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Abstract: Background and Aims  : The objectives of the present study were to provide a
description of  the  consumption of ultra-processed foods (UPFs) in the
large population of children, adolescents and adults from eight European
countries participating to the I.Family study, and to investigate the association between
UPFs intake and nutritional quality of the diet.    Methods and Results:   Dietary intake
was assessed using a 24-h dietary recall. The quality of the diet was evaluated by the
Healthy Dietary Adherence Score (HDAS) using an FFQ. UPFs were classified
according to NOVA classification. Almost half of the daily energy intake of the 7073
participants came from UPFs, and this trend decreased progressively with age. UPFs
contributed more than 50% of the daily intake of total and saturated fat, carbohydrates
and about 70% of sugars intake in children and adolescents. No differences in UPFs
consumption were found according to the educational and socio-economic status of
the population. Energy intake increased across the quintiles of UPFs intake,
while HDAS decreased. The frequency of consumption of fruit and vegetable, fish, and
fibre rich-foods was low in the fifth quintile of UPFs intake, both in adolescents and in
adults. The consumption of foods rich in calories and low in nutritional content,
operationally defined as “junk food”, was significantly higher in the fifth quintile. 
Conclusions  : in our study population, UPFs contributed a large proportion of the daily
energy intake, especially in children and adolescents. Higher consumption of UPFs
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was associated with a lower quality of the diet.
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Highlights: 

 

 Energy intake from Ultra Processed Foods (UPFs) represents almost half of the daily energy 

intake within our study population, and this trend decrease progressively with age with no 

differences by cultural and socio-economic status; 

 Considering the quintiles of the dietary share of UPFs, energy intake increases across the 

quintiles, and diet quality is significantly lower in the fifth quintile than in the first; 

 The consumption of foods rich in calories and low in nutritional content, operationally defined 

as “junk food”, is significantly higher in the fifth quintile of the dietary share of UPFs; 

 A North/South Europe divide is observed in processed food consumption in that North 

European consumes more UPFs. 

 

 

Highlights (for review)



Figure 1 Click here to access/download;Figure(s);figure_1.tiff

https://www.editorialmanager.com/nmcd/download.aspx?id=287170&guid=dbaa2f70-d605-4ad4-b40a-bdc78fd6dc92&scheme=1
https://www.editorialmanager.com/nmcd/download.aspx?id=287170&guid=dbaa2f70-d605-4ad4-b40a-bdc78fd6dc92&scheme=1


Figure 2 Click here to access/download;Figure(s);figure_2.tiff

https://www.editorialmanager.com/nmcd/download.aspx?id=287171&guid=c67ba321-a06f-4513-a73c-0f0fdc637762&scheme=1
https://www.editorialmanager.com/nmcd/download.aspx?id=287171&guid=c67ba321-a06f-4513-a73c-0f0fdc637762&scheme=1


6-10ys 10-20ys >20ys

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

10, 0

NO VA1 NO VA2 NO VA3 NO VA4

Protein (%TE)

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

10, 0

NO VA1 NO VA2 NO VA3 NO VA4

Protein (%TE)

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

10, 0

NO VA1 NO VA2 NO VA3 NO VA4

Protein (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

NO VA1 NO VA2 NO VA3 NO VA4

Fat (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

NO VA1 NO VA2 NO VA3 NO VA4

Fat (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

NO VA1 NO VA2 NO VA3 NO VA4

Fat (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

30, 0

NO VA1 NO VA2 NO VA3 NO VA4

Carbohydrates (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

30, 0

NO VA1 NO VA2 NO VA3 NO VA4

Carbohydrates (%TE)

0,0

5,0

10, 0

15, 0

20, 0

25, 0

30, 0

NO VA1 NO VA2 NO VA3 NO VA4

Carbohydrates (%TE)

0,0
2,0
4,0
6,0
8,0

10, 0
12, 0
14, 0
16, 0
18, 0

NO VA1 NO VA2 NO VA3 NO VA4

Sugars (%TE)

0,0
2,0
4,0
6,0
8,0

10, 0
12, 0
14, 0
16, 0
18, 0

NO VA1 NO VA2 NO VA3 NO VA4

Sugars (%TE)

0,0
2,0
4,0
6,0
8,0

10, 0
12, 0
14, 0
16, 0
18, 0

NO VA1 NO VA2 NO VA3 NO VA4

Sugars (%TE)

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

NO VA1 NO VA2 NO VA3 NO VA4

SFA (%TE)

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

NO VA1 NO VA2 NO VA3 NO VA4

SFA (%TE)

0,0
1,0
2,0
3,0
4,0
5,0
6,0
7,0
8,0
9,0

NO VA1 NO VA2 NO VA3 NO VA4

SFA (%TE)

0,0

1,0

2,0

3,0

4,0

5,0

6,0

NO VA1 NO VA2 NO VA3 NO VA4

Fibre (g/1000kcal)

0,0

1,0

2,0

3,0

4,0

5,0

6,0

NO VA1 NO VA2 NO VA3 NO VA4

Fibre (g/1000kcal)

0,0

10, 0

20, 0

30, 0

40, 0

50, 0

60, 0

NO VA1 NO VA2 NO VA3 NO VA4

Energy intake (%TE)

0,0

10, 0

20, 0

30, 0

40, 0

50, 0

60, 0

NO VA1 NO VA2 NO VA3 NO VA4

Energy intake (%TE) 

0,0

10, 0

20, 0

30, 0

40, 0

50, 0

60, 0

NO VA1 NO VA2 NO VA3 NO VA4

Energy intake (%TE)

0,0

1,0

2,0

3,0

4,0

5,0

6,0

NO VA1 NO VA2 NO VA3 NO VA4

Fibre (g/1000kcal)

Online Supporting Material

Supplemental Figure Click here to access/download;Figure(s);Supplemetal Figure
1.pdf

https://www.editorialmanager.com/nmcd/download.aspx?id=287172&guid=d3166f5d-fd7f-45d9-ba01-39e28e5cbb4b&scheme=1
https://www.editorialmanager.com/nmcd/download.aspx?id=287172&guid=d3166f5d-fd7f-45d9-ba01-39e28e5cbb4b&scheme=1


  

 

 

 

 

Istituto di Scienze dell’Alimentazione 

 
 

   

 

Avellino, June 30th, 2021 
 

 

Fabio Lauria, BSc   

Institute of Food Sciences, CNR 

Via Roma 64  

83100 Avellino – Italy 

Tel. +39 0825 299321 (direct) – 0825 299111 (switchboard)  +39  3286943286 (mobile) 

Fax +39 0825 299423 

Email : fabio.lauria@isa.cnr.it 

 

To: 

Prof. Pasquale Strazzullo 

Editor, Nutrition, Metabolism and Cardiovascular Diseases 

Re: MANUSCRIPT NMCD-D-21-00523R1 “Ultra-processed foods consumption and diet quality 

of European children, adolescents and adults: results from the I.Family study ”  by F. Lauria et 

al.  

 

Dear Editor,  

 

We would like to submit the revision of the paper in reference. We wish to thank the reviewers for 

their suggestions and comments that allowed us to improve the paper. A detailed point-by-point 

reply is attached to the re-submission, while all the changes are highlighted in the revised 

manuscript. We hope that now the paper could be suitable for publication on Nutrition, Metabolism 

and Cardiovascular Diseases.  

All authors have read and approved the new version of the manuscript. The manuscript has not been 

published and is not being considered for publication elsewhere.  We declare that no conflict of 

interest exists with this paper.  

 

Best regards  

 

Fabio Lauria, on behalf of the authors 

Cover Letter

mailto:fabio.lauria@isa.cnr.it


Editor's comment: This Editor believes that in their revised version the authors effectively met the 
reviewers' criticisms and suggestions. However, I recommend a careful further reading of the 
manuscript in order to amend a few gramatical errors and typos throughout the paper.  
 
Moreover, I suggest to reconsider the following sentences which are quite long and/or hard to 
understand: pg 8 (lines 90-95), pg 11 (lines 156-9), pg 16 (lines 287-92). 
 

The authors wish to thank the Editor for the suggestions. The text was checked for errors and 

typos.  

pg 8 (lines 90-95): the sentence was clarified.  

pg 11 (lines 156-9): the sentence is part of the description of the statistical methods. It could look 

quite difficult to understand for non-statisticians, but the authors are in favour to keep it as it is, 

because it could be of help for other statistical experts for analyses in which when daily variance in 

diet needs to be accounted for. Of course, the authors are ready to delete the sentence in the case 

the editor would prefer so.  

pg 16 (lines 287-92): the long sentence was divided into two sentences.  

Response to Editor



 1 

Ultra-processed foods consumption and diet quality of European children, adolescents and 

adults: results from the I.Family study 

Fabio Lauriaa, Marika Dello Russoa, Annarita Formisanoa, Stefaan De Henauwb, Antje Hebestreitc, 

Monica Hunsbergerd, Vittorio Kroghe, Timm Intemannc, Lauren Lissnerd, Denes Molnarf, Luis A. 

