest
to focus research on children and adolescents with significant caffeine intake (> 2 mg/kg bw) and
participants who are sensitive to caffeine-mediated blood pressure increases. No studies were identified
forthe effects of caffeine on diabetes or overweight. Additional researchis required to better understand
how caffeine’s effects differ from those of other methylxanthines in children and adolescents, especially
the naturally occurring compounds theobromine and theophylline.

Table 6 Classes of recommendations and evidence levels for caffeine-containing beverages and outcomes

Ref. Study Outcome Age Food Summary / Results / Conclusions by
Type group type the authors / Comments

(Wikoff et | SR, CVD 3-12, Caffeine- The objective of this systematic

al.,, 2017) | based (Blood and containing | review was to assess whether newer
on5 pressure) 12-19 | sources* research supports the 2003
RCTs conclusion (Nawrot et al., 2003) that

caffeine intake up to 2.5 mg/kg per
day in children and adolescents is not
linked to adverse effects. Overall, the
studies consistently showed that
caffeine can cause smallincreases in
blood pressure across all
populations, but the biological or
health significance of these minor
changes remains uncertain.

* j.e. beverages, supplements, sport

bars
Wikoff et SR of 6 CVD 3-12, Caffeine A significant decrease in heart rate
al. 2017 RCTs (heart and containing | (~4-6 bpm change) was observed in
rate) 12-19 sources” 5 from 6 trials with 1-6 mg caffeine

/kg body weight

Ali et al. SR of CVvD 13-54 Energy Adverse events after energy drink

(2015) casesof [ (arrhythmi drinks consumption. 35% of cardiovascular
adverse | as) adverse events were related to
events arrhythmias.

bpm beats per minute, CVD cardiovascular diseases, RCT: Randomized-controlled trial SR: Systematic Review

3.1.4 Artificially sweetened beverages

Author: Beatrice Baumer

Concerns regarding the adverse health effects of sugar-sweetened beverages (SSBs), including their
contribution to excessive caloric intake and weight gain have led to growing public and scientific interest
in non-nutritive sweeteners (NNS) as potential alternatives. These compounds provide sweetness with
little to no caloric value, thereby offering a strategy to reduce overall sugar consumption without
compromising palatability. In the United States, both the prevalence and total intake of NNS have
increased substantially, nearly tripling over the past decade among children aged 2—19 years (Karalexi
et al., 2018). Artificially sweetened beverages (ASBs), a major source of NNS exposure, are formulated
using a range of approved sweetening agents, including acesulfame potassium (acesulfame-K),
aspartame, neotame, saccharin, sucralose, and stevia-derived glycosides (Brown et al., 2010). The
increasing consumption of these products has raised questions regarding their long-term health
implications, particularly in pediatric populations, warranting careful evaluation of their potential benefits
and risks relative to traditional SSBs.
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Search strategy

A systematic search as defined in the general methods was performed in the final phase of the revision
of this report, with the PubMed database only. Forthe NCD outcomes, the combined terms of the search
string described in the methods (chapter 2), was used in combination with the search string for ASBs,
as showninappendix A. 175 papers were retrieved in this phase, however, after screening for exclusion
criteria (other outcomes, focus on adults, pregnancy, focuson SSB, taxes, ASB as an example of UPFs)
and after hand-screening, only 7 papers investigating the association with body weight and composition
were retained and are summarized in Table 7. No papers were found investigating ASB and T2DM, for
lack of primary studies. Giovannucci et al found only one primary study when researching this topic, this
paper was therefore not included in the overview (Giovannucci et al., 2024a).

Main findings

Most reviews suggest that the primary source of non-nutritive sweetener (NNS) intake is through
beverages, although several do not clearly distinguish among different dietary sources. Most studies
included inthe retained papers examine the associationbetween NNS or artificially sweetened beverage
(ASB) consumption and measures of body weight or body composition. Only one study reported a
potential increase in BMI associated with NNS intake (Karalexi et al., 2018), whereas the remaining
studies demonstrated mixed or inconclusive associations. Some evidence indicates minor potential
benefits of substituting ASBs for SSBs, particularly among individuals with high SSB consumption
(Espinosa et al., 2024); however, the current data are insufficient to justify recommending ASBs as a
health-promoting alternative to SSBs. Furthermore, no data was found on different types of NNS.

Conclusion

Overall, the existing evidence does not support a consistent association between NNS and improved
measures of body weight or body composition. Although limited data suggest that substituting ABS for
SSB may confer small benefits in individuals with high SSB consumption, the findings remain mixed,
largely inconclusive, and insufficient to guide public health recommendations. The absence of data
comparing differenttypes of non-nutritive sweeteners further restrictsinterpretation. These observations
align with current WHO recommendations, which advise against the use of non-sugar sweeteners for
weight control or the reduction of noncommunicable disease risk (for the general population) (World
Health Organization, 2023).
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Table 7: Classes of recommendations and evidence levels for artificially sweetened beverages and outcomes

Ref. Study Type Outcome Age Food type [Summary / Results / Conclusions by the authors / Comments Class Level
group
(H. A. Raynor et|SR based on 2 [BMI 2-19y ASB Low- and no-calorie sweetened beverage consumption by children and adolescents
al., 2024) PCS may not be associated with growth, body composition, and risk of obesity. This 1]
conclusion statement is based on evidence graded as limited.
(Espinosa et SR based on | BMI 2-9, NNS vs sugar Results with RCT: less BMI gain among those allocated to replace SSBs with NNS
al., 2024) 5 RCTs, 8 10-19 beverages [MD = -0.114 kg/m? (95% CI]-0.207, -0.021), compared with participants
PCS with sustained SSB intake. On the otherhand, pooled results from 8 PCS indicate that
each serving (12-fl oz or 355 mL) of NNS beverages was not associated with long- 111
term BMI changes. However, in certain scenarios, there was a noticeable trend
suggesting a potential positive association between NNS beverage intake and BMI
gain.
(Roushamet | SReased on | BMI <109y | ASB The body of evidence for all age groups £10.9 y indicates that ASB consumpton
al., 2022) 7 studies makes little or no difference to increased BMI, percentage body fat, or the risk of I
(RCTs, overweight/obesity (low certainty)
PCSs)
(Mayer-Davis SR based on | Growth, body Low and no- Most studies (~75%) reported no association for the main outcome measure(s) of
et al., 2020) 17 PCS composition, BMI calorie adiposity among the study populations. The remaining studies had mixed associatons
sweetened and methodologic concerns Il
beverages
LNCSB)
(Karalexi et SR based on | BMI, fat mass 2-19 NNS Systematic assessment of observational studies showed no association of NNS
al., 2018) 13 studies (9 intake during childhood with fat mass accumulation and waist circumference and a
for BMI, 3 for small, but statistically significant association with BMI increase (OR 1.15, 95% CI 1.06-
fat mass) 1.25).
(Reid et al., 6 cohort BMI; growth <12y NNS Half of the cohorts reported increasing weight gain or fat mass accumulation with
2016) (only studiesand 2 | velocity, adverse increasing NNS intake, and pooled data from 2 cohorts showed a significant
abstract) RCT metabolic effects correlation with BMI gain (weighted mean correlation 0.023, 95% confidence interal 11-111 B
0.006 to 0.041). RCTs reported contradictory effects on weight change in children
receiving NNSs.
(Brown et al., | SR based on | Weight gain and 0-18 Artificial Epidemiologic studies suggest an association between ABS consumption and weight
2010) 18 studies BMI sweeteners gain in children. However, RCTs are limited and inconclusive, showing no clear
(RCT, PCS, metabolic benefits or harms. While causality has not been established, the potential Il B
CSS) contribution of artificial sweeteners to the global rise in pediatric obesity and diabetes
merits further investigation

ASB artificially sweetened beverages, BMI body mass index, C| confidence interval, CSS cross-sectional studies, L

studies, RCT randomized control studies

NCSB Low and no-calorie sweetened beverages, MD mean difference, NNS Non-nutritive sweeteners, OR odds rat

0, PCS prospective cohort
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3.2 Fruit and vegetables

Authors: Christine Brombach / Linda Beck Reviewers: Janice Sych / Beatrice Baumer

Introduction

This chapterincludes, whenever possible raw and minimally processed fruit and vegetables, e.g. as
purées but without added sugar. Vegetables are considered the edible components of plants, including
roots, tubers, bulbs, stems, stalks, leaves, flowers and fruiting vegetables (such as tomatoes,
cucumbers, aubergines etc. as per Swiss food legislation (VLpH, o. J.). Fruits from a nutritional
perspective are sugar-containing botanical fruits. Definitions vary however, e.g. in the Swiss Food
Pyramid, starchy tubers (potatoes) are not considered vegetables, but a starch source (BLV, 2024).

Fruits and vegetables are essential components of a healthy diet due to their low energy density and
high nutrient density. Their low energy density results primarily from their high water content. Evidence
from the Dortmund Nutritional and Anthropometric Longitudinally Designed Study (DONALD) indicates
that regular consumption of fruits and vegetables improves the hydration status in children aged 4-10
years (Montenegro-Bethancourt et al., 2013). Fruit and vegetables are furthermore sources of dietary
fibre and phytochemicals (McCarthy et al., 2020). Fruits and vegetables are sources of vitamins,
depending on their botanical characteristics, in particular vitamin C and folate, provitamin A and E
(Slavin & Lloyd, 2012). They also serve as important sources of minerals, such as potassium, calcium,
zinc and magnesium.

In Switzerland, children are advised to consume five portions of fruits and vegetables in a variety of
colours each day, with three portions coming from vegetables and two from fruits (SGE, 2024a). This is
equivalent to the recommendation for adults (BLV, 2024), although portion sizes vary according to age.

Search strategy

A systematic search as defined in the general methods was carried out in the two databases PubMed
and Cochrane. For the NCD outcomes, the combined terms of the search string described in the
methods chapter was used in combination with the search string for the fruit and vegetables as shown
in appendix A. In PubMed 170 articles were retrieved. After the screening process, 12 papers were
retained. In the Cochrane database 32 Cochrane reviews were identified, however, none of them could
be included. Most frequent reasons for exclusion were a focus on pregnancy or a lack of investigation
of the association between fruit and vegetable consumption and NCDs, or with a majority (>50%) of the
primary studies included being from non-HIC countries.

Main findings

Twelve systematic reviews and meta-analyses were included to analyze the association between fruit
and vegetable consumption and non-communicable diseases, such as obesity, T2DM and CVDs and
theirmetabolicmarkers (see Table 8). Most papers examined the correlation with overweight and dietary
patterns with high or low fruit and vegetable intake. Data on the actual fruit and vegetable intake were
not provided, and no review addressed the topic of the cooking or processing degree. Furthermore, it is
not always clear whether tubers (i.e. potatoes) are considered vegetables or starchy food.

The association of fruit and vegetable consumption and overweight and obesity was studied in seven
publications. Five articles did not find a significant effect or reported inconsistent results (Boushey etal.,
2020a; Ledoux et al., 2011; Poorolajal et al., 2020a, Collese et al., 2017), (Liu et al., 2024). The
remaining two articles, however, described an inverse association between fruit and vegetable intake
and overweight and obesity, (Alosaimi et al., 2023), (Wang et al., 2024).

Regarding cardiovascular health, three studies found an inverse association between the intake of fruits
and vegetables and cardiovascular markers, considering blood pressure and / or blood lipid profile
(Alosaimietal., 2023; Anderson et al., 2024; Collese et al.,2017). Onthe other hand, one study reported
limited or inconsistent results about the correlation between fruit and vegetable consumption and
cardiometabolic factors (2020 Dietary Guidelines Advisory Committee, 2020).

Boushey et al. examined T2DM outcomes in children; however, the limited number of eligible studies
precluded the authors from drawing any definitive conclusions (Boushey et al., 2020b). (Talegawkar et
al., 2024a) observed a possible inverse association between dietary patterns rich in fruits and
vegetables and diabetes-related biomarkers. However, these authors refrained from making formal
conclusions about the evidence, as these associations did not directly establish a link with a decreased
risk for diabetes incidence.
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Lastly, two articles studied the association of fruit and vegetable intake and metabolic syndrome. Both
studies reported an inverse association betweenhigher consumption and the risk of metabolic syndrome
(Collese et al., 2017; Tian et al., 2018).

Conclusion

Most of the included studies suggest a potential preventive effect of dietary patterns rich in fruits and
vegetables on non-communicable diseases (NCDs). The evidence appears to be somewhat stronger
for the adverse effects of dietary patterns low in fruit and vegetable intake than for the protective effects
of higher consumption. Findings related to overweight and obesity generally indicate an inverse
association, although the evidence remains modest. Similar trends have been observed for
cardiovascular health and metabolic syndrome. In contrast, data on T2DM are limited and inconclusive,
with only one study suggesting a possible inverse association.

Overall, these findings highlight the potential role of fruit and vegetable intake in preventing the selected
NCDs and underscore the importance of avoiding diets low in these foods. Nevertheless, further well-
designed studies are needed to strengthen the evidence base, particularly in relation to T2DM.
In conclusion, while dietary patterns rich in fruits and vegetables appear to play a role in preventing
certain NCDs, evidence on the most effective strategies to increase vegetable consumption remains
limited. Current research indicates that child-feeding practice and multicomponent interventions
probably lead to only small improvements in fruit and vegetable intake among children under five years,
while parent nutrition education alone may have little or no effect (Hodder et al., 2024).

22



Table 8 Classes of recommendations and evidence levels for fruit and vegetables and outcomes

Ref. Study Type |Outcome lAge group ([Food type |Summary/ Results / Conclusions by the authors / Comments Class Level
Dietary patterns high in vegetables and / or fruit
(Andersonet [SRof RCT [CVD 2-18 years [Fruit and Moderate level of evidence indicating dietary patterns higherin vegetables andfruits are associated
al., 2024) and PCS (Hypertension, Vegetables | with lowerblood pressure (lower systolic and diastolic blood pressure)and blood and triglycerides,
Dyslipidemia) for children and adolescents, later in life. These conclusions are based on 19 articles examining
children and adolescents (1RCT and 18 cohorts). Studies showed similar direction of the results, I
but differences in effect size; some study groups were small, and some studies had good design
and study conduct.
Comment: The class of evidence selectedfor this review: I, because the exposure was diet-related,
not specific for fruit and vegetables
(Wang et al., |MA of RCTs |Overweight 3-18 years |Fruit Association of increased fruit intake and lower prevalence of obesity compared to control group
2024) and Obesity (OR: 0.74 [0.60; 0.90], p < 0.05).
(Liu et al., MA, mainly |Overweight 2-18 years |Fruit and In the meta-analysis by gross national income per capita, the pooled results showed that consuming
2024) CSS (82%) |and Obesity Vegetables | more fruit and/or vegetable was a protective factor for childhood overweight and obesity in LMIC 1 BC
(OR=0.77; 95% Cl=0.69-0.85), but not in HIC (OR=0.83; 95% Cl=0.68-1.02)
(Talegawkar |SR of RCT |[Type 2 Under 18 Fruit and The selected 15 articles (1 RCT; 14 cohort studies) reported a possible association of dietary
etal., 2024b) [and PCS Diabetes years egetables | patterns higherin vegetables and fruits with lower insulin, blood glucose and HOMA-IR. However, (1
the authors then make a summary statement that no conclusion can be drawn because of
substantial concerns with directness (incident type 2 diabetes).
(2020 SR of 4 CVD Under 18 Fruit and Limited evidence indicating dietary patterns higher in fruits and vegetables to be associated wih
Dietary PCS years Vegetables | lower blood pressure and improved blood lipid levels (including low-density lipoprotein cholesterol,
Guidelines high-density lipoprotein cholesterol, and triglycerides) later in life. I
IAdvisory
Committee,
2020)
(Poorolajal SR and MA |Overweight 5-19 years |Fruit and Compared with insufficient quantities, no significant effect was observed for sufficient fruit and
et al., 2020) [of CSS, and Obesity egetables | vegetable consumption (=4 serving perday or 25 times perweek) on risk of overweight and obesity I B
(50% in (OR: 0.92 [0.84; 1.01].
HIC)
(Boushey et [|SR (found 1 |Type 2 Under 18 Fruit and Insufficient evidence to establish a relationship between dietary patterns including fruits and
al., 2020b)  |PCS only) Diabetes years Vegetables | vegetables and the risk of type 2 diabetes, i.e. one article examined dietary patterns of adolescents. 1 C
Comment: dietary pattemns assessed by the “altemative healthy eating score”
(Tian et al., |MA of 3 Metabolic 6-19 years |Fruits and Inverse association of higher consumption of fruits (OR: 0.87 [0.81;0.94]) and vegetables (OR: 0.80
2018) PCS, and 2 |Syndrome egetables | [0.72; 0.89]), based on two studies, and risk of metabolic syndrome for adolescents. B-C
CSS
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(Collese et [SRof 10 Metabolic 10-19 years [Fruit and The associations between fruit and vegetable consumption andindicators of cardiovascularrisk in
al., 2017) CSS, 1 PCS [syndrome, egetables | adolescents are inconsistent, likely because of heterogeneity in the methods used to assess and 1l B
CVD, Obesity classify consumption and to define cardiovascular risk in adolescents
(Ledoux et |SRof 1 ES |Overweight 1-14 years [Fruit and Experimental studies: No association between fruit and vegetable consumption and adiposiy
al., 2011) and 4 PCS |and Obesity Vegetables | among children.
Longitudinal studies: Inconsistent results regarding the association between fruit and vegetable
consumption and adiposity among children I
One study found inverse association between fruit and vegetable intake and adiposity,
One study found an inverse association butonly in boys (only when not confrolled for energy intake)
One study found no association between fruit and vegetable intake and adiposity, while another study
did find a positive association between fruit and vegetable intake and adiposity
Dietary patterns low in fruit and vegetables
(Alosaimi et |SR of CSS [Overweight / 5-24 years |Fruits and Unhealthy clusters compromising low consumption of fruits and vegetables had higher adiposiy
al., 2023) (n=49) and |[Obesity, CVD egetables | and higherrisk of cardiovascular disease. Comment: this review focussed on unhealthy eatng B
PCS (n=4) habits, combined with other factors (sociodemographic, mental health)
(Boushey et [SRof 12 Overweight Mean age [Fruit and Limited evidence indicating dietary patterns lower in fruits and vegetables to be associated wih
al., 2020a) [PCS and Obesity between 2 |Vegetables | higher BMI and fat-mass index in adolescence. 1-11
and 15y

CVD Cardiovascular diseases, BMI Body mass index, CSS: Cross-sectional Study; ES experimental study, HIC High-income countries, HOMA-IR Homeostasis Model Assessment of Insulin Resistance SR: Systematic Review; LMIC low- to middle income countries,
MA: Meta-analysis; OR Odds ratio, PCS: Prospective Cohort Study; PS: Prospective Study; RCT: Randomized-controlled trial
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3.3 Starch-based products

3.3.1 Grains / whole-grain based products / dietary fibre
Authors: Christine Brombach / Linda Beck Reviewer: Beatrice Baumer
Introduction

Whole grains and foods made with whole grains, such as whole-grain bread, porridge, and ready-to-eat
cereals, are widely recognized for their health benefits. Epidemiological studies in adults indicate an
inverse linear relationship between whole grain consumption and the risk of several non-communicable
diseases, including CVDs, T2DM, obesity, and certain cancers. Observational research has shown that
consuming 2—3 servings of whole grains per day (the upper limit in most studies) is associated with
approximately 21% lower risk of CVD and 26% lower risk of T2DM compared to rare or non-consumers.
However, intervention studies have not demonstrated a similar reduction in CVD markers over a 4-
month period. The health-protective effects of whole grains are partly attributed to insoluble fibre and
bioactive compounds found in the bran and germ, such as antioxidant micronutrients, carotenoids,
minerals, polyphenols, and vitamins. (Mann et al., 2015)

Although global dietary recommendations encourage greater whole grain consumption, country-specific
guidelines vary widely, and there is currently no quantitative recommendation for children and
adolescents in Switzerland.

Search strategy

A systematic search as defined in the general methods was carried out in the two databases PubMed
and Cochrane. For the NCD outcomes, the combined terms of the search string described in the
methods chapter was used in combination with the search string for whole grain and wheat products,
as in appendix A. In PubMed 9 articles were retrieved, in Cochrane no results were found. After the
screening process, 2 articles were retained (Table 9).

Main findings

Jakobsen et al. investigated the association of various food items and overweightand obesity in children
(Jakobsen et al., 2023a). The authors found that an increased intake in refined grains was associated
with an increased risk of overweight and obesity in children and adolescents. Whereas an increased
intake of whole grains was associated with a decreased risk.

An additional hand search was conducted which looked more generally for dietary fibres, whole grains
and whole foods in studies conducted with children and adolescence which did not fallinto the strict
category of our search strings. A study on the diet quality of Canadians found that adults with balanced
consumption of whole and non-whole grains had a significantly lower proportion of obesity and
overweight. Logistic regression analysis further confirmed that adults with balanced grain intake had a
reduced likelihood of being obese or overweight. In contrast, no significant differences in obesity and
overweight prevalence were observed among children and adolescents based on whole grain
consumption patterns (Hosseini et al., 2019).

