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Background: Front-of-pack labels, such as Nutri-Score, aim to offer clear information on the overall nutritional quality of foods and beverages to consumers, allowing them to make healthier food choices. Using the European Food Safety Authority (EFSA) Comprehensive European Food Consumption Database, the present study aims to map out European food consumption patterns by applying the Nutri-Score as a benchmark for nutritional value.

Methods: Country-specific food consumption data, collected by multiple 24-h dietary recalls or food records available from EFSA, were linked to the Dutch Food Composition Database (NEVO). Foods and beverages consumed by adolescents (10–17 years), adults (18–64 years), and the elderly (65–74 years) were graded following the modified Food Standard Agency Nutrient Profiling System (FSAm-NPS) and classified according to Nutri-Score grading, from A to E. Subsequently, a dietary index score (FSAm-NPS-DI) was calculated for each country-specific diet by age-groups and sex as an energy-weighted mean of the FSAm-NPS score of all foods and beverages consumed, with lower scores for a diet of greater overall nutritional quality.

Results: On average, the daily energy intake of adults across the European countries studied is distributed in 27.6% of A-, 12.9% of B-, 17% of C-, 30.0% of D-, and 12.5% of E-classified foods and beverages. This energy distribution, according to the Nutri-Score, corresponded to a median FSAm-NPS-DI score of 6.34 (interquartile range: 5.92, 7.19). For both adult males and females, Estonia reported the highest energy share from A-classified products, scoring the lowest on the FSAm-NPS-DI. On the other hand, Latvia reported the highest energy share from E-classified products, along with the highest FSAm-NPS-DI. Females and the elderly group reported, in general, a greater energy share from A- and a lower share from E-classified products, and had the lowest FSAm-NPS-DI scores. No sex-related difference was observed for adolescents whose share of energy was predominantly from A- and D-classified products, such as for adults and the elderly.

Conclusion: Our analyses leveraging the secondary use of country-specific databases on dietary intakes found considerable variation in the nutritional value of European diets, with an overall agreement across all countries on a modestly healthier dietary profile for the elderly and among females.
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Introduction

Suboptimal diets are a leading risk factor for non-communicable diseases (NCDs), with an estimated 8 million deaths globally attributed to dietary risks in 2019 (1). In an effort to curb this burden, front-of-pack nutrition labeling is regarded as an internationally recognized strategy for nudging consumers toward healthy food choices (2–4). A front-of-pack label, providing easy-to-convey nutritional information about foods, has the potential to not only promote healthful purchasing behavior but also encourage food manufacturers to improve the nutrition profile of their products (5).

The Nutri-Score, a five color-coded front-of-pack labeling system, synthesizes the mandatory nutrition declaration, as often available on the back of the packaging, into five categories (ranging from A in dark green color, indicating greater nutritional quality, to E in dark red color, indicating lower nutritional quality) (6). The nutrient profiling system underlying the Nutri-Score was initially developed by the British Food Standards Agency (7), and after an update of the algorithm in 2017, the Nutri-Score has been subsequently adopted in France (October 2017) (8, 9), Spain (November 2018), Belgium (April 2019), Germany and Switzerland (September 2019), the Netherlands (November 2019), and Luxembourg (February 2020) as a voluntary tool for front-of-pack labeling, with the potential for improving public health nutrition.

Emerging evidence from experimental studies supports the effectiveness of the Nutri-Score in the European context, with reference to consumers' ability to correctly classify foods according to nutritional quality (10–12) as well as eliciting healthier food choices (11) and purchases (13) and lowering portion size selection of less healthy foods (14). In addition, when the nutritional profiles of foods underlying the Nutri-Score are applied to grading the quality of the overall diet of a population, individuals consuming a greater proportion of foods ranking low in nutritional quality have been observed to carry a higher risk of cardiovascular disease, as reported in the Supplementation en Vitamines et Mineraux Antioxydants (SU.VI.MAX) study (15) and the NutriNet-Santé (16) cohort, cancer as reported in the SU.VI.MAX study (17) and in the multinational European Prospective Investigation into Cancer and Nutrition (EPIC) cohort (18), and all-cause and disease-specific mortality in EPIC (19), Whitehall II (20), Estudio de Nutrición y Riesgo Cardiovascular en España (ENRICA) (21), and Seguimiento Universidad de Navarra (SUN) (22) cohorts. In regard to these consistent associations, monitoring the diets of the population from the perspective of overall nutritional quality—as provided, for example, by the Nutri-Score—appears to be important for public health, food policy planning, and addressing the increasing burden of NCD risk factors and would be particularly relevant for the development and implementation of strategies promoting healthy eating for all, given the urgent need to address health equity, as acknowledged by the World Health Organization (23, 24) and the European Union (23, 25). Still, before implementing a large-scale introduction of the Nutri-Score as a front-of-pack label, its effectiveness in improving food purchases toward healthier options needs to be measured in real-life supermarket settings with a complete assortment of products bearing the label (26). In recent years, public health policies and actions have increasingly acknowledged the potential of easy-to-read front-of-pack labels, which can offer a clear message on the overall nutritional quality of foods and beverages. In this line, the European Commission intents to propose a harmonized mandatory front-of-pack label at the EU level by the end of 2022, for guiding consumers toward healthier food choices (27). Although some EU countries have already introduced the voluntary use of the Nutri-Score and reported the nutritional quality of their diets according to the algorithm, a standardized assessment of the nutritional value of diets across Europe, including countries where the Nutri-Score has not been implemented, is lacking. Using EU members national dietary survey data compiled and standardized by the European Food Safety Authority (EFSA) Comprehensive European Food Consumption Database, this study aims to assess the nutritional value of diets across Europe using the Nutri-Score front-of-pack label and its underlying nutrient profiling system algorithm as a benchmark. This information aims to serve as the basis to study the use of the Nutri-Score as a potentially effective food policy before the introduction of a mandatory, science-based, and consumer-friendly nutrition label.