Morenog, Lucia A. Reischh, Michael Tornaritisi, Toomas Veidebaumj, Garrath Williamsk, Alfonso 

Siania, Paola Russoa. On behalf of the I.Family consortium 

 

a Institute of Food Sciences, National Research Council, Avellino, Italy 

b Department of Public Health and Primary Care, Faculty of Medicine and Health Sciences, Ghent 

University, Ghent, Belgium 

c Leibniz Institute for Prevention Research and Epidemiology – BIPS, Bremen, Germany 

d School of Public Health and Community Medicine, Institute of Medicine, Sahlgrenska Academy, 

University of Gothenburg, Gothenburg, Sweden 

e Epidemiology and Prevention Unit, Department of Research, Fondazione IRCCS Istituto Nazionale 

Tumori, Milan, Italy  

f Department of Paediatrics, Clinical Centre, University of Pécs, Pécs, Hungary 

g GENUD Research Group, Instituto Agroalimentario de Aragón (IA2), University of Zaragoza, 

Zaragoza, Spain 

h El-Erian Institute for Behavioural Economics and Policy, Cambridge University, UK  

i Research and Education Institute of Child Health, Strovolos, Cyprus  

j Department of Chronic Diseases, National Institute for Health Development, Tallinn, Estonia 

k Department of Politics, Philosophy and Religion, Lancaster University, Lancaster, UK  

 

Address for correspondence 

Fabio Lauria, Institute of Food Sciences - CNR- Via Roma, 64 - 83100 Avellino, Italy, Phone +39 

0825 299321, e-mail: fabio.lauria@isa.cnr.it 

Competing Interests  

Authors Paola Russo and Alfonso Siani have editorial roles in Nutrition, Metabolism and 

Cardiovascular Diseases.  

 

Manuscript Click here to view linked References

mailto:fabio.lauria@isa.cnr.it
https://www.editorialmanager.com/nmcd/viewRCResults.aspx?pdf=1&docID=16063&rev=2&fileID=287175&msid=89cfc243-f35b-418e-9f66-520bd5e507bb
https://www.editorialmanager.com/nmcd/viewRCResults.aspx?pdf=1&docID=16063&rev=2&fileID=287175&msid=89cfc243-f35b-418e-9f66-520bd5e507bb


 2 

Registration 

The Pan-European IDEFICS/I.Family children cohort is registered under ISRCTN62310987 

(https://www.isrctn.com/ISRCTN62310987). Date assigned: 23/02/2018. 

 

Keywords 

Nova classification, Ultra-processed foods, diet quality, children, adolescents, adults 

 

Abbreviations list 

%TEI = Percentage of the Total Energy Intake 

24-HDR = 24-h dietary recall 

ANOVA = One-way analysis of variance  

BLS = Bundeslebensmittelschlüssel  

BMI = Body Mass Index  

CEHQ = Children’s Eating Habits Questionnaire  

CI = Confidence Intervals  

FFQ = Food Frequency Questionnaire  

HDAS = Healthy Dietary Adherence Score  

MPFs = Unprocessed or Minimally Processed Foods  

NCDs = Non-Communicable Diseases  

NCI-method = U.S. National Cancer Institute -method  

https://www.isrctn.com/ISRCTN62310987


 3 

PCIs = Processed Culinary Ingredients  

PFs = Processed Foods  

SACANA = Self-Administered Children, Adolescents, and Adult Nutrition Assessment 

SACINA = Self-Administered Children and Infant Nutrition Assessment 

SD = Standard Deviation  

UPFs = Ultra-Processed Foods 

 

 

Word count of the abstract = 277 

Word count of the text = 4847 

Number of references = 66 

Number of tables = 4 

Number of figures = 2 

  



 4 

Abstract 

Background and Aims: Food processing has been indicated as a factor capable of negatively 

affecting the global food system, including the profile of consumers’ diets. The objectives of the 

present study were to provide a description of  the  consumption of ultra-processed foods (UPFs) in 

the large population of children, adolescents and adults from eight European countries participating 

to the I.Family study, and to investigate the association between UPFs intake and nutritional quality 

of the diet.  Methods and Results: Dietary intake was assessed using a 24-h dietary recall. The 

quality of the diet was evaluated by the Healthy Dietary Adherence Score (HDAS) using an FFQ. 

UPFs were classified according to the NOVA classification. Almost half of the daily energy intake 

of the 7 073 participants came from UPFs, and this trend decreased progressively with age. UPFs 

contributed more than 50% of the daily intake of total and saturated fat, carbohydrates and about 

70% of sugars intake in children and adolescents. No differences in UPFs consumption were found 

according to the educational and socio-economic status of the population. Energy intake increased 

across the quintiles of UPFs intake, while HDAS decreased. The frequency of consumption of fruit 

and vegetable, fish, and fibre rich foods was low in the fifth quintile of UPFs intake, both in 

adolescents and in adults. The consumption of foods rich in calories and low in nutritional content, 

operationally defined as “junk food”, was significantly higher in the fifth quintile. Conclusions: in 

the population of the European I.Family study, UPFs contributed a large proportion of the daily 

energy intake, especially in children and adolescents. Higher consumption of UPFs was associated 

with a lower quality of the diet. 

Registration number for clinical trials: ISRCTN62310987 
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Introduction  1 

Food processing has played a leading role in human evolution making foods more edible, palatable, 2 

safe and easy to use, offering more variety in foods, and preserving them for long periods by 3 

controlling all the parameters necessary to maintain or minimize the loss of the nutritional quality 4 

[1]. However, in the recent years, the type, intensity and purpose of food processing has been 5 

perceived as a factor negatively affecting the global food system, including the profile of diets and 6 

consumers’ health [2]. Until a few decades ago, dietary recommendations for healthy eating, in the 7 

form of guidelines, emphasized the role of specific nutrients and their vegetable or animal origin. 8 

More recently, guidelines have shifted attention to the overall diet by making recommendations 9 

concerning the amounts of foods, food groups, dietary patterns [3], and, increasingly, food 10 

processing [4–6].  11 

There is no consensus among researchers regarding the classification of foods in terms of their 12 

degree of processing [7]. However, one widely used method in the scientific literature to 13 

comprehend the relationship between food processing and health is the NOVA classification system 14 

[8]. This classification divides all foods into four groups according to their degree of processing as 15 

follow: unprocessed or minimally processed foods (MPFs), processed culinary ingredients (PCIs), 16 

processed foods (PFs), and ultra-processed foods (UPFs) [8].  17 

UPFs consumption and availability are rapidly increasing globally in both high- and lower- income 18 

countries, with estimate contribution of UPF to the total energy intake ranging from 10% to 60% in 19 

different countries [9–15].  20 

UPFs consumption has been shown to be associated with sociodemographic characteristics. Studies 21 

in high income countries have found that UPFs consumption was high among younger aged [11–22 

13,15–17], less educated and low-income individuals [11,16].  23 

In addition, recent literature has supported the association of UPFs consumption with a high risk to 24 

develop obesity [18,19] and other diet-related chronic non-communicable diseases (NCDs) [20], 25 

such as type 2 diabetes, hypertension [21], cardiovascular and all cause mortality [22] and some 26 
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common cancers [23]. Several studies have found an inverse association between consumption of 27 

specific MPFs and weight gain [24,25]. However, no clear and strong conclusions can be drawn due 28 

to very limited direct research on the relationship between processed foods as a group and NCDs, 29 

specifically obesity[18].  30 

Nevertheless, it has been recognized that UPFs have lower nutritional quality compared to less 31 

processed foods [10,26] and several studies have shown the negative impact of elevated 32 

consumption of UPFs on the nutritional profile of diets [13,27–29]. A positive linear trend was 33 

found between UPFs consumption and sugar intake [13,14,16,20,30], and total, saturated and fatty 34 

acids intake [13,14,20,30]. The opposite trend was found for proteins [13,20,30] and fibre 35 

[13,16,20]. Replacing UPFs with a higher consumption of MPFs improved the quality of the diet 36 

[13].  37 

Though considerable evidence indicates that the degree of food processing effectively predicts 38 

nutritional quality, in-depth studies are still needed to better understand all aspects related to the 39 

impact of the different NOVA foods groups on dietary nutritional profile of European countries. 40 

The large population of children, adolescents and adults from eight European countries participating 41 

in the I.Family study provided us the opportunity to fill these research gaps. The aim of the present 42 

analysis was twofold:  first, we provided for the first time a description  of the contribution of UPF 43 

to energy intake in eight European countries, using comparable data. Second, we investigated the 44 

association between UPF intake and nutritional quality of the diet  assessed  through rigorous and 45 

standardized approaches.   46 

 47 

Methods  48 

Study Population 49 

Building on the earlier IDEFICS study, the population-based I.Family project 50 

(www.ifamilystudy.eu), was conducted from 2013 to 2018 to investigate the aetiology of diet- and 51 

https://context.reverso.net/traduzione/inglese-italiano/Though
http://www.ifamilystudy.eu/
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lifestyle-related diseases in children, adolescents and their families in eight European countries 52 

(Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden). The follow-up 53 

examination took place in 2013/2014, including 7 228 of the 16 229 children participating in the 54 

IDEFICS study (www.ideficsstudy.eu), their parents (n=7 788) and siblings (n=2 364) [31]. 55 

All measures used in the present investigation were obtained using standardized procedures in all 56 

eight countries. Questionnaires were developed in English, translated into local languages and then 57 

back‐translated to check for translation errors. Details of the general design, instruments, and 58 

survey characteristics can be found elsewhere [32].    59 

For the present cross-sectional analysis, a total of 7 073 participants (males 41.6%, normal weight 60 

64.7%, high ISCED 55.8%, high INCOME 28.2%), with sociodemographic and anthropometric 61 

information available, and at least one 24h dietary recall completed, were eligible, after the 62 

exclusion of 10 307 participants (males 45,2%, normal weight 54.7%, high ISCED 48.0%, high 63 

INCOME 18.7%) with missing data on key variables. Compared to the original full cohort, this 64 

means that our sample is somewhat biased toward better educated and higher income families. The 65 

flow chart of the selection process is shown in Figure 1. 66 

 67 

Ethics 68 

In each country, the participating centres obtained ethical approval from the local ethics 69 

committees. Parents and children from the age of 12 provided written informed consent for all 70 

examinations. Younger children were consented by their parent. In all cases, each child was 71 

informed orally about all procedures by field workers and asked for his/her consent immediately 72 

before the examination. This study was conducted according to the standards of the Declaration of 73 

Helsinki.  74 

 75 

Dietary Data   76 

http://www.ideficsstudy.eu/
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Dietary intake was assessed using the web-assisted 24-HDR, called SACANA (“Self-Administered 77 

Children, Adolescents, and Adult Nutrition Assessment”). This 24-HDR has been validated as a 78 

self-reporting instrument for assessing dietary intakes in children, adolescents and adults [33,34].  A 79 

full description of the SACANA software can be found elsewhere [35].  80 

The first 24-HDR was completed at the examination centre and it was recommended to complete 81 

another two 24-HDRs on non-consecutive days including one weekend day during the next 2 82 

weeks. Most participants from our study population reported more than one 24HDR (only one 39.6 83 

%, exactly two 19.1%, and three or more 41.4%). Parents were asked to assist smaller children (<11 84 

years) in completing their 24-HDR. 85 

Participants reported information on the amount and type of foods and drinks consumed during the 86 

previous day, starting from the first intake after waking up in the morning. Estimation of portion 87 

size was facilitated using standardized photographs [36]. The German Food Collection Tables 88 

Bundeslebensmittelschlüssel (BLS) were linked to each food or recipe in order to calculate energy 89 

and nutrients intake [37]. The choice to use German BLS database was a pragmatic approach, 90 

aiming to improve comparability between countries. This approach was based on a  previous 91 

analysis on the adolescents’ cohort of the HELENA study that compared  24-h recall data linked to 92 

the local/national food composition databases with 24-h recall data linked to the German BLS 93 

database, which includes a larger food list. Strong correlations (0.70–0.95) were found between 94 

both methods for all nutrients [38]. To evaluate the diet quality, the Healthy Dietary Adherence 95 

Score (HDAS) was calculated using a food frequency questionnaire (FFQ), which was part of the 96 

Children’s Eating Habits Questionnaire (CEHQ) [39].   97 

The self-administered CEHQ-FFQ was designed as a screening tool to assess eating behaviours 98 

associated with risk of overweight, obesity and general health. It was completed at home by 99 

reporting the number of times participants consumed the food groups included in the questionnaire 100 

during a typical week over the previous month. The FFQ was found to provide reproducible and 101 

valid data [40,41]. It included 43 Pan-European food items clustered into 14 food groups according 102 
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to their nutritional profiles [42], and also to make them comparable to the food categories of the 24-103 

HDR. 104 

HDAS is a measure of the degree of adherence to the dietary guidelines developed according to the 105 

principles reviewed by Waijers et al.[43]. Healthy dietary recommendations suggest to: limit the 106 

intake of refined sugars, reduce fat intake, especially of saturated fat, choose whole meal when 107 

possible, consume 400–500 g of fruits and vegetables per day and fish 2–3 times per week. Hence, 108 

the HDAS considers five components: 1. sugar, 2. fat, 3. whole meal, 4. fruits and vegetables, and 109 

5. fish. Each component has a minimum score of 0 and a maximum score of 10, the final HDAS 110 

added up to a maximum score of 50, where the highest score indicates the highest possible 111 

adherence to the dietary guidelines [39]. The analysis of diet quality also considered the frequency 112 

of consumption, in time per day, of the following food groups: fruit and vegetables (including: 113 

potatoes, vegetables, legumes, fresh fruit), “junk food” (including: sugar sweetened drinks, 114 

chocolate/nut-based spread, salty and sweet snacks, ice cream, milk or fruit based bars that are 115 

foods rich sugar, in fat, and/or salt but low in nutritional content), fish (including: not fried, fried, 116 

coated and canned fish), milk and yogurt, fatty foods (including: fried potatoes/potato croquettes, 117 

fried and/or coated fish,  fried meat and poultry, fried and/or coated fish), simple sugar foods 118 

(including: fruit juices, not carbonated sugar sweetened drinks, sweetened breakfast cereals, 119 

sweetened milk and yogurt, sweet snacks, biscuits, packaged cakes or pastries and puddings, ice 120 

cream, milk or fruit based bars, jam, honey), fibres rich foods (including: potatoes, vegetables, 121 

legumes, fresh fruit, whole meal bread/dark roll/dark crispbread, whole meal pasta/noodles/brown 122 

rice/other cereals, nuts and seeds, dried fruits, unsweetened cereals/porridge), dairy products 123 

(including: milk, yogurt, cheese, butter/margarine on bread), red meat (including: cold cuts and 124 

preserved meat products, fried and not fried meat). Since no public health organizations have given 125 

a common definition of junk food, for the purpose of the present analysis we operationally defined 126 

the food group “junk food”, according to the available evidence [44].  127 

 128 
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NOVA classification 129 

Monteiro et al. described MPFs as parts of plants or animals which have not undergone industrial 130 

processes or that were not altered by methods and processes chosen to preserve their nature [8,45]. 131 

PCIs comprise oils, lard, butter, salt and sugar. They may be obtained from the MPFs group or from 132 

nature via industrial processes and can be used at home and in restaurants in combination with other 133 

foods to prepare tasty meals and dishes [8,45]. PFs such as canned fish and vegetables, fruit in 134 

syrup, smoked meats and cheese are essentially prepared by adding oil, salt, sugar and other 135 

substances from MPFs and PCIs groups [8,45]. Finally, UPFs are defined as multi-ingredient 136 

formulations made at an industrial level by processes that cannot be realised in households, aimed 137 

at creating standardised foods ready to consume, eat or heat up [8,45]. Generally, they contain 138 

different additives (e.g. flavours, emulsifiers, colours, artificial sweeteners) used to improve the 139 

sensory characteristics of the final product or to hide unwanted organoleptic characteristics 140 

[8,45,46].  Into this category fall soft drinks, fruit drinks, fruit juices made from concentrates, sweet 141 

or savoury packaged snacks, chocolate, candies, instant soups, packaged pre-prepared meals, 142 

breakfast ‘cereals’, potato crisps and fast-food-meals [45,47]. Strong advertising and marketing of 143 

these products encourage preferences and consumption as compared to MPFs[48]. 144 

Each food and beverage reported in the 24-HDR interview was classified according to the NOVA 145 

classification [45] on the basis of the extent and purpose of industrial food processing. In the case of 146 

home-made recipes, to ensure a more accurate classification, the ingredients were considered. Three 147 

co-authors independently reviewed the classification of each item. Discrepant classifications were 148 

resolved by discussion. Figure 2 describes the classification process.   149 

To estimate the corresponding individual usual daily intakes of energy, protein, fat, saturated fatty 150 

acids, carbohydrates, sugar and fibres in the 4 NOVA groups separately for the three different age 151 

groups the so-called U.S. National Cancer Institute -method (NCI-method) was applied [49]. The 152 

method assumes a non-linear mixed effect measurement error model to estimate the association 153 

between covariates and reported intake. Furthermore, the model includes a random effect term for 154 

https://context.reverso.net/traduzione/inglese-italiano/advertising
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interindividual variation and a random variable for daily or intraindividual variation. Since intake 155 

distributions are often skew, the Box-Cox transformation is used in this model. Following the 156 

regression calibration approach, the individual usual intakes are then estimated as conditional mean 157 

intakes given the recalls and the individual covariates, using the estimated non-linear mixed effect 158 

measurement error model. Thus, the method corrects for variance inflation caused by daily variation 159 

in diet and does not require repeated measurements for every participant. In our analysis we used 160 

age, body mass index (BMI), sex and the sequence of recall days as covariates. If intake distribution 161 

was zero-inflated, i.e., if a NOVA group was not consumed daily, the NCI-method additionally 162 

considers the consumption probability.  For this part of the analysis the statistical software SAS 9.3 163 

was used. 164 

For each NOVA group, the relative contribution of foods in that category to the total energy intake 165 

for each participant was computed. Finally, the UPFs group was divided into age- and sex-specific 166 

quintiles according to relative energy contribution of that category. 167 

 168 

Socio-economic data 169 

Socio‐demographic data were collected using a questionnaire filled in at home by parents. The 170 

parental education level was assessed by asking parents for their highest educational attainment and 171 

categorized according to the International Standard Classification of Education (ISCED) into low 172 

