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A B S T R A C T

The dietary impacts of 746 young Swedish children were assessed across ten indicators: carbon footprint, 
cropland use, new nitrogen and phosphorus inputs, blue water use, ammonia emissions, pesticide use, biodi
versity loss, antibiotic use, and animal welfare. This analysis utilized caretaker-reported food intake data from 
the Riksmaten Young Children study (2021–24). It employed the Sustainability Assessment of Foods And Diets 
tool to quantify these impacts against per capita 1000 kcal planetary boundaries and variations in dietary im
pacts based on factors such as gender, municipal area, parental education level, and consumption setting (home 
or preschool). We found that the mean dietary impacts fell within or exceeded the uncertainty zone per capita 
planetary boundaries for five out of six indicators, with only blue water use remaining within the ‘safe space’; 
notably, zero children had eaten below the uncertainty levels for all indicators. Boys exhibited higher dietary 
impacts than girls in absolute terms and when adjusted for energy intake. Children from rural areas and those 
with lower parental education levels also demonstrated higher impacts than their peers. Carbon footprint 
analysis revealed no substantial differences between home and preschool settings, with lower meat consumption 
in preschools offset by higher dairy intake. The primary drivers of dietary impacts were red meat, dairy products, 
and fruit and vegetable consumption. These results highlight substantial challenges in achieving sustainable food 
production and diets in Sweden while providing essential insights for informing policy and governance frame
works to promote healthier dietary patterns among young children.

1. Introduction

The global food system is a major contributor to environmental 
pollution and resource depletion (Willett et al., 2019), accounting for 
approximately one-third of global greenhouse gas emissions (Crippa 
et al., 2021). Food production and consumption are the primary drivers 
of biodiversity loss, water stress, and eutrophication. Moreover, the food 
system accounts for 70 % of blue water use and 78 % of freshwater 
pollution (Poore and Nemecek, 2018; FAO, 2022). Additionally, agri
culture uses approximately 75 % of ice-free land (IPCC, 2019), 
contributing to biodiversity loss through land occupation and land-use 
change (IPBES, 2019; Benton et al., 2021).

Recognizing these challenges, policy documents such as the EU Farm 
to Fork strategy (European Commission, 2020) and the new Nordic 

Nutrition Recommendations emphasize the importance of transitioning 
to healthy and sustainable diets (Blomhoff et al., 2023). To effectively 
reduce the food system’s environmental footprint, a multi-faceted 
approach is necessary, including promoting dietary changes, 
advancing agricultural technology, improving crop yields, and mini
mizing food waste (Springmann et al., 2018; Willett et al., 2019). 
Research indicates that animal-based foods generally have a greater 
environmental impact than plant-based alternatives. In countries in 
which the consumption of animal products is high (commonly high- 
income countries), dietary transitions toward more plant-based diets 
are especially important (Steenson and Buttriss, 2021). Sweden, for 
example, has an average meat consumption of 79 kg (carcass weight) 
and dairy consumption of 358 kg milk-equivalents per person per year 
(Swedish Board of Agriculture, 2024), contributing to the transgression 
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of several planetary boundaries (Moberg et al., 2020).
While much is known about the global food system’s impact on the 

environment, examining these effects at a national level and demog
raphy is crucial. In Sweden, several studies have analyzed the carbon 
footprint of adult Swedish diets (e.g., Röös et al., 2015; Bälter et al., 
2017; Sjörs et al., 2017; Hallström et al., 2021) and adolescents 
(Lindroos et al., 2023). Hallström et al. (2022) recently conducted a 
comprehensive assessment of the Swedish diet’s environmental impact 
against planetary boundaries, revealing that the average Swedish diet 
exceeds several boundaries. Despite these contributions, a substantial 
knowledge gap remains regarding the environmental impact of young 
children’s diets in Sweden.

Studying children’s dietary patterns is particularly important as 
eating habits are established at a young age and often persist into 
adolescence and adulthood (Nicklaus and Remy, 2013). Promoting 
healthy and sustainable dietary patterns among children is crucial for 
long-term environmental and health outcomes. Globally, organizations 
like the World Health Organization have identified Early Childhood 
Education and Care facilities as essential settings for promoting healthy 
eating (WHO, 2023).

In Sweden, the importance of focusing on children’s diets is ampli
fied by the country’s comprehensive early education system. Approxi
mately 86 % of all children aged one to five were enrolled in preschools 
in 2021 (Swedish National Agency for Education, 2022), consuming a 
large portion of their daily caloric intake there. Swedish preschools and 
schools provide meals to all pupils to reduce socioeconomic gaps, 
following recommendations, laws, and guidelines to ensure nutritious 
and free meals (Swedish Food Agency, 2021; Skolmat Sverige, 2023). 
Furthermore, 77 municipalities have set climate targets for public meals 
in these institutions (Swedish Food Agency, 2021a), highlighting a 
potentially impactful change in children’s dietary habits in educational 
settings.

The Swedish Food Agency conducts regular national dietary surveys 
called ‘Riksmaten’ to collect information on food consumption, nutrient 
intake, and lifestyle factors among representative samples of the 
Swedish population (Swedish Food Agency, 2024b). These surveys 
provide valuable data for studying dietary habits, health relationships, 
and environmental impacts of diets. The Riksmaten Young Children 
2021–24 survey (hereafter referred to as Riksmaten Young Children) 
offers a unique opportunity to study the environmental impact of 
Swedish children’s diets. While Riksmaten Young Children provides 
valuable data on children’s dietary habits, it also offers an opportunity 
to examine the environmental impacts of these diets in depth.

Utilizing the comprehensive data from Riksmaten Young Children, 
we can thoroughly evaluate the environmental and social impacts of 
children’s diets. This assessment necessitates consideration of a wide 
range of indicators (Ran et al., 2024). While climate change impact, 
water use, and cropland use are commonly assessed (Harrison et al., 
2022), a more holistic approach can reveal important trade-offs and 
provide a deeper understanding of diet-induced environmental impacts. 
We extend beyond the typical focus on climate impact by mapping eight 
environmental impact indicators, as well as animal welfare and anti
biotic use, which represent social indicators connected to human health 
and ethical aspects of food consumption.

By studying this broader range of indicators, we aim to create a more 
comprehensive picture of which food groups constitute hotspots in 
children’s diets and where efforts are needed to transform food con
sumption. This approach provides a basis for interventions to reduce the 
dietary impacts of children’s diets while maintaining or increasing their 
nutrient intake. With this context in mind, our specific objectives are to 
1) describe the environmental performance of children’s diets and 
analyze potential differences by sex, socio-demographic characteristics, 
and place of consumption; 2) to evaluate the performance against the 
planetary boundaries; 3) to evaluate the contribution of different food 
groups to the environmental and social indicators and; 4) assess the 
correlation between indicators in the diet.