Materials and methods


Food consumption data

Country-level food consumption data estimated from individual-level national dietary surveys were obtained from the publicly available Comprehensive European Food Consumption Database, developed and maintained since 2011 by the European Food Safety Authority (EFSA) (28). The summary statistics of their food consumption data reported in grams/day (population mean intakes) and classified according to the sixth level of the “Exposure Hierarchy” of the comprehensive food classification and description system FoodEx2 (29–31) were retrieved, aggregated for adolescent (10–17 years), adult (18–64 years), and elderly (65–74 years) populations, stratified by sex. From the 25 European countries reporting survey dietary data to EFSA (in total, 69 dietary surveys), we selected the surveys for which food consumption data were available for at least 2 days, that is, 27 surveys in 19 countries for adolescents, 34 surveys in 22 countries for adults, and 25 surveys in 20 countries for the elderly (28).



Linkage with the dutch food composition database (NEVO)

FoodEx2-coded food consumption data of EFSA were linked to food composition and corresponding nutritional information, using the the Dutch Food Composition Database version 2019 (Nederlands Voedingsstoffenbestand; NEVO) (32). This linkage was initiated in the Dutch Food Consumption Survey (2012–2016) (33), where the foods consumed were coded according to NEVO codes as well as FoodEx2 codes. Thereafter, we extended the classification to the remaining FoodEx2 codes available in the EFSA database using the NEVO code that most closely resembled the level-six description of the FoodEx2 “Exposure Hierarchy.” This linkage with NEVO allowed nutrient profiling and classifying foods according to the Nutri-Score front-of-pack label system.



Computation of the nutrient profiling and the derived Nutri-Score

The Nutri-Score relies on a nutrient profiling system derived from the U.K. Food Standards Agency Nutrient Profiling System (FSA-NPS), initially developed to regulate television advertising to children (34). The profile system was later modified by the French High Council of Public Health (35), with regard to point allocations for beverages, cheese, and added fats for improved discrimination of nutritional quality within these food groups. Details of the modified Food Standards Agency Nutrient Profiling System (FSAm-NPS), including the derivation of the Nutri-Score, for each food and beverage have been published in detail elsewhere (7, 9, 35, 36). In brief, for each FoodEx2-coded food or beverage item included in the country-specific EFSA dietary database and linked with the NEVO, we calculated the FSAm-NPS based on the item composition (per 100 g or mL of content). Positive points (i.e., A points for the nutrients to be limited) were allocated, following the grid for point allocations for each item, energy (kJ), total sugar (g), saturated fatty acids (g or % of total lipids for fats and oils), and sodium (mg) content, and negative points (i.e., C points for the food groups and nutrients to be endorsed) for fruits, vegetables, nuts and legumes (%), fiber (g), and protein (g) content. The A points with a range of 0–10 for each and C points with a range of 0–5 for each were summed, and subsequently, the sum of C points was subtracted from the sum of A points to categorize the foods and beverages according to the Nutri-Score cutoffs.

The FSAm-NPS for each food or beverage is based on a unique discrete continuous scale ranging from −15 points (highest nutritional quality) to 40 points (lowest nutritional quality), and arithmetic energy-weighted means were aggregated to calculate a score at the diet level (FSAm-NPS-DI) using with the following equation (37):
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where FSi represents the food score based on the FSAm-NPS of food or beverage i, Ei represents the energy intake from the item i, and n represents the number of items consumed. A higher FSAm-NPS-DI reflects a diet with high consumption of items ranked low in nutritional quality.



Data analysis

For the most recent survey year for each country, the calculated FSAm-NPS algorithm was subsequently classified according to the Nutri-Score grading, from A to E. Applying the Nutri-Score to the diet, we expressed the nutritional value of the diet by the proportion of daily food consumption from foods and beverages classified as A, B, C, D, and E, as well as by the share of daily energy intake from A-, B-, C-, D-, and E-classified foods and beverages. The mean energy contribution of the food subgroups to the dietary energy share of the Nutri-Score categories was calculated in order to identify the top five contributors for each.

To facilitate the interpretation of the overall nutritional quality of the diet, we calculated the FSAm-NPS-DI for each survey included. For those countries with recurrent dietary surveys over time, we visualized the time changes in the FSAm-NPS-DI, provided that the same dietary assessment method was used for dietary data collections, that is, either the 24-h recall or food record for the recurrent dietary surveys.




Results


Nutritional value of European diets according to the Nutri-Score

Supplementary Tables 1–3 show the nutritional value of individuals' diet across European countries according to the Nutri-Score classification and the FSAm-NPS-DI, stratified by age-group and sex. On average in Europe, for adults, the classification of daily food and beverage consumption according to the Nutri-Score was 56.4% for A-, 11.8% for B-, 13.3% for C-, 12.3% for D-, and 6.2% for E-classified foods and beverages. These corresponded to a share of total energy intake from foods and beverages classified as 27.6% for A-, 12.9% for B-, 17.0% for C-, 30.0% for D-, and 12.5% for E-classified foods and beverages (Supplementary Table 2). A higher energy share from products classified as A and a lower energy share from E were observed for the elderly group and females, except for adolescents (Figure 1).