(ISCED levels 1 and 2), medium (ISCED levels 3 and 4), and high (ISCED level 5) educational 173 

attainment [50]. 174 

Household income was assessed using country-specific categories based on the median equivalent 175 

income. The total amount was then equalized to the number of household members using the 176 

Organization for Economic Co-operation and Development’s square root scale [51]. 177 

 178 

Anthropometric Measurements 179 
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A detailed description of the anthropometric measurements in the I.Family study, including intra- 180 

and inter-observer reliability, has been published elsewhere [52].  181 

Weight was determined to the nearest 0.1 kg using a body composition analyzer (Tanita BC 420 182 

SMA, Tanita Europe GmbH, Sindelfingen, Germany) with participants in fasting status, without 183 

shoes and with light clothing. Height was measured with a calibrated stadiometer (Seca 225, Seca 184 

GmbH & Co., KG., Hamburg, Germany) and recorded to the nearest 0.1 cm. BMI was calculated 185 

by dividing body weight (in kg) by height squared (in m2). Children and adolescents were classified 186 

as normal weight, overweight, or obese according to the cut-offs released by the International 187 

Obesity Task Force [53]. For adults, a BMI less than 25 kg/m2 was considered normal weight, a 188 

BMI greater than or equal to 25 to 29.9 kg/m2 was considered overweight and a BMI greater than or 189 

equal to 30 kg/m2 was considered obese [54]. 190 

 191 

Statistical analysis 192 

All of the analyses were performed by age groups (6<10 years, 10<20 years, >20 years) [55]. Data 193 

were expressed as mean and standard deviation (SD) or 95% confidence intervals (95% CI), as 194 

indicated in the tables. 195 

For the analysis, the usual daily energy intake in kilo calories (kcal) and the total intake of principal 196 

macronutrients (protein, fat, saturated fatty acids, carbohydrates, sugars, fibre) expressed in grams, 197 

the percentage contributions to total energy intake (%TEI) of protein, fat, saturated fatty acids, 198 

carbohydrates, sugars, and for the fibre, the total daily amount in grams per 1 000 kcal were 199 

calculated. 200 

In order to evaluate the nutritional content of the diet by age, country of origin, and NOVA food 201 

groups we used one-way analysis of variance (ANOVA) and the multiple comparison with the 202 

Bonferroni correction. Analysis of variance (general linear model) was performed to compare the 203 

nutritional profile and the diet quality across the quintiles of UPF %TEI.  The model was adjusted 204 

for sex, age, country of origin, family income, family ISCED and total daily energy. The model was 205 
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adjusted for total daily energy following Willett et al. (1997) to prevent for confounding if the 206 

energy intake itself is associated with the outcome [56].IBM SPSS Statistics (Version 23.0. IBM 207 

Corp., Armonk, NY, USA) was used for the statistical analyses, and statistical significance was 208 

accepted at p-value less than 0.05. 209 

 210 

Results 211 

A total of 7 073 subjects (female = 58%) were included in the analysis (Figure 1). The 212 

proportion of foods consumed by the extent of processing (NOVA classification) and by study 213 

population characteristic are displayed in Table 1. Almost half of the usual daily energy intake in 214 

both sexes came from UPFs, although in males the average percentage of daily energy intake 215 

(%TEI) was slightly higher than in females. Females consumed a higher proportion of their usual 216 

daily energy intake from MPFs and PFs compared to males. PCIs represented a negligible 217 

percentage of usual total daily energy intake in the whole samples, though higher in males.  218 

Usual energy intake from UPFs tended to decrease progressively with age, and was lower in adults. 219 

Conversely, MPFs and PFs consumption increased with age and was higher in adults.  220 

No differences in consumption of UPFs by educational or socio-economic status were found. 221 

Considering MPFs, we observed a reduction of the %TEI as the levels of ISCED increased and an 222 

increase in the participants with lower income levels. For PCIs and PFs we noted a reverse trend, 223 

with higher consumption of %TEI in the higher levels of ISCED and income.  224 

Differences in NOVA food group consumption were found by country. Participants from Spain 225 

consumed the highest proportion of MPFs, followed by Italy (both 34%); 226 

 in Estonia and Germany we found the highest consumption of PCIs (6% and 5% respectively); 227 

participant from Sweden, Belgium and Cyprus consumed the highest proportion of PFs; in Belgium 228 

and Germany about half of the %TEI came from UPFs (respectively 49% and 48%). The 229 

consumption of UPFs % TEI was reduced with increasing BMI in all age groups, the opposite trend 230 
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was observed for the contribution in %TEI from the consumption of MPFs, PCIs, and PFs which 231 

increased from normal weight to obese subjects.  232 

The nutritional content of consumed foods, weighted by relative intake in grams, by age groups 233 

is shown in Table 2. UPFs were highest in caloric intake in each group. Almost half of the usual 234 

daily energy intake came from UPFs, the average contribution decreased in adults (49.0%, 48.8%, 235 

and 40.2%, in 6-10, 10-20, and > 20 years group, respectively). UPFs contributed more than 50% of 236 

the usual daily intake of total fat, saturated fat, carbohydrates and about 70% of usual sugar intake 237 

in children and adolescents. The MPFs contributed to the highest usual intake of protein and fiber, 238 

in all the age groups. Usual fiber intake was on average higher in adults (10.4 g / 1 000kcal) than in 239 

the other age groups. PCIs were lowest in energy and nutrients intake, in all age groups. 240 

As shown in Table 3, the usual energy intake from UPFs increased across the quintiles, and 241 

values in the fifth quintile were statistically significantly higher than in the first 3 quintiles, both in 242 

the 10-20 years age group and in adults. Usual protein intake, both in grams per day and in 243 

percentage of the total energy intake, showed a negative and statistically significant trend across the 244 

quintiles in all age groups. No differences were found in usual total and saturated fat intake, both in 245 

grams per day and percentage of the total energy intake, across the quintiles in all age groups. Usual 246 

carbohydrate intake increased across the quintiles in the 6-10 years group, while no statistically 247 

significant differences were observed in other age groups.  Usual sugar intake increased across the 248 

quintiles, with the highest intake in the fifth quintile in the 6-10 years group, and higher in the fifth 249 

quintile compared to the first 3 quintiles in the 10-20 years group. Usual fiber intake decreased 250 

across the quintiles, in all age groups, with the fifth quintile statistically significantly lower than all 251 

other quintiles. Differences in usual energy and nutrients intake were found among countries in the 252 

different age groups (Supplemental Figure 1). For children and adolescents, the contribution of 253 

UPFs to usual total energy intake was highest in Belgium, Germany and Sweden. MPFs contributed 254 

to a greater percentage of usual protein intake in Italy and Spain. UPFs contributed to the highest 255 

consumption of total fat and saturated fatty acids in all age groups, with a lower consumption of 256 



 15 

total fat and saturated fatty acids observed in Italy compared to the other countries, in all age 257 

groups. The highest contribution in usual carbohydrates and sugar intake was given by UPFs, in the 258 

6-10 years group in all countries. After Italy, where all age groups obtained the most energy from 259 

carbohydrates, we saw that children and adolescents from Germany, and adults from Belgium 260 

consumed the most energy from carbohydrates compared to other countries. The consumption of 261 

sugars was greater in German children, and in Estonian adolescents and adults, in Italy we observed 262 

the lowest usual intake of sugars in the 6-10 and 10-20 age groups. The greatest contribution of 263 

carbohydrates and sugars for Germany came from UPFs in all age groups. MPFs and UPFs highly 264 

contributed to fiber consumption in all age groups (Supplemental Figure 1). 265 

Table 4 shows the HDAS according to quintiles of the UPFs dietary share by age group, as 266 

well as the consumption frequency of specific food groups considered in our analysis. The HDAS 267 

was significantly lower in the fifth quintile than in the first in all age groups, and overall tended to 268 

decrease across quintiles. The frequency of consumption of fruit and vegetables, fish, and fiber rich 269 

foods was the lowest in the fifth quintile for the 10-20 years and adult age groups. Junk food 270 

consumption was significantly higher in the fifth quintile in each group. In addition, in adults we 271 

observed the highest frequency of consumption of simple sugar foods in the fifth quintile.  272 

 273 

Discussion 274 

The present study assessed the share of the NOVA foods group in the diets of European children, 275 

adolescents and adults, using individual-level data from a large multinational sample belonging to 276 

the I.Family study, also considering participants' sociodemographic characteristics. 277 

