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A nutrient profiling model (NPM) was developed in 2005 in the UK to regulate the marketing of foods to children. It was

revised in 2018, but the new version has not been finalised. The Eatwell Guide (EWG) is the UK’s official food-based

dietary guidelines. The aim of this study was to evaluate the agreement between the 2005 and 2018 versions of the NPM

and the EWG. Using recent National Diet and Nutrition Surveys, we estimated the healthiness of individual diets based on

an EWG dietary score and a NPM dietary index. We then compared the percentage of agreement and Cohen’s kappa for

each combination of the EWG score and NPM index across the range of observed values for the 2005 and 2018 versions.

A total of 3028 individual diets were assessed. Individuals with a higher (i.e., healthier) EWG score consumed a diet with,

on average, a lower (i.e., healthier) NPM index both for the 2005 and 2018 versions. Overall, there was good agreement

between the EWG score and the NPM dietary index at assessing the healthiness of representative diets of the UK

population, when a low cut-off for the NPM dietary index was used, irrespective of the version. This suggests that dietary

advice to the public is broadly aligned with NPM-based food policies and vice-versa.
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1. Introduction

Nutrient profiling is the “science of classifying or ranking foods according to their nutritional composition for reasons

related to preventing disease and promoting health”, and nutrient profiling models are algorithms that classify or rank

foods for the purposes of preventing disease and promoting health . The nutrient profiling model (NPM) in the UK was

developed in 2005 by the Food Standards Agency to regulate marketing of foods to children . The model uses a simple

scoring system that recognises the benefits of a balanced nutritional diet by awarding negative points to components that

children should eat more (i.e., protein, fibre, fruit and vegetables, and nuts), and positive points to foods with components

that children should reduce in their diet (i.e., energy, saturated fats, sodium, and sugars). A final score is calculated as the

total of positive and negative points, which means a lower score indicates a healthier food. Foods and drinks that score

above four and one, respectively, face marketing restrictions .

The NPM was reviewed and modified by Public Health England in 2018. This draft was open for public consultation and

published, but it was never finalised . This version of the NPM was updated to incorporate new evidence on the

association between nutrient intakes and health outcomes, such as systematic reviews linking the consumption of certain

food groups with health outcomes . The key changes were a reduction in total energy used as reference from

2130 kcal to 2000 kcal, a change from total to free sugars, and a reduction in the recommended intake of sugars (21% of

food energy from total sugars versus 5% from free sugars), as well as an increase in fibre from 24 g to 30 g per day. The

points attributed to foods according to content in energy, saturated fat, free sugars, and fibre were adjusted accordingly.

It is generally agreed that NPMs should rank and classify foods in ways that are consistent with food-based dietary

guidelines (FBDGs) . However, the extent to which NPMs complement and/or are consistent with FBDGs has been a

source of controversy for some time. This is, at least partly, due to the lack of a consensual method for testing the

agreement between NPMs and FBDGs, even though several methods have been proposed over the years .

The Eatwell Guide (EWG) constitutes the UK’s official FBDGs, and was updated in 2016 using optimisation modelling .

The EWG is based on a set of recommendations that the population should follow to eat a healthy diet. These include

both nutrient- and food-based recommendations, which are converted into advice on how much to eat from each food

group to achieve a healthy, balanced diet. It was developed in a way that minimised the dietary changes required for the

population to achieve the recommended levels of consumption of each food group in view of the baseline levels of

consumption.

It is critical that the NPM and EWG are aligned to ensure that public health interventions that are underpinned by the

NPM, such as the regulation of broadcast advertising of foods and volume-based promotions , are consistent with the
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government’s recommendations for healthy eating, which are used by consumers, food manufacturers, and retailers. As

marketing is a key determinant of food behaviour , particularly in children , NPMs should support the

recommendations of FBDGs. However, the NPM and EWG were developed independently and operate at different levels

(on foods and diets, respectively). Therefore, it is uncertain whether food classifications from the NPM, when aggregated

at diet level, produce classifications that are in tune with the EWG. It is also uncertain whether the updated version of

2018 has had any impact on the alignment between the NPM and the EWG. Therefore, the aim of this study was to

evaluate to what extent the NPM was consistent with the EWG, comparing the 2005 and the 2018 versions.