2. Material and methods

2.1. Study population

The study population includes participants in Riksmaten Young 
Children (746 children) aged four years whose parents or caretakers had 
filled in food diaries and food-frequency questionnaires (FFQ) in 
2021–2022 (Bjermo et al., 2024; Moraeus et al., 2024). The cross- 
sectional study is population-based, and participants were invited by 
letter from a list of 7800 4-year-olds representative of the Swedish 
population in the age group provided by Statistics Sweden. Of the 
invited, 746 children had complete data on diet (10 %), covering 51 % 
boys and 49 % girls. Of the 573 children with available weight and 
height data, the average height was 104 cm (SD = 5.0), and the average 
weight was 17.2 kg (SD = 2.1) (Moraeus et al., 2024). Among these 
children, 79 % were classified as having normal weight, while 13 % were 
underweight, 6.5 % were overweight, and 1.4 % were obese. The sample 
of children was considered representative of Swedish 4-year-olds for sex, 
geographical spread, and family size; however, parental education level 
and geographical distribution represented a higher education level and 
more urban participants than the general Swedish population. A 
detailed description of the study design, methods and participation has 
been described elsewhere (Bjermo et al., 2024; Moraeus et al., 2024).

2.2. Indicators for sustainability

In this study, we use data on the impacts of food from the Sustain
ability Assessment of Food And Diets (SAFAD) tool (Röös et al. 2025), 
which includes eight environmental indicators and two social indicators 
(https://safad.se). The carbon footprint data employ a farm-to-fork 
perspective, expressed per kilogram or liter of food, including primary 
production, processing, packaging, transportation (excluding transport 
from retail to place of consumption), and food loss and waste in the food 
chain. Only emissions and resource use from primary production are 
included for the other indicators, as primary production is the main, or 
only, contributor.

Carbon footprint, measuring the impact on climate change, is a well- 
established indicator that measures the impact of global warming by 
aggregating emissions of carbon dioxide, methane, and nitrous oxide 
from a lifecycle perspective (ISO, 2018). Here, we use GWP100 and 
conversion factors from Forster et al. (2023), 27.0 for biogenic methane, 
29.8 for fossil methane, and 273 for nitrous oxide. Cropland use, 
measured in m2*years, captures the cropland area needed to produce the 
foods in the diet and is, hence, a measure of the diet’s land intensity, 
which is important due to the limited availability of good cropland 
globally. Blue water use measures the surface and groundwater 
consumed primarily for irrigation in food production. New input of ni
trogen (N) and phosphorus (P) serves as proxies for potential effects on 
biogeochemical flows caused by food production (Moberg et al., 2019; 
Willett et al., 2019). These inputs include synthetic fertilizers, nitrogen 
fixed by legumes, and mined phosphorus. The biodiversity impact from 
agricultural land use is estimated using the method proposed by Scherer 
et al. (2023), which assesses how different species are affected by land 
management practices associated with food production. Pesticide use 
provides insight into the diet’s impact on chemical pollution. Ammonia 
emissions, an important driver for eutrophication, acidification, and 
particulate matter formation, are included as a separate indicator based 
on EEA Report (2019) guidelines. Animal welfare addresses various is
sues in animal production, including disease frequency, restricted living 
space, and mortality; a higher animal welfare index means more animal 
welfare issues. Antibiotic use reflects the use of antibiotics in livestock 
production, which contributes to the development of antibiotic-resistant 
bacteria, posing a substantial threat to human and animal health 
(Cassini et al., 2019), with a lower number indicating less antibiotic use. 
For more information on animal welfare and antibiotic use indicators, 
see Röös et al. 2025.
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2.3. Dietary intake

Parents or caretakers filled in a web-based food diary (Riksmaten
FlexDiet) over two non-consecutive days, mapping all foods and drinks 
the child consumed. If the child attended preschool, the staff filled out a 
paper diary and later transferred it to the online diary. Riksmaten
FlexDiet has previously been validated in adolescents (Lindroos et al., 
2019), and a pilot study in the current population indicated that the 
method was applicable to the target population (Bjermo et al., 2024; 
Moraeus et al., 2024). The participants searched for consumed foods or 
composite dishes and chose from the search results provided. They then 
indicated portion size from pictures or household measures. Time, meal 
type, and intake place were recorded for each meal. Each food is con
nected to the Swedish Food Agency’s food database.

The Swedish Food Agency provided lists of foods and raw materials 
in processed and composite dishes. We linked the food items to the 
SAFAD tool (v. 1.230), further refining it to assess standardized Swedish 
compound foods and dishes. To do the sustainability assessment, we 
used the output from the tool for the Swedish Food Agency’s recipes 
expressed per kg or liter of food and multiplied it by the amount of food 
items reported by each individual in Riksmaten Young Children.

2.3.1. Food groups
For descriptive purposes, we categorized the children’s food and 

drink consumption into ten food groups, following the classification 
system used by the Swedish Food Agency. The food groups included are: 
Breads, grains, cereals, rice, and pasta; Dairy products; Fruits and nuts; 
Meat and meat dishes; Other; Pizza, hamburgers, sandwiches etc.; 
Poultry and eggs; Seafood and seafood dishes, Sweets and snacks; and 
Vegetables and vegetable dishes. See supplementary material, Table A1, 
for a detailed list of products in each food group.

2.3.2. Global boundaries
Our study employed a dietary benchmarking process based on the 

planetary boundaries defined for the food system in the EAT-Lancet 
Commission report (Willett et al., 2019), resulting in daily values for 
each boundary. To establish per capita estimates, we divided these 
global boundaries equally among the world’s population (7.9 billion as 
of 2021). Given our focus on the dietary patterns of young children, we 
used a reference daily energy intake of 1828 kcal per person, which 
represents the global minimum daily dietary energy requirement per 
person considered adequate to ensure maintaining minimum weight for 
health (FAO (2023) – with major processing by Our World in Data). 
Environmental impact boundaries were calculated per 1000 kcal of di
etary intake to standardize the analysis. This approach facilitates com
parisons across different dietary patterns and energy intakes. Notably, 
boundaries for pesticide use and ammonia emissions were excluded due 
to a lack of established boundaries (Table 1).

2.4. Definition of socio-demographic characteristics

For analysis, the children were divided into different subgroups 
based on socio-demographic characteristics: 

1. Gender (boys or girls) was based on information from Statistics 
Sweden.

2. Parental education level was dichotomized into high (at least one 
parent with >12 years of education) and low (has parents with ≤12 
years of education) categories (Bjermo et al., 2024).

3. Three categories based on the municipal classification by the 
Swedish Association of Local Authorities and Regions (Sveriges 
Kommuner och Regioner, 2022) were used: i) small towns and rural 
municipalities, ii) larger cities and municipalities near larger cities, 
and iii) metropolitan areas and municipalities near metropolitan 
areas.

4. Food intake settings were defined as either home or preschool en
vironments based on recorded places of intake to represent dietary 
patterns in each setting. All recorded food intake not explicitly 
identified as consumed at preschool was classified as part of the 
home environment.