[image: Figure 1]
FIGURE 1
 Nutritional value of European diets according to the Nutri-Score classification, expressed in the share (%) of dietary energy intake from foods and beverages classified as A, B, C, D, and E, stratified by age-group and sex. [image: yes] Adolescent-Males; [image: yes] Adolescent-Females; [image: yes] Adult-Males; [image: yes] Adult-Females; [image: yes] Elderly-Males; [image: yes] Elderly-Females.


In adult males, the dietary share of energy intake from A-classified products ranged from 35.4% (Estonia) and 32.5% (Denmark) to 16.4% (Greece) and that from E ranged from 7.9% (Italy) to 19.6% (Latvia) (Supplementary Table 2). Similarly, in adults females, A-classified products ranged from 39.6% (Estonia) and 36.7% (Denmark) to 19.7% (Greece) and E from 6.6% (Italy) to 20.3% (Latvia). It is apparent from Supplementary Tables 1, 3 that similar to the adults' diet, the nutritional value according to the Nutri-Score of the diets of the adolescents and the elderly shows variability across the countries, and that, in general, similar countries were named the countries with a diet high vs. low in A- and E-classified products. Nevertheless, for both sexes, the energy share of A-classified products was also observed to be higher in Finland for adolescents, and in Portugal and Slovenia among the elderly, while it was lower for the elderly in France and Latvia (males only). A higher energy share of E-classified products was observed for Austria, Germany, and the United Kingdom in the diet of the adolescents and the elderly for both sexes but was lower for Portugal.



Main food contributors to Nutri-Score A, B, C, D, and E ranks

There is a large variability in the nutritional composition of foods and beverages within a generic food group (Table 1). This is particularly evident for bread, breakfast cereals, fine bakery wares, dairy products, cheese, and meat, which were the top five contributors to multiple Nutri-Score ranks. Albeit with a large variability in their percentage contribution, most countries included similar food groups in their top five contributors of Nutri-Score rank A. The top five contributors for the lower ranks of the Nutri-Score, however, showed diverse food groups across countries and, to a lesser extent, between age-groups and sex. Nevertheless, in all diets studied, fats and oils were identified as one of the main contributors in the intake share of D-classified products, and in most of them, the top five of rank E included meat, fine bakery wares, chocolate, fruit juices, alcohol (adults and elderly only), soft drinks (adolescents only), and cheese.


TABLE 1 Main five food group contributorsa to the A, B, C, D, and E Nutri-Score ranks in Europe by age-groups and sex.
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Nutritional value of European diets as summarized by the FSAm-NPS-DI

The median score of the FSAm-NPS-DI for diets across Europe was 6.82 (interquartile range: 6.80, 7.54) for adolescents, 6.34 (5.92, 7.19) for adults, and 5.79 (4.86, 6.36) for the elderly, indicating an overall higher nutritional value of the diets consumed by the oldest population in Europe (Supplementary Tables 1–3). Diets were of overall higher nutritional value among females, except for adolescents where no sex difference was seen (Figure 2). In general, across all age and sex groups, dietary index scores were more favorable for Estonia and Portugal, whereas the nutritional value was lower for the diets reported in Germany and Latvia.


[image: Figure 2]
FIGURE 2
 Nutritional value of diets across European populations summarized according to the Food Standard Agency modified Nutrient Profiling System Dietary Index (FSAm-NPS-DI)1, stratified by age-group and sex.
[image: yes]
1FSAm-NPS-DI is the sum of the FSAm-NPS score for each food or beverage consumed multiplied by the amount of energy provided by that product, divided by the sum of energy intake from all foods and beverages.




Time changes in the nutritional value of European diets as summarized by the FSAm-NPS-DI

Recurrent dietary surveys with the same method of dietary assessment were identified to be carried out in six countries for adolescents, namely, Belgium, Denmark, France, Latvia, the Netherlands, and Spain; in 11 countries for adults, namely, Austria, Belgium, Denmark, Finland, France, Latvia, Ireland, the Netherlands, Spain, Sweden, and the United Kingdom; and in four countries for the elderly, namely, Denmark, France, Finland, and the Netherlands. Figure 3 presents the time changes in nutritional values as summarized by the FSAm-NPS-DI for countries with available data. Both increases and decreases in the mean score of the dietary index were observed, indicating for the latter a change towards greater nutritional value, with the largest decrease (14% and 22%) for the Netherlands in adult males and females, respectively. By contrast, the dietary index score was observed to be higher in adults for Latvia (33% in males and 19% in females), Sweden (26% in males and 21% in females), Finland (12% in males and 10% in females), and Austria (13% in males only). Similarly, the largest increase in the dietary index score was observed for Latvia in adolescents and Finland in the elderly, while a decrease in the dietary index score was observed for France (in adolescent and elderly females), Denmark (in adolescents), Spain (in adolescent males), and the Netherlands (in elderly females).


