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Abstract

Diet is an important contributor to human health and public health bodies are issuing
guidelines aimed at favouring healthy food choices. Aim of our paper is to discuss the
aspects underlying the concept of nutrient profiles, i.e. defining levels of energy, some
macronutrients, or salt which should not be exceeded in individual foods, according to the
available evidence, to help understanding to what extent such approach may actually be
useful for improving nutrition and quality of life of European consumers. We list several
pitfalls and oversimplifications of the current approaches to nutrient profiling and of the
dichotomic classification of foods into ‘healthy’ and ‘unhealthy’ products. In view of the
current “Facilitating healthier food choices — establishing nutrient profiles” EU initiative, we
believe that further debate among all stakeholders is warranted and must consider all the

limitations outlined in this paper.
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Introduction

The importance of diet in the maintenance of human health is supported by a large
body of evidence: according to the latest results from the ongoing Global Burden of Disease
Study, one in five deaths in the world, mainly from cardiovascular diseases and cancers,
can be attributed to an unhealthy diet (The Global Burden of Disease Diet Collaborators
2019). This is why prevention of diet-related non-communicable diseases has become one
of the main global objectives of health policies, aimed at creating healthy environments and

empowering people to choose healthy foods.

Among them, the Farm-to-Fork Strategy is one of the key pillars of the European
Green Deal (Purnhagen et al. 2021; The European Commission 2020), aiming also at
developing a fair, healthy, and environmentally-friendly food system, in turn boosting the
transition to a more sustainable food system. This transition would be difficult to achieve
without a shift in people’s diets, considering the current double burden of
malnutrition/overnutrition - with a growing rate of overweight and obesity - and
undernutrition, with million people still suffering from stunting and ~20% of food being

wasted (FUSIONS 2016; National Academies of Sciences 2020).

In this context, the European Commission highlights the role that food processors,
food service operators, and retailers can play in contributing to improve consumers’ dietary
choices via ameliorating the nutritional characteristics of the food they produce or sell.
Therefore, the European Commission will seek: i) commitments from food companies and
organizations to take concrete actions on health and sustainability of their products, and ii)
opportunities to facilitate the shift to healthier diets and stimulate product reformulation. This
set of strategies includes the setting up of a system of nutrient profiles, to restrict the
promotion of foods high in fat, sugar, and salt, and in perspective to become the reference

for nutritional information to the general population, which should be achieved by Q4 2022.
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In fact, the development of a nutrient profile model as a common tool for use or adaption by
Member States across Europe (on a voluntary basis and taking into account national
conditions and peculiarities) has since been identified as a key activity in the European Food
and Nutrition Action Plan 2015-2020, for the purposes of restricting the marketing to children
of foods with possible unfavourable nutritional effects (WHO Regional Office for Europe

2014).

Whether such strategy can effectively impact not only on consumers’ choices, but
also, above all, on their health, is still a matter of debate and should probably undergo a
thorough evaluation process. Interestingly, in 2008 the definition of nutrient profiles has been
addressed by the experts of the European Food Safety Authority (EFSA), who critically
evaluated the theoretical bases of the nutrient profile system, concluding that this approach
has a number of inherent weaknesses, which need to be carefully considered (EFSA Panel
on Dietetic Products 2008). The whole proposed system must in any case take in adequate
consideration the large body of evidence which has emerged in recent years about the
impact of nutrition, including both nutrient intake and food consumption, on human health,

without neglecting aspects related to consumer science and public health.

Aim of this paper is to discuss the aspects underlying the concept of nutrient profiles
(i.e. defining levels of some macronutrient, energy, or salt which should not be exceeded in
individual foods) (Drewnowski, Amanquah, and Gavin-Smith 2021), according to the
available evidence, to help understanding to what extent such approach may actually be

useful for improving nutrition and quality of life of European consumers.

The framework: Positive vs. Negative Nutrition

The role of evidence-based information in the communication of food and health
information to the consumer has been recognised by all international organisations which

4
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have taken a position on this issue. Even the European Commission Regulation 1924/2006
(The European Parliament 2006), promoting nutrient profiles as a criterion to regulate the
use of nutrition or health claims for food products, clarifies that principles underlying nutrient
profiles should consider scientific evidence relative to the relationship between diet, nutrition
and health as well as dietary recommendations and public health considerations.

Such evidence is rapidly evolving, and new concepts to be used as framework of new
recommendations are emerging in recent years.

Traditionally, nutrition sciences have focused on the health risks associated with the
consumption of excessive amounts of energy (leading, especially if combined with a
sedentary lifestyle, to overweight and its sequalae such as type 2 diabetes), of fats
(particularly saturated fats that increase plasma cholesterol levels and, hence, the risk of
cardiovascular diseases), and of sodium, the high intake of which may lead to increased
blood pressure and eventually to an increased risk of stroke and other cardiovascular

disorders (The Global Burden of Disease Diet Collaborators 2019).