2.5. Statistical analysis

We used the Multiple Source Method (MSM) to transform the dietary 
impacts and energy intake from short-term 2-day food intake data to 
long-term estimates. The transformation involves a three-step process: i) 
estimating the probability of consuming a particular food on a random 
day for each participant, ii) estimating the magnitude of dietary impact 
and amount of energy intake associated with consumption on a given 
day, and iii) multiplying the two components to derive the usual dietary 
impacts and energy intake for each individual. This method helps to 
reduce the effect of atypical intakes that may not be representative of 
habitual dietary patterns without influencing the mean values (Harttig 
et al., 2011; Haubrock et al., 2011). The MSM adjustment was performed 
separately for different socio-demographic characteristics to account for 
potential variations in dietary patterns across these subgroups. We then 
use the resulting ‘usual intake’ values to describe the overall diet’s im
pacts and different food groups’ contributions to the dietary indicators. 
Energy-adjusted indicators per 1000 kcal, equivalent to 4.19 MJ, were 
used when comparing differences between gender, parental education 
level, municipal classification, setting, and food group contribution.

We used the coefficient of variation to assess the variation, i.e., we 
divided the standard deviation with the mean, expressed as a percent
age. Due to the non-normal distribution observed in the dataset, non- 
parametric statistical methods were employed. To examine differences 
in indicators between gender, parental education level, and preschool 
vs. home environments, we used Wilcoxon rank-sum tests (also known 
as Mann-Whitney U tests). To compare the impacts of dietary patterns 
among children living in the three different municipality classifications, 
we utilized Kruskal-Wallis tests followed by post-hoc analyses. Spear
man’s correlation coefficients were computed to assess the linear re
lationships between each indicator adjusted per 1000 kcal with the 
estimated impacts of each participant’s diet derived from the food intake 
records. Statistical analyses were primarily conducted using RStudio 
version 2024.04.1 (RStudio Team, 2024), with a p-value <0.05 
considered significant. For linear regression and mixed effect models, 
Minitab 21.4.3 (Minitab LLC, 2024) was used to investigate the observed 

Table 1 
Global food system boundaries defined by the EAT-Lancet Commission and downscaled to 1000 kcal food intake as defined per a minimum intake of 1828 kcal per day.

Earth system process: Climate change Blue water use Land system change Nitrogen cyclinga Phosphorus cyclinga Biodiversity loss

Control variable Carbon footprint Blue water use Cropland use New nitrogen input New phosphorus input Extinction rate

Global boundary, per year
5 Gton CO2e 

(4.7–5.4)
2500 km3 

(1000–4000) 13 million km2 (11–15)
90 Tg nitrogen 

(65–90)
8 Tg phosphorus 

(6–12)
10 E/MSY 

(1–80)
Per capita boundary, per year 594–683 kg CO2e 123–506 m3 1391–1897 m2 8–11 kg nitrogen 0.8–1.5 kg phosphorus 1.3E-10–1.0E-8 E/MSY
Per 1000 kcal boundary 0.89–1.02 kg CO2e 189–758 dm3 2.1–2.8 m2ayear 12.3–17.1 g nitrogen 1.1–2.3 g phosphorus 1.9E-13–1.5E-11 E/MSY

Abbreviations: CO2e, carbon dioxide equivalents: MSY, extinctions per million species-year.
Values presented as uncertainty range (lower – upper limit), except for global boundary per year which presents boundary (uncertainty range).

a Lower boundary assuming no adoption of improved production or redistribution strategies.
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differences in indicators between groups while controlling for other 
socio-demographic predictors. In the mixed-effects model, individuals 
were included as a random factor to account for clustering in the data.

3. Results and discussion

3.1. Dietary environmental impacts in the study population

Our study revealed that children consume diets with a carbon foot
print averaging 1.6 kg CO2e per 1000 kcal or 2.3 kg CO2e per person per 
day, along with cropland use of 2.3 m2*year per 1000 kcal or 3.3 
m2*year per person per day (Table 2). Notably, we observed large 
standard deviations for all indicators, indicating considerable inter- 
individual variation. The children in Riksmaten Young Children have 
a mean energy-adjusted dietary carbon footprint comparable to that of 
children in grade 5 in Sweden, which is approximately 1.7 kg CO2e per 
1000 kcal (recalculated from 10 MJ to 1000 kcal, Lindroos et al., 2023). 
These values are lower than the adult Swedish population, reported at 
2.4 kg CO2e per 1000 kcal by Hallström et al. (2021). However, different 
climate data were used for the older children and adults.

The mean dietary impacts fell within or exceeded the uncertainty 
zone of per capita planetary boundaries for five out of six indicators, 
only blue water use falling within the ‘safe space’ (Fig. 1, Tables 1 and 
2). The impacts on nitrogen cycling, carbon footprint, and phosphorus 
cycling were particularly critical, with the mean dietary impact 
exceeding the upper uncertainty limit by 1.7, 1.6, and 1.2 times, 
respectively. Cropland use and biodiversity loss surpassed the lower 
uncertainty limit by 1.1 and 2.7 times, respectively, but remained below 
the upper uncertainty level. However, the uncertainty range for biodi
versity loss is wide (Table 1), indicating a high level of uncertainty in 
how far the dietary patterns are from the safe space for humanity.

Our results show that zero children in the Riksmaten Young Children 
study had dietary patterns within the safe operating space for humanity 
(i.e., below the lower uncertainty levels) for all indicators. Only four 

children had dietary patterns below the carbon impact limit; three fol
lowed vegetarian diets, while one consumed poultry. Additionally, we 
found that more than 700 children exceeded the upper uncertainty 
limits for nitrogen and phosphorus. However, dietary change is not the 
only mitigation option to stay within planetary boundaries; reductions 
in waste and improvements in production are also strategies that can 
reduce the impacts (UNEP, 2022). Precision agriculture, improved crop 
rotations, and better manure management, along with the development 
of new crop varieties that enhance nutrient use efficiently, are promising 
strategies for decreasing the need for virgin nitrogen and phosphorus 
(Sutton et al., 2022; Gu et al., 2023). Furthermore, increasing the 
recycling of nutrients from society can help maintain high crop yields 
while reducing fertilizer inputs. To our knowledge, no other studies have 
specifically compared young children’s diets to planetary boundaries. 
However, a Finnish study examined dietary data from 3 to 6 year-olds 
against the EAT-Lancet reference diet (Bäck et al., 2022). Although 
environmental impacts were not analyzed in detail, the authors 
concluded that Finnish children need to make substantial dietary 
changes to eat within planetary limits.

The global energy requirement of 1828 kcal per day used in this 
study is based on the minimum dietary energy needed for maintaining 
minimum weight for health (FAO (2023) – with major processing by Our 
World in Data). This figure represents the minimum requirement 
without any allowances for unequal food distribution, which poses a risk 
of hunger if not every individual receives their share. However, it is 
important to note that our calculation accounts for the entire global 
population, from infants to the elderly, justifying a lower average 
requirement than, for example, the 2500 kcal per day suggested for an 
average adult in the EAT-Lancet report (Willett et al., 2019). Addition
ally, if we were to calculate based on the 2500 kcal per day suggested for 
adults, the planetary boundaries would be further lowered when 
normalized per 1000 kcal. This would result in even fewer children 
falling within the safe operating space for the indicators.

Table 2 
Dietary impacts of 4-year-old children in Riksmaten Young Children (n = 746), 
including their daily caloric intake. Comparison to environmental targets.