Conclusion

The evidence from one study suggests that grain refinement level may influence the effects of grains on
overweight and obesity, with whole grains showing a negative association and refined grains a positive
association (Jakobsen et al., 2023a). The effects of dietary fibre on cardiometabolic health, on the other
hand, remains unclear (Reynolds et al., 2020). Due to this very limited evidence, more age-specific
research is needed to assess the effects of whole grain and dietary fibre consumption on NCDs.
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Table 9: Classes of recommendations and evidence levels for whole meal-based products and outcomes

Ref. Study Outcome [Age Food type [Summary/ Results / Conclusions by the authors /|Class Level
Type group Comments

(Jakobse[SRand  [OverweightfMean \Wholegrain| Higher intake of refined grains was associated

netal, [MAof4 |and age 5-8 \ refined with a non-significant increased risk of overweight
2023a) |OS (2 Obesity grains / obesity (OR: 1.28, p < 0.05). In contrast, higher
CSS, 1 intake of whole grain was associated with a 1l B-C
PCS, 1 decreased risk of overweight and obesity (OR:
secondary 0.86, p = 0.04).
analysis)
(Reynold [SR of PCS|Overweight[1-19.3  [Dietary Potential dietary fibre intake begins at 13-16 g a
s et al., and years ffibre day for2-year-olds and increases untilthe age of
2020) Obesity 10 years, when values are comparable with an
adultrange of 25-30 g a day. Conclusions: Given
the inconsistency in findings from cohort studies Il B

other than an absence of detrimental effects, it
seems appropriate that recommendations
regarding childhood fibre intake are extrapolated
from relevant adult data.

CSS: Cross-sectional Study; OS observational study, PCS: Prospective Cohort Study; PS: Prospective Study; RG: refined grain, SR Systematic Review; WG: Whole grain

3.3.2 Sugar-containing breakfast cereals

Authors: Sibylle Juvalta Reviewers: Denise Abegglen / Beatrice Baumer
Introduction

Ready-to-eatcereals (RTEC)are defined as “cereal food thatis processed so that itcan be eaten without
preparation.” They are typically consumed with the addition of cow’s milk and are considered a
convenient breakfast option (Michels et al., 2016). Compared with other foods frequently consumed by
European adolescents, RTEC can contribute positively to dietary quality, forexampleby helping to meet
fibre intake recommendations (Michels et al., 2016; Derbyshire & Ruxton, 2025). Breakfast cereals,
however, are not a standardized product, and their nutritional composition varies considerably. This
variability is reflected, for instance, in the wide range of Nutri-Score ratings observed on the French
market (Richonnet et al., 2021). Common characteristics of these products include the use of refined
cereals, added sugars, and otheringredients, as well as vitamin and mineral enrichment. RTECs contain
varying amounts of sugar, contributing between 8% and 18% of total sugar intake in children according
to international studies (Derbyshire & Ruxton, 2025). In Switzerland, the menuCH study found that
breakfast cereals account for 2.7% of added sugar intake among adults (Chatelan et al., 2019).

This food group was specifically highlighted in this report because it is frequently marketed to children.
Indeed, children and adolescents are higher consumers of RTEC than adults (Derbyshire & Ruxton,
2025).

In 2015, the Swiss Federal Food Safety and Veterinary Office (FSVO) entered a voluntary agreement
with the yogurt and breakfast cereal industry to gradually reduce the sugar content of these products.
Over the years the median added sugar has decreased from 16.6 to 10.2%. In breakfast cereals
specifically targeted at children, the median added sugar was reduced from 22.9% (2021) to 17.0% in
2024 (BLV, 2025b). These data suggest that, owing to their relatively high sugar content, breakfast
cereals may be classified within the discretionary (ultra-processed) food group. Consistently, the
literature indicates that breakfast cereals are indeed often studied as part of this broader food group
rather than being examined as a distinct category (see chapter 3.8.).

Search strategy

A systematic search as defined in the general methods was carried out in the two databases PubMed
and Cochrane. For the NCD outcomes, the combined terms of the search string described in the
methods chapter was used in combination with the search string for sugar-containing breakfast cereals,
as in appendix A. 17 publications were retrieved following the search. After hand screening 3
publications were retained for the overview (in Table 10). The Cochrane library was searched for

"«

“cereals”, “ready-to-eat” and “grains”, no further papers were identified.
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Main findings

Based on three cross-sectional primary studies, the systematic review of Jakobsen et al reported a
nonsignificant lower chance of overweight for children and adolescents with a high intake of cereals
(OR= 0.83, CI: 0.49, 1.39). Their definition of cereals included ready to eat cereal, bread and cereal,
porridge, and instant noodles. In the studies which examined the effects of RTECs and porridge, it is
unclear, if those products were sweetened or not (Jakobsen et al., 2023a).

Sanders et al. (2022) reviewed studies on presweetened RTECs. Among 18 cross-sectional studies, 12
reported lower body weight linked to higher RTEC intake, 6 found no association, and none showed a
higher body weight associated with RTEC consumption. Two prospective studies supported this finding:
oneinboys (Albertson et al.,2009)and anotherin low-income minority children at risk for type Il diabetes
(Balvin Frantzen et al., 2013). Neither study assessed the sugar content of the cereals, though total
sugar intake increased with higher RTEC consumption.

Priebe and McMonagle (2016) summarized the health benefits connected with high consumption of
RTEC. A prospective study found lower total cholesterol level in boys compared to girls and another
prospective study showed higher concentration of the “good cholesterol” (high density lipoprotein, HDL)
in children consuming RTEC in combination with nutritional education.

In papers not retained for the purposes of this review, some studies reported that children from low-
income minorities who frequently consumed RTEC “had greaterintakes of essential nutrients at baseline
and significantly lower BMI over a 3-year period.” (Balvin Frantzen et al., 2013).

Discussion and conclusion

Taken together, these findings indicate that the underlying research question in many RTEC studies
may be less about what kind of breakfast children and adolescents consume, and more fundamentally
about whether they consume breakfast at all. The most recent findings from the Swiss MenuCH Kids
study show that 25.5% of Swiss teenagers (14-17 years) never have breakfast during the week (BLV,
2025a).

A substantial portion of the evidence linking pre-sweetened RTEC to lower BMI or body fat is
complicated by several limitations. Many studies and reviews are industryfunded or authored by
individuals with industry affiliations (Balvin Frantzen et al., 2013; Michels et al., 2016; Priebe &
McMonagle, 2016; Sanders et al., 2022) and even these authors emphasize the need to better account
for confounders such as physical activity, socioeconomic status, and regular breakfast consumption.

Additionally, most prospective studies focus on the frequency of RTEC consumption rather than
comparing RTEC with other breakfast types. Such comparisons may be more informative: for example,
in Swiss adults, unsweetened breakfast cereals, but not RTEC or refined bread—were associated with
reduced abdominal obesity (Chatelan et al., 2018).

A further limitation is the lack of detailed reporting on sugar content. While RTEC consumers often have
higher total sugar intake, research in youth typically centres on overweight and obesity, leaving major
gaps regarding cardiometabolic outcomes such as T2DM. Evidence from adults suggests that whole-
grain breakfast cereals may reduce diabetes risk, but these findings cannot be directly generalized to
children or to pre-sweetened RTEC products.

In sum, while RTEC consumption may help increase fibre, vitamin and mineral intake and may
encourage breakfast consumption among children and adolescents, future research must disentangle
the independent effects of breakfast consumption from those of RTEC specifically and determine
whether higher sugar intake from RTEC poses adverse health risks.
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Table 10 Classes of recommendations and evidence levels for sugar-containing breakfast cereals and outcome

Ref. Study Type Outcome Age Food type Summary / Results / Conclusions by the authors / Class Level
group Comments
(Jakobsen et al., SR based on Overweight 5-18 Cereals in general* Cereals: the OR (95% ClI) for overweight/obesity when
2023a) 2CSS, 1 and Obesity comparing higherintake of cereals versus lower intake of cereals
PCS, and one was 0.83 (0.49, 1.39) (p = 0.47)
secondary *Cereals were defined as ready to eat cereal, bread and cereal, Il B-(C)
analysis porridge, and instant noodles
Comment: the heterogeneity of food group definitions in the
original papers could be a factor in the
Sanders et al. SR, 18 CSS, Overweight 4-18 Ready-to-eat cereals 12 of the 18 CSS suggest that children and adolescents who
2022 2 prospective | and Obesity consume ready-to-eat cereals (RTEC) tend to have lower BMI,
longitudinal reduced risk of overweight/obesity, and healthier abdominal fat
RCT, 5 RCT indicators compared to non-consumers. Benefits appear
consistent forboth presweetenedand non-presweetened RTEC, B
and no studies found harmful effects on body weight or
composition. Overall, evidence seems to support RTEC as part
of a healthy diet in youth, though more trials are needed to
confirm causality.
(Priebe & SR, 32 CSS, Intake of 1-18 Ready-to-eat cereals Evidence on ready-to-eat cereal (RTEC) consumption and health
McMonagle, 8 PCS, 24 nutrients, risk outcomes is mixed. In children with elevated LDL cholesterol,
2016) RCTs factors for higher intake was linked to modest reductions in total and LDL
cardiovascular cholesterol in boys but not in girls, where HDL cholesterol
disease and decreased slightly. Randomized trials indicated that RTEC,
type 2 especially when combined with nutritional education, may help
diabetes, BMI/ increase HDL cholesterol and limit weight or fat gain, but effects
body weight, on otherlipid parameters and body weight were less consistent. i B

satiety, food
intake

A consistent concern across studies is the association between
frequent RTEC consumption and highertotal sugarintake, partly
due to the cereals themselves. Given that free sugar intake
already exceeds recommendations in many children, this
remains an important limitation. Overall, RTEC consumption
shows some potential benefits for lipid profiles and BMI, but
these are modest, variable, and counterbalanced by risks related

to sugar intake.

BMI Body mass index, CSS: Cross-sectional Study; HDL high-density lipoprotein, LDL Low-density lipoprotein PCS: Prospective Cohort Study, RCT randomized control trial, RTEC ready to eat cereal, SR: Systematic Review
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3.3.3 Other cereals, pseudocereals and starchy tubers

Author: Beatrice Baumer Reviewer: Denise Abegglen

Introduction

A range of starch-based foods was included in this category, encompassing potatoes and other tubers,
non-wheat cereals, and pseudocereals, all of which are generally regarded as components of a main
dish. The current recommendation for adults is 3 portions of cereal products and potatoes aday, at least
half of which should be in the form of non-refined products (BLV, 2024). Foods in this group mainly
supply the body energy in the form of starch, depending on the degree of processing they are a source
of fibre, and some are considered protein sources, e.g. buckwheat flour (14% of energy derived from
protein), quinoa (14.7% of energy derived from protein), calculations based on data provided by the
Swiss food composition database (FSVO, o. J.). Potential benefits for adults, i.e. in the prevention of
NCDs, have been object of discussion, e.g. (Nandan et al., 2024).

Search Strategy

A systematic search was carried out as described in the general methods section. For the NCD
outcomes, the combined terms of the search string were used, as defined in the general method. The
search stringsforthe This chapterfocuses onthe food group “other cereals, pseudocereals, and starchy
tubers.” Wheat and wheat-based products are excluded, as they are addressed separately (chapter
3.3.1) due to the additional consideration of wholemeal versus refined flour, a specific aspect not
discussed with pseudocereals. Products containing added ingredients, such as snack foods and
sweetened bakery products, are also excluded and discussed in (discussed in chapters 3.7 and 3.7.2
respectively).

This search retrieved 33 articles; however, after applying the general inclusion and exclusion criteria,
none were relevant for the topic.

Main Findings & Conclusion

No specific conclusions or recommendations can be drawn for this food group. Considering the
nutritional composition of these food items, they may be regarded as nutrient dense. However, this
group might benefit from further differentiation, for instance, distinguishing between starch-based foods
(such as potatoes together with cereals and other starchy cereals) and pseudocereals together with
legumes, to better reflect their distinct nutritional profiles and potential health effects.

3.4 Protein sources of animal origin

Protein source of animals origin, i.e. meat, fish, eggs and dairy, are the main sources of protein in
children in developed countries (Garcia-lborra et al., 2023), and often the intake is above the
recommended levels. Some studies show that this could be associated with a higher risk for elevated
BMIls in childhood and adolescence (Stokes et al., 2021) (Arnesen et al., 2022), or for later obesity
(Hornell et al., 2013). Focus of this report is, however, confined to food-group-level associations with
NCDs, and it should not be interpreted as a review of nutrient-specific effects, which fall outside the
scope of this review.

3.4.1 Meat, Fish and Eggs

Authors: Janice Sych / Linda Beck Reviewers: Denise Abegglen / Beatrice Baumer

Introduction

Meat, fish and eggs are essential components of a balanced diet for children, providing nutrients that
support theirgrowth and development (Eaton et al., 2019). These animal-based sources provideenergy,
are rich in protein of high biological value and contain a variety of micronutrients as zinc, iron (in form of
heme iron), choline, vitamin A, vitamin B+ and essential fatty acids which are significant for bone and
muscle growth, cognitive development and immune function in children (Lutter et al., 2018; Michaelsen
& Greer, 2014; Murphy & Allen, 2003). Alongside other animal proteins, eggs are positively viewed for
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their high quality protein and other growth-promoting nutrients and have potential to improve nutritional
status and reduce stunting (Larson et al., 2024; Willett et al., 2019).

Meat is defined as all edible parts of approved animal species, including game, poultry and hoofed
animals (VLtH, 2016). Pork, beef, lamb and veal are classified as red meat (Lofgren, 2013), poultry is
white meat, whereas “processed meat” is meat which has been processed with the addition of other
substances (salt, nitrates, nitrites or smoking, other ingredients) to improve its colour, texture, taste or
durability (Rohrmann & Linseisen, 2016).

The category “fish” includes all wild or captive marine or freshwater animals (VLtH, 2016)

For adults, the revised food pyramid continues to present meat, fish and eggs on the fourth level, along
with grain legumes (pulses). It is recommended to consume one portion of a protein-rich food per day,
with emphasis on alternating between different sources of protein across the week. Additionally,
processed meat should not be consumed more than two to three times per week (BLV, 2024).

Search strategy

A systematic search as defined in the general methods was carried out in the two databases PubMed
and Cochrane, completed by a brief scan of Google Scholar. For the NCD outcomes, the combined
terms of the search string were used in combination with the search string for the food group of meat,
fish and eggs as shown in appendix A.

In PubMed 105 articles related to the meat category, 40 for fish and seafood and 16 for eggs were
identified. Following the screening process, 3 articles remained for meat, 4 for fish and seafood and
none foreggs. In the Cochrane database 2 reviews for meat, 2 for fish and 2 for eggs were initially
retrieved, however, all were excluded during the screening process. The most frequent reason for
exclusion was that the primary studies focused on pregnancy and not on children, as well as reviews
based mainly (> 50%) on data from non-HIC countries, or in the case of fish, focus on supplementation
with fish oils. Reviews on vegan, exclusively plant-based, diets were also considered as being out of
scope for this topic.

Main findings

Seven reviews and meta-analyses were included to analyse the association of animal-based protein
sources and the non-communicable diseases in children. Most studies focus on meat consumption,
without providing a good level of precision on various meat forms, and with no relevant reviews for eggs
(see Table 11). Most studies furthermore investigated dietary patterns with high or low intake of meat
and or fish.

Meat

Studies are conducted worldwide to evaluate the association between dietary patterns characterized by
a high intake of red meat, particularly in its processed form of processed red meat, and the risk of
obesity. Multiple studies, often conducted in LMIC, show that there is an association with an increased
risk of overweight and obesity (Boushey et al., 2020a; Yang et al., 2012) (Jakobsen et al., 2023a). No
review was found however focussing on studies performed mainly in HIC countries for the association
with overweight / obesity.

There is some evidence that such dietary patterns are linked to hypertension and elevated blood lipid
concentrations, both of which are key risk factors for cardiovascular disease (2020 Dietary Guidelines
Advisory Committee, 2020); Anderson et al., 2024;). Evidence on the link between meat consumption
and T2DM remains insufficient, though processed and red meat may contribute to higher insulin, blood
glucose and high levels of “Homeostasis Model Assessment of Insulin Resistance” (HOMA-IR)
(Talegawkar et al., 2024).

Fish

Evidence on fish and seafood consumption and NCDs in children is mainly limited, with no conclusive
findings (Boushey et al., 2020b; Snetselaar et al., 2020; Torfadottir & Ulven, 2024). However, two studies
suggest dietary patterns higher in fish may be linked to lower blood pressures and improved blood lipid
profiles (2020 Dietary Guidelines Advisory Committee, 2020; Anderson et al., 2024). Furthermore, one
article found a possible association of higher fish and seafood consumption as shown by lower blood
glucose, HOMA-IR and insulin levels (Talegawkar et al., 2024).
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Eggs
No relevant reviews were found investigating egg intake in HIC.

Conclusion

The available evidence provides weak to moderate support for an association between higher intake of
red and processed meat and elevated cardiovascular risk markers in children. Evidence in high-income
countries (HICs) is limited compared with adult studies and research from low- and middle-income
countries (LMICs), reducing the strength of conclusions. Processed meat appears most likely to confer
risk, particularly at high consumption levels; however, inconsistent definitions across studies limit
comparability. Further research is needed to clarify the effects of different meat types, including white
meat (e.g. poultry) and unprocessed red meat, before specificrecommendations can be made. Potential
benefits of heme iron from red meat should also be balanced against possible health risks. Evidence on
fish and seafood consumption remains sparse, though some studies indicate potential cardiovascular
and metabolic benefits. Lastly, evidence on egg consumption is limited. It is important to consider that
many processed foods contain eggs as ingredients, making it challenging to quantify the health impact
of eggs alone.

Overall, the existing evidence is very weak and generally lacks quantitative data. Information on portion
sizes was often not transparently reported, particularly in studies of dietary patterns (Neves et al., 2021;
Talegawkar et al., 2024). Additional research is therefore necessary to strengthen understanding of
these associations and to inform evidence-based dietary recommendations for children.
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Table 11 Classes of recommendations and evidence levels for meat fish and eggs, and outcomes

Ref. |§tudy type Outcome |JAge group [Food type Summary / Results / Conclusions by the authors / Comments Class Level

Dietary patterns with low meat

(Anderson et al., [SRof 1 RCTand 18 [CVD (Hypertension, [2-18 years [Red and Moderate evidence indicating dietary patterns lower in red and

2024) PCS Dyslipidemia) processed meats | processed meats to be associated with lowerblood pressure and

in different dietary| improve blood lipid profiles later in life.
patterns

(Talegawkar et al., [SRof 1 RCT and 14 [T2DM and pre- Under 18 Red and Possible association of dietary patterns including lower intake of

2024a) PCS diabetes markers years processed meat | red and processed meet with lower insulin, blood glucose and
HOMA-IR. The authors also stated that a conclusion statement
cannot be drawn about therelationship between dietary patterns
consumed by children and adolescents andrisk of type 2 diabetes
because of substantial concerns with directness.

(2020 Dietary SR of PCS CVD (Hypertension, |Mean age Processed meat | Limited evidence indicating dietary patterns_lower in processed

Guidelines Advisory Dyslipidemia) between 7 meat to be associated with lower blood pressure and improved

Committee, 2020) and 14 years blood lipid profiles later in life.

Dietary patterns including fish

(Anderson et al., [SRof 19 articles: 18 |CVD (Hypertension, [2-18 years [Fish and seafood | Moderate evidence indicating dietary patterns higher in fish and /

2024) PCS, 1 RCT Dyslipidemia) or seafood to be associated with lower blood pressure and
improved blood lipid profiles later in life.

(Talegawkar et al., [SR of 12 PCS Type 2 Diabetes Under 18 Fish and seafood | Possible association of dietary patterns including higher intake of]

2024a) years fish and seafood with lowerinsulin, blood glucose and HOMA-IR,
but no direct assessment of risk of T2DM

(Snetselaaretal., |SRof2 RCTsand 2 |CVD Under 18 Seafood” Insufficient evidence of seafood consumption and risk of CVD.

2020) PCS years *Definition seafood: marine animals that live in the sea and in
freshwaterlakes and rivers. Seafood includes fish (e.g., salmon,
tuna, trout, and tilapia) and shellfish (e.g., shrimp, crab, and
oysters).

(2020 Dietary SR of 4 PCS CVD (Hypertension, [Mean age Fish Limited evidence indicating dietary patterns higher in fish to be

Guidelines Advisory Dyslipidemia) between 7 associated with lower blood pressure and improved blood lipid

Committee, Dietary and 14 years profiles later in life.