The scientific literature on nutrition and health of the last decade, on the other hand,
strongly supports a different approach based on the priority of promoting the consumption
of favourable nutrients such as vitamins, minerals, and fibre (The Food and Agriculture
Organization of the United Nations 2007 (updated 2018)) and to recommend the
consumption of specific food groups, such as fruit and vegetables (Yip, Chan, and Fielding
2019), wholegrain (Zhang et al. 2018), legumes (Viguiliouk et al. 2019), and nuts (de Souza
et al. 2020), which have been associated with protective and beneficial effects on human
health if included in appropriate dietary patterns, rather than limiting nutrient consumption

with possible adverse effects.

This is very relevant, because nutrient profiles and, as a consequence, some of the

most popular labelling systems proposed to provide additional nutritional information on the
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front-of-pack of food products, are, conversely, based on setting limits aimed at reducing

the intake of such untoward nutrients.

High consumption of many of the aforementioned salubrious foods is typical of the
Mediterranean diet (Martini and Bes-Restrollo 2020), which is a plant-based dietary pattern
characterized by high amounts of fruit and vegetables, cereal-based foods (consumed
preferably as wholegrain), with moderate amount of animal foods, and olive oil as the
preferred source of fats (Russo et al. 2021; Visioli et al. 2018). The Mediterranean diet has
been shown to exert the strongest beneficial effect on anthropometric parameters and
cardiometabolic risk factors (Esposito et al. 2015; Dinu et al. 2020) and has been associated
with a reduced risk of overall mortality and of developing several chronic diseases (Bonaccio

et al. 2018; Soltani et al. 2019; Dinu et al. 2021).

These beneficial effects can be attributed to the set of foods that is consumed in
adequate amounts - in terms of serving size and frequency of consumption - in this diet and,
in turn, to their manifold components such as fibre, vitamins and minerals, but also to a
plethora of bioactive compounds like (poly)phenols, that positively act through several
mechanisms, including protection from low-grade inflammation (Calder et al. 2017) and
modulation of the gut microbiota (Shortt et al. 2018), further explaining the health benefits

of the Mediterranean diet (Wang et al. 2021).

The relationship between a nutrition more focussed on foods to be consumed, rather
than on foods/nutrients to be avoided (for sake of simplicity: “positive nutrition”) and the
Mediterranean diet needs to be discussed in detalil. It is, in fact, worth underscoring how the
Mediterranean diet, largely considered by the scientific community as the reference dietary
model because of its manifold actions (Godos et al. 2017), is a specific example of the
prevalence of “positive” (more cereals, more fruit and vegetables, more fish, etc.) on

‘negative” messages (less meat, less whole milk and dairy products), none of which
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concerns individual nutrients (Bach-Faig et al. 2011). Many of the studies assessing the
specific contribution of the various dietary components to the association between the
favourable health effects of the Mediterranean pattern (generally assessed by scoring
systems) (Eleftheriou et al. 2018) have confirmed this hypothesis and concluded that the
final protective effect is determined above all by the consumption of vegetables, fruit,
legumes, nuts, sources of fibre (Mente et al. 2009). The PREDIMED study, a randomized
and controlled primary prevention study conducted in a Spanish cohort and comparing the
effect on cardiovascular mortality of a low-fat diet (control arm) with diets supplemented with
either extra virgin olive oil or nuts (intervention arms), found that, in both intervention arms,
cardiovascular events over time were significantly reduced as compared to the control arm
(Estruch et al. 2018). In short, even if the control diet was characterized by a food pattern
with a lower lipid content, which would imply (according to standard systems that penalize
the fat content of foods) a more favourable nutritional profiling than those included in the two
intervention diets, cardiovascular mortality decreased significantly more in the latter than in
the former (Estruch et al. 2018). These data strongly support the view that the nutritional
characteristics of diet rather than compliance with nutrient profiles dictate their overall health

effects.

The increasing evidence about the importance of consuming adequate amounts of
“positive foods” is mirrored by the growing debate about the real effect, on human health, of
reducing individual specific nutrients, namely salt, total and/or saturated fats, or sugars,
which are included in the nutrient profiling systems, of which they actually represent the

theoretical basis.

The role of salt, for example, is undergoing an, as yet not completed, process of
critical revision based on the available literature performed by leading and independent

groups of experts (see as an example O'Donnell et al. 2020). A recent Cochrane review
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(Graudal, Hubeck-Graudal, and Jurgens 2020) also showed that the reduction of sodium
consumption to low or very low intakes is effective in reducing blood pressure in
hypertensive subjects, but not in healthy (normotensive) subjects. According to the cited
ongoing revision, moreover, the reduction of blood pressure among hypertensive patients,
was not associated with significant effect on cardiovascular events or on all-cause
mortality. Thus, based on current debate, it appears to be quite complex to set shared
limits for sodium intake for the overall population; the ongoing randomized clinical trials

may, in the near future, help clarify this issue.