[image: Figure 3]
FIGURE 3
 Time changes of the Food Standard Agency Nutrient Profiling System Dietary Index (FSAm-NPS-DI)1 in European populations, with recurrent dietary survey intake data available by EFSA, stratified by age-group and sex. AT, Austria; BE, Belgium; DK, Denmark; EN%, energy percentages; ES, Spain; FI, Finland; FR, France; LV, Latvia; IE, Ireland; NL, the Netherlands, SE, Sweden; UK, the United Kingdom. [image: yes] Decrease in FSAm-NPS-DI of 5% or more; [image: yes] change in FSAm-NPS-DI of < 5%; [image: yes] increase in FSAm-NPS-DI of 5% or more. 1FSAm-NPS-DI is the sum of the FSAm-NPS score for each food or beverage consumed multiplied by the amount of energy provided by that product, divided by the sum of energy intake from all foods and beverages.





Discussion

Using the data on country-specific dietary intakes and the Nutri-Score as a benchmark for nutritional value, our study found that the nutritional value of diets varied markedly across Europe, with a dietary index ranging from 4.7 (Estonia) to 8.7 (Latvia), representing the countries with diets of better and worse nutritional values, respectively. Although a predominance of dietary items classified as A (27.6%) and D (30.0%) was observed for Europe overall, the heterogeneity of the dietary index score across countries translates also to a wide variety of A-B-C-D-E Nutri-Score profiles for individual countries. However, the foods or beverages contributing more to A were similar among the countries, in contrast to foods contributing more to the lower Nutri-Score ranks, which were a characteristic of individual countries. These observations related mostly to in-between country comparisons as only modest variations were seen by age or sex groups. Overall, healthier diets were observed for the elderly and among females (except for adolescents).

Consumers demand evidence-based information to make healthier food choices at the point of purchase and later consumption. The use of nutrition labels has the potential to inform consumers with direct and understandable messages about the nutritional value of foods and beverages they choose. As such, the Nutri-Score acts in complement to the EU-mandated nutrition declaration on prepacked food items by which energy and nutrient content have to be specified (38) to guide consumers toward informed choices and healthier options, while still accepting D- or E-classified products as part of a balanced diet, provided consumption in limited amounts or infrequently. In this regard, by visualizing the high variability in nutritional composition, the Nutri-Score provides transparency of the overall quality of foods and beverages in a relative way, allowing consumers to recognize and compare their nutritional quality and, subsequently, guide their choices toward better alternatives. Allowing a side-by-side visual comparison between the labels of similar products, either belonging to the same food group (e.g., animal or vegetable fats and oils) or among the different brands of the same product (e.g., breakfast cereals), appears to be a logical avenue to steer consumers' choices toward healthier options.

Nevertheless, with the large variability in composition across the wide range of prepackaged foods available to the consumers, there are also additional challenges in producing high-quality food consumption data feasible for use in dietary exposure assessment. Particularly, the accurate estimation of nutrient intakes would require information on brand names of foods and beverages consumed along with the availability of a complete and up-to-date food composition database that includes all available (branded) foods and beverages on the market, such as Internubel covering most products available in the Belgian market (39). In the present study, the use of a common food classification system, that is, FoodEx2, and the same food composition database, that is, NEVO, allowed for a standardized cross-country comparison of the dietary nutritional profiles as any differences exclusively originate from the nutritional value of the diet, instead of biasing the findings as a result of country-specific food composition databases. For obtaining accurate nutritional profile estimates of EU consumers' diets, a more detailed food classification system including brand names as well as brand-specific and country-specific food composition databases needs to be developed.

Our findings further underlined the region's variability in food consumption with a geographical gradient where both the Northern (Nordic) and Southern (Mediterranean) countries present diets with foods and beverages ranked higher in nutritional value, and the Central and Western European countries present diets with the lower-ranked foods and beverages. Consistent with our results, previous observations in the EPIC countries reported also a geographical gradient in nutrient intake patterns (40), with the diets of the highest nutritional value more frequently observed among the consumers of the Mediterranean region (Spain, Greece, and Italy) and of the Nordic region (Norway) (18, 19). Nevertheless, the predominance of Nutri-Score ranks A and D in all European diets relates to the similar main sources of energy intake that consisted of grains and grain-based products, fats and oils, meat, dairy products, and composite dishes. According to our data, we can deduce that within food groups, there is an enormously rich variety of foods available, hence large variability in their nutritional composition, and in particular, the grain, meat, and dairy products were often important contributors to multiple Nutri-Score ranks with varying proportions. This, however, aligns with the purpose of Nutri-Score of discriminating nutritional quality of foods and beverages among all food groups, and herewith, it was designed to maximize the distribution of products within a food group across as many Nutri-Score ranks as possible, providing nutritionally appropriate and broadening consumer choices (36, 41). Hence, this maximization of distribution was not applicable for food groups with limited variation in nutrition composition or ever high contents in one or various nutrients, as they may be concentrated in fewer Nutri-Score ranks, such as sugar confectionary, including sugars, candy, chocolate, soft drinks, and alcoholic beverages that are all in the lower Nutri-Score ranks. Therefore, food choices, which are partly formed by cultural/regional food traditions, play an important role in the nutritional value of a consumer's diet.