Patterns

[Subcommittee,

2020)

CSS: Cross-sectional Study; CVD cardiovascular diseases, HOMA-IR Homeostasis Model Assessment of

Insulin Resistance, MA: Meta-analysis; PCS: Prospective Cohort Study; RCT: Randomized-controlled trial; SR: Systematic Review
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3.4.2 Milk, dairy products and cheese

Author: Beatrice Baumer Reviewers: Christine Brombach / Nataliia Yakovenko

Introduction

Dairy foods, often considered staple foods, provide essential nutrients such as protein, including
branched-chain amino acids (BCAAs), calcium, phosphorus, riboflavin, iodine, vitamin D, Vitamin A and
vitamin B2, depending on processing and feeding of the dairy cows. The current Swiss food pyramid
foradultsrecommends 2-3 portions of dairy products daily. It is recommended to avoid sugar-containing
milk products (e.g. beverages) (BLV, 2024). Butter and ghee are considered a fat source and are
discussed separately.

International recommendations for dairy intake suggest 2-3 servings for young children and 3-5
servings for adolescents, often emphasizing low-fat options. Despite concerns that full-fat dairy may
contribute to weight gain, research has explored its role in weight regulation, with potential benefits
attributed to other matrix components such as leucine, which supports lean body mass, and calcium,
which may influence fat metabolism (Thorning et al., 2017), (Li et al., 2024). While several mechanisms
have been proposed for dairy’s potential role in obesity prevention, further research is needed to clarify
its effects. A further necessary consideration is that milk, together with hen’s eggs is the most common
allergeninyoung children, accounting for ap prox. 20% of food allergic reactions, resp. on 37% of allergic
paediatric patients (Ferrari & Eng, 2011).

Search Strategy

A systematic search was carried out in the two databases PubMed and Cochrane. For the NCD
outcomes, the combined terms of the search string were used, as defined in the general methods. For
the milk and dairy food group, the syntaxwas usedin PubMed is shown in appendix A, already excluding
topics such as human milk, breast milk, breast feeding. This search retrieved 56 articles, which were
then screened, based on abstract, and short text checks: main exclusion criteria were unavailable full-
text, out of scope age-range (pregnancy, prenatal, first 1000 days, adults), focus on specific nutrients,
focus on dietary patterns), socioeconomic factors (taxes, role of industry, studies in developing
countries), prevention /interventional studies, medical conditions (kidney disease PCOS, mental
diseases, cancer, type 1 diabetes, lactose intolerance) and focus on non-HIC countries (> 50%). This
narrowed the search to 12 articles, of which the main findings are summarized in Table 12.

Main Findings

Across all 12 studies reviewed, no consistent positive association emerged between high intake of milk
and dairy products and overweight or obesity. Instead, the evidence either points to no clear link or a
slight inverse association, suggesting that greater dairy consumption may be modestly related to lower
rates of overweight/obesity. Notably, this finding held true even when results were stratified by fat
content - none of the studies reported a positive association regardless of whether the dairy was whole-
fat or reduced-fat (O’Sullivan et al., 2020) (Vanderhout et al., 2020), (H. Raynor et al., 2024).
Studying the association between milk/dairy consumption and health outcomes (mainly obesity and
body composition) has challenges:

¢ Quantifyingthe exposure: serving sizes are not always defined, serving sizes of milk and other dairy
products (e.g. cheese, are not the same). proposed defining (Jakobsen et al., 2023b) airy portions
based on calcium content, but this approach has not been widely adopted.

e Study heterogeneity: Studies vary widely in design, sample size, age range, duration, and
adjustment models. Cross-sectional studies dominate the literature, limiting the ability to infer
causation, in particular this type of study would notidentify reverse causality, e.g. consumption of
reduced fat products might be a measure taken for overweight participants. (Babio et al., 2022),
furthermore, not all give details on energy adjustments, which could neutralize associations
(O’Sullivan et al., 2020)

o Adjustment for energy intake: Not all primary studies report an adjustment for total energy
intake.(Babio et al., 2022; Louie et al., 2011) This could confound findings in primary studies, and
be relevant when comparing full-fat milk to low-fat milk (Dougkas et al., 2019), (Louie et al., 2011)

¢ Numerous studies have highlighted that relying solely on BMI (or BMI z-scores) to assess obesity
in children and adolescents may be insufficient, as variationsin body composition also play a crucial
role and should be systematically evaluated.

e Some authors underline the potential benefits of dairy products as a source of calcium, iodine,
riboflavin, vitamin B2, potassium, and vitamin A (Fayet-Moore, 2016)
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Conclusion

There is no definitive evidence supporting the limitation of milk and dairy consumption due to obesity
concerns. On the other hand, some studies suggest dairy consumption may have a protective effect
against overweight and obesity, while others report no association.

Mechanistic explanations suggest that whole milk may promote satiety, reducing the intake of other
high-calorie foods. Other mechanistic explanations focus on milk as a source of calcium, an adequate
intake might favour a shift in the body composition increasing the lean mass.

The inverse association between milk consumption and sugar-sweetened beverage intake suggests
that milk may act as a healthier alternative to sugary drinks. The role of flavored milk drinks, which
provide essential nutrients but also contribute to sugar intake, as well as to caffeine intake in case of
coffee-based milk beverages, in childhood nutrition and weight management should be investigated in
more detail.

Many findings are based on cross-sectional studies, there is a need for well-conceived prospective
studies and / or RCTs, with a more precise assessment of serving sizes per product category and
designs to control for confounders such as energy intake and expenditure, dietary patterns, and
sweetened beverage consumption.
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Table 12 Classes of recommendations and evidence levels for milk and dairy products and outcomes

Ref. Study type Outcome |Age group Food type Summary / Results / Conclusions by the authors / Comments Class
(H. Raynor et al.,[SR 43 studies, of Obesity Dairy (and Total milk consumption in younger children may be associated with favourable
2024) which 26 PCS alternatives) growth and body composition, as well as a lower risk of obesity during childhood.
(international, mainly, In contrast, no clear conclusions can be drawn for older children and adolescents
but not only in HIC) due to inconsistencies and limitations in the available evidence. Among younger
children, consumption of higher-fat milk compared with lower-fat milk may also
be linked to favourable growth outcomes and a reduced risk of obesity. However, H-(111)
for older children and adolescents, the evidence is insufficient to establish any
relationship between milk fat content and growth, body composition, or obesiy
risk. No evidence is available regarding the effects of sweetened milk
consumption in younger children, while limited evidence suggests little or no
relationship among older children and adolescents.
(Jakobsen et al.,[SR & MA of 16 BMI 5-18, with / Total dairy was OR (95% CI) forhigherintake of total dairy compared to lower intake of total daiy
2023a) studies, most CSS, 7 without obesity|defined to include| was 0.94 (0.86, 1.04) (p =0.26)(I12 = 88.50%)in children and adolescents 5-18
from Asian, Middle lwhite milk, years.
Eastern or Latin flavored/chocolatel Comment: This review included 16 predominantly CSS with diverse objectives I B
IAmerican data milk, dairy and and settings, examining factors such as gender, BMI, dietary patterns, vitamin D
cheese with status, calcium intake, and milk type. Owing to substantial heterogenedy,
varying fat comparability is limited, and the reported OR should be interpreted with caution.
content
(Jakobsen et al.,[SR & MA, 5 RCTs BMI, Body Healthy 5-18, |higher-dairy diets®| Based on five RCTs (n:5), a higher-dairy diet was found to reduce body fat
2023a) composition  [with/without percentage -0.47 [-0.92, -0.03] (p=0.04). A higher-dairy diet was also found to
(fat, lean obesity increase lean body mass (kg) 0.34 [0.06, 0.62] (p=0.02) (n:2), but did not affect
mass) BMI z-score -0.05 [-0.16, 0.06] (p=0.39) (n:4).
*higher-dairy diets were defined as 3—4 servings (1 serving=200-250 mL) of
dairy/day or>800 mg calcium/day from dairy products or=1200 mg
calcium/day from dairy products and lower-dairy diets
was defined as 0-2 servings of dairy/day or<600 mg calcium/day from dairy
products or no intervention
(Babio et al., SR and MA of 24 BMI z 2-21, PCS with [total dairy, total In the MA from CSS, results showed an inverse association between total dairy
2022) studies published up follow-up: 1-3.2|milk, total yogurt, | consumption and obesity prevalence (OR (95% CI): 0.66 (0.48-0.91), buta non-
to 2021, (CSS and years and cheese significant positive relationship between dairy consumptionand overweight, when
PCS), 15 studies were results for overweight and obesity were merged,0.90 (0.76 —1.08): Regarding H-(111) (A)-B
retained for the MA PCS (n=5), total milk consumption was positively associated with overweight
(international) prevalence (OR (95% ClI): 1.13 (1.01-1.26)) and incidence (RR (95%Cl): 1.17
(1.01-1.35)) risk..
(O’Sullivan et al.,[12 with PCS/RCT measures of [2-18 y lwhole- and Studies were consistent in reporting that whole-fat dairy products were not
2020) data, , or 15 CSS, [adiposity reduced-fat dairy | associated with increased measures of weight gain or adiposity. I A-B
mainly USA, Canada, intake™ * Dairy products were defined as products with some or all of the fat removed
European (including “low-fat” and “skim” versions)
(O’Sullivan et al.,|[PCS/RCT and 4 CSS |pbiomarkers of \whole- and Most evidence indicated that consumption of whole-fat dairy was not associated
2020) cardio- reduced-fat dairy [ with increased cardiometabolic risk, although a change from whole-fat to
metabolic intake* reduced-fat dairy improved outcomes for some risk factors in 1 study. Taken as 1 A-B
disease risk awhole, the limited literature in this field is not consistent with dietary guidelines

recommending that children consume preferably reduced-fat dairy products.
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*where whole-fat” dairy product was defined as a product with the natural fat
content, vs ‘reduced-fat”

(Vanderhout et |SR and MA, 14 adiposity 1-18 \Whole milk MA included 14 studies that measured the proportion of children who consumed
al., 2020) studies included in the (3.25% fat) vs. whole milk compared with reduced-fat milk and direct measures of overweight or
MA 11 CSS, 3 PCS reduced fat milk | obesity. Among children who consumed whole (3.25% fat) compared with
(2,1 0.1% fat) reduced-fat (0.12%) milk, the OR of overweight or obesity was 0.61 (95% CI: (I, CSS) A-B
0.52,0.72; P<0.0001), butheterogeneity between studies was high (12 = 73.8%). (Il, PCS)
Based on study type: cross-sectional studies showed a significant risk reduction
0.56 [0.46-0.69], but the risk reduction in prospective studies was not significant
0.76 [0.48-1.21]
(Dougkas et al., [Narrative SR with \Various Mainly from 4 [milk’ and ‘other | Milk and other dairy products are consistently found to be not associated, or
2019) broad purpose, 94  Joutcomes, butfto 19y (only 7 [dairy products® inversely associated, with obesity and indicators of adiposity in children.
CSS (published 1990-focusing on [studies Adjustment for energy intake tended to change inverse associations to neutral.
2017) obesity and [included 24 y) Little evidence to suggest that the relationship varied by type of milk or dairy
indicators of product, or age of the children, although there was a dearth of evidence for young 1 B
obesity children. Only 9 of the 94 studies found a positive association between milk and
other dairy products and body fatness.
* refer to liquid drinking milk and foods containing Ca which are made from milk
such as cheese, yoghurt and fromage frais, ice-cream and dairy desserts
(Lu et al., 2016) [SR and MA 10 of BMI, PBF, W(g2-12 Dairy general, As compared with those who were in the lowest group of dairy consumption,
PCS, (50% overlap including ice children in the highest intake group were 38% less likely to have childhood
with the studies cream and dairy | overweight/obesity (pooled odds ratio (OR) = 0.62; 95% confidence interval (Cly.
selected by Louie et desserts, in not | 0.49, 0.80). With each 1 serving/day increment in dairy consumption, the
al) quantified percentage of body fat was reduced by 0.65% (B = 0.65; 95% CI: - 1.35, 0.06; P
servings (forice | =0.07), and the risk of overweight/obesity was 13% lower (OR = 0.87; 95% CI:
cream, as % of 0.74, 0.98).
energy)
(Fayet-Moore, [SRof 10 CSS and 2 [Intake, (BMI, [2-18 Chocolate There is no association between flavored milk intake and weight status among
2016) PCS WC, PBF) flavoured milks normal-weight children, and some contradictory effects of flavored milk intake 1 B
have been observed in subgroups of overweight children.
(Dror, 2014) SR and MA based on[BMI, BMI z- [Stratified (2-5 [Milk, dairy (not No significant association was found between dairy intake and adiposity in the
36 studies (22 for score, PBF, [y), (5-11y), (124specified) aggregated data, although statistical heterogeneity was high (12 =0.72). Among -1l B
MA), mainly CSS WC, 19y) adolescents, however, dairy intake was inversely associated with adiposity (effect
size —0.26, [-0.38, -0.14]).
(Louie et al., SR, based on 10 PCS[BMI, PBF Children and [All dairy (non- Most studies (6 out of 10) found no significant link between dairy consumption
2011) published between adolescents, [fortified) and overweight/obesity in children and adolescents. 3 studies showed a
1980 and 2010, all ages 2-14 protective effect, while one study reported an increased risk associated with high

with, follow-ups 1-10
years (mainly USA)

milk intake (=3 servings/day), likely due to higher calorie consumption. Some
evidence suggested thathigherdairy intake in early childhood was linked to lower
BMI, skinfold thickness, and body fat laterin childhood. However, measurement
units for dairy intake were inconsistent across studies

BMI(z) body mass index, Cl confidence interval, CSS: Cross-sectional Study; SR: Systematic

Review; MA: Meta-analysis; PBF percent body fat, PCS: Prospective Cohort Study; OR odds ratio, RCT: Randomized-controlled trial,

C waist circumference,
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3.5 Protein sources of plant origin

3.5.1 Grain legumes (pulses)

Authors: Beatrice Baumer / Linda Beck Reviewers: Christine Brombach / Nataliia Yakovenko

Introduction

Grain legumes are the ripe, dry seeds of papilionaceous plants or leguminous plants, such as peas,
lentils, beans, peanuts and soybeans (VLpH, o. J.) and are rich sources of protein, carbohydrates and
various micronutrients (Gebrelibanos et al., 2013).

However, grain legumes also contain several components that have been linked to potential negative
health effects. Some varieties include anti-nutritional factors that can reduce nutrient absorption and
may contribute to impaired growth in children. In addition, soybeans in particular contain high levels of
isoflavones (Messina et al., 2017). Because these compounds can bind to estrogen receptors, their
possible hormonal effects, especially during childhood, have been the subject of ongoing discussion
and concern (ANSES, 2025). In addition, some grain legumes (soybeans, lupins) have allergenic
potential, needing specific labelling warnings (LIV, o. J.), (Abu Risha et al., 2024).

This chapter will address grain legumes, as such, or as minimally processed meal components, but
retaining most of the chemical characteristics of the raw material. This excludes traditional products
such as tofu (see chapter 3.5.3), soy drink (see chapter 3.5.2) and plant-based meat analogues (see
chapter 3.5.3).

Search Strategy

The two databases PubMed and Cochrane were searched systematically with the search string as
defined in the general methods combined with the string for grain legumes as shown in appendix A. In
PubMed 15 articles were retained, in Cochrane 2 articles. After the screening of the publications, 5
articles from PubMed and none from Cochrane were retained (see Table 13). The most frequent reason
for exclusion was the focus on gestational diabetes, or reviews based mainly on studies performed in
LMIC, or the retrieved paper included only one study and could thus not be considered a review.

Main Findings

Five reviews were included to examine the association of NCDs and grain legumes in children, with
T2DM markers and obesity each covered in one review and cardiovascular markers in three articles. An
additional paper, where grain legumes are investigated together with other dietary fibre souces is
discussed in chapter 3.3.1.

The evidence linking dietary patterns including grain legumes to overweight and obesity in children and
adolescents remains scarce (Boushey et al., 2020a).

The limited evidence indicates a possible association between grain legume consumption and improved
blood lipid, insulin and glucose levels, overweight and obesity.

Two articles reported limited evidence for the association between dietary patterns that include soy
protein and grain legumes and improved blood profile levels, specifically triglycerides, low- and high-
density lipoprotein cholesterol (2020 Dietary Guidelines Advisory Committee, 2020; Anderson et al.,
2024; Messina et al., 2017).

One paper examined the association of dietary patterns including grain legumes and T2DM markers
and reported a possible link between dietary patterns including grain legumes with improved diabetes
markers, including insulin, blood glucose and HOMA-IR levels (Talegawkar et al., 2024a).

Conclusion

The evidence obtained fromthe systematic searchin two databasesis very limited. While some findings
indicate potential benefits of legume consumption on CVD and diabetes markers, butalso on overweight
and obesity, the evidence remains deficient. Furthermore, the recommendations for consumption
quantities in children is scarce, with one paper indicating 5-10 g/d of soy protein (equivalent to 1 serving
of traditional soyfood) (Messina et al., 2017) . Further studies are needed to clarify the relationship of
legume consumption and NCDs and develop recommendations for children and adolescents.
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Table 13 Classes of recommendations and evidence levels for grain le

umes and outcomes

Ref. Study type Outcome IAge group Food type Summary / Results / Conclusions by the authors / Comments
(Anderson et al., SR of RCT and [CVD (Hypertension, [2-18 years Grain legumes| Moderate evidence indicating dietary patterns higher in lequmes to be
2024) PCS Dyslipidemia) associated with lower blood pressure and improve blood lipid profiles
later in life.
(Talegawkar et al., [SRof 10 PCS T2DM Under 18 years|Grain legumes| Possible association of dietary patterns including higher intake of
2024a) legumes and lower insulin, blood glucose and HOMA-IR levels, but no
conclusion can be drawn for T2DM
(Boushey et al., SR of PCS Overweight and Mean age Grain legumes| Inconsistent evidence on association between dietary patterns including
2020a) Obesity between 2 and legumes and overweight and obesity.
15 years
(Messina et al., Review of 6 RCTs|CVD (blood lipid 3-15 years Soy protein Limited evidence of a positive effect of soy consumption on blood lipid
2017) levels) levels.
(2020 Dietary SR of PCS CVD (blood lipid Mean age Grain legumes| Limited evidence indicating dietary pattemns higher in legumes to be
Guidelines Advisory levels, hypertension) [between 7 and associated with lower blood pressure and improved blood lipid profies
Committee, 2020) 14 years later in life.

CSS: Cross-sectional Study; CVD cardiovascular diseases, HOMA-IR Homeostasis Model Assessment of Insulin Resistance, PCS: Prospective Cohort Study, SR: Systematic Review; RCT: Randomized-controlled trial, T2DM type 2 diabetes mellitus
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3.5.2 Plant-based milk alternatives

Authors: Beatrice Baumer / Linda Beck Reviewers: Christine Brombach/ Nataliia Yakovenko

Introduction

Milk alternatives are made from a variety of raw materials as pulses (e.g. soy drink), seeds and nuts
(e.g. almond-based drinks) and cereals (e.g. oat or rice-based drinks). Their composition varies,
depending on the raw material, being either protein, fat or carbohydrate focused. Any data addressing
these differences will be highlighted.

While the consumption of plant-based drinks has been increasing in recent years, including among
children, these non-dairy milk alternatives have been shown to lack nutritional balance (Sethi et al.,
2016; Soczynskaetal., 2024; Zaugg, 2023). The Swiss dietary recommendations state that plant-based
drinks based on soy can be an equivalent alternative to cow’s milk, while in contrast, plant-based drinks
made from oats, rice or almonds contain low amounts of protein (BLV, 2024). Furthermore, unfortified
plant-based milk alternatives contain less calcium and iodine than milk and may also include anti-
nutritional factors (Chalupa-Krebzdak et al., 2018). However, these alternatives often have a more
favourable fat composition and higher levels of vitamin E and soluble fibre.

Search Strategy

The two databases PubMed and Cochrane were searched systematically with the search string as
defined in the general methods combined with the string for plant-based drinks as shown in appendix
A. We identified one article in PubMed and none in Cochrane (see Table 14).

Main Findings

The included systematic review examined the impact of plant-based drink consumption on growth and
nutritional statusin children and adolescents The observational studies included in the review found that
the consumption of such alternatives was associated with a lower BMI, height and vitamin D status.
However, this association was not consistent across studies. For examples studies with female
adolescents indicated that fortified soy drink may support bone healthin adolescents who do not drink
cow milk. (Soczynska et al., 2024).