The role of saturated fats on health, and particularly cardiovascular risk, needs in a
similar way to be reconsidered based on the conclusions of various groups of experts (see
as an example Astrup et al. 2020). According to at least three metanalyses (Siri-Tarino et
al. 2010; de Souza et al. 2015; Zhu, Bo, and Liu 2019), increasing intakes of saturated fatty
acids are not associated with an increased risk of cardiovascular effects and/or all-cause
mortality. Based on these observations, the authors formally asked for a reassessment of
current restrictive policies suggested by guidelines, which “are not aligned with the current
evidence base” and may potentially lead to unfavourable consequences (Astrup et al. 2020).
In this case, the specific recommendation is to distinguish the different sources of saturated
fats by, e.g. differentiating milk and dairy products from other foods. This will be

cumbersome in the current nutrient profiling systems.

The limitation of added sugar consumption to less than 10% of total calories (or even
5%, according to a more restrictive version), on the other hand, was formalized in 2015 in a
WHO document, which contains the textual statement that such recommendation is based
on low or very low to moderate quality evidence from studies specifically referring to the
cariogenic risk related to these intakes of sugars (in the absence of proper oral hygiene or

adequate fluorination) (WHO 2015). Thus, as with sodium, it appears difficult, based on the
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inconclusive available evidence, to identify and to set shared limits for sugar intake valid for

the whole population.

In light of this ongoing scientific debate, the description of the food by means of a
nutritional profile defined on the basis of arbitrary cut-off levels for nutrients appears even
weaker. Moreover, it is worth observing that one nutrient can be critical, or even noxious, for
specific groups of population, but not for others, and that there is large inter-individual
variability in response to nutrient intakes and dietary patterns due to several factor such as
metabolism, genetic characteristics, and microbiota (Zeevi et al. 2015; Ramos-Lopez et al.

2021).

In this context, the emerging concept that “one size does not fit all” has led to the
development of new disciplines such as personalized nutrition, that uses information on
groups with shared characteristics or on individuals, respectively, to develop targeted
nutritional advice for the dietary management of specific vulnerable groups, such as people
with specific diseases, or pregnant, or older adults, but also for the development of more
effective tailored interventions for improving public health at individual level (Ramos-Lopez

et al. 2021).

Last but not least, our knowledge of the physiological and health effects of a food
item cannot ignore its actual levels of consumption. While it is true that the intake of
excessive amounts of sugar, fat, and salt can contribute to cardiovascular risk and, more
generally, to poor health, it is also true that these amounts should be defined not only in
terms of concentrations of the nutrients in the individual food (as nutrient profiles usually
do), but also on the basis of the size of the unit of consumption (portion) and on the
consequent absolute amount consumed in a day or in even longer time frames. One notable
example is dark chocolate, which is rich in saturated fats and sugars and has a high energy

density. However, it is consumed in small amounts (smaller than the 100 g proposed by
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most nutrient profiling systems), and it can contribute, according to accumulated literature,
to the intake of specific (poly)phenolic compounds, i.e. flavanols with potentially interesting
favourable health effects (Khawaja, Gaziano, and Djousse 2011; Visioli et al. 2009). Indeed,
such consumption would be penalized by a nutrient profiling system defining limits of specific
nutrients, especially sugars and fat which cannot be exceeded per 100 g of food products.
In a similar way, a moderate cheese intake, which is not associated with untoward health
effect according to recent metanalysis, would be strongly discouraged by a classical profiling

system due to the usually high content in salt and saturated fats in these foods (Chen, 2017).

In such complex and rapidly evolving context, both education and dissemination of
correct information on nutrition and health, rather than simple but possibly inaccurate system
of classification based on food profiling, are crucial to help people make informed choices
in relation to the food they consume, to build adequate food patterns, and to understand the
contribution or importance of each food to the energy and nutrient content of a diet

(Schwingshackl, Schunemann, and Meerpohl 2020; Hemrich 2020).

At first, food labels can be used as a (in)formation tool, as long as they include all the
necessary characteristics and are able to transmit proper data to the consumer. On the other
hand, both institutional and regulatory documents reaffirm the centrality of education to allow
the general population to make healthy food choices and consume each food product as
part of an overall healthy diet, in terms of both caloric intake, macro- and micro-
micronutrients, as opposed to a system of nutrient profiling of the single product (U.S.

Department of Agriculture and U.S. Department of Health and Human Services 2020).
Nutrient profiling in the food regulation

It may be useful, with regard to such issues, to reconsider the context and the needs

which promoted the birth and the definition of nutritional profiles.
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The issue of nutrient profiling was first proposed by Regulation (EC) 1924/2006, to
establish the conditions of use of nutrition or health claims for foods or food categories, by
classifying them on the basis of predefined threshold levels of specific nutrients (essentially
salt, total and/or saturated fat, sugar) (Flynn 2012). The stated aim was (and still is) to avoid
that nutrition or health claims can mask the overall nutritional status of a food product,

possibly misleading consumers looking for healthy options.

However, several profiling systems have been developed worldwide, by both
governments and other organizations, with a variety of applications, such as to define criteria
for regulating/self-regulating not only marketing but also advertising to children or to promote
innovation and the reformulation of food products to make them healthier. Algorithm based
profile models have been proposed in Australia, Ireland, New Zealand, Norway, Sweden,
the United Kingdom and the United States.