Mean (SD) 5-95th 
percentile

Impacts per total amount of food consumed (per 
person per day)
Carbon footprint (kg CO2e) 2.3 (0.5) 1.5–3.2
Cropland use (m2*year) 3.3 (0.6) 2.4–4.4
Blue water use (dm3) 125 (25) 88–167
New nitrogen (g N) 41 (10) 28–58
New phosphorus (g P) 4.0 (0.8) 2.9–5.5
Ammonia emission (g NH3) 7.0 (2.7) 3.6–12.0
Pesticide use (g a.i.) 0.5 (0.1) 0.4–0.8

Biodiversity loss (E/MSY) 7.4E-13 
(1.8E-13)

5.0E-13–1.1E- 
12

Antibiotic use (index) 4.3 (1.5) 2.1–7.2
Animal welfare (index) 2.1 (1.5) 0.7–5.3

Energy-adjusted impacts (per 1000 kcal)
Carbon footprint (kg CO2e) 1.6 (0.3) 1.2–2.1
Cropland use (m2*year) 2.3 (0.3) 1.9–2.8
Blue water use (dm3) 88 (16) 65–115
New nitrogen (g N) 29 (5) 21–38
New phosphorus (g P) 2.8 (0.4) 2.6–3.5
Ammonia emission (g NH3) 4.9 (1.7) 2.5–8.1
Pesticide use (g a.i.) 0.4 (0.1) 0.3–0.5

Biodiversity loss (E/MSY)
5.2E-13 
(1.1E-13)

3.7E-13–7.2E- 
13

Antibiotic use (index) 3.0 (1.0) 1.7–4.6
Animal welfare (index) 1.5 (1.0) 0.5–3.8

Energy intake (kcal per person per day) 1427 (197)a 1118–1767b

Abbreviations: CO2e, carbon dioxide equivalents; E/MSY, extinctions per 
million species-year; a.i., active ingredient.

a 6.0 (0.8) MJ per person per day.
b 4.7–6.5 MJ per person per day

Fig. 1. Environmental impacts from the diets in Riksmaten Young Children 
benchmarked against EAT-Lancet global boundaries, normalized per 1000 kcal. 
Values are presented relative to the uncertainty zone, indicated in yellow. Note: 
the height of the bars does not directly represent the extent to which the limits 
have been exceeded; instead, it reflects how the values relate to the uncertainty 
zone. A larger uncertainty zone may result in shorter bars, even if the findings 
exceed the limits more than those with a narrower uncertainty zone. (For 
interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)
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3.2. Food groups’ contribution to dietary impacts

Our analysis reveals that animal-based products substantially 
contribute to impacts across indicators, accounting for 18 % to 87 % of 
the total impact, with meat and dairy products being the primary drivers 
(Fig. 2, Table A2). In contrast, plant-based foods showed varying im
pacts across indicators, with notable contributions to pesticide use, 
biodiversity loss, and blue water use. These findings align with previous 
research on adult diets in affluent countries, where animal products 
have been found to contribute disproportionately to environmental 
impacts relative to their caloric inputs (e.g., Willett et al., 2019; 
Hallström et al., 2022).

Sweets and snacks, including sugar-sweetened beverages, contrib
uted substantially to the children’s energy intake (15 %) and had 
notable impacts on blue water use and pesticide use despite their low 
nutritional value. For instance, fruit juices and sweets were major con
tributors to blue water and pesticide use due to the high level of irri
gation and pesticides applied to fruits and cacao. These mirror those in 
the adult Swedish population, where discretionary foods – energy-dense, 
nutrient-poor foods – contributed to 18 % of the total energy intake and 
12 % of climate impact (Hallström et al., 2022).

In contrast, seafood had low impacts except for antibiotic use and 
animal welfare, where the impacts were substantial. Antibiotics are 
commonly used in aquaculture to treat or prevent diseases, leading to 
the development of antibiotic-resistant- bacteria, posing risks for both 
animals and humans. Notably, poultry, egg, and shrimp production 
contributed substantially to the total animal welfare impact index 
despite their relatively small contribution to energy intake (Table A2). 
This is mainly due to the high number of animals required to produce 1 
kg of edible product, coupled with welfare issues related to housing 
conditions, disease, and mortality rates (Rydhmer and Röös, 2025). 
Furthermore, while contributing modestly to energy intake, the food 
group consisting of pizza, hamburgers, sandwiches and similar items 
represented a disproportionate share of the diet’s total impacts – 
particularly blue water use and ammonia emissions.

3.3. Difference in impacts within the study population

3.3.1. Gender differences
Our analysis of impacts per total amount of food consumed revealed 

that boys consistently showed higher impacts across all indicators 
except animal welfare (Table 3). For ammonia emissions, new nitrogen 
input, carbon footprint, and cropland use, boys showed impacts that 
were between 10 % and 13 % higher. However, the most pronounced 
disparity was found for the animal welfare index, where girls had im
pacts 17 % higher than boys.

These findings on gender differences in environmental impacts align 
with previous studies on adult populations in Sweden. Sjörs et al. (2017)
reported higher unadjusted median annual carbon footprints for men 
compared to women. Similarly, Hallström et al. (2021, 2022) found 
consistently higher average annual carbon footprints for Swedish men 
than women. Expanding on these carbon footprint findings, Hallström 
et al. (2022) also reported higher annual impacts per capita for men than 
women across several other indicators, including cropland use, nitrogen 
and phosphorus application, and blue water use. However, they found 
higher annual biodiversity loss from men’s diets per capita, contrasting 
our results.

The variability within indicators was substantial across all metrics. 
Animal welfare exhibited the highest variability at 69 % and 60 % for 
girls and boys, respectively. This variability mainly stems from dietary 
differences among the children, ranging from high consumption of 
poultry, shrimp, and fish to vegan or lacto-ovo vegetarian diets.

Gender differences persisted for several indicators even after energy 
adjustment, suggesting variations in dietary composition. Carbon foot
print, cropland and blue water use, new nitrogen input, and ammonia 
emissions remained higher for boys (Table 3). Conversely, animal wel
fare impacts showed a marked increase in disparity, with girls’ diets 
associated with 24 % higher impacts per 1000 kcal food consumed. This 
disparity is primarily driven by proportionally higher poultry, eggs, and 
seafood intakes among girls – food groups contributing to animal wel
fare loss. These findings are similar to those of the adult Swedish pop
ulation. Hallström et al. (2021) found little difference in climate impact 
between men’s and women’s diets when adjusted for energy, with 
women’s diets having a slightly higher impact, suggesting dietary 
changes may occur when young girls grow up.

Interestingly, phosphorus input, pesticide use, biodiversity loss, and 
antibiotic use showed no statistical difference between boys and girls Fig. 2. Relative contributions of food groups to dietary impacts in Riksmaten 

Young Children.

Table 3 
Dietary impacts of 4-year-old girls and boys in Riksmaten Young Children.