The Nutri-Score as a front-of-pack label is recognized as a promising strategy to encourage healthier food choices for European consumers, as shown by an online experimental study in 12 European countries (11). Controversies exist about its efficacy on actual consumers' purchasing behavior in diverse real-life settings, with complete food and beverage assortment classified according to the Nutri-Score (13, 42–44), as well as about its ability to align with other food dimensions, such as the degree of food processing, as evaluated by, for example, the NOVA classification (45, 46). While the Nutri-Score is still to be implemented in a number of European countries, its actual effectiveness would nevertheless be highly dependent on the uptake of the Nutri-Score by food retailers and manufacturers. Because of its voluntary characteristic, the uptake in Belgium was estimated to be only roughly 10% of the total supply in the first year of implementation, with the majority from retailer-branded and A- or B-classified products (47). The Nutri-Score display is expected to have continued deployment and improvement, as has been observed in France during the 3 years after its first adoption (48). As confirmed by evidence from surveys conducted in France, a growing number of foods and beverages displaying the Nutri-Score likely signifies an improved nutritional quality available for consumers' shopping baskets (49). This at least argues for the necessity of a (harmonized) mandatory front-of-pack label, as intended to be adopted by the European Commission's Farm to Fork Strategy (27), aimed at facilitating informed health-conscious food choices by all European consumers to promote nutrition equity.

Routine dietary surveys, following the same methodology of participant selection and diet collection, allow for food consumption estimates over time and hereby providing an evidence base for investigating changes in food consumption and, when repeated at regular intervals, establishing trends in such changes that might be related to the (rapidly changing) food environment and food and nutrition policies in place. Such standardized collection of accurate, harmonized, and detailed individual-level food consumption data would improve consistency and reliability of dietary estimates from the consumer domain and, when reported consistently across countries, also enable cross-country comparison of the diet, as aimed by the EFSA initiative of the European Union Menu Project launched in 2014 (50). Our study relied on available dietary data by the EFSA dietary database and hence is challenged for cross-country comparison, as mentioned in our previous publication (51). In addition, the underlying dietary surveys included and even those from most recent years are dated from several years before the implementation of the Nutri-Score, implying that with evolving food habits, the nutritional profile of a country as of today might differ from the one presented here. Particularly, an improvement in the nutritional value of the diet is expected for those countries that officially implemented or formally adopted the Nutri-Score, as anticipated by the mounting research body on the effectiveness of the Nutri-Score (5). Future investigations, using standardized methodological approaches with conducts at repeated intervals, should be undertaken to investigate the effectiveness of the Nutri-Score on food purchases and subsequent consumption in real-life settings over time and across population (sub)groups between and within countries.

In conclusion, our secondary analyses of harmonized country-specific dietary intakes aimed at describing the nutritional value of diets across Europe according to the Nutri-Score highlighted a considerable variation across countries, with modestly healthier profiles for the elderly and among females. Nevertheless, similar main food group contributors to Nutri-Score rank A and more diverse contributions for the lower Nutri-Score ranks were identified across countries and by age and sex groups, to a lesser extent.



Data availability statement

Publicly available datasets were analyzed in this study. These data can be found here: https://data.europa.eu/data/datasets/the-efsa-comprehensive-european-food-consumption-database?locale=en; https://nevo-online.rivm.nl/. In addition, a copy of the Dutch Food Consumption Survey (FCS) 2012-2016 was requested via https://www.wateetnederland.nl/publicaties-en-datasets/datasets, and was used to initiate the linkage between FoodEx2 and food composition data, i.e. NEVO, the Dutch Food Composition Table.



Author contributions

JP and EM conceptualized and designed the study, identified the relevant data sources, retrieved the data, and wrote the manuscript. EM performed the statistical analyses. Both authors approved the submitted version.



Funding

This research was supported by the Research Foundation of Flanders (FWO) (Grant G0C2520N).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.1080858/full#supplementary-material



References

 1. GBD 2019 Risk Factors Collaborators, Global Global burden of 87 risk factors in 204 countries and territories, 1990-2019: 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1223–49. doi: 10.1016/S0140-6736(20)30752-2

 2. Song J, Brown MK, Tan M, MacGregor GA, Webster J, Campbell NRC, et al. Impact of color-coded and warning nutrition labelling schemes: a systematic review and network meta-analysis. PLoS Med. (2021) 18:e1003765. doi: 10.1371/journal.pmed.1003765

 3. Cecchini M, Warin L. Impact of food labelling systems on food choices and eating behaviours: a systematic review and meta-analysis of randomized studies. Obes Rev. (2016) 17:201–10. doi: 10.1111/obr.12364

 4. Feteira-Santos R, Fernandes J, Virgolino A, Alarcão V, Sena C, Vieira CP, et al. Effectiveness of interpretive front-of-pack nutritional labelling schemes on the promotion of healthier food choices: a systematic review. Int J Evid Based Healthc. (2020) 18:24–37. doi: 10.1097/XEB.0000000000000214

 5. Hercberg S, Touvier M, Salas-Salvado J. The nutri-score nutrition label: a public Health tool based on rigorous scientific evidence aiming to improve the nutritional status of the population. Int J Vitamin Nutr Res. (2022) 92:147–57. doi: 10.1024/0300-9831/a000722

 6. Julia C, Hercberg S. Nutri-score: evidence of the effectiveness of the French front-of-pack nutrition label. Ernahrungs Umschau. (2017) 64:181–7. doi: 10.4455/eu.2017.048

 7. Rayner M, Scarborough P, Boxer A, Stockley L. Nutrient Profiles: Development of Final Model Final Report. London: Food Standards Agency (2005). Available online at: http://www.food.gov.uk/multimedia/pdfs/nutprofr.pdf