In the European region, the UK and its Food Standards Agency (FSA) has been the
regulatory body most active in this area. The first nutritional profile was the UK Coronary
Prevention Group Banding Scheme (Rayner, Scarborough, and Stockley 2004), which was
followed by the Swedish Green Keyhole scheme, launched in 1989 (Larsson, Lissner, and
Wilhelmsen 1999). In 2005, the first FSA conclusions were published (Rayner et al. 2005):
a system based on scores was developed where scores are assigned on the grounds of the
nutritional content of a food item or a beverage. Worth noting, nutrients are assessed on a
per 100 g basis to define and limit the multifaceted issue of recommended portion size.

Other systems have been proposed over the years. Noteworthy examples include the
American Heart Association Diet and Lifestyle Recommendations (American Heart
Association Nutrition Committee et al. 2006); Canada’s food guide (Katamay et al. 2007;
Health Canada 2019); Tripartite (Scarborough et al. 2007); The Center for Science in the

Public Interest’s Guidelines ( U.S. Department of Agriculture and U.S. Department of Health

11
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and Human Services 2020); The EFSA Scientific Opinion published in 2008 (EFSA Panel
on Dietetic Products 2008); and FoodProfile (Visioli et al. 2007).

Some guidelines, e.g. the American and Canadian ones, do not employ algorithms
to classify individual food items and, rather, provide general advice on how to optimize the
overall diet. A tripartite classification (preferably, middle road, exceptionally) was generated,
based on the nutritional quality of products and indicating favourable and less favourable
choices within the separate subgroups (Quinio et al. 2007).

The general approach of nutrient profiling was critically evaluated in 2008 by experts
convened by the EFSA (The EFSA Panel on Dietetic Products 2008) who mainly found “an
inherent difficulty in seeking to apply to individual food products nutrient intake
recommendations that are established for the overall diet”. These conclusions appear to be
still valid today, even in the light of both the scientific literature published on this topic in the
subsequent years and the nutritional guidelines defined by scientific, governmental, and

international organizations.

The main criticism is the fact that the human diet is composed of multiple food items,
with different characteristics and composition. Therefore, it does not appear necessary (and
might be perhaps counterproductive) that each food is intrinsically "balanced" in its nutrient
composition, which is at the heart of the nutrient profile system. On the contrary, there is a
need to focus on the combination of the various foods that compose the dietary pattern,

which is the one that needs to be overall balanced.

In addition to this, two major considerations should be made: the first is that many
foods, e.g. olive oil are usually consumed in small quantities due to their composition and a
profiling system could wrongly (and uselessly) penalize them; the second consideration is
that we must always take into account the impact on the consumer’s psychology and

behaviour of actions that could reasonably seem healthy, such as the product reformulation

12
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with decrease of fat, salt and sugar. Multiple evidences in the literature show that
perceptions about healthiness or “fatteningness” of foods may bias estimations of caloric
content (Carels, Harper, and Konrad 2006), with subsequent overconsumption (Cleeren et
al. 2016). Consumers translate health claims as incentives to purchase (and this is well

known by marketing managers) and increases consumption.

Moreover, the offer of so-called healthy references, lightened or in some way fortified
or modified in terms of nutritional composition, has been constantly growing in the last 20 or
30 years, but it would not seem to have been actually useful in the fight against obesity,
which indeed is constantly increasing, despite the increase in sales of light products or

products with other nutrition claims or with health claims.

Another point raised by the EFSA experts concerns the differences in patterns of food
consumption among the various European countries, also determined by different traditions
and food culture, that make it difficult to define common principles of nutritional evaluation.
Therefore, the critical dietary habits, on which the profile system should necessarily be
based to impact the overall diet, would be different from country to country. The effects of
adopting a unique profiling system throughout the European Union could, therefore, be
positive in some countries and negative in others. Likewise, a system which - on average -
may appear to work well at the population level may work poorly at the individual level: the
aforementioned concept of "one size fits all", on which the idea of nutrient profiling is based
is unlikely to be efficacious because it does not consider the metabolic interindividual

differences.

Finally, due to great differences among the various food categories, it would be
probably necessary to adopt specific profiling systems for each individual category, to avoid
an approximate system. For instance, the same sodium limit could not be adopted for

cheeses or foods based on processed meats and products based on vegetables and

13
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derivatives. Such an approach would create a very complex system, which would also be
difficult to implement and authenticate. Moreover, as mentioned above, policies aimed at
penalizing foods with marked fat and sugar content, for example through front-of-pack
warning labelling schemes, and/or limiting the possibility of accessing nutritional claims, etc.
conflict with the previously discussed evolution of the scientific literature. A large body of
recent research suggests that dietary policies focusing on the promotion of dietary
components for which current intake is less than optimal might have a greater effect than
those targeted on sugar and fat, highlighting the need for comprehensive food system
interventions (The Global Burden of Disease Diet Collaborators 2019). Nutrient profiles
favour lower consumptions of foods with purported unhealthy compositional characteristics
which is supposed to drive consumption of other ones with more favourable features. This
strategy will, however, be much less effective than the direct promotion of foods with better

nutritional composition.