Conclusion
While the systematic review by Socynska et al. suggests a possible association of plant-based drink
consumption and BMI, the evidence remains inconsistent and scarce (Soczynska et al., 2024). More

studies are required to better understand the role of plant-based milk consumption in children’s health,
this is also a conclusion of a review milk alternatives for both children and adults (H. Raynor et al., 2024)

Table 14 Classes of recommendations and evidence levels for plant-based milk alternatives and outcomes

Reference | Study Outcome | Age Food Type | Summary/ Results / Class Level
Type Groups Conclusions by the authors /
Comments
(Soczynska | SR of BMI 1-18 Plant- Observational studies found that
et al., CSS, years based milkk | consumption of plant-based milk
2024) PCS, alternatives | was associated with lower
RCT childhood body mass index (BMI),

height, and serum vitamin D
concentrations compared with
cow mik. No association was
found between soymilk
consumption and BMI in

adolescent girls.
BMI body mass index, CSS: Cross-sectional Study; PCS: Prospective Cohort Study, RCT randomized controlled trail, SR: Systematic Review
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3.5.3 Plant-based meat, fish and egg analogues

Authors: Linda Beck / Janice Sych Reviewers: Christine Brombach / Nataliia Yakovenko

Introduction

This chapter focuses on products derived from plant-based raw materials that are processed into
protein-rich alternatives to meat, fish, or eggs, and that serve similar culinary functions as their animal-
based counterparts. Certain recipes and processing steps can substantially alter the nutritional and
structural composition relative to the original raw materials, such that these products may also be
classified as ultra-processed. These products could be an option for children and adolescents following
a plant-based (vegan) diet, which in some cases can be low in protein (Koller et al., 2024).

Driven by the growing demand for sustainable, healthy, ethical, and nutritious food options, plant-based
alternatives to meat, fish, and eggs have been gaining popularity (McClements & Grossmann, 2021).
An analysis of plant-based meat analogues in the Spanish market indicated that these products are
often higher in fibre and complex carbohydrates and contain lower levels of cholesterol and fat,
potentially offering health benefits (Costa-Catala et al., 2023). However, concerns have been raised
regarding the suitability of meat analogues as a readily bioavailable protein source, particularly for the
elderly (Berrazaga et al., 2019). No studies were identified examining the digestibility of these products
in children, and research on the digestibility of plant-based protein foods has only beguntoreceive more
attention in recent years, e.g. (Rivera del Rio et al., 2022) (S4 et al., 2020).

Search Strategy

The search in the PubMed database resulted in 34 articles, while the search in Cochrane returned 49
publications. However, after the screening of the literature, no articles matched the inclusion criteria.

Conclusion

No studies were found investigating the association between plant-based meat analogues, fish, or egg
analogues and health outcomes in children. Further specific research is warranted to better understand
their role in child and adolescent nutrition, in particular for children and adolescents following plant-
based diets. Otherwise, these products risk being grouped with other ultra-processed foods, where their
distinct effects may be overlooked due to the heterogeneity of the category.

3.6 Oils, fats, nuts

3.6.1 Nuts and seeds

Authors: Beatrice Baumer Reviewers: Christine Brombach / Nataliia Yakovenko

Introduction

Nuts and seeds are not botanically identical. Seeds are the plant’s reproductive units, formed from a
fertilized ovule and containing an embryo, a food reserve (endosperm or cotyledons), and a protective
outer coating. In contrast, nuts are hard-shelled, indehiscent fruits that do not open to release their seed
and typically contain a single seed. Botanically, examples of seeds include sunflower seeds, flaxseeds,
and grain legumes such as beans and lentils, whereas true nuts include acorns, chestnuts, and
hazelnuts. Many foods commonly referred to as “nuts” (e.g., almonds, walnuts, and cashews) are
technically seeds or drupes rather than true botanical nuts.

From a nutritional perspective, a distinction is made between protein-rich seeds, which are generally
grouped as grain legumes, and oil-rich seeds, which are nutritionally comparable to fat-rich nuts. Both
nuts and oil-rich seeds are characterized by their high content of monounsaturated and polyunsaturated
fatty acids, as well as appreciable amounts of protein and dietary fibre. In addition to providing
antioxidants, they are important sources of micronutrients such as magnesium, zinc, and selenium,
which play essential roles in growth and development during childhood. When salted, nuts and seeds
are often consumed as snacks (see chapter 3.7.2), however dietary recommendations for adults
emphasize the consumption of unsalted products (BLV, 2024).

Search Strategy

The two databases PubMed and Cochrane were searched systematically. The general search terms,
as described in the methods, were combined with a search string specifically targeting unsalted nuts
and seeds, the food group specific search terms are provided in appendix A.
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Main findings

A total of six papers were retrieved; however, none met the inclusion criteria because the studies
involved adult populations, and the food groups assessed did not specifically focus on nut
consumption.

Conclusion

No review papers were identified that specifically examined the association between nut and/or seed
intake and outcomes such as obesity, cardiovascular diseases, or markers of T2DM. However, nuts are
frequently included as components of so-called “prudent diets” in adults, alongside fruits, vegetables,
white meat, and fish (Krieger et al., 2019) (Cena & Calder, 2020). Most studies investigating «prudent»
dietary patterns (including nuts) in children originate from Asian populations, where the composition of
these diets may differ from Western dietary models (Liberali et al., 2020). In contrast, findings from the
EU Childhood Obesity Project Trial indicated that a diet rich in dietary fibre from fruits, vegetables,
pulses, and nuts from early childhood was associated with a healthier cardiovascular profile,
independent of body weight (Larrosa et al., 2021).

3.6.2 Oils and fats
Author Beatrice Baumer Reviewers: Christine Brombach / Nataliia Yakovenko
Introduction

The objective of this chapter was to identify studies assessing the consumption of oils and fats as food
groups (i.e., not specific fatty acids) in relation to the selected health outcomes. Fat-containing
processed foods are addressed in other sections of this report.

Search strategy

The PubMed database was screened systematically using the predefined search string combined with
the specific terms for fats and oils, as provided in appendix A. To improve the relevance of the results
and reduce the number of unrelated articles, exclusion terms such as exercise and pregnancy were
applied. This searchinitially yielded 149 articles. However, after applying the screening criteria, none of
them met the inclusion criteria.

Conclusion

Most excluded studies examined fat intake in the context of overall macronutrient composition and
physical activity, rather than assessing fats and oils as distinct food categories. This highlights a notable
gap in the literature, indicating the need for research specifically addressing the role and health effects
of individual fat sources, such as vegetable oils and animal fats (e.g., butter), within dietary pattems,
particularlyin children and adolescents. To date, the focus has been on comparisons between high-and
low-fat dairy products (see chapter 3.4.2), with limited attention to other fat sources.

3.7 Snacks

Authors: Beatrice Baumer / Linda Beck Reviewer: Sibylle Juvalta
Introduction

While there is no universal definition of “snacks”, they can be defined as foods consumed between
meals (Blaineetal., 2017; Fiore et al., 2024; Musaiger, 2011), and therefore could be any food category.
On average, children of the NEST cohort study in North Carolina aged 2 to 6 years consume
approximately 2.2 snacks per day, contributing significantly to the total energy intake (Xueet al., 2019).
Snacks thus play a non-negligeable role in young children’s diets but remain inconsistently defined in
both nutrition research and dietary guidelines. While some recommendations suggest that snacks
should include multiple food groups and contribute to an overall healthy eating pattern, e.g. (Stadt
Zurich, 2025), many snack foods consumed by children are high in added sugars or sodium. Recent
qualitative reviews highlight that caregivers hold diverse and sometimes conflicting perceptions of
snacks, viewing them as both healthy and unhealthy, using them to manage behaviour or hunger, and
often associating less healthy snacks with pleasure and convenience (Killion et al., 2023).
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The frequent consumption of energy-dense or highly processed options has raised concerns about
potential health impacts (Almoraie et al., 2021), and are often considered a component of obesogenic
dietary patterns (Liberali et al., 2020)

To investigate the association between snack intake and health outcomes some researchers e.g. (Xue
et al., 2019) applied the food de€finitions used for the “snacks” category in the Nutrition Data System for
Research (NDSR)—a dietary analysis software developed by the Nutrition Coordinating Center at the
University of Minnesota. The NDSR enables the collection of 24-hour dietary recalls and food records,
automatically linking reported foods to a comprehensive, standardized nutrient database (,NDSR
Software, 0. J.).

For the present report, an effort was made to differentiate between sugar-containing and savoury snack
options.

3.7.1 Sweet snacks (confectionary)

This sub-chapter addresses snacks, with a particular focus on sugar-containing varieties, defined as
those including sucrose, glucose, fructose, glucose syrup, or similar added sugars. Although no
universally accepted definition of “sweet snacks” exists, the Swiss Food Pyramids lists examples such
as chocolate, chocolate spreads, and sweet pastries. In contrast, the Swiss Food Composition D atabase
categorizes sweet snacks into the following subgroups: bars, cakes and tarts, candies, fruits gums and
chewing gum, chocolate and cocoa products, cookies/biscuits, creams and puddings, jams and sweet
sandwich spreads, milk-based ice cream, other sweet pastries, other sweets (i.e. marzipan, meringue,
candied fruit), sugar and sweeteners, water-based ice cream (FSVO, 0. J.) . In international literature,
sweet snacks are sometimesincludedin the group of “ultra-processed foods”, see chapter 3.8, but there
are studies focussing on confectionary, a term also used here for the literature search.

Depending on the subcategory the sugar content varies between 10 and 95% (e.g. hard caramels).
These products are often described as “high energy”; however, the energy content varies based on the
waterand fat content, fromlow energy products (water-based ice cream, 88 kcal /100g) to nut-containing
chocolate spreads (550-570 kcal / 100g), with intermediate products such as puddings (120-130
kcal/100g),jams (240-260 kcal / 100g) and hard candies (385 kcal/100g). Due to the high sugar content,
and possible high energy density, all are considered discretionary products in the Swiss food pyramid
(BLV, 2024).

Search Strategy

The systematic search was carried out in the database PubMed and Cochrane, used the terms above,
as well as the general term confectionary and included individual sweet snacks. A total of 13 articles
were retrieved in PubMed, none in Cochrane. After the screening process 1 article remained (see Table
15), either because sweet snacks were grouped with other processed foods, or because most of the
articles were bases on studies performed in LMICs).

Table 15 Classes of recommendations and evidence levels for sweet snacks and outcomes
Study Age Summary / Results / Conclusions

Ref. type Outcome group Food type by the authors / Comments Class | Level
(Gass MA, Overweight, | 2-18 chocolate, In the MA, which examined the
eret based obesity, non- combined outcome of overweight and
al., on 11 BMI, BMI z- chocolate obesity, the odds of overweight or
2016) | CSS score, body confection- obesity were 18% lower (OR: 0.82;
composition, ary 95% CI: 0.69, 0.97) for subjects in the
WC, PBF highest category of consumption than

for a reference category of
consumption. Thus, a 1-time/wk or a 1
portion increase in consumption was
associated with a 13% (OR: 0.87; 95%
Cl: 0.85, 0.88)decrease in the odds of
overweight or obesity.

BMI/BMI z-score, body mass index (score), Cl confidence interval, CSS: Cross-sectional Study, MA: Meta-analysis, OR odds ratio, wk week
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Main Findings

This review highlights the complexities in making public health recommendations as the evidence is
based mainly on cross-sectional studies. The findings suggestan unexpected inverse or null association
between confectionery consumption and obesity-related outcomes. The authors (Gasser et al., 2016)
themselves formulated some hypotheses, also discussed in the individual articles they reviewed, e.g.
e Energy compensation & satiety: confectionery, despite being high in sugar, might contribute to
satiety, leading to reduced overall energy intake.
o Possible beneficial effects of components in some confectionary products (e.g. flavonoids in cocoa-
based products)
o Dietary substitution: higher confectionery consumers may consume lessfat, leading to lower overall
energy intake.
¢ Reverse causality: overweight individuals may reduce confectionery consumption more than non-
overweightindividuals, making it appear that higher confectionery intake is associated with lower
weight.
¢ Bias & underreporting: overweightindividuals may underreport confectionery intake more than their
non-overweight peers, leading to misleading associations.

Conclusion

The paradoxical inverse association between confectionery intake and overweight challenges
conventional assumptions about sugar and obesity. This finding likely reflects a combination of
behavioural and methodological factors, including reporting bias and self-regulatory eating pattems,
rather than a protective effect of confectionery itself. Future dietary guidelines should be informed by
longitudinal and experimental research that can better distinguish causality from confounding. Overly
broad sugar-reduction campaigns risk overlooking the more significant contributors to obesity, such
as overall dietary quality, other obesogenic food groups and lifestyle factors.

3.7.2 (Savoury) Snacks

Introduction

This sub-chapter addresses snacks, with a particular focus on savoury options, to exclude the effect of
sugar. The Swiss pyramid lists as examples only crisps, savoury snacks and salted nuts (BLV, 2024),
whereas the Swiss Food Composition Database lists the following subcategories: chips/crisps, puff
pastry snacks, salt sticks and pretzels, salted nuts, seeds and kernels, other savoury snacks (FSVO,
0. J.). Anoverlap between these groupings and other food groups (ultra-processed foods in general,
bakery products, seeds and nuts, other snacks containing sugar) is inevitable.

Search Strategy

The systematic search was carried out in the database PubMed, where the general string, as defined in
the methods, was combined with terms concerning snacks (syntax in appendix A). As mentioned, the
focus is primarily on savoury options, leading to the inclusion of individual savo ury snack as search
terms. A total of 46 articles were retrieved in PubMed. After the screening process, 4 articles remained
(Table 16). The main exclusion criteria were articles based on studies performed in non-HIC countries,
and snacks being grouped together with other ultra-processed food.

Main Findings

Four systematic reviews analysed the association of snacking behaviour and NCDs in children in HIC.
Of these, one article examined the effect of snacks on non-alcoholic fatty liver disease (NAFLD), while
the others investigated the association with overweight and obesity.

Raj et al. examined the association of snacking behaviour and non-alcoholic fatty liver disease and
found a potential positive association (Raj S et al., 2023).

Articles examining the association with overweight and obesity provided inconsistent results. While 1
articles reported potential positive associations of snacking and obesity (Fiore et al., 2024), other articles
found conflicting or non-significant evidence for the relationship between snacking and obesity
(Jakobsen et al., 2023a), (Poorolajal et al., 2020).
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Conclusion

The evidence regarding the effect of snack consumption on overweight and obesity remains
inconsistent. However, studies suggest that the association largely depends on the type of snack
consumed, particularly its energy density, as well as its fat and sugar content. (Verduci et al., 2021).
Overall, this indicates that the energy intake through snacks, particularly due to their fat and sugar
content, but also the portion-size of snacks may play a more critical role in obesity than the snacking
behaviour itself (Saltaouras et al., 2024; Verduci et al., 2021).

Given the inconsistencies in the current literature and the lack of standardized definitions for snacking,
and snacks themselves, further research is needed to clarify the association with overweightand obesity
in children.

Table 16 Classes of recommendations and evidence levels for savoury snacks and outcomes
'Summary / Results / Conclusions by

Ref. Study type |Outcome lAge group [Food type the authors / Comments Class | Level
(Fiore et al., |SR of CSS, |Overweightand|1-18 years [Snacks Conflicting  evidence on the
2024) — only [PCS Obesity association between snacking and
abstract overweight/ obesity: No association in

normal weight children, positive
association between snacking and
BMI in underweight children, negative
association between snacking and
BMI in overweight children, negative
association of having less than 3 B
snacks per day and overweight /
obesity; positive association between
more than 2 snacks per day and
overweight / obesity; decrease in
overweight / obesity with increasing
snack frequency, Higher BMI in
children with highest  snack
consumption
(Jakobsen et [SRand MA [Overweight/ [Mean age [Savoury- The OR (95% Cl) for higher intake of
al., 2023a) of 6 CSS andObesity between 5-[salty savoury-salty snacks compared to
2 PCS 18y snacks™* lower intake of savoury-salty snacks
was 0.99 (0.82, 1.21) (p = 0.96) (2 =
78.54)in children and adolescents 5—
18 years. In children 5-11 years, the
OR (95% Cl)was 1.01(0.47,2.18) (p
=0.97) (n:4)
* chips/fried potatoes, crisps, popcom,
peanuts, and com chips
(Raj S etal.,, [SRof 6 CSSINAFLD 2-23 years [Snacks Potential association of a Westem
2023) dietary pattern, characterised by high
red meat, processed and preserved
meat, fish and shrimp, seafood, daiy
products, western fat food, snack
food, carbonated beverages, alcoholic
beverages, and coffee, with increased
risk of NAFLD.
(Poorolajal et |SR and MA |Overweight and|5-19 years [Snacks Potential inverse association of eating
al., 2020) of cross- Obesity snacks = 4 times per week (OR: 0.84
sectional [0.71; 1.00]) and overweight / obesity.

studies
BMI/BMI z-score, body mass index (soore), Cl confidence interval, CSS: Cross-sectional Study, MA: Meta-analysis, NAFLD Non-aloohalic fatty liver disease, OR odds raiiq
PCS prospective cohort study, SR: Systematic Review; wk week

11 B

3.8 Ultra-Processed Foods

Authors: Beatrice Baumer / Linda Beck Reviewer: Janice Sych

Introduction

No universal definition of “ultra-processed foods” (UPFs) exists. Among the various definitions, the most
widely used is the NOVA classification, specifically NOVA 4, which categorizes foods based on both
processing methods and ingredient composition (Monteiro et al., 2019). According to NOVA4, a product
is considered ultra-processed if it contains highly refined ingredients and / or additives designed to
enhance the palatability. Despite this definition, UPFs constitute a highly heterogeneous group with
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widely variable nutritional profiles. Some products classified as ultra-processed may be nutrient-dense
and relatively healthy, whereas others are energy-dense and nutrient-poor (Fedde et al., 2022), (Marino
et al., 2021), (Petrus et al., 2021), and some could even be classified as being “healthy” (Derbyshire,
2019), (Louie, 2025). This variability has generated debate around the classification and the potential
health implications of UPFs. Certain food groups are, by default, often categorized as ultra-processed.
These include ready-to-heat meals, sweet and savoury snacks, and fast foods (Monteiro et al., 2019).
Such foods typically feature complex recipes with high quantities of refined fats and sugars. Their
formulation, combined with flavour enhancers, contributes to high palatability, which can promote
overconsumption contribute to diet-related non-communicable diseases (NCDs), e.g. adiposity (Chang
et al., 2021).

Typically, this type of ultra-processed foods include food groups already discussed separately in other
chapters (SCB, sweet and savoury snacks), but also ready-to-eat-meals such as fast food.

Search Strategy

The systematic search was carried out in the database PubMed. The systematic search was carried out
in the database PubMed, where the general string, as defined in the methods, was combined with terms
concerning ultra-processed foods (syntax in appendix A).

After the screening process 34 articles remained, which were then manually screened, studies making
no distinction between adult and children’s cohorts were excluded, as well as others focusing on
obesogenic environments, low-income countries. Many studies have been performed in Brazil, and
reviews based on >50% Brazilian studies and or other LMICs were excluded (Robles et al., 2024), (Frias
et al., 2023) (De Amicis et al., 2022), (de Oliveira et al., 2022), (Poorolajal et al., 2020) or focussed
mainly on SSBs (Markey et al., 2023). For others only an abstract was available (Petridi et al., 2024),
resp. relevant supplemental material is not available (Rousham et al., 2022), ultimately 4 articles were
retained (Table 17).

Main Findings, discussion

The retrieved papers (in Table 17) show weak evidence that overconsumption of ultra-processed foods
(UPFs, including sugar-sweetened beverages, snacks, and fastfood) in children is associated with a
slightly higher risk of obesity.

The research identified several key challenges in examining the relationship between ultra-processed
food (UPF) intake and non-communicable diseases (NCDs). One major issue is the lack of a universal
definition of UPFs, as studies apply different classification systems—such as the NOVA framework or
nutrient-based criteria, particularly those identifying “high fat, salt, and sugar” (HFSS) products, and / or
different food groupings. Moreover, methods for quantifying UPF consumption vary considerably (e.g.,
percentage of total energy intake, frequency, or total grams), and it is often unclear to what extent
adjustments for energy intake are made.

Most studies found with the first screening of the literature, then excluded in the second, were based
mainly on cross-sectional studies, limiting causal inference, and many were conducted in Brazil,
reflecting a specific LMIC context that may not generalize globally. However, these studies have led to
the incorporation of recommendations to reduce the consumption of NOVA 4 products in many Latin
American countries (Corréa Rezende et al., 2022).

One research group brought up an interesting question: did the lockdown phases during the COVID
pandemic lead to an increase in the consumption of UPFs in the more recent children's cohorts, how
permanent is this shift? (De Amicis et al., 2022).