2. Development and Findings

This study used a score based on the food and nutrient recommendations underpinning the EWG and a dietary index

based on the NPM versions of 2005 and 2018 to evaluate the healthiness of representative diets of the UK population. It

demonstrated that, overall, diets considered healthy according to the EWG score achieve a lower NPM dietary index

score, irrespective of the version used to calculate that index. The mean NPM dietary index was higher for the 2018

version than the 2005 version of the NPM at each level of the EWG score. Overall, agreement between the EWG score

and the NPM dietary index in classifying a diet as “healthy” was good when a low cut-off for the NPM dietary index was

used, suggesting that the NPM is broadly consistent with the UK’s FBDGs.

Both FBDGs and NPMs are based on the principle that foods can be classified as healthy if their consumption is

associated with a reduced risk of disease or improved health and wellbeing . However, the association between diet

and health is complex and observational studies are subject to confounding because individuals who eat “healthy” diets

tend to engage with other health-promoting behaviours and lifestyles, live in more affluent areas, and have a higher

education level . In addition, a diet that reduces the risk of disease, i.e., a healthy diet, depends not only on the

individual foods that constitute the diet, but also on the frequency, amount, and combination in which they are eaten .

Therefore, it is difficult to compare NPMs, which assess the healthiness of individual foods, and FBDGs, which

recommend what to eat to have a healthy diet. To add complexity, FBDGs do not, for most foods, classify them as either

healthy or unhealthy, but rather make recommendations about the composition of a healthy diet based on broad food

groups, and within these food groups there is a wide variability in nutrient composition.

Nonetheless, for some interventions aimed at improving health in the population, it is necessary to categorise foods

according to their contribution to the healthiness of the diet. NPMs can serve as the basis for this categorisation, and it is

thus important to assess whether this categorisation is consistent with other government advice on healthy diets. This

study found that the healthiness of actual diets (as measured by compliance with the recommendations underpinning the

EWG) reflects differences in the proportions of healthy and/or unhealthy foods as assessed by the NPM. Overall, it

supported this assumption, because as the NPM dietary index decreased as the EWG score increased, irrespective of

which version of the NPM was used. In addition, healthier diets, i.e., diets with a higher EWG score, had a narrower

distribution of NPM dietary index values than less healthy diets. This suggests that healthier diets, as assessed by the

EWG score, tended to include mostly foods that would be classified as healthy by the NPM, whilst less healthy diets

included foods within a broader range of healthiness according to the NPM. However, the sample size for high and low

EWG scores was small, and thus, the findings need to be interpreted with caution.

Although there is no gold standard against which to compare NPMs, different methods have been used to validate NPMs,

such as comparing NPMs against FBDGs or health outcomes . There is substantial overlap among FBDGs

worldwide, as these are based on evidence on the components of a healthy diet that are associated with a reduced risk of

nutrition-related diseases . In keeping with this, NPMs should rank foods according to their healthiness, which should

similarly reflect a reduced risk of nutrition-related diseases. Prospective cohort studies have shown an association

between adherence to the recommendations underpinning the EWG and improved health outcomes . Therefore,

showing that the NPM dietary index is broadly concordant with the EWG score suggests that it ranks foods as healthy and

less healthy by applying similar criteria to those employed by the EWG, which have been shown to be associated with

improved health. Although further studies are required to confirm whether the 2018 version of the NPM is more consistent

with the EWG than the 2005 version, there are possible explanations why this might be the case. First, the

recommendation regarding fibre was poorly met by those with low EEG scores in general, and the updated version of the

NPM increased the daily requirement for fibre from 24 g to 30 g and increased the points afforded to fibre. This meant that

high-fibre foods would achieve lower NPM values (as fibre points are deducted), and those foods would be included in

greater amounts in diets with higher EWG scores. Second, the more restrictive allowance for free sugars in the 2018

version of the NPM may have increased its alignment with the EWG, as the recommendation related to free sugars was

most commonly met by those with high EWG scores.
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NPMs have been broadly used for two main purposes: supporting consumers facing food labelling and the regulation of

food marketing and advertising. Although the principles and criteria underpinning NPMs were developed for both purposes

and are similar, the way in which they are used can be different. Food labelling based on NPMs can assume that foods

are distributed along a continuum of relative nutritional quality ranging from healthier to less healthy . These food

labelling systems, such as those used in Australia or France, are typically graded systems that rank the nutritional quality

of foods across the range of possible NPM values . The healthiness of foods is then displayed using a score that is

depicted as stars, letters, or colours. NPMs can also be applied not as a continuous, but as a binary measure, that either

allows or prohibits marketing of certain foods and drinks, as happens in the UK. This means that its alignment with the

EWG varies according to the threshold that defines which foods are unhealthy, and hence, which are subject to marketing

restrictions. Due to the way the NPM dietary index was calculated in this study, it was not possible to determine directly

the exact value of NPM that should be used as cut-off to classify foods as healthy or less healthy in order to maximise

concordance with the EWG.