In the last decades, we have seen a widespread increase in diffusion and consumption of UPFs in 278 

both developed and developing countries [45], including Europe [10]. In Spain the percentage of 279 

UPFs in all food purchases almost tripled between 1990 and 2010 (from 11.0 to 31.7%) [57]. In 280 

2015 data from the U.K. found that a mean of 53% of energy was derived from UPFs [58]. In 281 
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France UPFs play an important role in the diet with about 36% of energy intake coming from this 282 

NOVA group [16]. In our study population, which consisted of 7 073 individuals from eight 283 

European countries, we found that the percentage of daily energy contribution from UPFs ranged 284 

from 43% in Spain and Cyprus to 49% in Belgium. Interestingly, our data provide a quite different 285 

scenario as compared to that reported by Monteiro et al in their analysis of the household 286 

availability of NOVA food groups in nineteen European countries [10] . The average household 287 

availability of ultra-processed foods ranged from 10.2 % in Portugal and 13.4 % in Italy to 46.2 % 288 

in Germany and 50.4 % in the UK in the paper by Monteiro et al. In our population, a more 289 

homogenous pattern was observed, with children and adolescents obtaining  about 50% of the usual 290 

daily calories from UPFs, and adults about 40%. Different hypotheses can be raised to explain the 291 

differences. First, the data analysed by Monteiro and colleagues were collected on average twenty 292 

years ago, and may no longer reflects the dietary changes  that occurred recently in some countries 293 

particularly those of Southern Europe. Second, data collected from household surveys are by 294 

definition different from individual-level data as those analysed in the present study.  295 

Another interesting finding of the present paper is that  UPFs consumption decreased with age and 296 

did not vary with education and income levels. Lack of differences among socio-economic strata 297 

indicate how UPFs consumption has reached all classes of population. This marks an important 298 

shift in dietary patterns of the entire European population, traditionally characterized by the 299 

consumption of healthy, and home-made foods, and bringing them ever closer to dietary patterns 300 

associated with the United States. There are some variations, however. Participants from Belgium, 301 

Germany and Sweden showed the highest energy intake from consumption of UPFs and the lowest 302 

from MPFs, as opposed to Italy, Spain and Cyprus. The same stratification was also detectable for 303 

the percentage of protein, fat and sugars obtained from UPFs consumption, in all age groups. This 304 

data suggests, then, a North/South divide in Europe relating to processed food consumption. These 305 

differences may be attributed to the cultural and dietary traditions that distinguish North European 306 
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and Mediterranean populations, despite the evident increase in fruit and vegetable consumption in 307 

the North and increase in animal-based product consumption in the South [59].  308 

Increased consumption of UPFs is accompanied by a reduction in diet quality [45,60]. Results 309 

showed that UPFs consumption is characterized by a high usual daily intake of total fats, saturated 310 

fats, and carbohydrates [61]. Fiber intake did not reach the adequate intake [62] in all age groups in 311 

the different countries. We also evaluated diet quality with reference to the quintiles of UPFs 312 

dietary share. In the fifth quintile, the HDAS was generally low and this was confirmed by a diet 313 

characterized by a high consumption of junk foods and a low consumption of fruit and vegetables, 314 

fish and fiber rich foods, in all age groups. These findings correspond to our further finding (data 315 

not shown) that children and adolescents had worse diet quality than adults, as also reported by 316 

other researchers [63].  317 

The negative influence of UPFs consumption on dietary quality that we observed is in line with 318 

results previously reported [16,20,30]. However, we should note that our data did not show two 319 

patterns that other authors have reported. In adults, we did not see an association between dietary 320 

share of UPFs and increased usual intake of carbohydrates and sugar. In the whole population, we 321 

did not see an association between dietary share of UPFs and total saturated fat intake. This may be 322 

due to the specific characteristics of the diet of the different age groups and the different countries 323 

being investigated.  324 

Our results lend further support to the finding that, while processes of industrialization, economic 325 

development and market globalization have improved standards of living in many countries, they 326 

also correspond to negative consequences in terms of unhealthy diets [64]. These changes seem to 327 

be responsible for the increase of diet-related chronic diseases and some forms of cancer in 328 

developed countries [64]. Specifically, previous studies have confirmed a positive association 329 

between the consumption of UPFs and obesity [10]. However, although higher intakes of UPFs 330 

were associated with unhealthier dietary profiles in our sample, and the usual energy intake from 331 

this food group increased across the quintiles, UPFs consumption was low in subjects with higher 332 
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values of BMI.  This finding could be interpreted in line with previous studies showing that children 333 

and adolescents with overweight or obesity report energy intakes similar or even lower than normal 334 

weight peers (64). Social desirability reporting bias cannot be excluded, even when appropriate 335 

instruments for dietary assessment are used.  336 

Our study has limitations as well as strengths. The cross-sectional nature of the study limits our 337 

results. Moreover, the studied sample is not representative of the whole European population, 338 

although our findings mostly correspond with studies on other populations in Europe. An important 339 

strength is the large study sample with comprehensive data on diet, socio-economic levels and 340 

anthropometry. The use of two different methods to evaluate diet, a 24-HDR and a validated FFQ, 341 

is another strength. 24-HDR is likely to give a more accurate assessment of total dietary intake, and 342 

the availability of more than one dietary interview resulted in a reduction both in error and bias. 343 

Moreover, the recoding of all interviews using the German Food Collection Tables 344 

Bundeslebensmittelschlüssel, thanks to its regular updates, improves the quality of the dataset. 345 

Finally, since measurement error is a common issue in dietary data [65], we applied the NCI-346 

method to estimate usual intakes of food groups and to reduce bias in effect estimates due to 347 

variance inflation. In doing so, we also took into account the influence of covariates and 348 

consumption probability. Furthermore, we used categorized dietary exposures which might 349 

additionally reduce bias in effect estimates [66], allowing us to take a more realistic view of the 350 

cohort’s consumption habits. 351 

In conclusion, the present study showed that most of the daily energy intake of European consumers 352 

comes from UPFs, and that an increase in the consumption of UPFs is associated with unhealthy 353 

dietary patterns characterized by high consumption of sugars and low consumption of protein and 354 

fiber. Given the pervasiveness of ultra-processed foods among the different socio-economic strata, 355 

this data confirms the need for policies to improve food quality and to make it easier for consumers, 356 

especially children and adolescents, to access healthier foods and drinks. 357 

 358 
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 Table 1. Distribution of sociodemographic characteristics for the whole population across NOVA 

food groups. 

 

 

Values are expressed as mean±SD. ISCED, International Standard Classification of Education; 

Countries: BEL, Belgium; CYP, Cyprus; ESP, Spain; EST, Estonia; GER, Germany; HUNG, 

Hungary; ITA, Italy; SWE = Sweden; MPFs (%TEI), contribution in percentage of total energy intake 

from unprocessed or minimally processed foods; PCIs (%TEI), contribution in percentage of total daily 

energy intake from processed culinary ingredients; PFs (%TEI), contribution in percentage of total 

 N MPFs (%TEI) PCIs (%TEI) PFs (%TEI) UPFs (%TEI) 

GENDER      

All 7 073 29.3±7.4 4.4±2.8 20.8±5.2 45.4±8.2 

Male 2 949 28.2±7.1 4.6±2.8 20.6±5.4 46.6±7.8 

Female 4 124 30.1±7.5 4.3±2.8 21.0±5.0 44.6±8.3 

AGE-GROUP      

6-10 ys 1 184 28.5±7.2 4.0±1.9 18.4±3.8 49.0±6.4 

10-20 ys 3 061 28.0±6.9 3.9±2.0 19.3±4.2 48.8±6.5 

>20 ys 2 828 31.1±7.7 5.2±3.5 23.5±5.4 40.2±7.6 

ISCED      

low 255 31.6±7.6 3.9±2.0 19.2±5.6 45.4±7.1 

medium 2 819 29.5±7.5 4.4±2.7 20.5±5.3 45.6±8.2 

high 3 999 29.1±7.3 4.5±2.9 21.2±5.1 45.3±8.2 

INCOME      

low 1 186 31.0±7.5 4.3±2.6 19.7±5.4 45.0±8.0 

low-medium 578 30.3±7.6 4.1±2.3 20.3±5.3 45.3±8.1 

medium 2 392 28.8±7.4 4.4±2.8 21.1±5.1 45.7±8.1 

medium-high 934 28.7±7.5 4.3±2.8 21.4±5.0 45.6±8.1 

high 1 983 29.0±7.1 4.8±3.0 21.1±5.1 45.2±8.3 

COUNTRIES      

BEL 336 24.2±6.5 3.1±1.6 23.8±5.2 48.9±8.2 

CYP 612 30.3±7.1 3.5±1.7 22.8±5.3 43.3±8.4 

ESP 499 34.4±6.7 3.6±2.1 18.7±4.3 43.3±7.3 

EST 1 833 29.0±7.0 6.0±3.6 20.5±4.8 44.5±8.8 

GER 1 088 24.9±6.6 4.9±3.0 22.2±5.2 48.0±8.7 

HUNG 536 29.5±6.5 3.8±1.9 20.9±4.7 45.8±7.8 

ITA 1 155 34.1±6.4 3.6±1.7 17.8±4.7 44.4±6.3 

SWE 1 014 28.0±6.4 3.6±1.8 22.3±4.8 46.1±7.4 

BMI 

CATEGORIES 

     

normal weight 4 539 28.4±7.2 4.3±2.7 20.4±4.8 46.9±7.9 

overweight 1 710 30.5±7.3 4.6±3.0 21.4±5.6 43.5±7.9 

obese 823 32.0±7.7 4.9±3.1 22.1±6.1 41.1±7.8 
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daily energy intake from processed foods; UPFs (%TEI), contribution in percentage of total daily 

energy intake from ultra-processed foods;  
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Table 2. Mean nutritional content of the diet by age and NOVA food groups. 