Conclusion

The existing body of research provides evidence that excessive consumption of ultra-processed foods
(UPFs), including sugar-sweetened beverages, snacks, and fast food, among children is associated with
an increased risk of obesity. Considering the strong influence of early-life dietary habits on long-term
health outcomes, precautionary measures should be incorporated into public health policies. These
could include, for instance, marketing restrictions targeting children, as recommended by the World
Health Organization(WHO Europe, 2023).
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Table 17 Classes of recommendations and evidence levels for ultra-processed food (UPF) and outcomes

Ref. Study type Outcome IAge group  [Food type Summary / Results / Conclusions by the authors / Comments
(Stanford et [SR, with 25 PCS |growth (in infants, young|2-19 All included | Children and Adolescents Conclusion statement and grade: Dietary
al., 2024) children up to age 24 studies patterns consumed by children and adolescents with higheramounts of
months, children, described the | foods classified as UPF are associated with greater adiposity (fat mass,
adolescents), Height, types of UPF | waist circumference, BMI)and risk of overweight. The authors grade the
length/stature-for-age, contributing to| evidence as limited. Few studies were designed and conducted well, in
Weight, weight-for-age, the dietary particular: no mention made of adjustments to energy intake.
Stunting, failure to thrive, pattern. Summary of evidence: The direction of results was similar across studies,
wasting, BMI-for-age, However, the | but effect size differed.
\weight-for-length/stature groupings of | *Common sources or types of UPF contributing to the dietary pattems
Body circumferences foods that included: SSB, processed meats and meat products, sugar-sweetened
(arm, neck, thigh), Head lwere foods, packaged salty/savory and/or sweet snack foods, ready-to-eat
circumference, body classified as | meals and dishes
composition, skinfold UPF widely
thickness, fat mass, lvaried across
ectopic fat, Fat-free mass| studies*.
or lean mass, WC, WHR,
Risk of obesity, BMI
\Weight gain
(Leed et al., [SR, based on 2 [Arterial stiffness 0-18 Fast food There was limited evidence to indicate an adverse effect of total fat
2023) CSS intake, sodium intake and fast-food consumption.
(Jia et al., SR /MA, based on[Overweight / obesity and Fast-food The authors identified16 PCS and 71 CSS conducted in 14 countries
2021) 87 studies, 16 obesity markers (WC, restaurants (mainly HIC) were identified. While higher FFR access was not
PCS, 71 CSS skinfold thickness) (FFR) associated with weight-related behaviours (eg, dietary quality score and
frequency of food consumption) in most studies, it was commonly
associated with more fast-food consumption. Despite that, insignificant 1 B
results were observed for all meta-analyses conducted by different
measures of FFR access in the neighbourhood and weight-related
outcomes, although 17 of 39 studies reported positive associations when
using overweight/obesity as the outcome.
(Costa et al., [SR, 15 PCS (with [BMI and body 7-14 Broad Our review showed that most studies have found positive associatons
2018) follow-ups of 4 to |composition category UPF,| between consumption of ultra-processed food and body fat during
10 years) and 6 from snacks, | childhood and adolescence. There is a need to use a standardized
CSS to classification that considers the level of food processing to promote A-B

confectionary,

comparability between studies.

ice cream, fast]

food etc

In particular: no adjustment to energy intake, main food categories: SSB

CCS: Case-Control Study, CSS Cross-sectional study, FFR fast-food restaurant, MA: Meta-analysis; PBF percentage body fat, NRS: Nonrandomized study; PCS: Prospective Cohort Study, OS: Observational studies; PCS: Prospective cohort studies, RCT:
Randomized-controlled trial; SR: Systematic Review, UPF ultra-processed food, WC waist circumference, WHR waist to hip ratio
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3.9 Summary association between food groups and NCDs

Table 18 Summary of principle findings per food groups

Food group

Conclusion

Strength of evidence

water

Should be main fluid source
No significant effect on NCDs

Based mainly on CSS

Sugar-sweetened beverages

Excessive consumption is a risk factor for obesity.
Tentative: one portion perday maximum, as an enemy
source

Many studies, both CSS and
PCS, most remark however a
lack of adjustment for energy
intake / needs

Fruit juices

More than 1 portion perday could be associated with a
higher risk for obesity

Mainly based on PCS

Caffeine containing drinks

An upper limit of 2.5 mg caffeine/ kg body weight
seems indicated, to prevent cardiovascular events

Based ortoxicological data, and
RCTs

Artificially sweetened
beverages

Inconclusive data

Based on RCTs, PCS and CSS

Fruit and vegetables

Potential preventive effect of dietary patterns rich in
fruits and vegetables on non-communicable diseases
(NCDs).

Based on PCS and CSS

Grains (wheat: refined vs
whole-meal)

Inconclusive data

Based on CSS

Sugar-containing breakfast
cereals (ready to eat cereals)

Contradictory data (protective to not conclusive)
possibly breakfast habits per se are more important

Based on CSS

Other cereals, pseudocereals
and starchy tubers

No conclusion possible

No relevant reviews found

Meat Processed meat: Weak evidence for association with | No relevant reviews found for
CVD markers obesity (for HIC)
PCS for association with CVD
markers
Fish Weak evidence association with lower CVD risk (blood | Based on PCS
pressure)
Eggs No conclusion possible No relevant reviews found

Milk, dairy cheese

Contradictory results for association with obesity,
pointing towards potential protective effects,
independently of fat content

Based on PCS and CSS

Grain legumes (pulses)

Data limited, with limited evidence for benefits of a diet
high in grain legumes

Based on PCS

Plant-based milk alternatives

No conclusion possible

Based mainly on CSS, some
PCS

Plant-based meat, fish and
egg analogues

No conclusion possible

No relevant reviews found

Nuts and seeds

No conclusion possible

No relevant reviews found

Qils and fats

No conclusion possible

No relevant reviews found

Sweets / sweet snacks

Potential benefits, this association needs more
investigation

Based on CSS

Savoury snacks

Conflicting evidence

Based on CSS

Ultra-processed Foods (UPFs)

Weak (but not consistent) evidence that,a high intake

Based on PCS and CSS

in UPFs might be associated with obesity, CVD,
markers of metabolic syndrome
CSS cross-sectional studies, CVD cardiovascular diseases, HIC high-income countries, NCD non-communicable diseases, PCS prospective cohort studies,

The current body of research investigating the relationship between food groups and non-communicable
diseases (NCDs) in children and adolescents remains limited and inconclusive. This review focused
specifically on dietary intake during childhood and adolescence, excluding prenatal influences and
nutrition in the first years of life. However, a major challengein this field is that many NCDs, such as
cardiovascular diseases, T2DM, and certain cancers, typically develop only later in life. This time lag
makes it difficult to establish early-life dietary determinants of disease through observational research,
especially when longitudinal data are lacking.

Most available evidence is based on CSS, which limits the ability to draw causal conclusions and raises
concerns about residual confounding. In addition, dietary intake data are often inconsistently reported.
Food groups are poorly characterized und classifications can vary (e.g. potatoes as vegetables or
starchy food, nuts and seeds, depending on whether salted/unsalted) and portion sizes or methods of
quantification vary widely across studies. These inconsistencies undermine the comparability of findings
and complicate the synthesis of evidence.

Given these limitations, recent research has increasingly shifted focus toward overall dietary pattems
rather than individual food groups, to better reflect real-world eating behaviours and cumulative dietary
exposures. Typical food dietary patterns which could be associated with a lower risk for cardiovascular
disease markers are those with higher intakes of vegetables, fruits, whole grains, fish, low-fat dairy,
legumes, and lower intake of sugar-sweetened beverages, other sweets, and processed meat (2020
Dietary Guidelines Advisory Committee, 2020). On the other hand, vegan diets have both benefits and
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risks for children and adolescents (Koller et al., 2024). While this shift towards investigating dietary
patterns is valuable, it further underscores the need for high-quality longitudinal research that
incorporates well-defined, standardized measures of food group intake and tracks health outcomes over
time. To strengthen the evidence base, future studies should aim to improve dietary assessment
methods, ensure clearer classification of food groups, and adopt long-term follow-up designs that can
more accurately capture the developmental origins of NCDs.

4 International comparison

Authors: Julia Dratva and Christine Brombach

4.1 Nutritional and dietary guidelines for children and adolescents

The desktop search provided an overview of national nutritional and dietary guidelines for each of the
targeted countries (Table 19). The guidelines differ in terms of child and adolescent specificity. Some
are basically general guidelines, based on the assumption that dietary guidelines are the same for
children and adults. Examples of such an approach are France and ltaly. These countries provide
separate recommendations on the transferability of the guidelines, adaptions of portion sizes (see
example for France, or g of specific foods /day, per age group.

Most countries provide visuals to convey simple messages and reach a broad audience. These visuals
are often graphical images of food plates (UK), food pyramids (Austria) or food wheels (Netherlands)
(selectionin Table 20). Examples are provided by many nutritional societies in many, but not all
countries. Some have websites that present recommendations and guidelines in a simple language
using videos or the above-mentioned visuals.

Furthermore, some guidelines include specificrecommendations for certain nutrients (e.g., vitamins and
minerals), emphasizing the need for a nutrient-dense diet, one that provides adequate micronutrients
relative to energy intake, to meet reference values (Table 21). Other guidelines are tailored to specific
age groups and are based on evidence relevant to children and adolescents, as seen, for example, in
the UK (England). The 4—17-year age range is often subdivided into smaller groups to account for age-
specific nutritional requirements. Although not the primary focus of this review, it is worth noting that
several countries, such as ltaly, Austria, and Sweden, also provide explicit dietary guidelines for
kindergartens and school canteens.

4.2 Key similarities, differences and overarching messages

A summary of the key recommendations of the reviewed guidelines is shown in Table 21.

The comparison of the recommendations across the European countries indicates a high similarity in

the overarching messages, however they differ in the detail of dietary recommendations. The

overarching recommendations are:

e A healthy diet means eating neither too much nor too little (maintaining an energy balance) and
ensuring that the nutritional composition is diverse and composed of different food groups (see
Table 21).

e Most dietary recommendations contain Three-Tiered Food Groups:

o “Preferred” foods: mainly nutrient-rich and recommended in large amounts, with general
agreement that the following food groups belong in this category: Beverages (water),
vegetables, fruit, starchy foods (preferably with fibre), milk/ dairy, pulses (grain legumes), nuts
& seeds. Meat, fish and eggs are sometimes grouped here, or listed under “accepted foods”

o "Accepted" foods, to be consumed in moderation (smaller portions and / or not daily): juices,
fats and oils, meat (e.g. up to 3 portions), fish (e.g. 1-2 portions/wk), and eggs (up to 2 / wk)

o "Tolerated" (discretionary) foods, with limited consumption, in general high-energy / low-
nutrient-dense foods (e.g., sweets, fast food, sugary drinks, ultra-processed food).

e Recommendations on quantity and type of fluids (no sugar containing fluids).

Further, almost all guidelines mention non-food-based messages related to energy expenditure and
food intake, such as physical activity, screentime, and sleep (Table 21). Some guidelines also address
parents as role models, family meals, and peer-influences in adolescence. UNICEF makes a specific
recommendation to limit exposure to food/beverage marketing (e.g. limiting screen time), (WHO,
2023) (WHO Europe, 2023).
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Table 19: National nutritional guidelines including recommendations for children and adolescents

Country Latest Reviewed guidelines / agencies IAge range Webpages
update
Switzerland [2024 BLV (FSVO) (BLV, 2024) and SGE 0 — 18 y. |https://www.sge-ssn.ch/media/Merkblatt Ernaehrung von Kindemn 2016 4.pdf, accessed 2025,02.07
https://www.sge-
|ssn.ch/media/ct protected attachments/77408d9f35b55981ac0a8d45701fc3/SGE MB Jugendliche DE.pdf, accessed
2025,02.27
Austria 2017 IAGES / BMSGPK 4-10y https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/austria/en/
https://www.richtigessenvonanfangan.at/de/nationale-ermaehrungsempfehlungen-fuer-4-bis-10-jaehrige/
(Bundesministerium fir Soziales, Gesundheit, Pflege und Konsumentenschutz (BMSGPK), 2017)
https://www.ages.at/mensch/ermaehrung-lebensmittel/lernaehrungsempfehlungen
Germany 2024 Eat and drink well — recommendations off https://www.fao.org/nutrition/education/food-dietary-quidelines/regions/countries/germany/en/
the German Nutrition Society (DGE) https://www.dge.de/gesunde-emaehrung/gut-essen-und-trinken/dge-empfehlungen/
France 2019 French Agency for Food, Environmentald — 17 y  |https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/france/en
and Occupational Health & Safety https://www.anses.fr/en/system/files/NUT2017SA0142EN.pdf, accessed 2025.02,07
(ANSES)/ (ANSES, 2019) https://www.mangerbouger.fr/manger-mieux/a-tout-age-et-a-chague-etape-de-la-vie/enfants-et-adolescents-de-4-a-17-ans|
Italy 2018 Health Ministry / Centro di ricerca alimenti{12—23 ms, | https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/italy/en/
e nutrizione: Linee guida per una sanaf24—-47 ms; | https://www.crea.gov.it/web/alimenti-e-nutrizione/-/linee-guida-per-una-sana-alimentazione-2018
alimentazione 2018 4—6y, 7—10| (Rossi, Berni Canani, et al., 2022)
y; 11-14y,
15-17 y
2022 (Rossi, Martone, et al., 2022) 1-17y |(Rossi, Martone, et al., 2022)
Netherlands Health Council of the Netherlands 0-18 y https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/netherlands/en/
"Richtlinen Goede Voeding 2015" Homepage Voedingscentrum | Voedingscentrum
(Dietary Guidelines 2015) https://www.voedingscentrum.nl/nl.aspx
Wat geef ik mijn kind als avondeten en toetje? (4 t/m 13 jaar) | Voedingscentrum
Sweden 2012 0-17 y https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/sweden/en/ , accessed 2025, 02.27
https://www.livsmedelsverket.se/en/
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/andra-sprak/national-guidelines-for-school-
meals_swedish-food-agency.pdf
2025 (Swedish Food Agency, o. J.) ? Only for adults and small children?
United 2016 Public Health England: Government 1-18y |https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/united-kingdom/en/
Kingdom recommendations for energy and https://assets.publishing.service.gov.uk/media/5a749fece5274a44083b82d8/government dietary recommendations.pdf
nutrients for males and females
WHO 2012 -23 Separate guidelines for specific nutrients https://www.who.int/publications/i/item/978924 1549028 , https://www.who.int/publications/i/item/9789240073630, accessed
(sugars intake 2015, potassium 2012, 2025.02.07
sodium 2012, carbohydrates 2023)
2018 Guideline: implementing effective actionsfadole- https://www.who.int/publications/i/item/9789241513708
for improving adolescent nutrition scents
UNICEF 2020 United Nations Children’s Fund 0 — 18 yrs. |ttps://www.unicef.org/media/102761/file/2021-Food-based-Dietary-Guidelines-final.pdf

(UNICEF). Review of national Food-
Based Dietary Guidelines and associated
guidance for infants, children,
adolescents, pregnant and lactating

women. New York: UNICEF, 2020
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https://www.sge-ssn.ch/media/Merkblatt_Ernaehrung_von_Kindern_2016_4.pdf
https://www.sge-ssn.ch/media/ct_protected_attachments/77408d9f35b55981ac0a8d45701fc3/SGE_MB_Jugendliche_DE.pdf
https://www.sge-ssn.ch/media/ct_protected_attachments/77408d9f35b55981ac0a8d45701fc3/SGE_MB_Jugendliche_DE.pdf
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/austria/en/
https://www.richtigessenvonanfangan.at/de/nationale-ernaehrungsempfehlungen-fuer-4-bis-10-jaehrige/
https://www.ages.at/mensch/ernaehrung-lebensmittel/ernaehrungsempfehlungen
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/germany/en/
https://www.dge.de/gesunde-ernaehrung/gut-essen-und-trinken/dge-empfehlungen/
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/france/en
https://www.anses.fr/en/system/files/NUT2017SA0142EN.pdf
https://www.mangerbouger.fr/manger-mieux/a-tout-age-et-a-chaque-etape-de-la-vie/enfants-et-adolescents-de-4-a-17-ans
https://www.crea.gov.it/en/-/on-line-le-linee-guida-per-una-sana-alimentazione-2018?inheritRedirect=true&redirect=%2Fen%2Fricerca%3Fq%3DLinee%2520guida%2520per%2520una%2520sana%2520alimentazione%2520Italiana.%2520Revisione.
https://www.crea.gov.it/en/-/on-line-le-linee-guida-per-una-sana-alimentazione-2018?inheritRedirect=true&redirect=%2Fen%2Fricerca%3Fq%3DLinee%2520guida%2520per%2520una%2520sana%2520alimentazione%2520Italiana.%2520Revisione.
https://www.crea.gov.it/web/alimenti-e-nutrizione/-/linee-guida-per-una-sana-alimentazione-2018
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/netherlands/en/
https://www.voedingscentrum.nl/nl.aspx
https://www.voedingscentrum.nl/nl.aspx
https://www.voedingscentrum.nl/nl/zwanger-en-kind/eten-4-12/wat-geef-ik-mijn-kind-als-avondeten-4-13-jaar-.aspx#wat_zijn_goede_kinderporties
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/sweden/en/
https://www.livsmedelsverket.se/en/
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/andra-sprak/national-guidelines-for-school-meals_swedish-food-agency.pdf
https://www.livsmedelsverket.se/globalassets/publikationsdatabas/andra-sprak/national-guidelines-for-school-meals_swedish-food-agency.pdf
https://www.fao.org/nutrition/education/food-dietary-guidelines/regions/countries/united-kingdom/en/
https://assets.publishing.service.gov.uk/media/5a749fece5274a44083b82d8/government_dietary_recommendations.pdf
https://www.who.int/publications/i/item/9789241549028
https://www.who.int/publications/i/item/9789240073630
https://www.who.int/publications/i/item/9789241513708
https://www.unicef.org/media/102761/file/2021-Food-based-Dietary-Guidelines-final.pdf

Table 20: Examples of visualisations in European countries
Country France Netherlands Sweden UK
Visual Schijf van Vijf («The wheel of Five”) Ahealthy balanced diet for children A\)
Pour un mode de vie
plus équilibré, commencez par =
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% RiEmss SEEERR
[ "] peulvruchten, noten,
. AR vis, e, vlees en
zuivel(alternatieven)
| ot e e T s Siiovace
Ei HAVGERBOUGERTR e
Comments French portion adaptations to the The webpage provides digital tools and Model developed for schools: consists of

child’s age:

Ages 3-6: About half of an adult
portion.

Ages 7-10: About one-third smaller
than an adult portion.

Early adolescence: Like an adult
portion.

Ages 15-17 (growth period): Portions
may be larger than those for adults.

applications that enable individualisation and
scalability of portion sizes for different age
groups and for both male and female
adolescents. Its attractive design, clear
language, visual elements, and accessible
digital format make it easy to understand.

six different areas, all of which are
important for the health and enjoyment of
the food.

Non food-related
recommendations

At least 60 minutes of moderate
physical activity per day is essential
for children and adolescents.
Screen time should be limited and
regulated, especially foradolescents,
as it impacts sleep and overall health.
Adequate sleep is important and
should be protected from screen
exposure, with healthcare
professionals playing a key role in
promoting healthy habits.
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Table 21 Overview of recommendations for children

Country / Specified focus in [Last IAge groups (excl. |Preferred food IAccepted | [Tolerated Portion I\/itamin D |[Other nutrients, [Other isuals
lorganisation current update Newbormns, groups smaller (discretionary) [sizes specifics e.g. iodine recommendations,
recommendation toddlers) B Beverages/fluids [portions food groups  |given physical activity, diet
(nutrients N/ food Vegetables, F fruit |J Juices S sugar type etc.
F/ prevention P, S: starchy foods, O oils & fats |containing
sustainability S) D: Milk/ dairy M Meat drinks
P: Pulses, M Meat C caffeine
and fish, E Eggs drinks
N Nuts & seeds FF Fast Food
Switzerland / N/ P/ 2024 0-1-2, 2-3,4-6,7-B,V,F,S,D,P,M, J,O,M Limited S, C, |Yes, per |Yes, perage IYes Yes
SGE 9, 10-12, 13-14, [E, N (from 7 y.0.) FF — from 12 |age group (physical activity, Nutrition
15-18 ly.o. group snacks, teeth health,circle
mindful eating,
parental example)
IAustria N/P/S 2020 1-3, 4-10 B,V,F,D,P,M,E, J,O,M Limited, with |- IYes, perage|Yes, Iron, Folate, |School buffet, Food
N energy max group lodine physical activity, pyramid
S, FF. snacks, parental ideos
No Alcohol example)
Germany (DGE) [N/ (P / S) 2023 1-4, 4-15 B,V,F,D,P,M,E, J,O, M Limited S - DACH DACH Reference [Nutrition in day care [Food
N Reference [|values and schools plate
values
France N/ P/ S - 0-3, 4-17 B,V,F,D,P,M,E, | Limited S, salt, |Yes, per |- - Y es (physical activity,|Nutri
(MangerBouger) 2019 N processed age seasonality) score,
meat, alcohol [group France
Italy (Rossi et al.|Based on nutrients,|2019 1-2,2-4,4-6,7-10, Fibre - - 'Yes for 1-[Yes B, B6, Calcium, [No, separate No
2022) energy, protein 11-14, 15-17 4 yo Iron etc school/kindergarten
guidelines
Netherlands N/P/S 0-18 all - S, FF, refined [Yes - - Yes Nutrition
starchy foods, (physical activity, wheel
alcohol school, eating at
people’s houses,
Sweden N/P/S 2015 2-17 all M S No IYes IYes Yes Food
plate
UK F/ P 2022 2 - 17 all J S, F, Salt some - - Yes Food
plate
UNICEF P 2020 0-18 all - - -
WHO P /S 2023 2 - 17 all S, FF, Salt, K Safe Environment
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4.3 Swiss guidelines in context

Nutrient-specific recommendations

The Swiss nutrition plate summarizes the most important messages for healthy eating and physical
activity habits in children aged 4 to 12 years (Figure 1).The Swiss nutritional guidelines for children also
include general advice for parents and address common questions, such as those concerning specia
children’s food products, vegetarian diets, enjoyment and fun around meals, and dental health. The
general topics of the plate are to drink water, eat fruits and vegetables in a variety, to eat regulary, to
eat diverse foods and to enjoy food with all senses. Parents receive practical everyday tips, such as:

e Fosterashared mealtime culture and eat together as often as possible — the family table is much
more than just a place to eat.

e Create a pleasant and welcoming atmosphere during meals and include children in the
conversation.

e Consider children’s menu preferences when planning meals, while also maintaining your own
choices. With agreed-upon “house rules” and compromises, you can maintain both the joy of eating
and a balanced intake of essential nutrients.

e Avoidusingfoodas aform of pressure —whether as a punishment, threat, reward, or comfort. Doing
so can lead to unhealthy eating behaviours that may last into adulthood.