Nutrient profiles of individual food products, additionally, are not in line with Reference
Intakes - which have been defined for energy, macronutrients, vitamins and minerals - on
which the regulation of the use of information on the nutritional and health effects of foods
to the consumer is based (EFSA Panel on Dietetic Products 2008, 2009). The expression
of the energy, macro and micronutrient levels in relation to the relevant reference values
defined for the general population allows comparing the nutritional values of different foods

and can help convey the relative meaning of any individual product in the context of diet.

Finally, an approach that includes the use of nutrient profiles would be detrimental for
some specific foods, for which reformulation aimed at reaching the thresholds defined for
the same profiles would not be possible, which therefore could be perceived as "unhealthy"

even though they can play an important and positive nutritional role.
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Conclusions

According to the most recent scientific evidence any classification of foods into
‘healthy’ and ‘unhealthy’ products is a venturesome oversimplification of the complex
relationship between diet and health. In fact, this approach fails to consider that healthiness
is determined not only by the nutrient composition of a product, but also by the quantity
consumed and the contribution of the product to the total diet. The importance of all these
aspects is widely supported by the most recent scientific literature and the most preeminent
food-based guidelines, highlighting the synergistic role of nutrients and foods consumed in
various combinations over time (namely, dietary patterns) in affecting human health (Dietary
Guidelines for Americans, 2020-2025).

The approaches involving the definition of nutrient profiles have merits, namely the
intention to trigger both attention and choices of consumers on healthier diet and lifestyle;
however, actual health benefits related to the possibility to distinguish overall ‘healthy’ from
‘unhealthy’ products are, at present, based on uncertain science.

In view of the current “Facilitating healthier food choices — establishing nutrient
profiles” EU initiative, we believe that further debate among all stakeholders is warranted

and must consider all the limitations outlined in this paper.

Acknowledgments

None

Disclosure of Interest

AP and FM are the Chairman and Head of Research, respectively, of NFI - Nutrition

Foundation of Italy, a non-profit organization partially supported by Italian and non-ltalian

15



359

360

361

362

363

364

365

366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

Food Companies. FV, AG, and DM declare no conflict of interest associated with this

publication.

Funding

None

References

American Heart Association Nutrition Committee, A. H. Lichtenstein, L. J. Appel, M. Brands,
M. Carnethon, S. Daniels, H. A. Franch, et al. 2006. "Diet and lifestyle
recommendations revision 2006: a scientific statement from the American Heart
Association  Nutrition =~ Committee." Circulation 114  (1):82-96. doi:
10.1161/CIRCULATIONAHA.106.176158.

Astrup, A., F. Magkos, D. M. Bier, J. T. Brenna, M. C. de Oliveira Otto, J. O. Hill, J. C. King,
et al. 2020. "Saturated Fats and Health: A Reassessment and Proposal for Food-
Based Recommendations: JACC State-of-the-Art Review." J Am Coll Cardiol 76
(7):844-57. doi: 10.1016/j.jacc.2020.05.077.

Bach-Faig, A., E. M. Berry, D. Lairon, J. Reguant, A. Trichopoulou, S. Dernini, F. X. Medina,
et al. 2011. "Mediterranean diet pyramid today. Science and cultural updates." Public
Health Nutr 14 (12A):2274-84. doi: 10.1017/S1368980011002515.

Bonaccio, M., A. Di Castelnuovo, S. Costanzo, A. Gialluisi, M. Persichillo, C. Cerletti, M. B.
Donati, G. de Gaetano, and L. lacoviello. 2018. "Mediterranean diet and mortality in
the elderly: a prospective cohort study and a meta-analysis." Br J Nutr 120 (8):841-
54. doi: 10.1017/S0007114518002179.

Calder, P. C., N. Bosco, R. Bourdet-Sicard, L. Capuron, N. Delzenne, J. Dore, C.
Franceschi, et al. 2017. "Health relevance of the modification of low grade
inflammation in ageing (inflammageing) and the role of nutrition." Ageing Res Rev
40:95-119. doi: 10.1016/j.arr.2017.09.001.

Carels, R. A., J. Harper, and K. Konrad. 2006. "Qualitative perceptions and caloric
estimations of healthy and unhealthy foods by behavioral weight loss participants.”
Appetite 46 (2):199-206. doi: 10.1016/j.appet.2005.12.002.