6-10ys  

  Overall diet MPFs (%TEI) PCIs (%TEI) PFs (%TEI) UPFs (%TEI) 

Energy (kcal/day) 1 575±202 452±140
a
 53±29

a
 289±61

a
 781±150

a
 

Protein (g/day) 66.0±10.6 27.4±10.2
a
 3.2±1.3

a
 14.3±3.3

a
 21.2±4.2

a
 

Total fat (g/day) 61.1±8.8 13.9±4.7
 a
 4.1±2.8

 a
 9.8±2.2

 a
 33.2±6.9

 a
 

SFA  (g/day) 25.3±3.8
 
 5.4±1.9

 a
 2.2±1.7

 a
 4.4±1.2

 a
 13.3±2.7

 a
 

Total carb (g/day) 190.0±26.6
 
 53.5±16.3

 a
 3.4±3.2

 a
 35.7±9.4

 a
 97.4±20.7

 a
 

Sugars (g/day) 83.0±19.9
 
 22.4±8.5

 a.b
 2.0±2.6a 2.3±0.6

c
 56.3±17.8

 ab
 

Fibre (g/day) 14.1±2.1
 
 6.0±1.7

 a
 0.1±0.1

 a
 3.1±1.0

 a
 5.0±1.1

 a
 

Kcal (%TEI) 100 28.5±7.2
 a
 4.0±1.9

 a
 18.4±3.8

 a
 49.0±6.4

 a
 

Protein  (%TEI) 17.0±1.8 7.0±2.4
 a
 0.8±0.3

 a
 3.7±0.8

 a
 5.4±0.9

 a
 

Total fat  (%TEI) 34.2±2.7 7.8±2.3
 a
 2.3±1.5

 a
 5.5±1.2

 a
 18.5±3.0

 a
 

SFA  (%TEI) 14.2±1.4 3.0±1.0
 a
 1.2±0.9

 a
 2.5±0.6

 a
 7.4±1.2

 a
 

Total carb (%TEI) 48.8±3.1 13.7±3.7
 a
 0.9±0.8

 a
 9.2±2.3

 a
 25.0±4.1

 a
 

Sugars (%TEI) 21.2±3.9 5.7±2.0
 a.b.c

 0.5±0.6
b
 0.6±0.2

c
 14.4±3.9

 a.b.c
 

Fibre (g/1000kcal) 9.0±1.0 3.8±1.0
 a
 0.1±0.1

 a
 2.0±0.6

 a
 3.2±0.5

 a
 

10-20ys 

  Overall diet MPFs (%TEI) PCIs (%TEI) PFs (%TEI) UPFs (%TEI) 

Energy (kcal/day) 1 590±245 450±138
 a
 50±32

 a
 303±71

 a
 787±170

 a
 

Protein (g/day) 68.3±11.9 28.3±10.2
 a
 3.1±1.4

 a
 15.2±3.8

 a
 21.7±4.7

 a
 

Total fat (g/day) 60.3±10.5 13.6±4.2
 a
 4.0±3.1

 a
 10.7±2.7

 a
 32.0±7.8

 a
 

SFA  (g/day) 24.9±4.6 5.1±1.6
 a
 2.2±2.0

 a
 4.8±1.4

 a
 12.8±3.1

 a
 

Total carb (g/day) 192.0±31.1 52.0±17.6
 a
 3.3±3.1

 a
 36.4±10.8

 a
 100.3±23.0

 a
 

Sugars (g/day) 79.1±21.3 19.4±8.5
 a.b.c

 1.9±2.5
b
 2.3±0.8

c
 55.4±18.8

 a.b.c
 

Fibre (g/day) 14.4±2.5 5.9±2.0
 a
 0.1±0.1

 a
 3.2±1.1

 a
 5.3±1.2

 a
 

Kcal (%TEI) 100 28.0±6.9
 a
 3.9±2.0

 a
 19.3±4.2

 a
 48.8±6.5

 a
 

Protein  (%TEI) 17.5±1.8 7.2±2.3
 a
 0.8±0.4

 a
 3.9±0.9

 a
 5.5±0.9

 a
 

Total fat  (%TEI) 33.5±2.8 7.6±2.1
 a
 2.2±1.7

 a
 6.0±1.4

 a
 17.7±3.1

 a
 

SFA  (%TEI) 13.8±1.5 2.9±0.8
 a
 1.2±1.1

 a
 2.7±0.8

 a
 7.1±1.3

 a
 

Total carb (%TEI) 49.0±3.1 13.3±3.9
 a
 0.8±0.8

 a
 9.4±2.6

 a
 25.6±4.2

 a
 

Sugars (%TEI) 20.1±3.9 5.0±2.0
 a
 0.5±0.6

b
 0.6±0.2

c
 14.0±3.9

 a
 

Fibre (g/1000kcal) 9.1±1.1 3.7±1.1
 a
 0.1±0.1

 a
 2.0±0.7

 a
 3.3±0.6

 a
 

>20ys 

  Overall diet MPFs (%TEI) PCIs (%TEI) PFs (%TEI) UPFs (%TEI) 

Energy (kcal/day) 1 619±311 491±140 a 78±64 a 374±105 a 677±204 a 

Protein (g/day) 70.7±12.5 28.4±7.6 a 3.7±2.8 a 20.2±6.0 a 18.3±5.5 a 

Total fat (g/day) 64.8±14.2 17.6±5.9 a 5.7±6.1 a 13.0±3.6 a 28.4±9.6 a 

SFA  (g/day) 26.3±6.6 6.0±1.9 a 3.1±3.8 a.b 6.0±1.9b 11.1±3.6 a.b 

Total carb (g/day) 177.7±38.7 52.8±18.0 a 4.7±6.0 a 42.8±15.8 a 77.4±25.9 a 

Sugars (g/day) 76.7±25.1 29.0±14.7 a.b 4.2±6.4 a 3.4±1.6b 40.2±18.0 a.b 

Fibre (g/day) 16.3±3.6 7.7±2.7 0.1±0.1 4.4±1.9 4.1±1.3 

Kcal (%TEI) 100 31.1±7.7 a 5.2±3.5 a 23.5±5.4 a 40.2±7.6 a 

Protein  (%TEI) 18.3±2.0 7.4±2.0 a 1.0±0.7 a 5.2±1.3 a 4.7±1.0 a 

Total fat  (%TEI) 36.2±3.4 10.0±3.1 a 3.1±2.8 a 7.3±1.8 a 15.8±3.9 a 

SFA  (%TEI) 14.6±1.9 3.4±1.0 a 1.7±1.8 a.b 3.4±1.0b 6.2±1.5 a.b 

Total carb (%TEI) 45.5±3.9 13.7±4.2 a 1.2±1.4 a 11.0±3.4 a 19.7±4.7 a 

Sugars (%TEI) 19.5±4.6 7.5±3.6 a.b 1.0±1.5 a 0.9±0.4b 10.1±3.6 a.b 

Fibre (g/1000kcal) 10.4±1.7 5.0±1.8 a 0.1±0.0 a 2.8±1.1 a 2.6±0.7 a 

 

Values are expressed as mean±SD. MPFs (%TEI), contribution in percentage of total energy intake 

from unprocessed or minimally processed foods; PCIs (%TEI), contribution in percentage of total 

daily energy intake from processed culinary ingredients; PFs (%TEI), contribution in percentage of 

total daily energy intake from processed foods; SFA, Saturated fatty acids; Total carb, total 
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carbohydrates; UPFs (%TEI), contribution in percentage of total daily energy intake from ultra-

processed foods. For each nutrient, superscript different lowercase letters in the same row indicate 

significant differences among categories.  
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Table 3. Energy intake and nutrient content according to quintiles of the dietary share of ultra-

processed foods 
 

6-10ys UPFs (%TEI) quintiles 
I (29.2-43.8) II (43.2-47.3) III (47.3-50.7) IV (50.5-54.5) V (54.1-69.4) 