Girls (n =
364) 
Mean (SD)

Boys (n =
382) 
Mean (SD)

Significance 
level

Impacts per total amount of food 
consumed (per person per day)
Carbon footprint (kg CO2e) 2.1 (0.5) 2.4 (0.5) ***
Cropland use (m2*year) 3.1 (0.6) 3.5 (0.6) ***
Blue water use (dm3) 119 (28) 131 (21) ***
New nitrogen (g N) 38 (10) 44 (9) ***
New phosphorus (g P) 3.9 (0.7) 4.2 (0.9) ***
Ammonia emission (g NH3) 6.6 (2.6) 7.5 (2.6) ***
Pesticide use (g a.i.) 0.5 (0.1) 0.6 (0.1) ***

Biodiversity loss (E/MSY)
7.1E-13 
(1.8E-13)

7.6E-13 
(1.9E-13) **

Antibiotic use (index) 4.2 (1.5) 4.5 (1.6) *
Animal welfare (index) 2.4 (1.7) 2.0 (1.2) **

Energy-adjusted impacts (per 1000 
kcal)
Carbon footprint (kg CO2e) 1.6 (0.3) 1.6 (0.3) ***
Cropland use (m2*year) 2.3 (0.3) 2.4 (0.3) ***
Blue water use (dm3) 87 (18) 89 (14) *
New nitrogen (g N) 28 (6) 29 (5) ***
New phosphorus (g P) 2.8 (0.3) 2.8 (0.4) ns
Ammonia emission (g NH3) 4.8 (1.7) 5.1 (1.6) **
Pesticide use (g a.i.) 0.4 (0.1) 0.4 (0.1) ns

Biodiversity loss (E/MSY) 5.2E-13 
(1.1E-13)

5.1E-13 
(1.0E-13)

ns

Antibiotic use (index) 3.0 (1.0) 3.0 (1.0) ns
Animal welfare (index) 1.8 (1.2) 1.4 (0.8) ***

Energy intake (kcal per person per 
day)

1371 
(165)a

1481 
(214)b ***

*** p < 0.001, ** p < 0.01, * p < 0.05, ns = not significant. Abbreviations: a.i., 
active ingredient; CO2e, carbon dioxide equivalents; E/MSY, extinctions per 
million species-year.

a 5.7 (0.7) MJ per person per day.
b 6.2 (0.9) MJ per person per day.
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when adjusted for energy intake. This suggests that the observed dif
ferences in total impacts per food consumed for these indicators were 
primarily due to the quantity of food consumed rather than dietary 
composition, as supported by the distribution of energy intake (Fig. 3). 
However, it is important to note that differences in specific food choices 
within the same food group could also contribute to these results.

Analysis of how food groups contributed to the energy-adjusted diet 
for boys and girls revealed minor gender differences (Fig. 3, Table A3). 
One difference was the consumption of vegetables, fruits and nuts, 
where girls reported a larger proportion of their intake. Conversely, girls 
show higher impacts for indicators associated with vegetable and fruit 
production, such as blue water and pesticide use. A recent environ
mental analysis of Riksmaten Adolescents (Lindroos et al., 2023) cor
roborates our findings, noting higher climate impacts for males.

Apparent gender differences in dietary patterns are already visible 
among 4-year-olds. The Riksmaten Young Children study (Moraeus 
et al., 2024) found that boys consume more red meat while girls eat 
more fruits and vegetables. This pattern is reflected in environmental 
impact indicators: those more strongly associated with animal-sourced 
foods, such as carbon footprint, cropland use, and nitrogen inputs, are 
higher among boys than girls. Interestingly, girls’ dietary patterns are 
associated with greater animal welfare issues. It is important to note that 
while energy needs vary between individuals based on factors like 
height, weight, and physical movement, the general energy re
quirements for 4-year-olds are similar across genders (Swedish Food 
Agency, 2024a). Therefore, the observed differences in food choices – or 
food offered to the children – are likely influenced by structural and 
cultural factors.

3.3.2. Differences between home and preschool setting
All indicators showed significant differences, except for new nitrogen 

input when comparing dietary impacts at home and preschool (Table 4). 
Only a few of these differences were of substantial magnitude to warrant 
practical consideration, including blue water use and new phosphorus 
input, with home settings exhibiting 21 % and 11 % higher impacts than 
preschool settings. Conversely, the animal welfare index of consumed 
food was 28 % higher in preschools.

The variability within indicators was higher in the preschool setting 
for all metrics, with animal welfare and blue water use exhibiting the 
greatest variability at 210 % and 124 %, respectively. The differences 
and high variability for animal welfare can be explained by differences 
in reported food intake in the preschool setting; some children have only 

consumed small amounts of food consisting of fruits and rice or pasta, 
reported with few or no animal welfare issues associated with them. On 
the other hand, other children consume several meals at preschool (i.e., 
larger amounts of food) consisting of poultry or seafood dishes. The 
differences in blue water use can be attributed to some children 
consuming mainly bread, pasta, and fruits such as apples and pears. 
Conversely, others consumed more water resource-demanding foods 
such as dried dates, stir-fried vegetables, and rice. For new phosphorus 
inputs, dietary patterns in home environments mainly contribute to the 
high inputs of red meat, poultry, and citrus fruits. On the other hand, 
children with low phosphorus inputs mainly consume crispbread, ap
ples, and water in preschool settings. Additionally, dietary misreporting 
may have contributed to the differences and variability. For example, 
some children reported high amounts of fish sauce, contributing sub
stantially to high blue water use. Alternatively, others reported sand
wiches as their only food intake in preschools, which does not contribute 
substantially to phosphorus inputs.

Meat and meat dishes comprise a lower energy proportion in 

Fig. 3. Relative contributions of food groups to dietary impacts from 1000 kcal 
dietary patterns among boys (B) (n = 382) and girls (G) (n = 364) in Riksmaten 
Young Children.

Table 4 
Energy-adjusted dietary impacts (per 1000 kcal) of 4-year-old children 
consuming food in both home and preschool settings in Riksmaten Young 
Children.

Home (n =
450) 

Mean (SD)

Preschool (n =
450) 

Mean (SD)

Significance 
level

Carbon footprint (kg 
CO2e)

1.6 (0.03) 1.6 (0.8) ***

Cropland use (m2*year) 2.3 (0.04) 2.2 (0.9) ***
Blue water use (dm3) 91 (3) 72 (89) ***
New nitrogen (g N) 29 (1) 30 (16) ns
New phosphorus (g P) 2.9 (0.05) 2.6 (0.9) ***
Ammonia emission (g 

NH3)
4.9 (0.2) 4.5 (3.7) ***

Pesticide use (g a.i.) 0.4 (0.01) 0.4 (0.2) ***
Biodiversity loss (E/ 

MSY)
5.4E-13 (1.5E- 

14)
5.3E-13 (4.7E-13) ***

Antibiotic use (index) 3.1 (0.1) 3.0 (3.1) ***
Animal welfare (index) 1.4 (0.6) 2.0 (3.9) ***

*** p < 0.001, ** p < 0.01, * p < 0.05, ns = not significant (p ≥ 0.05). Ab
breviations: a.i., active ingredient; CO2e, carbon dioxide equivalents; E/MSY, 
extinctions per million species-year. Average energy intake was 1086 and 721 
kcal per person per day in home and preschool settings, respectively.