Cleeren, Kathleen, Kelly Geyskens, Peter C. Verhoef, and Joost M. E. Pennings. 2016.
"Regular or low-fat? An investigation of the long-run impact of the first low-fat
purchase on subsequent purchase volumes and calories." Int J Res Mark 33 (4):896-
906. doi: https://doi.org/10.1016/].iiresmar.2016.04.001.

de Souza, R. J., M. Dehghan, A. Mente, S. |. Bangdiwala, S. H. Ahmed, K. F. Alhabib, Y.
Altuntas, et al. 2020. "Association of nut intake with risk factors, cardiovascular
disease, and mortality in 16 countries from 5 continents: analysis from the
Prospective Urban and Rural Epidemiology (PURE) study." Am J Clin Nutr 112
(1):208-19. doi: 10.1093/ajen/nqaa108.

de Souza, R. J., A. Mente, A. Maroleanu, A. |I. Cozma, V. Ha, T. Kishibe, E. Uleryk, et al.
2015. "Intake of saturated and trans unsaturated fatty acids and risk of all cause

16



400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

mortality, cardiovascular disease, and type 2 diabetes: systematic review and meta-
analysis of observational studies." BMJ 351:h3978. doi: 10.1136/bmj.h3978.

Dinu, M., G. Pagliai, D. Angelino, A. Rosi, M. Dall'Asta, L. Bresciani, C. Ferraris, et al. 2020.
"Effects of Popular Diets on Anthropometric and Cardiometabolic Parameters: An
Umbrella Review of Meta-Analyses of Randomized Controlled Trials." Adv Nutr 11
(4):815-33. doi: 10.1093/advances/nmaa006.

Dinu, M., G. Pagliai, I. Giangrandi, B. Colombini, L. Toniolo, G. Gensini, and F. Sofi. 2021.
"Adherence to the Mediterranean diet among lItalian adults: results from the web-
based Medi-Lite questionnaire." Int J Food Sci Nutr 72 (2):271-9. doi:
10.1080/09637486.2020.1793306.

Drewnowski, A., D. Amanquah, and B. Gavin-Smith. 2021. "Perspective: How to Develop
Nutrient Profiling Models Intended for Global Use: A Manual." Adv Nutr. doi:
10.1093/advances/nmab018.

Eleftheriou, D., V. Benetou, A. Trichopoulou, C. La Vecchia, and C. Bamia. 2018.
"Mediterranean diet and its components in relation to all-cause mortality: meta-
analysis." Br J Nutr 120 (10):1081-97. doi: 10.1017/S0007114518002593.

Esposito, K., M. I. Maiorino, G. Bellastella, P. Chiodini, D. Panagiotakos, and D. Giugliano.
2015. "A journey into a Mediterranean diet and type 2 diabetes: a systematic review
with meta-analyses." BMJ Open 5 (8):e008222. doi: 10.1136/bmjopen-2015-008222.

Estruch, R., E. Ros, J. Salas-Salvado, M. |. Covas, D. Corella, F. Aros, E. Gomez-Gracia,
et al. 2018. "Retraction and Republication: Primary Prevention of Cardiovascular
Disease with a Mediterranean Diet. N Engl J Med 2013;368:1279-90." N Engl J Med
378 (25):2441-2. doi: 10.1056/NEJMc1806491.

Flynn, A. 2012. "Scientific substantiation of health claims in the EU." Proc Nutr Soc 71
(1):120-6. doi: 10.1017/S0029665111003168.

FUSIONS, EU. 2016. "Estimates of European food waste levels." Available at:
https.//www.eu-
fusions.org/phocadownload/Publications/Estimates%200f%20European%20food%2
Owaste%20levels.pdf.

Godos, J., G. Zappala, S. Bernardini, |I. Giambini, M. Bes-Rastrollo, and M. Martinez-
Gonzalez. 2017. "Adherence to the Mediterranean diet is inversely associated with
metabolic syndrome occurrence: a meta-analysis of observational studies." Int J
Food Sci Nutr 68 (2):138-48. doi: 10.1080/09637486.2016.1221900.

Graudal, N. A., T. Hubeck-Graudal, and G. Jurgens. 2020. "Effects of low sodium diet versus
high sodium diet on blood pressure, renin, aldosterone, catecholamines, cholesterol,
and triglyceride." Cochrane Database Syst Rev 12:CD004022. doi:
10.1002/14651858.CD004022.pub5.

Health Canada. 2019. "Canada’s Dietary Guidelines." In. Ottawa, ON, Canada: Health
Canada. Available at: https://food-quide.canada.ca/en/quidelines/

Hemrich, G. 2020. "The Role of Food Systems in Shaping Diets and Addressing
Malnutrition: Delivering on the Sustainable Development Agenda." World Rev Nutr
Diet 121:116-26. doi: 10.1159/000507495.

Katamay, S. W., K. A. Esslinger, M. Vigneault, J. L. Johnston, B. A. Junkins, L. G. Robbins,
l. V. Sirois, et al. 2007. "Eating well with Canada's Food Guide (2007): development
of the food intake pattern." Nutr Rev 65 (4):155-66. doi: 10.1111/j.1753-
4887.2007.tb00295.x.

Khawaja, O., J. M. Gaziano, and L. Djousse. 2011. "Chocolate and coronary heart disease:
a systematic review." Curr Atheroscler Rep 13 (6):447-52. doi: 10.1007/s11883-011-
0203-2.

17



449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

Larsson, I., L. Lissner, and L. Wilhelmsen. 1999. "The 'Green Keyhole' revisited: nutritional
knowledge may influence food selection." Eur J Clin Nutr 53 (10):776-80. doi:
10.1038/sj.ejcn.1600839.