Portion counts are generally similar for children aged 1 to 12 across all food groups. However, specific
portion sizes are tailored according to age.

Figure 1The Swiss nutritional guidelines for children also include general advice for parents and address
common questions, such as those concerning special children’s food products, vegetarian diets,
enjoyment and fun around meals, and dental health. The general topics of the plate are to drink water,
eat fruits and vegetables in a variety, to eat regularly, to eat diverse foods and to enjoy food with all
senses. Parents receive practical everyday tips, such as:

o Fosterashared mealtime culture and eat together as often as : - '
possible — the family table is much more than just a place to ™ wanser trinkey
eat.

e Create a pleasant and welcoming atmosphere during meals
and include children in the conversation.

o Consider children’s menu preferences when planning meals,
while also maintaining your own choices. With agreed-upon
“house rules” and compromises, you can maintain both the joy
of eating and a balanced intake of essential nutrients.

e Avoid using food as a form of pressure — whether as a
punishment, threat, reward, or comfort. Doing so can lead to
unhealthy eating behaviours that may last into adulthood.

Portion counts are generally similarfor children aged 1to 12 across

all food groups. However, specific portion sizes are tailored _

according to age.

2
unsge T

Figure 1 The Swiss nutrition plate (SGE, 2024a)

Portion sizes and reference values for children and adolescents

Adolescents aged 12 and above are directly addressed in the Swiss nutritional guidelines of the SGE.
The guidelines refer to the food pyramid for adults and emphasize that the energy and nutrient
requirements of adolescents are often higher than those of adults. The amounts and portions indicated
serve as general guidelines. Actual needs depend on biological sex, height, and level of physical
activity.

Several topics are highlighted that are especially relevant for teenagers: fitness and sports, regular and
varied eating, balanced meals and appropriate portion sizes, snacking, vegetarianism, and sugary
drinks—which are not recommended as thirst quenchers. The guidelines also provide daily examples to
illustrate what a healthy day can look like.

Weight-related issues are also addressed. Overall, the recommendations are specifically tailored to
adolescents, delivering important information in a way that is informative without being dogmatic.
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There are no specific recommendations for school catering, however, the City of Zurich has specific
recommendations for the school lunch catering business, which serves as a strict guideline to the
lunches offered (Stadt Zirich, 2025).

4.4 Conclusions and recommendations

Overall, the international guidelines are comparable regarding the main messages bothregarding the
food-specific and the non-food specific guidelines. The guidelines themselves differ considerably in
details provided and age specificity. Very few countries provide the evidence alongside their guidelines,
but some do rely on child-specific data on nutritional intake and reference values. The current Swiss
guidelines are derived from the ad ultguidelines; however, it remains unclear whetherthey are evidence-
based. Unlike the recommendations for adolescents in other countries, the guidelines from the Swiss
Society for Nutrition (SGE) are addressed directly to adolescents, aiming to appeal to their sense of
personal responsibility (SGE, 2025).

Most countries provide nutritional recommendations both for professionals and for parents and
caretakers. Some countries have national websites or audience specific documents for lay-people. Few
address children and adolescents, however, it would be recommended to provide information and
guidance in view of reaching the different age-groups, possibly differentiated as children, young and
older adolescents.

While the health context isn’'t always explicitly stated, the context is implicit. Guidelines are set with the
aim to prevent malnutrition (lack of micronutrients, overweight & obesity) and promote healthy growth.
However, there is still no consensus on whether explicit statements concerning the nutrition and health
have a greater impact, and which consumers should be targeted, parents or children and adolescents.

Regarding the context of nutrition, the family contextis often mentioned, and parents are addressed as
role models and responsible fortheir children’s diets, especially in the younger children and adolescents.
Next to the home and family environment school environments are shared by all children and
adolescents. Some countries have specific guidance or policies for kindergarten and school canteens
and catering. Given the time children and adolescents spend in school where they have snacks at break
and often also lunch, addressing school catering seems relevant in the promotion of healthy nutrition.
(WHO, o. J.-a)

In general, the formats and visibility of nutritional guidelines in digital media vary widely. A standout
example is the Dutch “Schijf van Vijf”, which offers digitally scalable portion sizes tailored to different
agegroupsas well as tomale and female adolescents. Thanks to its appealing design, simple language,
strong visual elements, and easy digital accessibility, it is likely far more effective at engaging young
people than traditional fact sheets. We therefore recommend further research and testing on the
effectiveness of digital tools in reaching this highly digitalized age group.
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5 Sustainability aspects

Authors: Claudio Beretta, Claudia Muller

5.1 General relevance of diets for sustainability

Several studies show that the environmental impacts of diets vary substantially depending on the type
of products consumed. Forexample, Walker et al. calculated the environmental impacts of different diets
across Europe. The results show large variations ranging from 0.9 kg CO2-eq/cap in Greece to 3.0 kg
CO2-eq/cap in Spain (Walker et al., 2018). Jungbluth et al. compared the impacts of different diets in
Switzerland. Thereafter, a vegan Swiss diet causes 36% lower environmental impacts than the average
Swiss diet, whereas a meat-dominated diet causes 27% higher impacts (measured with the Ecological
Scarcity 2013 method). The mostsustainable diet (plant-based) creates less than half the environmental
impacts of the most unsustainable diet (meat-dominated) (Jungbluth et al., 2015). Consequently, dietary
recommendations can have a large impact on the environmental footprint of a country’s food system.
But what is the contribution of children’s and adolescents’ diets to the overall environmental footprint of
the food system?

5.2 Relevance of children’s and adolescents’ diets for sustainability

The environmental impact of food consumption depends on the amount and the composition of the food
consumed. We calculated the amount of food consumed in Switzerland for each age group based on
the population (BFS, 2024) and the average recommended energy consumption in kilocalories per day
(BLV, 2024). The estimated energy consumption based on recommendations is lowest in the first year
(666-1°030 kcal/d) and reaches a maximum with the age of 15-17 (2'228-2'940 kcal/d) and then slightly
decreases (1'700-2'800 kcal/d with the age of >65) (BLV, 2024).

The results show that in Switzerland 9-10 Terajoule (TJ) of food per day are consumed by children and
young adolescents (4-17 years), whereas the rest of the population consumes 55-66 TJ per day (for
calculations see appendix B, separate document). Hence, children and young adolescents only
consume 13% of the calories consumed in Switzerland. This is slightly lower than their share in the
population (14%).

Therefore, the direct influence of dietary recommendations for adults on the environmental impact of the
food consumed is 7-8 times higher than the impact of dietary recommendations for children and
adolescents. Because adults contribute disproportionately to the overall environmental impact of food
consumption, sustainability considerations must be applied cautiously when contemplating red uctions
in recommended intake levels for children and adolescents. Before lowering recommendations for
environmentally relevant food groups, itis essential to thoroughly evaluate the potential risks of nutrient
inadequacies in younger age groups. For example, Kersting et al. identified dairy products as a key
nutrient source for children and therefore chose not to reduce recommended intake for this category; for
nuts and peanuts, they even increased recommendations (from 1.70 % energy in the Optimized Mixed
Diet to 4.85 % energy) (Kersting et al., 2024).

Depending on their origin, nuts and seeds can also be associated with relatively high environmental
impacts (BLV, 2022). In the case of dairy products, further research is needed to understand if and how
dairy consumption in early childhood should be adapted compared to adults. On the one hand, potential
risk of nutrient deficiencies should be minimized, on the other hand, a life-long dairy consumption
increase should be avoided due to substantial additionalimpacts onthe environment as well as possibly,
animal welfare (Mulligan & Doherty, 2008) (Case Study 1). For example, recommendations could be
combined with explanations that milk consumption primarily creates benefits in the early life stage but
rather creates environmental problems if consumed in high amounts during the whole life.
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Case Study 1 : Environmental impacts of recommendations of 3 versus 2 portions of milk and dairy products for
children and adolescents

Dairy products account for around 20—-25% of the overall environmental impacts of current Swiss food consumption, but
contribute disproportionately to climate impacts, making up about30% of total greenhouse gas emissions (Beretta & Hellweg,
2019 and Jungbluthetal., 2024). For adults, the average Planetary Health Diet (PHD) recommendation (153 kcal) is 2-3 times
lowerthan the present consumption for dairy products in terms of kilocalories consumed according to Agristat (153 kcal instead
of 423 kcal) (Agristat, 2024 and Eat Lancet Commission, 2019), (Eggenschwileret al., 0. J.). Considering that the actual intake
might be lower than the consumption level reported by Agristat due to household food waste, the difference might be slighty
lower.

Compared to the PHD, the present Swiss dietary recommendations for dairy products are slightly higher, suggesting 2 portions
perday since September 2024 (formerly 3 portions were recommended). The guidelines don’t specify calorie intake, but since
one portion varies between about 100-150 kcal depending on the type of dairy product, the Swiss recommendation lies in the
upper range of the PHD recommendation for dairy products (0-306 kcal).

The difference between a recommendation of 2 portions and 3 portions of dairy products for the entire population, assuming
100-150 kcal/portion, corresponds to a difference of about 2.8-5.6% of total climate impacts of food consumption. If the
recommendations are only related to childrenand young adolescents (age 4-17 years), the climate impacts increase from2 to
3 portions of dairy products by 0.4-0.8%. The results show that the environmental impacts increase by 2-3 times less than the
climate impacts.

This shows that lowering dairy productconsumption creates larger direct environmental bené€fits, if it is focused on adults rather
than on children. However, indirect effects of increased dairy product consumption of children on eating habits in their later
stages of life need to be considered as well when formulating healthy and sustainable dietary recommendations for children.
According to the menuCH study, adults aged 18 to 75 consume an average of just 2 portions of milk and dairy products per
day although the previous recommendation over the past years was 3 portions (BLV, 2017). Thus, consumption appears to
decrease with age. This could indicate that the recommendation for children and adolescents can remain at 3 portions, with
an expected decrease in consumption in adulthood.

5.3 Planetary Health Diet — adaption to children and adolescence

The WHO'’s Guidelines on Sustainable Healthy Diets (2019) outline a dietary model that supports both
human health and environmental sustainability. These diets emphasize breastfeeding, the consumption
of diverse, safe, and minimally processed foods, and the limitation of highly processed products and
sugary beverages to reduce the risk of non-communicable diseases. From an ecological perspective,
they aim to limit greenhouse gas emissions, land and water use, and the application of nitrogen,
phosphorus, and other chemicals, while also preserving biodiversity. Importantly, such diets must also
be culturally acceptable, accessible, and feasible, without placing disproportionate burdens, especially
on women, in terms of time or financial resources (WHO, 2019).

A possible implementation of this concept is the Planetary Health Diet (PHD), developed by the EAT-
Lancet Commission (Willett et al., 2019). Designed primarily for adults, the PHD focuses on preventing
chronic diseases while promoting environmental sustainability through a predominantly plant-based
dietary pattern that allows limited intake of animal-sourced foods. Cacau et al developed anindex to
evaluate the adherence to the PHD, the PHD Index (PHDI) (Cacau et al., 2021).

However, applying this model to children and adolescents presents specific challenges. Unlike ad ults,
younger individuals undergo dynamic phases of growth and development, which come with changing
energy and nutrient requirements. It remains uncertain whether the health benefits observed in adults
canbedirectly translated to youngerage groups. Cacau et al. applied the PHDIto data from the “Healthy
Lifestyle in Europe by Nutritionin Adolescence” (HELENA) project and observed that a 10-pointincrease
in the PHDI was linked to better cardiovascular health in European adolescents, showing lower odds of
having high blood pressure, and high blood cholesterol, even after adjusting for demographic and
lifestyle factors (Cacau et al., 2024). Another model to evaluate the adherence to the PHD was used by
(Montejano Vallejo et al., 2022), they observed that a higher adherence to the PHD in adolescence
(based on data from the DONALD study) was also beneficial with respect to anthropometric markers in
early adulthood, although not for further cardiometabolic risk markers. These observations are
promising, however evidence on long-term impacts in these age groups is still limited.

Moreover, the original PHD may fall short of meeting the full nutritional demands of growing children
and adolescents. Nutrients such as bioavailable protein, iron, calcium, and vitamins B+, and D are
especially critical during these developmental stages and require careful attention (Contiet al., 2024).
Without appropriate adaptations, there is a risk that a strictly plant-based diet may not provide adequate
nutrition for younger populations.

Conclusion: The Planetary Health Diet offers a valuable framework for aligning dietary habits with goals
forhuman and planetary health. Yet, its implementation in children and adolescents requires careful
modification to ensure nutritional adequacy. Ongoing research is essential to refine these adaptations
and assess their effectiveness over the long term.
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5.4 Sustainability considerations in children’s and adolescents’ dietary recommendations

In recent years, several European countries have begun to systematically integrate sustainability
considerations into their national dietary guidelines. Increasingly, these guidelines are designed notonly
to provide adequate amounts of nutrients, but also to reduce the environmental impact of dietary
patterns. On the FAO website, a corresponding section is provided for each country that includes
sustainability aspects in its dietary guidelines (FAO, o. J.). Although the data available there is not
always up to date, it offers a useful overview. In the specific guidelines for children and young
adolescents, however, sustainability considerations are still lacking in most cases.

When sustainability aspects are considered, integration is typically driven more by life cycle assessment
data for various food groups, used in mathematical models, than by overarching concepts like the
Planetary Health Diet. Nonetheless, the resulting patterns generally alig n with its principles, favoring
less animal-based and more plant-based foods.

Sweden was one of the first countries in Europe to integrate sustainability criteria into its dietary
guidelines. These guidelines apply to adults and children aged two years and older. The
recommendations are based on the Nordic Nutrition Recommendations (Nordic Council of Ministers,
2023). In addition, findings from life cycle analyses as well as national and international studies on the
environmental burden of food were considered. The guidelines promote increased consumption of plant-
based foods while reducing the intake of red and processed meat (Brugard Konde et al., 0. J.).

Also in the Netherlands, sustainability has been systematically integrated into national dietary
guidelines, known as the Schijf van Vijf (Wheel of Five), which apply to all age groups, including children
and adolescents. These guidelines not only promote nutritional adequacy but also address
environmental concerns by setting upper intake limits for animal-based foods associated with high
greenhouse gas emissions. Specifically, they recommend limiting meat consumption to no more than
500 grams per week, including 2 to 3 servings of dairy products daily, and consuming fish no more than
once per week (Brink et al., 2019), (FAO, o. J.).

This approachis supported by a series of complementary studies (Brink et al.,2019; Krameret al., 2017,
Temme et al., 2015), which demonstrate how environmental sustainability can be effectively embedded
into national food-based dietary recommendations without compromising health. Collectively, these
studies confirm that animal-based foods (especially red meat and dairy) contribute disproportionately to
environmental burdens such as greenhouse gas emissions, land use, and fossil energy demand.
Consequently, reducing the intake of these products emerges as a key strategy to lower the
environmental footprint of the Dutch diet.

Brink et al. (2019) used a diet optimization model to develop age- and population-specific dietary
guidelines that align nutritional needs with environmental constraints. High-impact food groups,
including red meat and dairy, were assigned maximum thresholds, and the resulting recommendations
were incorporated into practical tools like the above-mentioned Wheel of Five.

Kramer et al. (2017) applied linear programming to design diets for Dutch men and women aged 9 to
69 years that meet both nutritional and environmental criteria while staying as close as possible to
current eating patterns. Their findings suggest that significant environmental benefits can be achieved
primarily by reducing meat consumption, without requiring major changes to dairy or fish intake, which
remain important for nutritional adequacy.

Temme et al. (2015) focused on children's diets (2 to 6 years) and modelled the environmental effects
of replacing 30% or 100% of meat and dairy with plant-based alternatives. Even partial substitution
resulted in substantial reductions in greenhouse gas emissions and land use, while preserving most
nutrient intakes. However, full replacement raised concerns regarding the adequacy of essential
micronutrients such as vitamin Bi2and zinc.

Together, these studies underscore the potential of shifting towards more plant-based diets as an
effective means of reducing environmental impacts. However, such transitions must be carefully
managed to ensure they continue to meet the nutritional needs of the population, particularly among
vulnerable groups.

In Germany, the updated dietary guidelines released by the German Nutrition Society (DGE) in 2024
also explicitly address sustainability. They are based on a mathematical optimization model that
considers not only health aspects but also environmental impacts such as greenhouse gas emissions
and land use. The result is a plant-based dietary pattern with a reduced proportion of animal-based
foods (Schéafer et al., 2024). However, these recommendations currently apply only to adults. According
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to the DGE, revised guidelines for infants, children, and adolescents are under development and wil
also incorporate sustainability considerations.

Recent research by Kersting et al. (2024) demonstrates that a shift towards greater environmental
sustainability is also feasible for younger age groups. They used the so-called Planetary Health Index
(PHDI) that measures how well a diet follows the EAT-Lancet reference diet by scoring intake from 16
food groups (Cacau et al., 2021). Higher scores reflect for example more fruits, vegetables and whole
grains, balanced amounts of dairy, fish and eggs, and limited red meat and added sugars, with a
maximum of 150 points. By applying the PHDI to the Optimized Mixed Diet (OMD) for children and
adolescents in Germany, the authors showed that targeted changes in food selection, such as
increasing nuts, grain legumes, green vegetables, and whole grains, while reducing red meat, tubers
and potatoes, can significantly improve the diet’s sustainability profile. The PHDI score increased from
68.24 to 81.51 points, without compromising nutrient adequacy or meal structure. Importantly, the study
included dairy products due to their nutritional importance for children and retained a small amount of
high-fat, high-sugar foods that are typically well accepted by this age group (e.g. chocolate, ice cream,
fine bakery items). These “tolerated foods” contribute to energy intake more than “added sugars” alone
and would have needed to be drastically reduced to furtherimprove the PHDI score, at the cost of dietary
acceptance. The findings underscore that the environmental optimization of children's diets is
achievable butmust carefully balance sustainability goals with the specific nutritional and sensory needs
of growing children.

5.5 Conclusions

The environmental impact of diets varies considerably across age groups, dietary patterns, and national
contexts. Although children and adolescents account for only a small share of total food consumption,
their dietary habits play a crucial role in shaping future food system sustainability. Early life stages are
decisive in forming long-term eating behaviors, suggesting that promoting sustainable and healthy diets
from a young age can yield lasting benefits for both individual health and environmental outcomes.
However, the unique nutritional needs of growing individuals must be carefully considered when
adapting adultfocused dietary models, such as the Planetary Health Diet, for younger populations.

Reducing the consumption of red and processed meat emerges as a particularly effective strategy to
align health and environmental goals without risking nutrient deficiencies. In contrast, the reduction of
dairy products requires more cautious consideration, as dairy remains an important source of essential
nutrients during growth and development. Experiences from European countries demonstrate that
integrating sustainability into dietary guidelines is feasible without compromising health, although
targeted adjustments are necessary. Moving forward, it is essential to continue refining dietary
recommendationsfor children and adolescents, balancingimmediate nutritional adequacy with the long -
term goal of fostering sustainable dietary patterns across the lifespan.
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6 General conclusion and recommendations

Limitations

Due to budget limitations, this report is based on systematic reviews and/or meta-analyses. A common
feature among these reviews is that most include primary studies with various designs (RCTs, PCS,
CSS), often without restrictions on publication date, or geographical specifications. Furthermore, thisled
to some primary studies been retained in several reviews (not always in the same combinations). This
contrasts with the reviews conducted in the USA for the revision of the 2025-2030 Dietary Guidelines.
These reviews, published mainly in 2024, were organized by food group and outcome and were based
on primary studies including only RCTs and PCS (CSS excluded), conducted in countries classified as
high to very high on the Human Development Index (HDI) and published between 2000—2023 (USDA
Nutrition Evidence Systematic Review Branch, o. J.)

In retrospect, this approach is both valid and transparent. Interestingly, however, our broader inclusion
criteria led to similar conclusions for most food groups.