Although the scientific merit of applying a binary definition of individual foods as “healthy” or “unhealthy” based on NPM

has been debated , even in countries where NPMs are used as continuous scores for food labelling, pressure has been

mounting to adopt objective criteria defining “unhealthy” foods in order to regulate marketing and advertising .

Decisions about whether a certain food can or cannot be advertised require a binary definition of “healthy” and “unhealthy”

based on a pre-specified cut-off value of the NPM. However, there is no scientific consensus on the existence of a specific

nutritional composition threshold that distinguishes between “healthy” and “unhealthy” foods. For the purpose of regulation

and taxation, a binary classification may be unavoidable, but this needs to be carefully explained to the population to

avoid unintended consequences of determining that foods are “healthy” or “unhealthy” .

National FBDGs provide the overarching framework and benchmark for a healthy diet, based on current knowledge of the

associations between various dietary components and health outcomes . It is, thus, important to ensure that the EWG,

which provides the official advice on healthy eating to food manufacturers, retailers, and consumers, is consistent with the

NPM, which is used to regulate marketing of foods in the country. Otherwise, the population will get mixed messages

about healthy diet and food, which can exacerbate the ongoing problem of misleading nutritional claims on food labels

and adverts . This study demonstrated that, overall, the EWG score and the NPM dietary index agree on what

constitutes a healthy diet, for low values of the NPM index, using either the 2005 or 2018 versions. This suggests that

there is good alignment between the NPM and the EWG. It is important to note, though, that the overlap between NPMs

and FBDGs can never be perfect. For example, while salmon falls into the recommended food group of fatty fish, its high

fat and salt content, particularly for smoked salmon, can render it “unhealthy” according to the NPM. Rather than

invalidating NPMs or FBDGs, these discrepancies emphasise the complementarity between the two approaches at food

and diet levels and highlight the need for clear guidance to the public so that they understand these nuances when

making food and diet choices.

3. Strengths and Limitations

This study has several strengths. It used actual diets from individuals living in the UK to compare the EWG score and the

NPM dietary index, which are more relevant than hypothetical diets. Actual diets can take greater account of other factors

that are unrelated to health that shape diets (such as the palatability of food), rather than modelled diets. In addition,

nutritional composition was available for all foods in a standardised format, which enabled computing the NPM and

estimating compliance with the recommendations underpinning the EWG with accuracy.

There are also some limitations worth acknowledging. First, the NDNS has a relatively small sample size, which limited

the ability to perform a subgroup analysis according to age, sex, or region. Second, the NDNS relies on self-reported food

intake, which may be subject to bias. Third, the NPM dietary index was computed as a continuous variable to grade the

nutritional quality of individual diets, whilst this particular NPM was designed to be used to classify foods as healthy or

less healthy using a cut-off of four for foods and one for drinks. Therefore, the NPM dietary index cannot be directly

interpreted or compared with the NPM value that is calculated for individual foods. In addition, although the NPM 2005

and NPM 2018 categorise foods and drinks as “less healthy” using the same threshold, they are not directly comparable

as ordinal measures due to changes to the scales used. Fourth, it is possible that agreement between the EWG score and

the NPM dietary index varies according to the context and population (e.g., alignment may differ between adults and

children). However, those limitations are unlikely to have had a material impact on the key findings of this study. Fifth, salt

consumption was based on salt that is included in foods (either naturally occurring or added during processing), but not

salt added at the table, which means that individual salt consumption may be underestimated. Sixth, we applied generic

food and nutrient recommendations to the entire population instead of sex- and age-specific recommendations.

Nonetheless, this had no material impact on the study findings as the purpose was to compare different classification
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systems, which were applied irrespective of demographic characteristics of the individuals. Age- and sex-specific

recommendations would have been important if the aim was to evaluate individual diets.