Martini, D., and M. Bes-Restrollo. 2020. "Is Mediterranean diet still a common dietary pattern
in the Mediterranean area?" Int J Food Sci Nutr 71 (4):395-6. doi:
10.1080/09637486.2020.1763264.

Mente, A., L. de Koning, H. S. Shannon, and S. S. Anand. 2009. "A systematic review of the
evidence supporting a causal link between dietary factors and coronary heart
disease." Arch Intern Med 169 (7):659-69. doi: 10.1001/archinternmed.2009.38.

National Academies of Sciences, Engineering, and Medicine. 2020. Building a More
Sustainable, Resilient, Equitable, and Nourishing Food System: Proceedings of a
Workshop in Brief. Washington, DC. USA: The National Academies Press.

O'Donnell, M., A. Mente, M. H. Alderman, A. J. B. Brady, R. Diaz, R. Gupta, P. Lopez-
Jaramillo, et al. 2020. "Salt and cardiovascular disease: insufficient evidence to
recommend low sodium intake." Eur Heart J 41 (35):3363-73. doi:
10.1093/eurheartj/ehaa586.

Purnhagen, K. P., S. Clemens, D. Eriksson, L. O. Fresco, J. Tosun, M. Qaim, R. G. F. Visser,
A. P. M. Weber, J. H. H. Wesseler, and D. Zilberman. 2021. "Europe's Farm to Fork
Strategy and Its Commitment to Biotechnology and Organic Farming: Conflicting or
Complementary Goals?" Trends Plant Sci. doi: 10.1016/j.tplants.2021.03.012.

Quinio, C., A. Biltoft-Jensen, S. De Henauw, M. J. Gibney, I. Huybrechts, S. N. McCarthy,
J. L. O'Neill, I. Tetens, A. Turrini, and J. L. Volatier. 2007. "Comparison of different
nutrient profiling schemes to a new reference method using dietary surveys." Eur J
Nutr 46 Suppl 2:37-46. doi: 10.1007/s00394-007-2005-4.

Ramos-Lopez, O., |. Milton-Laskibar, J. A. Martinez, San-Cristobal Collaborators: Rodrigo,
and P. Portillo Maria. 2021. "Precision nutrition based on phenotypical traits and the
(epi)genotype: nutrigenetic and nutrigenomic approaches for obesity care." Curr
Opin Clin Nutr Metab Care. doi: 10.1097/MC0O.0000000000000754.

Rayner, M., P. Scarborough, A. Boxer, and L. Stockley. 2005. Nutrient Profiles:
Development of Final Model (Final Report). London: Food Standards Agency.
Rayner, M., P. Scarborough, and L. Stockley. 2004. "Nutrient profiles: Options for definitions
for use in relation to food promotion and children’s diets." In, edited by Department
of Public Health British Heart Foundation Health Promotion Research Group,

University of Oxford. Oxford, UK.

Russo, G.L., A. Siani, V. Fogliano, J.M. Geleijnse, R Giacco, S. Giampaoli, L. lacoviello, et
al. 2021. "The Mediterranean Diet from past to future: key concepts from the Second
“‘Ancel Keys” International Seminar." Nutr Metab Cardiovasc Dis 31(3):717-732.doi:
10.1016/j.numecd.2020.12.020.

Scarborough, P., A. Boxer, M. Rayner, and L. Stockley. 2007. "Testing nutrient profile
models using data from a survey of nutrition professionals." Public Health Nutr 10
(4):337-45. doi: 10.1017/S1368980007666671.

Schwingshackl, L., H. J. Schunemann, and J. J. Meerpohl. 2020. "Improving the
trustworthiness of findings from nutrition evidence syntheses: assessing risk of bias
and rating the certainty of evidence." Eur J Nutr. doi: 10.1007/s00394-020-02464-1.

U.S. Department of Agriculture and U.S. Department of Health and Human Services,.
Available at DietaryGuidelines.gov. "Dietary Guidelines for Americans, 2020-2025.
9th Edition.".

Shortt, C., O. Hasselwander, A. Meynier, A. Nauta, E. N. Fernandez, P. Putz, |. Rowland, et
al. 2018. "Systematic review of the effects of the intestinal microbiota on selected
nutrients and non-nutrients." Eur J Nutr 57 (1):25-49. doi: 10.1007/s00394-017-1546-
4.

18



500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

Siri-Tarino, P. W., Q. Sun, F. B. Hu, and R. M. Krauss. 2010. "Meta-analysis of prospective
cohort studies evaluating the association of saturated fat with cardiovascular
disease." Am J Clin Nutr 91 (3):535-46. doi: 10.3945/ajcn.2009.27725.

Soltani, S., A. Jayedi, S. Shab-Bidar, N. Becerra-Tomas, and J. Salas-Salvado. 2019.
"Adherence to the Mediterranean Diet in Relation to All-Cause Mortality: A
Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort
Studies." Adv Nutr 10 (6):1029-39. doi: 10.1093/advances/nmz041.