Energy (kcal/day) 1 562 (1 533-1 592) 1 578 (1 549-1 607) 1 591 (1 562-1 620) 1 566 (1 536-1 595) 1 580 (1 551-1 610) 
Protein (g/day) 70.6 (69.8-71.4)

a.b.c.d 67.8 (67.1-68.6)
a.b.c.d 65.8 (65.0-66.5)

a.b.c.d 64.0 (63.2-64.8)
a.b.c.d 60.9 (60.1-61.6)

a.b.c.d 
Total fat (g/day) 60.2 (59.4-60.9)

a 61.2 (60.5-61.9) 60.8 (60.1-61.5) 62.0 (61.2-62.7)
a 61.6 (60.8-62.3) 

SFA  (g/day) 25.0 (24.6-25.4) 25.4 (25.0-25.8) 25.5 (25.1-25.9) 25.6 (25.2-26.0) 25.3 (24.9-25.7) 
Total carb (g/day) 185.3 (183.4-187.2)

a.c.d 188.3 (186.4-190.2)
b 191.1 (189.2-193.0)

c 190.6 (188.7-192.5)
d 192.9 (191.0-194.8)

a.b 
Sugars (g/day) 75.8 (73.7-77.9)

a.c.d 79.5 (77.5-81.5)
b.c.d 84.0 (82.0-86.0)

a.b.c 84.7 (82.6-86.7)
a.b.d 89.1 (87.1-91.2)

a.b.c.d 
Fibre (g/day) 14.5 (14.2-14.7)

a.d 14.3 (14.0-14.5)
b 14.2 (13.9-14.4)

c 13.9 (13.7-14.2)
d 13.5 (13.3-13.7)

a.b.c 
Protein  (%TEI) 18.2 (18.1-18.5)

a.b.c.d 17.4 (17.2-17.6)
a.b.c.d 16.9 (16.7-17.1)

a.b.c.d 16.4 (16.2-16.6)
a.b.c.d 15.7 (15.5-15.9)

a.b.c.d 
Total fat  (%TEI) 33.8 (33.4-34.2)

a 34.2 (33.8-34.6) 34.1 (33.7-34.5) 34.7 (34.3-35.1)
a 34.5 (34.1-35.0) 

SFA  (%TEI) 14.1 (13.8-14.3) 14.2 (14.0-14.4) 14.3 (14.1-14.5) 14.3 (14.1-14.5) 14.2 (14.0-14.4) 
Total carb (%TEI) 47.9 (47.5-48.4)

a 48.4 (47.9-48.8)
b 49.0 (48.6-49.5)a 48.9 (48.4-49.4)

a 49.8 (49.3-50.2)
a.b 

Sugars (%TEI) 19.4 (18.9-20.0)
a.c.d 20.4 (19.8-20.9)

b.c.d 21.6 (21.0-22.1)
a.b.c 21.6 (21.1-22.1)

a.b.d 22.9 (22.4-23.4)
a.b.c.d 

Fibre (g/1000kcal) 9.2 (9.1-9.4)
a.d 9.1 (8.9-9.2)

b 9.0 (8.8-9.1)c 8.8 (8.7-9.0)
d 8.6 (8.5-8.8)

a.b.c 
10-20ys I (24.6-44.0) II (43.2-47.1) III (46.9-50.5) IV (50.3-54.4) V (54.1-75.2) 
Energy (kcal/day) 1 566 (1 542-1 590)

a 1 582 (1 559-1 605)
b 1 586 (1 563-1 608)

c 1 614 (1 590-1 637) 1 636 (1 612-1 660)a.b.c 

Protein (g/day) 72.8 (72.2-73.4)
a.b.c.d 69.7 (69.1-70.3)

a.c.d 68.6 (68.0-69.1)
a.c.d 66.7 (66.1-67.3)

a.b.c.d 63.8 (63.2-64.4)
a.b.c.d 

Total fat (g/day) 59.2 (58.6-59.8)
a.c.d 60.1 (59.6-60.7)

b 60.7 (60.2-61.3)
c 61.2 (60.7-61.8)

d 61.4 (60.9-62.0)
a.b 

SFA  (g/day) 24.5 (24.2-24.8)
a 25.0 (24.7-25.3) 25.1 (24.8-25.4) 25.2 (24.9-25.5)

a 25.0 (24.7-25.3) 
Total carb (g/day) 189.6 (188.1-191.1) 190.2 (188.7-191.6) 191.0 (190.0-192.4) 191.4 (190.0-192.9) 192.4 (190.9-193.8) 
Sugars (g/day) 72.7 (71.2-74.3)

a.b.c.d 76.1 (74.6-77.6)
a.b.d 78.5 (77.1-78.0)

a.c.d 81.8 (80.3-83.3)
b.c.d 84.3 (82.8-85.9)

a.b.c 
Fibre (g/day) 15.1 (14.9-15.3)

a.b.c.d 14.6 (14.4-14.8)
a.b.d 14.5 (14.3-14.7)

a.c 14.1 (13.9-14.3)
a.b.d 13.5 (13.3-13.7)

a.b.c.d 
Protein  (%TEI) 18.7 (18.5-18.9)

a.b.c.d 17.9 (17.7-18.0)
a.b.c.d 17.5 (17.4-17.7)

a.b.c.d 17.0 (16.9-17.2)
a.b.c.d 16.4 (16.2-16.5)

a.b.c.d 
Total fat  (%TEI) 32.9 (32.6-33.2)

a 33.5 (33.2-33.8)
b 33.7 (33.4-34.0)

a 34.0 (33.7-34.3)
a 34.3 (34.0-34.6)

a.b 
SFA  (%TEI) 13.6 (13.5-13.8)

a 13.9 (13.7-14.1) 13.9 (13.8-14.1) 14.0 (13.8-14.2)
a 14.0 (13.8-14.1) 

Total carb (%TEI) 48.4 (48.0-48.7)
a 48.7 (48.3-49.0)

b 48.8 (48.4-49.1) 49.0 (48.6-49.3) 49.4 (49.0-49.7)
a.b 

Sugars (%TEI) 18.3 (17.9-18.7)
a.b.c.d 19.3 (18.9-19.7)

a.b.d 19.9 (19.5-20.2)
a.c.d 20.8 (20.4-21.2)

a.b.c.d 21.6 (21.2-22.0)
a.b.c.d 

Fibre (g/1000kcal) 9.6 (9.4-9.7)
a.b.c.d 9.2 (9.1-9.3)

a.b.d 9.1 (9.0-9.2)
a.c.d 8.9 (8.8-9.0)

a.b.c.d 8.6 (8.4-8.7)
a.b.c.d 

>20ys I (14.7-34.4) II (33.9-39.1) III (38.0-42.9) IV (41.5-47.0) V (46.0-73.4) 
Energy (kcal/day) 1 540 (1 510-1 571)

a.b.c 1 609 (1 580-1 638)
a.b 1 632 (1 603-1 662)

a.c 1 683 (1 653-1 712)
a.b 1 719 (1 688-1 750)

a.b.c 
Protein (g/day) 73.8 (73.1-74.5)

a.c.d 72.8 (72.1-73.4)
b.d 71.8 (71.1-72.5)

a.c.d 70.3 (69.6-71.0)
a.b.c.d 68.1 (67.4-68.8)

a.b.c.d 
Total fat (g/day) 63.6 (62.8-64.4) 63.8 (63.0-64.6) 64.7 (63.9-65.5) 65.0 (64.2-65.8) 64.8 (64.0-65.7) 
SFA  (g/day) 25.6 (25.2-26.1) 25.7 (25.2-26.1) 26.0 (25.5-26.4) 26.0 (25.6-26.5) 25.6 (25.2-26.1) 
Total carb (g/day) 174.1 (172.0-176.3) 177.0 (175.0-179.0) 176.0 (173.9-178.0) 177.5 (175.5-179.6) 178.3 (176.1-180.4) 
Sugars (g/day) 71.3 (69.1-73.4) 73.3 (71.2-75.3) 73.7 (71.6-75.8) 72.7 (70.6-74.8) 74.7 (72.5-76.9) 
Fibre (g/day) 16.7 (16.4-17.0)

a.c.d 16.5 (16.2-16.8)
b.d 16.1 (15.8-16.4)

a.c 15.7 (15.3-16.0)
a.b.d 14.6 (14.3-15.0)

a.b.c.d 
Protein  (%TEI) 19.6 (19.4-19.8)

a.b.c.d 18.9 (18.7-19.1)
a.b.d 18.6 (18.4-18.8)

a.b.d 17.9 (17.7-18.2)
a.b.c.d 17.4 (17.1-17.6)

a.b.c.d 
Total fat  (%TEI) 35.6 (35.1-36.0)

a 35.7 (35.3-36.1)
b 36.2 (35.8-36.6) 36.5 (36.1-36.9)

a 36.6 (36.1-37.0)
a.b 

SFA  (%TEI) 14.2 (14.0-14.5) 14.3 (14.1-14.6) 14.5 (14.3-14.7) 14.7 (14.4-14.9) 14.6 (14.3-14.8) 
Total carb (%TEI) 44.9 (44.4-45.4)

a 45.4 (45.0-45.9) 45.2 (44.8-45.7) 45.6 (45.1-46.0) 46.1 (45.6-46.5)
a 

Sugars (%TEI)TEI) 17.9 (17.3-18.4)
a.b 18.7 (18.2-19.2) 18.9 (18.4-19.5)

b 18.9 (18.3-19.4) 19.6 (19.0-20.1)
a 

Fibre (g/1000kcal) 10.8 (10.6-11.0)
a.c.d 10.5 (10.3-10.7)

b.d 10.2 (10.0-10.4)
a.c 9.9 (9.7-10.1)

a.b.d 9.4 (9.2-9.6)
a.b.c.d 
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Values are expressed as mean (95% CI). SFA, Saturated fatty acids; Total carb, total carbohydrates; 

UPFs (%TEI), contribution in percentage of total daily energy intake from ultra-processed foods. 