 8. Hercberg S. Report to the French Ministry of Health: “Propositions pour un nouvel élan de la politique nutritionnelle française de santé publique dans le cadre de la Stratégie Nationale de Santé−1ère Partie: Mesures concernant la Prévention nutritionnelle”. (2013). Available online at: https://www.vie-publique.fr/sites/default/files/rapport/pdf/144000068.pdf

 9. Julia C, Kesse-Guyot E, Touvier M, Méjean C, Fezeu L, Hercberg S. Application of the British Food Standards Agency nutrient profiling system in a French food composition database. Br J Nutr. (2014) 112:1699–705. doi: 10.1017/S0007114514002761

 10. Dréano-Trécant L, Egnell M, Hercberg S, Galan P, Soudon J, Fialon M, et al. Performance of the front-of-pack nutrition label nutri-score to discriminate the nutritional quality of foods products: a comparative study across 8 European countries. Nutrients. (2020) 12:1303. doi: 10.3390/nu12051303

 11. Egnell M, Talati Z, Galan P, Andreeva VA, Vandevijvere S, Gombaud M, et al. Objective understanding of the Nutri-score front-of-pack label by European consumers and its effect on food choices: an online experimental study. Int J Behav Nutr Phys Act. (2020) 17:146. doi: 10.1186/s12966-020-01053-z

 12. Szabo de Edelenyi F, Egnell M, Galan P, Druesne-Pecollo N, Hercberg S, Julia C. Ability of the Nutri-Score front-of-pack nutrition label to discriminate the nutritional quality of foods in the German food market and consistency with nutritional recommendations. Arch Public Health. (2019) 77:28. doi: 10.1186/s13690-019-0357-x

 13. Dubois P, Albuquerque P, Allais O, Bonnet C, Bertail P, Combris P, et al. Effects of front-of-pack labels on the nutritional quality of supermarket food purchases: evidence from a large-scale randomized controlled trial. J Acad Mark Sci. (2021) 49:119–38. doi: 10.1007/s11747-020-00723-5

 14. Egnell M, Kesse-Guyot E, Galan P, Touvier M, Rayner M, Jewell J, et al. Impact of front-of-pack nutrition labels on portion size selection: an experimental study in a French cohort. Nutrients. (2018) 10:1268. doi: 10.3390/nu10091268

 15. Adriouch S, Julia C, Kesse-Guyot E, Méjean C, Ducrot P, Péneau S, et al. Prospective association between a dietary quality index based on a nutrient profiling system and cardiovascular disease risk. Eur J Prev Cardiol. (2020) 23:1669–76. doi: 10.1177/2047487316640659

 16. Adriouch S, Julia C, Kesse-Guyot E, Ducrot P, Péneau S, Méjean C, et al. Association between a dietary quality index based on the food standard agency nutrient profiling system and cardiovascular disease risk among French adults. Int J Cardiol. (2017) 234:22–7. doi: 10.1016/j.ijcard.2017.02.092

 17. Donnenfeld M, Julia C, Kesse-Guyot E, Méjean C, Ducrot P, Péneau S, et al. Prospective association between cancer risk and an individual dietary index based on the British Food Standards Agency Nutrient Profiling System. Br J Nutr. (2015) 114:1702–10. doi: 10.1017/S0007114515003384

 18. Deschasaux M, Huybrechts I, Murphy N, Julia C, Hercberg S, Srour B, et al. Nutritional quality of food as represented by the FSAm-NPS nutrient profiling system underlying the Nutri-Score label and cancer risk in Europe: Results from the EPIC prospective cohort study. PLoS Med. (2018) 15:e1002651. doi: 10.1371/journal.pmed.1002651

 19. Deschasaux M, Huybrechts I, Julia C, Hercberg S, Egnell M, Srour B, et al. Association between nutritional profiles of foods underlying Nutri-Score front-of-pack labels and mortality: EPIC cohort study in 10 European countries. BMJ. (2020) 370:m3173. doi: 10.1136/bmj.m3173

 20. Masset G, Scarborough P, Rayner M, Mishra G, Brunner EJ. Can nutrient profiling help to identify foods which diet variety should be encouraged? Results from the Whitehall II cohort. Br J Nutr. (2015) 113:1800–9. doi: 10.1017/S000711451500094X

 21. Donat-Vargas C, Sandoval-Insausti H, Rey-García J, Ramón Banegas J, Rodríguez-Artalejo F, Guallar-Castillón P. Five-color Nutri-Score labeling and mortality risk in a nationwide, population-based cohort in Spain: the Study on Nutrition and Cardiovascular Risk in Spain (ENRICA). Am J Clin Nutr. (2021) 113:1301–11. doi: 10.1093/ajcn/nqaa389

 22. Gómez-Donoso C, Martínez-González MÁ, Perez-Cornago A, Sayón-Orea C, Martínez JA, Bes-Rastrollo M. Association between the nutrient profile system underpinning the Nutri-Score front-of-pack nutrition label and mortality in the SUN project: a prospective cohort study. Clin Nutr. (2021) 40:1085–94. doi: 10.1016/j.clnu.2020.07.008

 23. WHO Regional Office for Europe, Key policies for addressing the social determinants of health and health inequities. in: H.E.N synthesis. report 52, WHO Regional Office for Europe. Copenhagen. (2017).