The European Commission. 2020. "Proposal for a revision of Regulation (EU) No 1169/2011
on the provision of food information to consumers." Brussels.

The EFSA Panel on Dietetic Products, Nutrition, and Allergies Panel. 2009. "Scientific
Opinion on the substantiation of health claims related to vitamin B6 and protein and
glycogen metabolism (ID 65, 70, 71), function of the nervous system (ID 66), red
blood cell formation (ID 67, 72, 186), function of the immune system (ID 68),
regulation of hormonal activity (ID 69) and mental performance (ID 185) pursuant to
Article 13(1) of Regulation (EC) No 1924/2006." EFSA J 7:1225.

The EFSA Panel on Dietetic Products, Nutrition, and Allergies. 2008. "THE SETTING OF
NUTRIENT PROFILES FOR FOODS BEARING NUTRITION AND HEALTH CLAIMS
PURSUANT TO ARTICLE 4 OF THE REGULATION (EC) ° No 1924/2006." The
EFSA J 644:1-44.

The European Parliament. 2006. "Regulation (EC) No 1924/2006 of the European
Parliament and of the Council of 20 December 2006 on nutrition and health claims
made on foods."

The Food and Agriculture Organization of the United Nations. 2007 (updated 2018).
"FAO/WHO Framework for the Provision of Scientific Advice on Food Safety and
Nutrition." Edited by FAO. Rome/Geneva.

The Global Burden of Disease Diet Collaborators. 2019. "Health effects of dietary risks in
195 countries, 1990-2017: a systematic analysis for the Global Burden of Disease
Study 2017." Lancet 393 (10184):1958-72. doi: 10.1016/S0140-6736(19)30041-8.

Viguiliouk, E., A. J. Glenn, S. K. Nishi, L. Chiavaroli, M. Seider, T. Khan, M. Bonaccio, et al.
2019. "Associations between Dietary Pulses Alone or with Other Legumes and
Cardiometabolic Disease Outcomes: An Umbrella Review and Updated Systematic
Review and Meta-analysis of Prospective Cohort Studies." Adv Nutr 10
(Suppl_4):S308-S19. doi: 10.1093/advances/nmz113.

Visioli, F., H. Bernaert, R. Corti, C. Ferri, S. Heptinstall, E. Molinari, A. Poli, et al. 2009.
"Chocolate, lifestyle, and health." Crit Rev Food Sci Nutr 49 (4):299-312. doi:
10.1080/10408390802066805.

Visioli, F., M. Franco, E. Toledo, J. Luchsinger, W. C. Willett, F. B. Hu, and M. A. Martinez-
Gonzalez. 2018. "Olive oil and prevention of chronic diseases: Summary of an
International conference."  Nutr Metab Cardiovasc Dis 28 (7):649-56. doi:
10.1016/j.numecd.2018.04.004.

Visioli, F., A. Poli, A. Peracino, L. Luzi, C. Cannella, and R. Paoletti. 2007. "Assessment of
nutritional profiles: a novel system based on a comprehensive approach." Br J Nutr
98 (6):1101-7. doi: 10.1017/S0007114507853475.

Wang, D. D., L. H. Nguyen, Y. Li, Y. Yan, W. Ma, E. Rinott, K. L. Ivey, et al. 2021. "The gut
microbiome modulates the protective association between a Mediterranean diet and
cardiometabolic disease risk." Nat Med 27 (2):333-43. doi: 10.1038/s41591-020-
01223-3.

WHO. 2015. Guideline: Sugars Intake for Adults and Children. Geneva.

WHO Regional Office for Europe. 2014. European Food and Nutrition Action Plan 2015—
2020. Vol. Available at:

19



550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

https://www.euro.who.int/ _data/assets/pdf file/0008/253727/64wd14e FoodNutAP
140426.pdf. Copenhagen: WHO.

Yip, C. S. C., W. Chan, and R. Fielding. 2019. "The Associations of Fruit and Vegetable
Intakes with Burden of Diseases: A Systematic Review of Meta-Analyses." J Acad
Nutr Diet 119 (3):464-81. doi: 10.1016/j.jand.2018.11.007.

Zeevi, D., T. Korem, N. Zmora, D. Israeli, D. Rothschild, A. Weinberger, O. Ben-Yacov, et
al. 2015. "Personalized Nutrition by Prediction of Glycemic Responses." Cell 163
(5):1079-94. doi: 10.1016/j.cell.2015.11.001.

Zhang, B., Q. Zhao, W. Guo, W. Bao, and X. Wang. 2018. "Association of whole grain intake
with all-cause, cardiovascular, and cancer mortality: a systematic review and dose-
response meta-analysis from prospective cohort studies." Eur J Clin Nutr 72 (1):57-
65. doi: 10.1038/ejcn.2017.149.

Zhu, Y., Y. Bo, and Y. Liu. 2019. "Dietary total fat, fatty acids intake, and risk of
cardiovascular disease: a dose-response meta-analysis of cohort studies." Lipids
Health Dis 18 (1):91. doi: 10.1186/s12944-019-1035-2.

20