Strength of findings

Current research linking food group intake during childhood and adolescence to the development of
NCDs like obesity, T2DM and CVDs is limited and inconclusive. A major challenge is the long-time lag
between early dietary habits and disease onset, compounded by reliance on cross-sectional studies,
inconsistent dietary data, and poorly standardized food group classifications.

Recent research trends emphasize overalldietary patterns ratherthan isolated food groups. To advance
the field, better dietary assessment methods, clearer food classifications, and longitudinal studies are
urgently needed.

International dietary guidelines for children and adolescents show consistent main messages, but vary
in detail, age specfficity, and use of evidence. Switzerland’s adolescent guidelines are based on adult
data and focus on personal responsibility, while other countries often target professionals or parents.
There is limited direct communication to adolescents themselves, the Netherland’s “Schijf van Vijf” being
one of the exceptions.

Most guidelines operate implicitly within a health promotion context, addressing malnutrition,
overweight, and healthy growth. The inclusion of sustainability considerations is growing, but still rare in
child-focused guidelines. Successful examples like the Dutch "Schijf van Vijf" demonstrate the value of
clear, visually appealing, and digitally accessible guidance for young audiences. School environments
and parental modelling are recognized as crucial influences on children's diets.

Public Health Conclusiones

o Evidence gaps in early dietary determinants of NCDs weaken the foundation for childhood-specific
dietary guidelines.

e Current guidelines often fail to effectively reach young people directly, missing a key opportunity
for early prevention.

o Sustainability aspects are increasingly included in adult dietary guidelines but remain largely
absent for children and adolescents.

e School and family settings are vital arenas for shaping healthy eating habits during childhood and
adolescence.

Recommendations

1. Invest in high-quality longitudinal studies that build upon the observations and findings derived
from cross-sectional research, such as the menuCH-Kids study (BLV, 2025a). There is also a need
for the standardization of food group definitions and the use of appropriate dietary assessment tools
to ensure comparability and validity across studies.

2. Develop age-and developmentally appropriate guidelines: Tailor communications to children,
younger adolescents, and older adolescents separately, using engaging, digital-friendly formats.

3. Address sustainability explicitly: Gradually introduce sustainability principles in child and
adolescent dietary guidelines, using age-appropriate messaging that resonates without alienating
audiences.

4. Enhance school food environments: Implement national standards and healthy catering policies
in schools to reinforce guidelines where children spend a significant part of their day.
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5. Strengthen parental engagement: Provide resources that support parents as role models whie
also empowering children and adolescents to make informed food choices.

6. Evaluate communication strategies: Study the effectiveness of explicit health versus
sustainability messaging and adapt approaches based on audience responsiveness.
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Appendix A Search Strings

NCD outcomes:

(1) search string #1: ("Body Mass Index"[Mesh] OR "Body Mass Index"[tiab] OR "Pediatric Obesity"[MeSH Terms] OR "Pediatric Obesity"[tiab]
OR "Childhood Obesity"[tiab] OR “obesity”[tiab] OR “adiposity”[tiab] OR "Fatty Liver" [Mesh] OR "fatty liver" [tiab:~0])

(2) search string #2: ("diabetes mellitus, type 2"[Mesh] OR "Glucose Intderance"[Mesh] OR "Metabolic Syndrome"[Mesh] OR "blood glucose"
[Mesh] OR "blood sugar"[tiab] OR "diab*"[tiab])

(3) Search string #3 ("Cardiovascular Diseases"[Mesh] OR "Hypertension"[Mesh] OR "Prehypertension"[Mesh] OR "Atherosclerosis"[Mesh] OR
"cardiovascular" [tiab] OR "Ischemic heart disease" [tiab] OR “cardiovascular’[tiab] OR “hypertension” [tiab])

(4) Search string #4 = #1 + #2 + #3

(5) Search string #5 ("child"[Mesh] OR "Adolescent"[Mesh] OR “Child, Preschool"[Mesh] OR Child* [tiab] OR adolescen*[tiab])

(6) Search string # 6 ("systematic review" [tiab] OR "meta-analysis" [tiab] OR “systematic mixed studies review’[tiab] OR “systematic mapping
review”[tiab] OR “systematic cochrane review”[tiab] OR “systematic narrative review”[tiab])

(7) General search string: generated #7 =#4 AND #5 AND #6

(8) ("Body Mass Index"[MeSH Terms] OR "Body Mass Index"[Title/Abstract] OR "Pediatric Obesity"[MeSH Terms] OR "Pediatric
Obesity"[Title/Abstract] OR "Childhood Obesity"[Title/Abstract] OR "obesity"[Title/Abstract] OR "adiposity"[Title/Abstracf] OR "Fatty
Liver"'[MeSH Terms] OR "Fatty Liver"[Title/Abstract:~0] OR ("diabetes mellitus, type 2"[MeSH Terms] OR "Glucose Intolerance"[MeSH Tems]
OR "Metabolic Syndrome"[MeSH Terms] OR "blood glucose"[MeSH Terms] OR "blood sugar"[Title/Abstract] OR "diab*'[Title/Abstract]) OR
("Cardiovascular Diseases"[MeSH Terms] OR "Hypertension"[MeSH Terms] OR "Prehypertension"[MeSH Terms] OR "Atherosclerosis'TMeSH
Terms] OR ‘"cardiovascular"[Title/Abstracf] OR "Ischemic heart disease"[Title/Abstract] OR "cardiovascular"[Title/Abstract] OR
"Hypertension"[Title/Abstract])) AND ("child"[MeSH Terms] OR "Adolescent"'[MeSH Terms] OR "child, preschool"[MeSH Terms] OR
"child*"[Title/Abstract] OR "adolescen*"[Title/Abstract]) AND ("systematic review"[Title/Abstract] OR "meta-analysis"[Title/Abstract] OR
"systematic mixed studies review"[Title/Abstract] OR "systematic mapping review"[Title/Abstract] OR "systematic cochrane
review"[Title/Abstract] OR "systematic narrative review"[Title/Abstract])

1. Water
Search String PubMed: ("hydration" OR "water"[MeSH Terms] OR "water"[All Fields] OR "watering"[All Fields] OR "water s"[All Fields] OR
"watered"[All Fields] OR "waterer"[All Fields] OR "waterers"[All Fields] OR "waterings"[All Fields] OR "waters"[All Fields] OR ("carbonated
water"[MeSH Terms] OR ("carbonated"[All Fields] AND "water"[All Fields]) OR "carbonated water"[All Fields] OR ("sparkling"[All F ields] AND
"water"[All Fields]) OR "sparkling water"[All Fields])) NOT "sugar-sweetened"[All Fields]
Search String Cochrane: (hydration OR water OR watering OR water* OR watered OR waterer OR waterers OR waterings OR waters OR
"carbonated water" OR (carbonated AND water) OR (sparkling AND water) OR "sparkling water") NOT "sugar-sweetened"

2. Sugar-containing beverages (SCBs)

Search String PubMed: ("sugar-sweetened"[All Fields] AND "beverage*"[All Fields]) OR ("carbonated beverages"[MeSH Terms] OR
("carbonated"[All Fields] AND "beverages"[All Fields]) OR "carbonated beverages"[All Fields] OR ("soft"[All Fields] AND "drinks"[All Fields]) OR
"soft drinks"[All Fields]) OR ("lemonade"[All Fields] OR "lemonades"[All Fields]) OR "SSB"[All Fields] OR (("sweeten"[All Fields] OR
"sweetened"[All Fields] OR "sweetening agents"[Pharmacdogical Action] OR "sweetening agents"[MeSH Terms] OR ("sweetening"[All Fields]
AND "agents"[All Fields]) OR "sweetening agents"[All Fields] OR "sweetener"[All Fields] OR "sweeteners"[All Fields] OR "sweetening"[All Fields])
AND ("surg open dig adv"[Journal] OR "proc annu acm siam sympdiscret algorithms"[Journal] OR "soda"[All Fields])) OR ("pop"[All Fields] AND
"drink*"[All Fields]) OR (("carbon"[MeSH Terms] OR "carbon"[All Fields] OR "carbons"[All Fields] OR "carbon s"[All Fields] OR "carbonates"[MeSH
Terms] OR "carbonates"[All Fields] OR "carbonate"[All Fields] OR "carbonated"[All Fields] OR "carbonating"[All Fields] OR "carbonation"[All
Fields] OR "carboneous"[All Fields] OR "carbonization"[All Fields] OR "carbonizations"[Al Fields] OR "carbonize"[All Fields] OR "carbonized"[All
Fields] OR "carbonizing"[All Fields] OR "carbonous"[All Fields] OR "fizzy"[All Fields]) AND "drink*"[All Fields]) OR ("coke"[MeSH Terms] OR
"coke"[All Fields]) OR "fruit and vegetable juices"[MeSH Terms] OR (“fruit'[All Fields] AND "vegetable"[All Fields] AND "juices"[All Fields]) OR "fruit
and vegetable juices"[All Fields] OR ("fruit"[All Fields] AND "juice"[All Fields]) OR "fruit juice"[All Fields] OR ("fruit and vegetable juices"[MeSH
Terms] OR ("fruit"[All Fields] AND "vegetable"[All Fields] AND "juices"[All Fields]) OR "fruitand vegetable juices"[All Fields] OR ("vegetable"[All
Fields] AND "juice"[AllFields]) OR "vegetable juice"[All Fields]) OR "juice*"[All Fields] OR ("smoothie"[All Fields] OR "smoothies"[All Fields])
Search String Cochrane: ("sugar-sweetened' AND beverage*) OR "carbonated beverages" OR (carbonated AND beverages) OR (soft AND
drinks) OR "softdrinks" OR lemonade OR lemonades OR SSB OR ((sweeten OR sweetened OR "sweetening agents" OR sweetening OR
sweetener OR sweeteners) AND soda) OR (pop AND drink*) OR ((carbon OR carbons OR "carbon s" OR carbonate OR carbonated OR
carbonating OR carbonation OR carboneous OR carbonization OR carbonizations OR carbonize OR carbonized OR carbonizing OR carbonous
OR fizzy) AND drink*) OR coke OR ("fruit and vegetable juices") OR (fruit AND vegetable AND juices) OR (fruit AND juice) OR (vegetable AND
juice) OR "fruit juice" OR "vegetable juice" OR juice* OR smoothie OR smoothies

3.  Caffeine-containing beverages
Search String PubMed: ((((("Energy drinks"[MeSH Terms] OR "Coffee"[MeSH Terms] OR "Caffeine"[MeSH Terms] OR "Tea"[MeSH Terms] OR
"Caffeine"[All Fields] OR "energy drink"[All Fields] OR "caffeinated"[All Fields] OR "black tea"[All Fields] OR "green tea"[All Fields] OR "white
tea"[All Fields]) AND 2010/01/01:3000/12/12[Date - Publication]) OR "mate"[All Fields] OR ("mate"[All Fields] AND ("beverage s"[All Fields] OR
"beverages"[MeSH Terms] OR "beverages"[All Fields] OR "beverage"[All Fields])) OR ("paullinia"[MeSH Terms] OR "paullinia"[All Fields] OR
"guarana"[All Fields]) OR (("ice"[MeSH Terms] OR "ice"[All Fields]) AND ("Tea"[MeSH Terms] OR "Tea"[All Fields]))) AND
2010/01/01:3000/12/12[Date - Publication]) OR (("ilex"[MeSH Terms] OR "ilex"[All Fields]) AND "paraguensis"[All Fields])) AND
(2010/1/1:3000/12/12[pdat])
Search String Cochrane: ("energy drink" OR caffeine OR caffeinated OR "black tea" OR "green tea" OR "white tea" OR coffee OR tea OR mate
OR (mate AND ("beverage s" OR beverages OR beverage)) OR paullinia OR guarana OR (ice AND tea))

4.  Artificially sweetened beverages

"artificially sweetened beverages"[MeSH Terms] OR ("artificially"[All Fields] AND "sweetened"[All Fields] AND "beverages"[All Fields]) OR
"artificially sweetened beverages"[Al Fields] OR "ASB"[AllFields] OR ("acesulphame"[All Fields] OR "acetosulfame"[Supplementary Concept] OR
"acetosulfame"[All Fields] OR "acesulfame"[All Fields]) OR ("sweeten"[All Fields] OR "sweetened"[All Fields] OR "sweetening
agents"[Pharmacological Action] OR "sweetening agents"[Supplementary Concept] OR "sweetening agents"[All Fields] OR "sweetener"[All Fields]
OR "sweetening agents"[MeSH Terms] OR ("sweetening'[All Fields] AND "agents"[All Fields]) OR "sweeteners"[All Fields] OR "sweetening"[All
Fields]) OR ("non-cdoric"[All Fields] AND ("beverage s"[All Fields] OR "beverages"[MeSH Terms] OR "beverages"[All Fields] OR "beverage"[All
Fields])) OR ("non-caloric"[All Fields] AND ("carbonated beverages'[MeSH Terms] OR ("carbonated"[All Fields] AND "beverages"[All Fields]) OR
"carbonated beverages"[AllFields] OR ("soft"[All Fields] AND "drink"[All Fields]) OR "soft drink"[All Fields])) OR (("diet"[MeSH Terms] OR "diet"[All
Fields]) AND ("surg open dig adv"[Journal] OR "proc annu acm siam sympdiscret algorithms"[Journal] OR "soda"[All Fields])) OR (("diet"[MeSH
Terms] OR "diet"[All Fields]) AND ("carbonated beverages"[MeSH Terms] OR ("carbonated"[All Fields] AND "beverages"[All Fields]) OR
"carbonated beverages"[AllFields] OR ("soft"[All Fields] AND "drink"[All Fields]) OR "soft drink"[All Fields])) OR ("sugar-free"[All Fields] AND
("drink"[All Fields] OR "drinking"[MeSH Terms] OR "drinking"[All Fields] OR "alcohol drinking"[MeSH Terms] OR ("alcohol"[All Fields] AND
"drinking"[All Fields]) OR "alcohol drinking"[All Fields] OR "drinkings"[All Fields] OR "drinks"[All Fields])) OR ("aspartame"[Supplementary Concepf]
OR "aspartame"[All Fields] OR "aspartam"[All Fields] OR "aspartame"[MeSH Terms] OR "aspartame s"[All Fields]) OR ("stevia"[MeSH Terms]OR
"stevia"[All Fields] OR "stevias"[All Fields]) OR ("trichlorosucrose"[Supplementary Concept] OR "trichlorosucrose"[All Fields] OR "sucralose"[All
Fields]) OR ("saccharin"[Supplementary Concept] OR "saccharin"[All Fields] OR "saccharin"[MeSH Terms] OR "saccharine"[All Fields] OR
"saccharins"[All Fields]) OR ("low-calorie"[All Fields] AND ("sweeten"[All Fields] OR "sweetened"[All Fields] OR "sweetening
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agents"[Pharmacological Action] OR "sweetening agents"[Supplementary Concept] OR "sweetening agents"[All Fields] OR "sweetener"[All Fields]
OR "sweetening agents"[MeSH Terms] OR ("sweetening'[All Fields] AND "agents"[All Fields]) OR "sweeteners"[All Fields] OR "sweetening"[All
Fields]))

5. Fruit and Vegetables
Search String PubMed: "fruit"[MeSH Terms] OR "fruit*"[All Fields] OR "vegetables"[MeSH Terms] OR "vegetable*"[All Fields]
Search String Cochrane: (fruit OR fruits OR fruited OR fruiting OR vegetable OR vegetables)

6. Whole-meal based products

Search String PubMed: "whole grains"[MeSH Terms] OR "whole-grain"[All Fields] OR "whole-grain"[All Fields] OR "wholemeal"[All Fields] OR
"whole-meal"[All Fields] OR "whde-wheat"[All Fields] OR "whole-wheat'[All Fields] OR "wheat flour"[All Fields] OR "whole grain wheat"[All Fields]
OR "refined wheat"[AllFields] OR "white flour"[All Fields] OR "refined flour"[All Fields] OR "fiber-rich"[All Fields] OR "fibre-rich"[All Fields] OR
"multi-grain"[All Fields] OR "multigrain"[All Fields] OR "cereal-based"[All Fields] OR "cereal-based"[All Fields] OR "wheat-based"[All Fields] OR
"wheat-based"[AllFields] OR "bread"[MeSH Terms] OR "bread"[All Fields] OR "breads"[All Fields] OR "bread s"[All Fields] OR "breaded"[All
Fields] OR "breading"[All Fields]

Search String Cochrane: ("whole grain":ti,ab,kw OR "whole-grain":ti,ab,kw OR "wholemeal":ti,ab,kw OR "whole-meal":ti,ab,kw OR "whole
wheat":ti,ab,kw OR "whole-wheat"ti,ab,kw OR "wheat flour"iti,ab,kw OR "whole grain wheat":ti,ab,kw OR "refined wheat":ti,ab,kw OR "white
flour":ti,ab,kw OR "refined flour"i,ab,kw OR "fiber-rich"ti,ab,kw OR "fibre-rich":ti,ab,kw OR "multi-grain":ti,ab,kw OR "multigrain":ti,ab,kw OR
"cereal-based":ti,ab,kw OR "cereal based":ti,ab,kw OR "wheat-based":ti,ab,kw OR "wheat based":ti,ab,kw)

7.  Sugar-containing breakfast cereals
Search String PubMed: (("Edible Grain"[MeSH Terms] OR "Whole Grains"[MeSH Terms] OR "dietary fiber"[MeSH Terms] OR "Breakfast"[MeSH
Terms] OR "cereal*"[All Fields] OR "grain*"[All Fields]) AND ("Dietary Sugars"[MeSH Terms] OR "Sugars"[MeSH Terms] OR "sugar
sweetened"[All Fields])) OR "ready to eat cereals"[All Fields]
Search String Cochrane: ((cereal* OR grain* OR "dietary fiber" OR breakfast) AND ("dietary sugars" OR sugars OR "sugar sweetened")) OR
"ready to eat cereals"

8.  Other cereals, pseudocereals and starchy tubers

Search String PubMed: "oryza"[MeSH Terms] OR "oryza"[All Fields] OR "rice"[All Fields] OR ("maize s"[All Fields] OR "maizes"[All Fields] OR "za
mays"[MeSH Terms] OR ("zea"[All Fields] AND "mays"[All Fields]) OR "zea mays"[All Fields] OR "corn"[All Fields] OR "maize"[All Fields]) OR
("maize s"[All Fields] OR "maizes"[All Fields] OR "zea mays"[MeSH Terms] OR ("zea"[All Fields] AND "mays"[All Fields]) OR "zea mays"[All
Fields] OR "corn"[All Fields] OR "maize"[All Fields]) OR ("chenopodium quinoa'[MeSH Terms] OR ("chenopodium"[All Fields] AND "quinoa"[All
Fields]) OR "chenopodium quinoa"[All Fields] OR "quinoa"[All Fields] OR "quinoas"[All Fields]) OR ("fagopyrum"[MeSH Terms] OR "fagopyrum"[Al
Fields] OR "buckwheat"[All Fields] OR "buckwheats"[All Fields]) OR "potato*"[All Fields] OR ("barley s"[All Fields] OR "hordeum"[MeSH Tems] OR
"hordeum"[All Fields] OR "barley"[All Fields] OR "barleys"[All Fields]) OR "oat"[All Fields] OR ("manihot'[MeSH Terms] OR "manihot"[All Fields]
OR "manioc"[All Fields]) OR ("sorghum"[MeSH Terms] OR "sorghum"[All Fields] OR "sorghums"[All Fields] OR "sorghum s"[All Fields]) OR
("millets"[MeSH Terms] OR "millets"[All Fields] OR "millet'[Al Fields]) OR (("parboiled'[All Fields] OR "parboiling"[All Fields]) AND ("oryza"[MeSH
Terms] OR "oryza"[All Fields] OR "rice"[All Fields])) OR ("amaranth dye"[MeSH Terms] OR ("amaranth"[All Fields] AND "dye"[All Fields]) OR
"amaranth dye"[All Fields] OR "amaranth"[Al Fields] OR "amaranths"[All Fields]) OR ("pseudocereal"[All Fields] OR "pseudocereals"[All Fields])
OR ("non-gluten"[All Fields] AND "cereal*"[All Fields])

Search String Cochrane: oryza OR rice OR maize OR maizes OR maize* OR "zea mays" OR (zea AND mays) OR corn OR chenopodium OR
quinoa OR quinoas OR fagopyrum OR buckwheat OR buckwheats OR potato* OR barley OR hordeum OR barleys OR oat OR manihot OR
manioc OR sorghum OR sorghums OR millet OR millets OR ((parbailed OR parbailing) AND (oryza OR rice)) OR "amaranth dye" OR (amaranth
AND dye) OR amaranth OR amaranths OR pseudocereal OR pseudocereals OR ("non-gluten" AND cereal*)