Fig. 4. Relative contributions of food groups to impacts from dietary patterns 
in home and preschool settings. The home setting (H) is presented to the left, 
and the preschool setting (P) is presented to the right. Includes the 450 young 
children who consumed food in both settings in Riksmaten Young Children.
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preschools than in homes, whereas dairy consumption was higher in 
preschools (Fig. 4, Table A4). Interestingly, despite these compositional 
differences, the overall carbon footprint of diets in preschools and homes 
exhibited only a small, albeit statistically significant difference. The 
increased seafood and dairy consumption in preschools appeared to 
offset the impact reductions from the decreased meat intake in terms of 
carbon footprint. This finding suggests that while preschools are making 
efforts to adhere to the Swedish Food Agency’s dietary recommenda
tions for environmentally friendly foods by reducing meat consumption 
(Swedish Food Agency, 2021), the effect of these efforts may be canceled 
by the high consumption of dairy.

Overall, we found some compositional differences in dietary patterns 
in preschools and homes. In preschools, a larger share of the energy 
intake came from specific food groups including seafood, dairy products, 
vegetables, and bread and grains. In contrast, at home, a large share of 
energy intake was derived from other food groups, such as sweets and 
snacks, pizza, hamburgers and sandwiches etc., as well as other foods. 
The difference is probably due to the recommendations that educational 
institutions for early childhood should refrain from serving sugary-rich 
foods and beverages such as sugary drinks, sweets, and pastries in pre
schools (Swedish Food Agency, 2021).

3.3.3. Differences between rural, larger city, and metropolitan areas
Animal welfare impacts varied substantially across residential areas: 

children’s diets in large cities scored 53 % higher on the index than those 
in rural areas. In comparison, metropolitan diets were 37 % higher than 
rural diets. The comparison between large cities and metropolitan areas 
revealed a minor yet notable difference, with diets in large cities scoring 
26 % higher on the animal welfare index than those in metropolitan 
areas (Table 5). These differences can be explained by children living in 
rural areas consuming the least poultry and seafood, followed by chil
dren in metropolitan areas, and those living in larger cities consuming 
the most (Fig. 5, Table A5). Large inter-personal variation in poultry and 
seafood consumption in metropolitan and larger city areas results in 
greater coefficients of variation in animal welfare (77 % and 65 %, 
respectively) compared to rural areas (16 %). Other indicators showed 
similar patterns across regions.

Dietary patterns in rural areas led to higher impacts for ammonia 

emissions (17 %) and new nitrogen input (10 %) compared to large city 
and metropolitan areas. The higher consumption of meat and meat 
dishes, including those found in pizza, hamburgers and sandwiches and 
similar items in rural areas, typically results in higher ammonia emis
sions and increased use of new nitrogen, as shown in Fig. 5. Analysis of 
food group contributions confirms a higher intake of meat and meat 
dishes in rural areas (12 %) compared to metropolitan areas (9 %).

We found that children in rural areas had dietary patterns associated 
with higher carbon footprints, mainly from meat dishes, including pizza, 
hamburgers and sandwiches, and dairy products. These findings 
contrast those of Strid et al. (2019), who showed that living in an urban 
environment was associated with higher dietary climate impact among 
adults in Västerbotten county, Sweden. The difference may be attributed 
to several factors: the differing age groups (children vs. adults), Riks
maten Young Children being a nationwide study rather than regional or 
potential socioeconomic and cultural differences between rural and 
urban areas that influence dietary choices.

3.3.4. Differences between parental education level
Dietary patterns among children in the low parental education group 

show higher environmental impacts for several indicators (Table 6). The 
most pronounced disparity was observed in animal welfare impact, with 
a 28 % higher score in the low parental education group, primarily due 
to slightly higher consumption of poultry and shrimps. Ammonia 
emissions also showed a substantial difference, being 14 % higher in the 
low parental education group, attributed to higher consumption of meat 
in meat dishes and items like pizza, hamburgers and sandwiches.

Analysis of food group contributions to energy intake and dietary 
impacts across parental education levels revealed subtle differences 
(Fig. 6, Table A6). Children of highly educated parents consumed more 
bread, grains, cereals, rice, and pasta, while those from less educated 
households consumed more sweets and snacks. Both these food groups 
contribute particularly to blue water use and pesticide use. Although 
differences in consumption of meat and meat dishes were less pro
nounced, households with lower parental education levels showed 
slightly higher impacts in this category, particularly in carbon footprint 
and new nitrogen.

While previous research in Sweden has shown that families with 
higher parental education levels tend to have healthier dietary patterns 
(Mattisson, 2016), it is not necessarily true that healthier foods have 

Table 5 
Energy-adjusted dietary impacts (per 1000 kcal) of 4-year-old children by 
municipal typologies in Riksmaten Young Children.

Type 1 
(n = 109)

Type 2 
(n = 277)

Type 3 
(n = 360)

Significance 
level

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Carbon footprint (kg 
CO2e) 1.7 (0.2) 1.6 (0.3) 1.6 (0.3) 1–2***, 1–3***

Cropland use 
(m2*year) 2.5 (0.3) 2.3 (0.3) 2.3 (0.3) 1–2***, 1–3***

Blue water use (dm3) 84 (19) 93 (12) 85 (19) 1–2***, 2–3***
New nitrogen (g N) 31 (4) 28 (6) 28 (6) 1–2***, 1–3***
New phosphorus (g P) 2.9 (0.3) 2.9 (0.4) 2.8 (0.3) 1–3**, 2–3***
Ammonia emission (g 

NH3) 5.9 (0.9) 4.9 (1.7) 4.8 (1.8) 1–2***, 1–3***

Pesticide use (g a.i.) 0.4 (0.1) 0.4 (0.1) 0.4 (0.1) 1–2**, 2–3**
Biodiversity loss (E/ 

MSY)
5.2E-13 

(1.2E-13)
5.3E-13 

(1.2E-13)
5.1E-13 

(9.6E-14) 2–3*

Antibiotic use (index) 3.3 (0.9) 3.1 (1.1) 3.0 (0.9) 1–2*, 1–3**
Animal welfare 

(index)
0.9 (0.1) 2.0 (1.3) 1.5 (1.1) 1–2***, 1–3***, 

2–3***
Energy intake (kcal 

per person per day)
1400 
(217)

1416 
(201)

1442 
(187)

*** p < 0.001, ** p < 0.01, * p < 0.05, ns = not significant (p ≥ 0.05). Ab
breviations: a.i., active ingredient; CO2e, carbon dioxide equivalents; E/MSY, 
extinctions per million species-year. Type 1: Small towns areas and rural mu
nicipalities. Type 2: Larger cities and municipalities near larger cities. Type 3: 
Metropolitan areas and municipalities near metropolitan areas.

Fig. 5. Relative contributions of food groups by municipal typologies in Riks
maten Young Children. Small towns areas and rural municipalities (1) are 
presented to the left (n = 109), larger cities and municipalities near larger cities 
(2) are presented in the middle (n = 277), and metropolitan areas and mu
nicipalities near metropolitan areas (3) are presented to the right (n = 360).
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lower environmental impacts. However, the findings indicate substan
tial variability in the dietary impacts of children’s diets across different 
parental education levels in Sweden.