4. Conclusions

In conclusion, this study suggested that a dietary score based on the recommendations underpinning the EWG and a

dietary index based on the NPM versions of 2005 and 2018, which are broadly concordant when assessing the

healthiness of representative diets of the UK population. NPMs and FBDGs are increasingly used by food manufacturers,

retailers, and consumers to make informed decisions about healthy eating. Therefore, NPMs and FBDGs should continue

to evolve in parallel in response to new evidence on the impact of food and diet on both human and planetary health.

Further research is warranted to understand how to incorporate data regarding the degree of food processing, additives,

and environmental considerations (e.g., carbon footprint) into FBDGs and NPMs to allow consumers, manufacturers,

retailers, and policy makers to set priorities and make informed decisions that will promote diets that are both healthy and

sustainable.

References

1. WHO. Nutrient Profiling. Available online: https://www.who.int/nutrition/topics/profiling/en/ (accessed on 20 April 2021).

2. UK Government. The Nutrient Profiling Model. Available online: https://www.gov.uk/government/publications/the-nutrien
t-profiling-model (accessed on 20 April 2021).

3. UK Government. UK Nutrient Profiling Model 2018 Review. Available online: https://www.gov.uk/government/consultatio
ns/consultation-on-the-uk-nutrient-profiling-model-2018-review (accessed on 20 April 2021).

4. Schwingshackl, L.; Hoffmann, G.; Lampousi, A.M.; Knüppel, S.; Iqbal, K.; Schwedhelm, C.; Bechthold, A.; Schlesinger,
S.; Boeing, H. Food groups and risk of type 2 diabetes mellitus: A systematic review and meta-analysis of prospective s
tudies. Eur. J. Epidemiol. 2017, 32, 363–375.

5. Imamura, F.; O’Connor, L.; Ye, Z.; Mursu, J.; Hayashino, Y.; Bhupathiraju, S.N.; Forouhi, N.G. Consumption of sugar sw
eetened beverages, artificially sweetened beverages, and fruit juice and incidence of type 2 diabetes: Systematic revie
w, meta-analysis, and estimation of population attributable fraction. BMJ 2015, 351, h3576.

6. Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Lampousi, A.M.; Knüppel, S.; Iqbal, K.; Bechthold, A.; Schlesinger,
S.; Boeing, H. Food groups and risk of all-cause mortality: A systematic review and meta-analysis of prospective studie
s. Am. J. Clin. Nutr. 2017, 105, 1462–1473.

7. Ge, L.; Sadeghirad, B.; Ball, G.D.C.; Da Costa, B.R.; Hitchcock, C.L.; Svendrovski, A.; Kiflen, R.; Quadri, K.; Kwon, H.
Y.; Karamouzian, M.; et al. Comparison of dietary macronutrient patterns of 14 popular named dietary programmes for
weight and cardiovascular risk factor reduction in adults: Systematic review and network meta-analysis of randomised t
rials. BMJ 2020, 369, m696.

8. Santos, M.; Rito, A.I.; Matias, F.N.; Assunção, R.; Castanheira, I.; Loureiro, I. Nutrient profile models a useful tool to faci
litate healthier food choices: A comprehensive review. Trends Food Sci. Technol. 2021, 110, 120–131.

9. Ahmed, M.; Dickinson, K.; Vergeer, L.; Mulligan, C.; Franco-Arellano, B.; Julia, C.; L’Abbé, M. Evaluating the Consisten
cy of the French Nutri-Score Front-of-Pack Scoring System with Canadian Dietary Guidelines. Curr. Dev. Nutr. 2020, 4,
1711.

10. Arambepola, C.; Scarborough, P.; Rayner, M. Validating a nutrient profile model. Public Health Nutr. 2008, 11, 371–37
8.

11. UK Government. The Eatwell Guide. Available online: https://www.gov.uk/government/publications/the-eatwell-guide (a
ccessed on 20 April 2021).

12. Department of Health and Social Care: Global Public Health Directorate: Obesity Food and Nutrition. Childhood Obesit
y: A Plan for Action. Chapter 2; Public Health England: London, UK, 2018.

13. Hecht, A.A.; Perez, C.L.; Polascek, M.; Thorndike, A.N.; Franckle, R.L.; Moran, A.J. Influence of Food and Beverage Co
mpanies on Retailer Marketing Strategies and Consumer Behavior. Int. J. Environ. Res. Public Health 2020, 17, 7381.