9. Meat, Fish, Eggs
Meat
Search String PubMed: "red meat"[MeSH Terms] OR ("red"[All Fields] AND "meat"[All Fields]) OR "red meat"[All Fields] OR ("meat"[MeSH
Terms] OR "meat"[All Fields]) OR (("process"[All Fields] OR "process"[All Fields] OR "processed"[All Fields] OR "processes"[All Fields] OR
"processing"[All Fields] OR "processings"[All Fields]) AND ("meat"[MeSH Terms] OR "meat"[All Fields])) OR ("pork meat"[MeSH Terms] OR
("pork"[All Fields] AND "meat"[All Fields]) OR "pork meat"[All Fields] OR "pork"[All Fields]) OR "ham"[All Fields] OR ("sausage"[All Fields] OR
"sausages"[All Fields]) OR ("poultry"[MeSH Terms] OR "poultry"[All Fields] OR "poultries"[All Fields] OR "poultrys"[All Fields]) OR ("chickens"[Al
Fields] OR "chickens"[MeSH Terms] OR "chickens"[All Fields] OR "chicken"[All Fields]) OR ("turkey"[MeSH Terms] OR "turkey"[All Fields] OR
"turkeys"[All Fields] OR "turkeys"[MeSH Terms] OR "turkeys"[All Fields])
Search String Cochrane: ("red meat"iti,ab OR "meat":ti,abOR ("processed":ti,abOR "processing"iti,ab OR "processes":ti,ab) AND "meat":ti,ab
OR "pork meat":ti,ab OR "pork":ti,ab OR "ham":ti,ab OR "sausage":ti,ab OR "sausages":ti,ab OR "poultry":ti,ab OR "chicken":ti,ab OR
"chickens":ti,ab OR "turkey":ti,ab OR "turkeys":ti,ab)
Fish
Search String PubMed: (“seafood” [Mesh] OR “fish products” [Mesh] OR “seafood” OR “fish” OR “fish products” OR "processed fish" OR
"breaded fish" OR “mollusc*”)
Search String Cochrane: ("seafood":ti,ab OR "fish products":ti,ab OR "seafood":ti,ab OR "fish":ti,ab OR "fish products":ti,ab OR "processed
fish":ti,ab OR "breaded fish":ti,ab)
Eggs
Search String PubMed: ("egg"[Tiab] OR "eggs"[Tiab] OR "eggs"[MeSH Terms])
Search String Cochrane: ("egg":ti,ab OR "eggs":ti,ab)

10. Milk, dairy products and cheese

Search String PubMed: ((("milk, human"[MeSH Terms] OR ("milk"[All Fields] AND "human"[All Fields]) OR "human milk"[All Fields] OR "milk"[All
Fields] OR "milk"[MeSH Terms] OR (("milk, human"[MeSH Terms] OR ("milk"[All Fields] AND "human"[All Fields]) OR "human milk"[All Fields] OR
"milk"[All Fields] OR "milk"[MeSH Terms]) AND ("economics"[MeSH Terms] OR "economics"[All Fields] OR "production"[All Fields] OR

"productions"[All Fields] OR "efficiency"[MeSH Terms] OR "efficiency"[All Fields] OR "productivity"[All Fields] OR "product'[All Fields] OR "product
s"[All Fields] OR "productive"[All Fields] OR "productively"[All Fields] OR "productivities"[All Fields] OR "products"[All Fields])) OR ("dairies"[All
Fields] OR "dairy"[All Fields] OR "dairy s"[Al Fields] OR "dairying"[MeSH Terms] OR "dairying"[All Fields]) OR ("dairy products'[MeSH Terms] OR
("dairy"[All Fields] AND "products"[All Fields]) OR "dairy products"[All Fields]) OR ("yoghurts"[All Fields] OR "yogurt"[MeSH Terms] OR "yogurt"[All
Fields] OR "yoghurt'[All Fields] OR "yogurts"[All Fields]) OR ("cheese"[MeSH Terms] OR "cheese"[All Fields] OR "cheeses"[All Fields] OR "cheese
s"[All Fields]) OR (("process"[All Fields] OR "processe"[All Fields] OR "processed"[All Fields] OR "processes"[All Fields] OR "processing"[All
Fields] OR "processings"[All Fields]) AND ("cheese"[MeSH Terms] OR "cheese"[All Fields] OR "cheeses"[All Fields] OR "cheese s"[All Fields]))
OR ("kefir'[MeSH Terms] OR "kefir"[AllFields] OR "kefirs"[All Fields]) OR ("quark[All Fields] OR "quarks"[All Fields]) OR ("fresh"[All Fields] AND
("cheese"[MeSH Terms] OR "cheese"[All Fields] OR "cheeses"[AllFields] OR "cheese s"[All Fields])) OR (("acidified"[All Fields] OR "acidifier"[All
Fields] OR "acidifiers"[All Fields] OR "acidifies"[All Fields] OR "acidify"[All Fields] OR "acidifying"[All Fields]) AND ("milk, human"[MeSH Terms] OR
("milk"[All Fields] AND "human"[AllFields]) OR "humanmilk"[All Fields] OR "milk"[All Fields] OR "milk"[MeSH Terms])) OR (("milk, human"[MeSH
Terms] OR ("milk"[All Fields] AND "human"[All Fields]) OR "human milk"[All Fields] OR "milk"[All Fields] OR "mik"[MeSH Terms]) AND ("beverage
s"[All Fields] OR "beverages"[MeSH Terms] OR "beverages"[All Fields] OR "beverage"[All Fields]))) AND 2010/01/01:3000/12/12[D ate -

Publication]) NOT (("milk, human"[MeSH Terms] OR ("milk"[All Fields] AND "human"[All Fields]) OR "human milk"[All Fields] OR
("human"[All Fields] AND "milk"[All Fields]) OR ("milk, human"[MeSH Terms] OR ("milk"[All Fields] AND "human"[All Fields]) OR
"human milk"[All Fields] OR ("breast"[All Fields] AND "milk"[All Fields]) OR "breast milk"[All Fields]) OR ("breast feeding"[MeSH
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Terms] OR ("breast"[All Fields] AND "feeding"[All Fields]) OR "breast feeding"[All Fields])) AND 2010/01/01:3000/12/12[Date -
Publication])) AND (2010/1/1:3000/12/12[pdat])

Search String Cochrane: (milk OR "human milk" OR (milk AND human) OR ((milk OR "human milk" OR (mik AND human)) AND (economics OR
production OR productions OR efficiency OR productivity OR product OR productive OR productively OR productivities OR products)) OR dairies
OR dairy OR dairying OR "dairy products" OR (dairy AND products) OR yoghurts OR yogurt OR yoghurt OR yogurts OR cheese OR cheeses OR
((process OR processe OR processed OR processes OR processing OR processings) AND (cheese OR cheeses)) OR kefirOR kefirs OR quark
OR quarks OR (fresh AND (cheese OR cheeses))OR ((acidified OR acidifier OR acidifiers OR acidifies OR acidify OR acidifying) AND (milk OR
"human milk" OR (milk AND human))) OR ((milk OR "humanmilk" OR (milk AND human)) AND (beverages OR beverage))) NOT (milk OR "human
milk" OR (milk AND human) OR (human AND milk) OR ("breast milk") OR (breast AND milk) OR ("breast feeding") OR (breast AND feeding))

11. Grain legumes (Pulses)
Search String PubMed: ("Fabaceae"[Mesh] OR "legumes" [tiab] OR "pulses" [tiab] OR "beans" [tiab] OR "lentils" [tiab] OR "chickpeas" [tiab] OR
"peas" [tiab] OR "soybeans" [tiab] OR "soy" [tiab] OR "peanuts" [tiab] )
Search String Cochrane: ("Fabaceae™ti,ab OR "legumes™:ti,ab OR "pulses™:ti,ab OR "beans":ti,ab OR "lentils":ti,ab OR "chickpeas":ti,ab OR
"peas":ti,ab OR "soybeans":ti,ab OR "soy":ti,ab OR "peanuts":ti,ab)

12. Plant-based milk alternatives

Search String PubMed: "plant-based milk" [tiab] OR "plant milk" [tiab] OR "non-dairy milk" [tiab] OR "mik alternative" [tiab] OR "dairy alternative"
[tiab] OR "vegan milk"[tiab] OR "vegetable mik"[tiab] OR "milk substitute"[tiab] OR "almond milk"[tiab] OR "soy milk"[tiab] OR "oat milk"[tiab]
OR "rice milk"[tiab] OR "coconut milk"[tiab] OR "cashew milk"[tiab] OR "pea milk"[tiab] OR "hemp milk"[tiab] OR "flax milk"[tiab] OR "hazelnut
milk"[tiab] OR "quinoa milk"[tiab] OR "tigernut milk"[tiab]

Search String Cochrane: ("plant-based milk":ti,ab,kw OR "plant milk":ti,ab,kw OR "non-dairy milk":ti,ab,kw OR "mik alternative"ti,ab,kw OR "dairy
alternative":ti,abkw OR "vegan milk":ti,ab,kw OR "vegetable milk":ti,ab,kw OR "milk substitute":ti,ab,kw OR "almond milk":ti,ab,kw OR "soy
milk":ti,ab,kw OR "oat milk":ti,ab,kw OR "rice milk":ti,ab,kw OR "coconut milk":ti,ab,kw OR "cashew milk":ti,ab,kw OR "pea milk":ti,ab,kw OR "hemp
milk":ti,ab,kw OR "flax milk":ti,ab,kw OR "hazelnut milk":ti,ab,kw OR "quinoa milk":ti,ab,kw OR "tigernut milk":ti,ab,kw)

13. Plant-based meat, fish and egg analogues
Search String PubMed: ( ( ("plant-based"[All Fields] OR "plant derived"[All Fields] OR "vegan"[All Fields] OR "vegetarian"[All Fields] OR
"alternative protein"[All Fields] OR "plant protein"[All Fields] OR "alternative"[All Fields] OR "substitute"[All Fields] OR "analogue"[All Fields] OR
"replacement"[All Fields] OR "imitation"[All Fields]) AND ("meat"[All Fields] OR "fish"[All Fields] OR "seafood[All Fields] OR "egg"[All Fields] OR
"poultry"[All Fields] OR "chicken"[All Fields] OR "beef'[Al Fields] OR "pork"[All Fields] OR "proteins"[MeSH Terms]) ) OR ( "tofu"[All Fields] OR
"tempeh"[All Fields] OR "seitan"[All Fields] OR "jackfruit"[All Fields] OR "pea protein"[All Fields] OR "soy protein"[All Fields] OR "oat protein"[All
Fields] OR "rice protein"[Al Fields] OR "fermented protein"[All Fields] OR "mycoprotein"[All Fields] OR "fungal protein"[All Fields] OR "algae
protein"[All Fields] OR "vegetable protein"[All Fields] ) )
Search String Cochrane: ( ( "plant-based" OR "plant derived" OR "vegan" OR "vegetarian" OR "alternative protein" OR "plant protein" OR
"alternative" OR "substitute" OR "analogue" OR "replacement” OR "imitation") AND ("meat" OR "fish" OR "seafood" OR "egg" OR "poultry" OR
"chicken" OR "beef" OR "pork" OR "protein")) OR ("tofu" OR "tempeh" OR "seitan" OR "jackfruit' OR "pea protein" OR "soy protein" OR "oat
protein" OR "rice protein" OR "fermented protein" OR "mycoprotein” OR "fungal protein" OR "algae protein" OR "vegetable protein" )

14. Nuts and seeds
Search String PubMed: ("nuts"[Mesh] OR "seeds" [Mesh] OR "nut"[Title/Abstract] OR "nuts" [Title/Abstract] OR "seed*" [Title/Abstract] OR
"kernel*" [Title/Abstract] OR "avocado*" [Title/Abstract] OR "walnut*" [Title/ Abstract] OR "cashew*" [Title/Abstract] OR "chia*" [Title/Abstract] OR
"chestnut*" [Title/Abstract] OR "peanut™ [Title/Abstract] OR "hazelnut™ [Title/Abstract] OR "coconut™ [Title/Abstract] OR "almond*" [Title/Abstract]
OR "olive*" [Title/Abstract] OR "pistachio*" [Title/Abstract] OR "sesame*" [Title/Abstract] OR "flaxseed*" [Title/Abstract]OR "linseed*"
[Title/Abstract])
Search String Cochrane: nut:ti,ab,kw OR nutsiti,ab,kw OR seed*:ti,abkw OR kernel*:ti,ab,kw OR avocado*:ti,ab,kw OR walnut*:ti,ab,kw OR
cashew*:ti,ab,kw OR chia*:ti,ab,kw OR chestnut*:ti,ab,kw OR peanut*:ti,ab,kw OR hazelnut*ti,ab,kw OR coconut*:ti,ab,kw OR almond*:ti,ab,kw
OR olive*:ti,ab,kw OR pistachio*:ti,ab,kw OR sesame*:ti,ab,kw OR flaxseed*:ti,ab,kw OR linseed*:ti,ab,kw

15. Oils and fats
Search String PubMed: ("oils"[Mesh] OR "fats" [Mesh] OR "oil"[Title/Abstract] OR "oils*" [Title/Abstract] OR "fat" [Title/Abstract] OR "fats*"
[Title/Abstract] OR "butter*" [Title/Abstract] OR "margarine*" [Title/Abstract])
Search String Cochrane: oil:ti,ab,kw OR oils*:ti,ab,kw OR fat:ti,ab,kw OR fats*:ti,ab,kw OR butter*:ti,ab,kw OR margarine*:ti,ab,kw

16. Sweets / sweet snacks
Search String PubMed: "confectionar*[All Fields] OR "cake"[All Fields] OR "tart"[All Fields] OR ("muffin"[All Fields] OR "muffins"[All Fields]) OR
("cupcake"[All Fields] OR "cupcakes"[All Fields]) OR (("hardness"[MeSH Terms] OR "hardness"[All Fields] OR "hard"[All Fields]) AND
("candy"[MeSH Terms] OR "candy"[All Fields] OR "candied"[All Fields] OR "candies"[All Fields] OR "confectionery"[All Fields] OR
"confectioneries"[All Fields])) OR ("soft'[All Fields] AND ("candy"[MeSH Terms] OR "candy"[All Fields] OR "candied"[All Fields] OR "candies"[All
Fields] OR "confectionery"[All Fields] OR "confectioneries"[All Fields])) OR (("fruit'[MeSH Terms] OR "fruit"[All Fields] OR "fruits"[All Fields] OR
"fruit s"[All Fields] OR "fruited'[All Fields] OR "fruiting"[All Fields]) AND "gum"[All Fields]) OR (("chewings"[All Fields] OR "chews"[All Fields] OR
"mastication"[MeSH Terms] OR "mastication"[All Fields] OR "chewed"[All Fields] OR "chewing"[All Fields]) AND "gum"[All Fields]) OR
"chocolate*"[All Fields] OR ("chocolate"[MeSH Terms] OR "chocolate"[All Fields] OR "cocoa"[All Fields] OR "cacao"[MeSH Terms]OR "cacao"[All
Fields] OR "cocoa s"[All Fields] OR "cocoas"[All Fields]) OR ("cookie"[All Fields] OR "cookies"[AllFields]) OR ("biscuit'[All Fields] OR "biscuits"[All
Fields]) OR ("cream"[All Fields] OR "creamed"[All Fields] OR "creaming"[All Fields] OR "creams"[All Fields]) OR ("pudding"[All Fields] OR
"puddings"[All Fields]) OR ("custard"[All Fields] OR "custards"[All Fields]) OR ("j appl math"[Journal] OR "j addict med"[Journal] OR "jam"[All
Fields]) OR ("marmalade'[All Fields] OR "marmalades"[Al Fields]) OR (("sweet'[All Fields] OR "sweetness"[All Fields] OR "sweets"[All Fields])
AND ("spread"[All Fields] OR "spreaded"[All Fields] OR "spreading"[All Fields] OR "spreadings"[All Fields] OR "spreads"[All Fields])) OR ("ice
cream"[MeSH Terms] OR ("ice"[All Fields] AND "cream"[AllFields]) OR "ice cream"[All Fields]) OR "icecream"[All Fields] OR ("pastries"[All Fields]
OR "pastry"[All Fields]) OR ("glycyrrhiza"'[MeSH Terms] OR "glycyrrhiza"[All Fields] OR "licorices"[All Fields] OR "liquorices"[All Fields] OR
"liquorice"[All Fields] OR "licorice"[All Fields]) OR "marzipan"[All Fields] OR (("cereale"[Al Fields] OR "edible grain"[MeSH Terms] OR ("edible"[All
Fields] AND "grain"[All Fields]) OR "edible grain"[All Fields] OR "cereal"[All Fields] OR "cereals"[All Fields]) AND "bar"[All Fields]) OR
(("energie"[All Fields] OR "energies"[All Fields] OR "energy"[All Fields]) AND "bar"[All Fields]) OR ("toffee"[All Fields] OR "toffees"[All Fields]) OR
("caramel"[All Fields] OR "caramelization"[All Fields] OR "caramelized"[All Fields] OR "caramels"[All Fields]) OR ("althaea"[MeSH Terms] OR
"althaea"[All Fields] OR "marshmallow"[All Fields] OR "marshmallows"[All Fields]) OR ("gels"[MeSH Terms] OR "gels"[All Fields] OR "jellies"[All
Fields] OR "jelly"[All Fields] OR "jelly s"[All Fields]) OR ("gels"[MeSH Terms] OR "gels"[All Fields] OR "jellies"[All Fields] OR "jelly"[All Fields] OR
"jelly s"[All Fields]) OR ("lollies"[All Fields] OR "lolly"[All Fields]) OR ("lollies"[All Fields] OR "lolly"[All Fields])
Search String Cochrane: confectionar® OR cake OR tart OR muffin OR muffins OR cupcake OR cupcakes OR ((hard OR hardness) AND (candy
OR candied OR candies OR confectionery OR confectioneries)) OR (soft AND (candy OR candied OR candies OR confectionery OR
confectioneries)) OR ((fruit OR fruits OR fruited OR fruiting) AND gum) OR ((chewings OR chews OR mastication OR chewed OR chewing) AND
gum) OR chocolate* OR chocolate OR cocoa OR cacao OR "cocoa s" OR cocoas OR cookie OR cookies OR biscuit OR biscuits OR cream OR
creamed OR creaming OR creams OR pudding OR puddings OR custard OR custards OR jam OR marmalade OR marmalades OR ((sweet OR
sweetness OR sweets) AND (spread OR spreaded OR spreading OR spreadings OR spreads)) OR "ice cream" OR (ice AND cream) OR
icecream OR pastry OR pastries OR glycyrrhiza OR licorices OR liquorices OR liquorice OR licorice OR marzipan OR ((cereale OR "edible grain"
OR (edible AND grain) OR cered OR cereals)AND bar) OR ((energie OR energies OR energy) AND bar) OR toffee OR toffees OR caramel OR
caramelization OR caramelized OR caramels OR althaea OR marshmallow OR marshmallows OR gels OR jellies OR jelly OR lollies OR lolly
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17. Savoury snacks
Search String PubMed: ("snacks"[Mesh] OR "snack*"[Title/Abstract] OR "between meal*"[Title/Abstract] OR "in-between meal*"[Title/Abstract] OR
"chip*"[Title/Abstract] OR "crisp*"[Title/Abstract] OR "popcorn” [Title/Abstract] OR "cracker*" [Title/Abstract] OR "peanut*" [Title/Abstract] )
Search String Cochrane: ("snack":ti,ab OR "in-between meals":ti,ab OR "between meal"ti,ab OR "chip":ti,ab OR "crisp":ti,ab OR "popcorn":ti,ab
OR "cracker":ti,ab OR "peanut":ti,ab)

18. Ultra-processed foods
Search String PubMed: ((("food, processed"[MeSH Terms] OR "ultraprocessed food*"[Title/Abstract] OR "ultra processed food*"[Title/Abstract] OR
"packaged food*"[Title/Abstract] OR "convenience food*"[Title/Abstract] OR "highly processed food*"[Title/Abstract] OR "ready to
eat*"[Title/Abstract] OR "junk food*"[Title/Abstract] OR "fast food*"[Title/Abstract] OR "industrialized food*"[Title/Abstract] OR "industrial
food*"[Title/Abstract] OR "processed meal*"[Title/Abstract] OR "NOVA"[AIl Fields]) AND ("2015/03/11 00:00":"3000/01/01 05:00"[Date -
Publication] AND "review"[Publication Type]))OR ("fast foods"[MeSH Terms] OR ("fast'[All Fields] AND "foods"[All Fields]) OR "fast foods"[All
Fields] OR ("fast"[All Fields] AND "food"[All Fields]) OR "fast food"[All Fields])) AND ((y_10[Filter]) AND (review|[Filter]))
Search String Cochrane: (ultraprocessed NEXT food*) OR (ultra NEXT processed NEXT food*) OR (packaged NEXT food*) OR (convenience
NEXT food*) OR (highly NEXT processed NEXT food*) OR (ready NEXT to NEXT eat*) OR (junk NEXT food*) OR (fast NEXT food*) OR
(industrialized NEXT food*) OR (industrial NEXT food*) OR (processed NEXT mea*) ORNOVA OR (fast NEXT foods) OR (fast AND foods) OR
(fast AND food)

Appendix B

(excel spreadsheet submitted separately to the FSVO)
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