3.4. Correlation between indicators in the diet

Analysis of dietary intake data revealed strong positive correlations 
between multiple indicators (Table 7). Carbon footprint strongly cor
relates with nitrogen input, cropland use, and ammonia emissions. Blue 
water use and animal welfare exhibited weaker correlations with most 
other indicators. The strongest relationships observed between blue 
water use and pesticide use, as well as between animal welfare and 

antibiotic use.
The environmental impact of animal production is substantial across 

multiple indicators, as evidenced by the SAFAD tool’s comprehensive 
assessment (Röös et al. 2025). Animal-based foods consistently impact 
cropland use, greenhouse gas emissions, new nitrogen input, and 
ammonia emissions more than plant-based alternatives. This aligns with 
the findings of Willett et al. (2019) and Ran et al. (2024), who emphasize 
the multi-faceted environmental pressures exerted by animal agricul
ture. The interconnected nature of these impacts is particularly note
worthy and stems primarily from the substantial feed requirements of 
livestock. A high demand for animal feed necessitates extensive utili
zation of cropland and substantial nitrogen inputs as fertilizers. 
Ammonia emissions, a notable contributor to air pollution, predomi
nantly originate from manure management practices in animal hus
bandry. The intensive use of cropland and high nitrogen inputs further 
exacerbate environmental impacts through increased nitrous oxide 
emissions. Additionally, the energy-intensive nature of these agricul
tural practices, encompassing both the operation of machinery and the 
production of fertilizers, contributes substantially to the overall carbon 
footprint of animal-based food production.

Conversely, the environmental footprint of fruits and vegetables is 
generally lower across most indicators. However, it is crucial to note that 
certain aspects of fruit and vegetable production warrant careful 
consideration. The blue water footprint, for instance, can be substantial 
for some crops, particularly in irrigated cropping systems, in water- 
stressed regions (Mekonnen and Hoekstra, 2010). This underscores the 
importance of considering local environmental conditions when 
assessing different food items’ sustainability, as Ran et al. (2024) sug
gested. Additionally, the pesticide use indicator in the SAFAD tool 
provides valuable insights into the potential ecological impacts of 
intensive horticultural practices. However, estimates come with major 
uncertainties due to the lack of reliable statistics on pesticide use, 
especially for crops from outside Europe (Röös et al. 2025).

When working on diet-related impacts in recommendations, gover
nance, and policy for young children, we propose focusing on five key 
indicators: carbon footprint, animal welfare, blue water use, pesticide 
use, and biodiversity loss. The strong correlations observed between 
carbon footprint, cropland use, new nitrogen input, and ammonia 
emissions suggest that governance and policies to reduce carbon foot
prints may concurrently mitigate impacts in these related areas. 
Conversely, the other proposed indicators exhibit lower correlations and 
thus warrant specific attention. This approach balances practicality and 
comprehensive environmental and social considerations, offering a 
more nuanced understanding of the broader implications of dietary 
choices and highlighting potential trade-offs between impacts.

3.5. Regression analysis of demographic factors influencing dietary 
impacts

Both linear regression and mixed effect models were employed to 
examine the relationships between dietary impact indicators and de
mographic factors. Despite the inclusion of gender, parental educational 
level, municipality type, and setting (in mixed effect models) as pre
dictors, both types of models consistently showed low R-square values 
across all indicators. The highest R-squared value in the linear regres
sion models was merely 2.29 % for carbon footprint and ammonia 
emissions. In contrast, the mixed effect models showed slightly higher 
but still low R-squared values, with a maximum of 8.89 % for new 
phosphorus input.

Notwithstanding the limited explanatory power of these models, 
several individual predictors demonstrated statistical significance across 
dietary impact indicators. This paradoxical finding suggests that while 
socio-demographic factors influence dietary impacts somewhat, they 
account for only a small fraction of the overall variation observed. The 
low explanatory power could be attributed to unmeasured variables or 
the possibility that the existing variables are too broadly categorized. 

Table 6 
Energy-adjusted dietary impacts (per 1000 kcal) of 4-year-old children by 
parental education level in Riksmaten Young Children.

High parental 
education level (n =

644) 
Mean (SD)

Low parental 
education level (n 

= 102) 
Mean (SD)

Significance 
level

Carbon footprint 
(kg CO2e)

1.6 (0.3) 1.7 (0.3) ***

Cropland use 
(m2*year) 2.3 (0.3) 2.4 (0.4) ***

Blue water use 
(dm3) 88 (14) 87 (24) ns

New nitrogen (g 
N)

28 (5) 31 (6) ***

New phosphorus 
(g P)

2.8 (0.4) 2.9 (0.4) ns

Ammonia 
emission (g 
NH3)

4.9 (1.7) 5.7 (1.8) ***

Pesticide use (g a. 
i.)

0.4 (0.1) 0.4 (0.1) *

Biodiversity loss 
(E/MSY)

5.1E-13 (1.0E-13) 5.5E-13 (1.5E-13) *

Antibiotic use 
(index) 3.0 (1.0) 3.2 (0.9) *

Animal welfare 
(index) 1.5 (1.0) 2.1 (1.0) ***

*** p < 0.001, ** p < 0.01, * p < 0.05, ns = not significant (p ≥ 0.05). Ab
breviations: a.i., active ingredient; CO2e, carbon dioxide equivalents; E/MSY, 
extinctions per million species-year.

Fig. 6. Relative contributions of food groups to dietary impacts by parental 
education level in Riksmaten Young Children. High parental education level (H) 
is presented to the left (n = 644), and low parental education level (L) is pre
sented to the right (n = 102).
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While no finer categorization is possible for gender, a more nuanced 
stratification of education level and municipal classification could yield 
a better model fit.

Dietary choices are deeply rooted in cultural norms, personal pref
erences, and family traditions, making them challenging to predict or 
influence (Fernqvist et al., 2024), especially for young children. Our 
findings suggest that interventions targeting these specific socio- 
demographic factors alone are unlikely to yield substantial improve
ments in the dietary impacts of 4-year-olds. Instead, our results under
score the need for a more comprehensive approach to address the 
impacts observed.

3.6. Methodological considerations for the dietary assessment of diets

The assessment of dietary impacts among Swedish young children is 
subject to methodological limitations and uncertainties. The two-day 
dietary intake data collection period may not accurately capture 
habitual consumption patterns. From a sustainability standpoint, long- 
term food intake and its associated dietary impacts are most pertinent. 
To address this limitation and estimate habitual dietary consumption 
more reliably, we applied the Multiple Source Method (Harttig et al., 
2011). The overrepresentation of weekend days in Riksmaten Young 
Children may have led to an overestimation of energy-dense and 
nutrient-poor food consumption, particularly sweets and snacks. 
Conversely, dietary surveys often underrepresent these foods (Moraeus 
et al., 2024). It is important to note that while these foods typically do 
not contribute substantially to indicators such as carbon footprint or 
land use, they may have noteworthy impacts on other indicators. For 
instance, the production of nuts and cacao could involve higher pesti
cide or blue water use. Additionally, the overrepresentation of parents 
with higher education levels in Riksmaten Young Children (Moraeus 
et al., 2024) may have influenced the results, as higher education is 
often associated with higher fruit and vegetable consumption 
(Mattisson, 2016; Moraeus et al., 2018). Consequently, the minor dif
ferences in this study between parental education levels, particularly in 
blue water and pesticide use associated with fruit and vegetable pro
duction, may be underestimated and reduce generalizability. Future 
research should prioritize strategies to increase participation from 
households with lower socioeconomic positions to ensure more repre
sentative dietary assessments across all education levels.