For each nutrient, superscript lowercase letters in the same row indicate significant differences 

among quintiles. Analysis adjusted for sex, age, country, family income, family ISCED 

(International Standard Classification of Education) and total daily energy intake. 
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Table 4 Diet quality according to quintiles of the dietary share of ultra-processed foods 

 UPFs (%TEI) quintiles 
6-10ys I (29.2-43.8) II (43.2-47.3) III (47.3-50.7) IV (50.5-54.5) V (54.1-69.4) 
HDAS 18.2 (17.0-19.4)

a 16.6 (15.4-17.7) 16.6 (15.5-17.7) 17.3 (16.2-18.5) 15.5 (14.4-16.7)
a 

FV (time/day) 2.93 (2.66-3.20) 2.85 (2.58-3.11) 2.92 (2.65-3.18) 2.92 (2.64-3.19) 2.52 (2.25-2.79) 
Junk food (time/day) 1.23 (1.04-1.41)

a.b 1.42 (1.24-1.60) 1.57 (1.39-1.75) 1.62 (1.44-1.80)
b 1.76 (1.58-1.94)

a 
Fish (time/day) 0.39 (0.33-0.45) 0.35 (0.29-0.41) 0.31 (0.25-0.37) 0.38 (0.32-0.44) 0.29 (0.23-0.35) 
Milk/yogurt (time/day) 1.97 (1.76-2.18) 1.87 (1.67-2.08) 1.93 (1.73-2.13) 2.07 (1.87-2.28) 1.78 (1.57-1.98) 
Fatty foods (time/day) 0.93 (0.83-1.03) 0.90 (0.80-1.00) 0.79 (0.69-0.89) 0.87 (0.77-0.97) 0.82 (0.72-0.92) 
Simple sugar foods 

(time/day) 3.19 (2.86-3.53) 3.14 (2.82-3.46) 3.23 (2.92-3.55) 3.44 (3.11-3.76) 3.42 (3.10-3.74) 
Fiber rich foods 

(time/day) 3.89 (3.55-4.23) 3.76 (3.44-4.09) 3.79 (3.46-4.11) 3.68 (3.34 -4.01) 3.27 (2.93-3.60) 
Dairy products 

(time/day) 3.41 (3.10-3.72) 3.32 (3.02-3.62) 3.32 (3.02-3.61) 3.46 (3.16-3.76) 3.08 (2.78-3.38) 
Red meat (time/day) 1.15 (1.03-1.26) 1.03 (0.92-1.14) 1.04 (0.93-1.15) 1.02 (0.91-1.14) 1.09 (0.98-1.20) 
10-20 ys I (24.6-44.0) II (43.2-47.1) III (46.9-50.5) IV (50.3-54.4) V (54.1-75.2) 
HDAS 20.3 (19.4-21.1)

a.c.d 19.7 (18.9-20.5)
b 18.6 (17.8-19.4)

a.c 18.2 (17.4-19.0)
a.d 16.0 (15.1-16.8)

a.b.c.d 
FV (time/day) 3.39 (3.09-3.69)

a 3.01 (2.72-3.31) 2.86 (2.57-3.14) 2.88 (2.60-3.17) 2.63 (2.32-2.93)
a 

Junk food (time/day) 1.58 (1.36-1.79)
a.b 1.83 (1.62-2.04) 1.85 (1.65-2.06) 1.98 (1.78-2.19)

b 2.21 (1.99-2.43)
a 

Fish (time/day) 0.51 (0.44-0.58)
a 0.46 (0.40-0.53)

b 0.47 (0.41-0.54)
c 0.49 (0.42-0.55)

d 0.30 (0.23-0.37)
a.b.c.d 

Milk/yogurt (time/day) 1.85 (1.65-2.04) 1.74 (1.56-1.92) 1.86 (1.68-2.04) 2.01 (1.83-2.20) 1.79 (1.60-1.98) 
Fatty foods (time/day) 1.21 (1.09-1.33) 1.12 (1.00-1.24) 1.14 (1.02-1.26) 1.20 (1.08-1.32) 1.06 (0.93-1.18) 
Simple sugar foods 

(time/day) 3.23 (2.92-3.54)
a 3.34 (3.04-3.64) 3.71 (3.41-4.00) 3.87 (3.57-4.16)

a 3.71 (3.40-4.02) 
Fiber rich foods 

(time/day) 4.50 (4.12-4.88)
a 4.17 (3.81-4.53) 3.86 (3.51-4.22) 3.94 (3.59-4.30) 3.56 (3.18-3.94)

a 
Dairy products 

(time/day) 3.46 (3.17-3.76) 3.27 (3.00-3.55) 3.43 (3.16-3.71) 3.69 (3.41-3.96)
a 3.09 (2.80-3.38)

a 
Red meat (time/day) 1.35 (1.23-1.46) 1.15 (1.04-1.26) 1.26 (1.15-1.37) 1.28 (1.16-1.39) 1.28 (1.17-1.40) 
>20ys I (14.7-34.4) II (33.9-39.1) III (38.0-42.9) IV (41.5-47.0) V (46.0-73.4) 
HDAS 27.5 (26.5-28.6)

a.d 26.6 (25.5-27.6)
b 25.9 (24.9-26.9)

c 24.9 (23.8-25.9)
d 23.3 (22.2-24.4)

a.b.c 
FV (time/day) 3.24 (3.02-3.47)

a 3.30 (3.08-3.52)
b 2.83 (2.61-3.05) 2.96 (2.74-3.18) 2.69 (2.46-2.92)

a.b 
Junk food (time/day) 0.77 (0.64-0.90)

a 0.88 (0.75-1.00)
b 0.98 (0.85-1.11)

c 1.03 (0.90-1.16)
a 1.32 (1.19-1.45)

a.b.c 
Fish (time/day) 0.45 (0.41-0.49)

a.c 0.45 (0.41-0.49)
b.d.e 0.37 (0.33-0.41)

e 0.37 (0.33-0.41)
c.d 0.34 (0.30-0.38)

a.b 
Milk/yogurt (time/day) 1.84 (1.64-2.05) 1.81 (1.62-2.00) 1.63 (1.43-1.82) 1.78 (1.59-1.97) 1.61 (1.40-1.81) 
Fatty foods (time/day) 0.84 (0.76-0.92) 0.79 (0.71-0.87) 0.74 (0.67-0.82) 0.82 (0.74-0.90) 0.86 (0.78-0.94) 
Simple sugar foods 

(time/day) 1.76 (1.55-1.97)
a 2.00 (1.80-2.20) 1.96 (1.75-2.16) 1.89 (1.68-2.09) 2.22 (2.00-2.43)

a 
Fiber rich foods 

(time/day) 4.50 (4.2-4.8)
a 4.49 (4.20-4.78)

b 4.18 (3.89-4.48)
c 4.07 (3.78-4.37)

d 3.41 (3.09-3.72)
a.b.c.d 

Dairy products 

(time/day) 3.32 (3.03-3.61) 3.40 (3.12-3.68) 3.25 (2.97-3.54) 3.33 (3.05-3.61) 2.90 (2.61-3.20) 
Red meat (time/day) 1.04 (0.95-1.13) 1.04 (0.96-1.13) 1.09 (1.00-1.18) 1.02 (0.93-1.11) 1.06 (0.97-1.16) 

 

Values are expressed as mean (95% CI). FV, Fruit and vegetables; HDAS, Healthy Dietary 

Adherence Score; UPFs (%TEI),  contribution in percentage of total daily energy intake from ultra-

processed foods. Superscript lowercase letters in the same row indicate significant differences 
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among quintiles. Analysis adjusted for sex, age, country, family income, family ISCED and total 

daily energy intake. 
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Figure Legends 

 

Figure 1.  Flow chart of participants included in final analysis. 

Figure 2.  Descriptions of the NOVA classification process.   

Supplemental Figure 1.  Differences in usual energy and nutrients intake among countries in the 

different age groups. Countries: BEL, Belgium; CYP, Cyprus; ESP, Spain; EST, Estonia; GER, 

Germany; HUNG, Hungary; ITA, Italy; SWE = Sweden. 

 