 24. WHO Commission on Social Determinants on Health, Closing the gap in a generation: health equity through action on the social determinants of health. Lancet. (2008) 372:1661–9. doi: 10.1016/S0140-6736(08)61690-6

 25. Executive Agency for Health Consumers. Third Health Programme of Community Action in the Field of Health 2014-2020. Brussels: European Commission. (2014). Available online at: https://ec.europa.eu/health/funding/key_documents_en#anchor1

 26. Peters S, Verhagen H. An evaluation of the nutri-score system along the reasoning for scientific substantiation of health claims in the EU-A narrative review. Foods. (2022) 11:2426. doi: 10.3390/foods11162426

 27. European Commission. A Farm to Fork Strategy for a Fair, Healthy and Environmentally-Friendly Food System. Brussels: European Commission. (2020).

 28. European Food Safety Authority. Use of the EFSA comprehensive european food consumption database in exposure assessment. EFSA J. (2011) 9:2097. doi: 10.2903/j.efsa.2011.2097

 29. European Food Safety Authority. The food classification and description system FoodEx 2 (revision 2). EFSA Support Publ. (2015) 12:804E. doi: 10.2903/sp.efsa.2015.EN-804

 30. European Food Safety Authority. Report on the development of a Food Classification and Description System for exposure assessment and guidance on its implementation and use. EFSA J. (2011) 9:2489. doi: 10.2903/j.efsa.2011.2489

 31. European Food Safety Authority. Evaluation of the FoodEx, the food classification system applied to the development of the EFSA Comprehensive European Food Consumption Database. EFSA J. (2011) 9:1970. doi: 10.2903/j.efsa.2011.1970

 32. RIVM. NEVO Online Version 2019/6.0, Bilthoven. (2019). Available online at: https://www.rivm.nl/nederlands-voedingsstoffenbestand/nevo-online

 33. van Rossum CTM, Buurma-Rethans EJM, Vennemann FBC, Vennemann BM, Brants HAM, de Boer EJ, et al. The Diet of the Dutch: Results of the First Two Years of the Dutch National Food Consumption Survey 2012-2016, Wat eet en drinkt Nederland? : Resultaten van de eerste twee jaren van de Nederlandse voedselconsumptiepeiling 2012-2016, Rijksinstituut voor Volksgezondheid en Milieu RIVM. (2016). Available online at: http://hdl.handle.net/10029/620784

 34. Rayner M, Scarborough P, Lobstein T. The UK Ofcom Nutrient Profiling Model: Defining “Healthy” and “Unhealthy” Foods and Drinks for TV Advertising to Children. London: British Heart Foundation Health Promotion Research Group, Department of Public Health, University of Oxford; Tim Lobstein, International Obesity Task Force (2009).

 35. Haut Conseil de la Santé Publique. Opinion on Information Regarding the Nutritional Quality of Foodstuffs. Paris: HCSP. (2015). Available online at: https://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=524

 36. Julia C, Ducrot P, Péneau S, Deschamps V, Méjean C, Fézeu L, et al. Discriminating nutritional quality of foods using the 5-Color nutrition label in the French food market: consistency with nutritional recommendations. Nutr J. (2015) 14:100. doi: 10.1186/s12937-015-0090-4

 37. Julia C, Touvier M, Méjean C, Ducrot P, Péneau S, Hercberg S, et al. Development and validation of an individual dietary index based on the British Food Standard Agency nutrient profiling system in a French context. J Nutr. (2014) 144:2009–17. doi: 10.3945/jn.114.199679

 38. European Parliament and the Council, Regulation Regulation (EU) No 1169/2011 of the European Parliament of the Council of 25 October 2011 on the provision of food information to consumers. Off J Eur Union. (2011) 50:18–63. Available online at: http://data.europa.eu/eli/reg/2011/1169/oj

 39. NUBEL vzw (Nutriënten België), InterNubel: InterNubel: Database of trade names, Nubel vzw Brussel Belgium. (1990). Available online at: https://www.internubel.be/

 40. Freisling H, Fahey MT, Moskal A, Ocké MC, Ferrari P, Jenab M, et al. Region-Specific Nutrient Intake Patterns Exhibit a Geographical Gradient within and between European Countries. J Nutr. (2010) 140:1280–6. doi: 10.3945/jn.110.121152

 41. Scientific Committee of the Nutri-Score. Update of the Nutri-Score Algorithm: Update Report from the Scientific Committe of the Nutri-Score 2022. (2022). pp. 135. Available online at: https://www.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme_file/2022-main_algorithm_report_update_final.pdf

 42. Vandevijvere S, Berger N. The impact of shelf tags with Nutri-Score on consumer purchases: a difference-in-difference analysis of a natural experiment in supermarkets of a major retailer in Belgium. Int J Behav Nutr Phys Act. (2021) 18:150. doi: 10.1186/s12966-021-01207-7

 43. Egnell M, Boutron I, Péneau S, Ducrot P, Touvier M, Galan P, et al. Front-of-pack labeling and the nutritional quality of students' food purchases: a 3-Arm randomized controlled trial. Am J Public Health. (2019) 109:1122–9. doi: 10.2105/AJPH.2019.305115

 44. Folkvord F, Bergmans N, Pabian S. The effect of the nutri-score label on consumer's attitudes, taste perception and purchase intention: an experimental pilot study. Food Qual Prefer. (2021) 94:104303. doi: 10.1016/j.foodqual.2021.104303

 45. Romero Ferreiro C, Lora Pablos D, Gómez de la Cámara A. Two dimensions of nutritional value: nutri-score and NOVA. Nutrients. (2021) 13:2783. doi: 10.3390/nu13082783