The indicators utilized in this study provide valuable insights despite 
inherent limitations. For instance, blue water use does not account for 
local water stress, and biodiversity loss is associated with major un
certainties (Ran et al., 2024). Assessing the environmental performance 
of a diet is challenging due to model and data uncertainties in calcu
lating environmental impacts, as highlighted by Röös et al. (2025). 

Carbon footprint, for example, arises from several processes and de
pends on factors such as climate conditions and soil characteristics. 
Additionally, methodological choices in accounting for emissions can 
affect the results (Moberg et al., 2020). Diets include foods with various 
origins, and food diaries and FFQs provide limited information about the 
origin, production systems, and conditions at the production sites. The 
limited information prevents the use of indicators that rely on site- 
specific information. Consequently, we have used more general in
dicators that do not depend on site-specific data (Ran et al., 2024). 
Despite these limitations, we consider the chosen indicators good 
proxies for environmental impacts caused by food production and 
valuable tools for identifying trade-offs in dietary sustainability. Lastly, 
defining absolute global boundaries for the food system is challenging 
due to the complexity and interconnection between drivers of Earth 
system processes (Willett et al., 2019). To account for some of the un
certainties in these boundaries, we have compared our results to the 
lower uncertainty limit.3.8 Challenges of dietary sustainability and in
ternational implications.

Dietary patterns among young Swedish children are currently envi
ronmentally unsustainable, with none of the children meeting all the 
planetary boundaries (see section 3.2). The high consumption of animal- 
sourced foods is the main contributor to this (see section 3.3). Children 
themselves are not responsible for their dietary habits. Rather, these 
patterns mirror the broader social and cultural contexts in which they 
are raised. Consequently, the findings from this study are relevant not 
only in Sweden but also to other countries, particularly those with 
similar dietary patterns or institutional frameworks. Challenges identi
fied in Sweden, such as the elevated carbon footprint due to persistent 
dairy consumption, provide valuable insights for other countries aiming 
for more sustainable eating patterns.

Research indicates that early dietary habits have a lasting impact on 
long-term eating patterns and, therefore, on sustainability outcomes (e. 
g., Dubois et al. ., 2022). By addressing barriers and promoting sus
tainable practices, countries can encourage healthier eating habits 
among children and contribute to the development of more sustainable 
food systems globally. Sweden’s emphasis on integrating sustainability 
in early education – through programs that promote healthy eating and 
environmental awareness (Swedish National Agency for Education, 
2019) serves as a useful model. The Nordic countries, including Sweden, 
can be seen as forerunners in sustainable food policy. Nordic Council of 
Ministers (2018) has suggested 24 innovative approaches to nutrition, 
food culture, public meals, food waste reduction, and sustainable diets, 
covering, e.g., Nordic Nutrition Recommendations, Keyhole Label, 
building regional food identities, universal school meal programs, public 
meal models, and encouraging collaboration to reduce food waste. 
However, practical challenges such as cultural preferences and existing 

Table 7 
Spearman’s Correlation Coefficients between dietary indicators in Riksmaten Young Children (adjusted to 1000 kcal).

The table presents correlations between ten indicators: carbon footprint, cropland use, blue water use, nitrogen and phosphorus inputs, ammonia emission, 
pesticide use, biodiversity loss, antibiotic use, and animal welfare. Color scale: Dark blue = strong positive correlation r ≥ 0.7, Medium blue = moderately strong 
positive correlations 0.5 ≤ r < 0.7, Light blue = weak positive correlations 0.3 ≤ r < 0.5, White = correlations close to − 0.3 < r < 0.3; n = 746, data adjusted to 
1000 kcal intake
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policies may hinder dietary changes. Fernqvist et al. (2024) emphasize 
that the food environment has a critical influence on food choices. This 
influence is particularly evident since access to healthy food is often 
limited in socioeconomically disadvantaged areas, a finding supported 
in a Swedish context by Mattisson (2016). Additionally, cultural norms, 
lifestyles, and societal influences further shape food choices, including 
among children (Graça et al., 2019; Govzman et al., 2021).

There is a unique opportunity to control the food environment in the 
context of public meals. This extensive reach across socioeconomic 
groups allows for substantial influence over food choices and eating 
habits. By carefully designing menus, implementing nutritional guide
lines, and creating positive dining experiences, public meal service can 
shape healthier and more sustainable food environments. Public pol
icies, such as implementing vegetarian days in preschools or setting 
sustainable procurement standards, can contribute to shifting behaviors 
toward more sustainable consumption patterns (Spendrup et al., 2024). 
Furthermore, the role of family members and social networks in shaping 
food preferences and individual choices should not be overlooked.

4. Conclusion and future directions

This comprehensive study of dietary impacts among young Swedish 
children reveals that their current dietary patterns are unsustainable, 
with only blue water use falling within the safe operating space for 
humanity. The most critical areas exceeding planetary boundaries are 
nitrogen and phosphorus cycling, carbon footprint, and biodiversity 
loss, highlighting priorities for future policy development. We found 
that boys generally show higher dietary impacts than girls, both in ab
solute and energy-adjusted impacts, indicating a social structure where 
young boys are fostered to consume more environmentally resource- 
demanding foods, suggesting that gender-specific dietary patterns are 
established early. Additionally, children living in rural areas generally 
have higher dietary impacts than those in larger cities and metropolitan 
regions. Despite existing policies aimed at reducing carbon footprints, 
we found no substantial difference in the carbon footprint of preschool 
diets compared to those consumed at home, indicating insufficient ef
forts to mitigate environmental impact. Moreover, strong correlations 
exist between carbon footprint, cropland use, nitrogen input, and 
ammonia emissions, suggesting that policies targeting carbon footprint 
reduction will yield broader environmental benefits. Notably, socio- 
demographic variables alone do not strongly predict dietary impacts, 
underscoring the need for interventions and strategies that address the 
target group rather than focusing on individual sub-groups. To secure 
human health and planetary well-being for future generations, we 
recommend researching and developing multi-faceted interventions that 
simultaneously address various aspects of the food system, including 
sustainable food production practices, consumer education, policy re
forms, and food industry engagement. Additionally, we suggest inter
vention strategies to foster children and increase food system 
sustainability should focus on carbon footprint, animal welfare, blue 
water use, pesticide use and biodiversity loss. By fostering environments 
that promote sustainable and healthy dietary behaviors from an early 
age, we can potentially influence lifelong dietary choices and their 
associated environmental impacts. Future research should also assess 
how aligning diets with current Swedish dietary recommendations could 
reduce environmental impacts without compromising nutritional ade
quacy. This approach recognizes the far-reaching consequences of 
childhood dietary patterns and emphasizes the importance of early 
intervention in shaping a sustainable food future.
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Claudia von Brömsen for consultations regarding statistical analysis. A 
special thanks to Wilhelm Wanecek and Ludvig Karlsson for all their 
work updating the SAFAD tool.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.crsust.2025.100281.

Data availability

The data that has been used is confidential.

References
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