14. Smith, R.; Kelly, B.; Yeatman, H.; Boyland, E. Food Marketing Influences Children’s Attitudes, Preferences and Consum
ption: A Systematic Critical Review. Nutrients 2019, 11, 875.

15. Freeland-Graves, J.H.; Nitzke, S. Position of the academy of nutrition and dietetics: Total diet approach to healthy eatin
g. J. Acad. Nutr. Diet. 2013, 113, 307–317.



16. Leng, G.; Adan, R.A.H.; Belot, M.; Brunstrom, J.M.; de Graaf, K.; Dickson, S.L.; Hare, T.; Maier, S.; Menzies, J.; Preissl,
H.; et al. The determinants of food choice. Proc. Nutr. Soc. 2017, 76, 316–327.

17. Julia, C.; Ducrot, P.; Péneau, S.; Deschamps, V.; Méjean, C.; Fézeu, L.; Touvier, M.; Hercberg, S.; Kesse-Guyot, E. Dis
criminating nutritional quality of foods using the 5-Color nutrition label in the French food market: Consistency with nutri
tional recommendations. Nutr. J. 2015, 14, 100.

18. 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 nu
tritional recommendations. Arch. Public Health 2019, 77, 28.

19. Dréano-Trécant, L.; Egnell, M.; Hercberg, S.; Galan, P.; Soudon, J.; Fialon, M.; Touvier, M.; Kesse-Guyot, E.; Julia, C. P
erformance 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.

20. Darmon, N.; Sondey, J.; Azaïs-Braesco, V.; Maillot, M. The SENS algorithm-a new nutrient profiling system for food lab
elling in Europe. Eur. J. Clin. Nutr. 2018, 72, 236–248.

21. Herforth, A.; Arimond, M.; Álvarez-Sánchez, C.; Coates, J.; Christianson, K.; Muehlhoff, E. A Global Review of Food-Ba
sed Dietary Guidelines. Adv. Nutr. 2019, 10, 590–605.

22. Scheelbeek, P.; Green, R.; Papier, K.; Knuppel, A.; Alae-Carew, C.; Balkwill, A.; Key, T.J.; Beral, V.; Dangour, A.D. Healt
h impacts and environmental footprints of diets that meet the Eatwell Guide recommendations: Analyses of multiple UK
studies. BMJ Open 2020, 10, e037554.

23. Rayner, M.; Wood, A.; Lawrence, M.; Mhurchu, C.N.; Albert, J.; Barquera, S.; Friel, S.; Hawkes, C.; Kelly, B.; Kumanyik
a, S.; et al. Monitoring the health-related labelling of foods and non-alcoholic beverages in retail settings. Obes. Rev. 20
13, 14, 70–81.

24. Muller, L.; Ruffieux, B. What Makes a Front-of-Pack Nutritional Labelling System Effective: The Impact of Key Design C
omponents on Food Purchases. Nutrients 2020, 12, 2870.

25. Cena, H.; Calder, P.C. Defining a Healthy Diet: Evidence for The Role of Contemporary Dietary Patterns in Health and
Disease. Nutrients 2020, 12, 334.

26. Jones, A.; Rådholm, K.; Neal, B. Defining ‘Unhealthy’: A Systematic Analysis of Alignment between the Australian Dieta
ry Guidelines and the Health Star Rating System. Nutrients 2018, 10, 501.

27. Buckton, C.H.; Lean, M.E.; Combet, E. ‘Language is the source of misunderstandings’—Impact of terminology on publi
c perceptions of health promotion messages. BMC Public Health 2015, 15, 579.

28. Tapsell, L.C.; Neale, E.P.; Satija, A.; Hu, F.B. Foods, Nutrients, and Dietary Patterns: Interconnections and Implications
for Dietary Guidelines. Adv. Nutr. 2016, 7, 445–454.

29. Mariotti, F.; Kalonji, E.; Huneau, J.F.; Margaritis, I. Potential pitfalls of health claims from a public health nutrition perspe
ctive. Nutr. Rev. 2010, 68, 624–638.

30. Hasler, C.M. Health claims in the United States: An aid to the public or a source of confusion? J. Nutr. 2008, 138, 1216
s–1220s.

31. Heiss, R.; Naderer, B.; Matthes, J. Healthwashing in high-sugar food advertising: The effect of prior information on heal
thwashing perceptions in Austria. Health Promot. Int. 2020.

Retrieved from https://encyclopedia.pub/entry/history/show/33440