 46. Egnell M, Galan P, Fialon M, Touvier M, Péneau S, Kesse-Guyot E, et al. The impact of the Nutri-Score front-of-pack nutrition label on purchasing intentions of unprocessed and processed foods: post-hoc analyses from three randomized controlled trials. Int J Behav Nutr Phys Act. (2021) 18:38. doi: 10.1186/s12966-021-01108-9

 47. Vandevijvere S. Uptake of Nutri-Score during the first year of implementation in Belgium. Arch Public Health. (2020) 78:107. doi: 10.1186/s13690-020-00492-1

 48. Ministère de la Santé et de la Prévention (Liberté Égality Fraternité),. Nutri-Score: Assessment Report After Three-year of Nutri-Score Implementation. Paris. (2021). Available online at: https://solidarites-sante.gouv.fr/IMG/pdf/nutri-score_followup_report_3_years_26juillet2021.pdf

 49. Santé Publique France. Ntri-Score : Évolution de sa notoriété, sa perception et son impact sur les comportements d'achat déclarés entre 2018 et 2020. (2021). Available online at: https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/enquetes-etudes/nutri-score-evolution-de-sanotoriete-sa-perception-et-son-impact-sur-les-comportements-d-achat-declares-entre-2018-et-2020

 50. European Food Safety Authority. Guidance on the EU Menu methodology. EFSA J. (2014) 12:3944. doi: 10.2903/j.efsa.2014.3944

 51. Mertens E, Colizzi C, Peñalvo JL. Ultra-processed food consumption in adults across Europe. Eur J Nutr. (2022) 61:1521–39. doi: 10.1007/s00394-021-02733-7





OPS/images/fnut-09-1080858-i010.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mapping the nutritional value of diets across Europe according to the Nutri-Score front-of-pack label



		Introduction



		Materials and methods



		Food consumption data



		Linkage with the dutch food composition database (NEVO)



		Computation of the nutrient profiling and the derived Nutri-Score



		Data analysis







		Results



		Nutritional value of European diets according to the Nutri-Score



		Main food contributors to Nutri-Score A, B, C, D, and E ranks



		Nutritional value of European diets as summarized by the FSAm-NPS-DI



		Time changes in the nutritional value of European diets as summarized by the FSAm-NPS-DI







		Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/fnut-09-1080858-i009.gif





OPS/images/math_1.gif





OPS/images/fnut-09-1080858-t001.jpg
N countries

Nutri-Score A
Cereals, pasta, rice
Bread

Potatoes

Fruit

Dairy products
Nutri-Score B
Cereals, pasta, rice
Bread

Breakfast cereals
Meat

Fish

Dairy products
Eggs

Nutri-Score C
Bread

Breakfast cereals
Fine bakery wares
Nuts and seeds
Meat

Dairy products
Eggs

Fats and oils
Coffee, tea, cocoa
Nutri-Score D
Fine bakery wares
Meat

Cheese

Sugar

Fats and oils
Alcohol
Seasoning, sauces, condiments
Nutri-Score E
Fine bakery wares
Meat

Cheese

Chocolate

Fruit juices

Soft drinks
Alcohol

Adolescents

Males
21

19 (8-42%)
15 (9-45%)
18 (5-20%)
20 (5-21%)
18 (9-31%)

9 (2-10%)

6(7-23%)

11 (2-15%)
21 (20-68%)
11 (3-11%)
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7 (3-9%)
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15 (3-19%)
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10 (6-14%)
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4(6-13%)
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21 (7-41%)
12 (8-38%)
18 (8-25%)
17 (5-33%)
3 (13-22%)
13 (7-18%)

Males
20

8 (3-28%)

19 (15-62%)
19 (4-19%)
20 (10-30%)
12 (7-18%)

5 (4-6%)
10 (4-28%)
4(14-36%)
20 (18-71%)
17 (2-16%)
20 (4-29%)
7 (4-14%)

20 (13-80%)
5(4-11%)
12 (3-24%)

4(2-9%)
13 (3-17%)
4(3-11%)
10 (5-14%)
8 (3-28%)
6 (3-19%)

16 (6-23%)
14 (6-29%)
13 (6-21%)
9 (3-14%)
20 (14-54%)
19 (7-26%)
5(9-13%)

19 (7-43%)
20 (10-48%)
15 (3-40%)
9 (3-16%)
12 (5-21%)
2(10-11%)
19 (7-44%)

Elderly

Females
20

8 (8-26%)
20 (10-51%)
18 (7-15%)
20 (14-29%)
12 (6-22%)

4(3-6%)
12 (2-27%)
5 (10-30%)

20 (18-64%)
15 (2-14%)

20 (12-36%)
6 (4-12%)

20 (9-80%)
8 (3-10%)
12 (4-25%)
3 (4-5%)
11 (2-20%)
5 (3-14%)
8 (3-13%)
7 (4-23%)
9 (5-20%)

17 (9-29%)
12 (6-25%)
17 (6-21%)
11 (4-20%)
20 (12-54%)
3 (4-17%)

10 (7-17%)

20 (8-47%)
17 (10-38%)
15 (5-55%)
13 (3-16%)
17 (4-32%)
1(15-15%)
13 (7-20%)

#Values represent the number of countries reporting the consumption of a particular food group in their top five contributors with corresponding minimum and maximum contribution
within brackets (e.g., for adolescent males, 19 countries reported cereals, pasta, or rice as a top five contributor of the Nutri-Score A rank, with a contribution ranging from 8 to 42%).
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