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WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Food and drink products are regulated in the UK using three definitions: 

government dietary guidance (Eatwell Guide), the Food Standards Agency 
(FSA) nutrient profiling model (NPM, also known as high fat, salt, and sugar), 
and front-of-pack multiple traffic lights labelling system

⇒ These definitions are inconsistent with each other, and no current UK NPMs 
are directly aligned with the well evidenced UK government dietary guidance

⇒ Evidence is growing about a fourth definition of food and drink, 
ultraprocessed products defined by the Nova classification, which tend to be 
high in energy, saturated fat, sugar, and salt, and linked with poor health

WHAT THIS STUDY ADDS
⇒ About half of processed and ultraprocessed products were identified as 

unhealthy by the current FSA NPM and the front-of-pack traffic lights labelling 
system

⇒ More than 90% of processed and ultraprocessed products were identified as 
unhealthy according to current UK government dietary guidance, significantly 
more than the proportions identified with the FSA NPM (also known as high 
fat, salt, and sugar), and front-of-pack multiple traffic lights labelling system

⇒ Products with excess content of harmful nutrients were not all identified by 
the current food and drink regulations (FSA NPM and traffic lights labelling 
system)

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
⇒ This study highlights regulatory loopholes and misalignment of the FSA NPM 

and the traffic lights labelling system with UK dietary guidance in identifying 
unhealthy food and drink products

⇒ This highlights the possible benefit for all stakeholders in having a single 
system using agreed thresholds aligned with UK dietary guidance to identify 
unhealthy products for policy and regulation

ABSTRACT
OBJECTIVES  To assess the proportions of processed 
and ultraprocessed products in the UK that are high 
in fat, salt, and sugar, and energy density, defined 
by two systems used to regulate unhealthy food 
products in the UK (Food Standards Agency (FSA) 
nutrient profiling model (NPM) and front-of-pack 
traffic lights labelling system), and compared with 
UK dietary guidance based on new NPMs.
DESIGN  Cross sectional analysis of a nationally 
representative database of food and drink items.
SETTING  UK National Diet and Nutrition Survey 
database.

POPULATION  Food and drink items (262 processed 
products and 1636 ultraprocessed products) from 
the National Diet and Nutrition Survey database.
MAIN OUTCOME MEASURES  Proportion of processed 
and ultraprocessed products identified as unhealthy 
based on three Eatwell Guide NPMs, the FSA NPM, 
and the front-of-pack traffic lights labelling system. 
Three new nutrient profile models based on UK dietary 
guidance were constructed to identify excess saturated 
fat, free sugar, sodium, total fat, and energy density 
in processed and ultraprocessed products: NPM1 
identified excess saturated fat, free sugar, and sodium; 
NPM2 identified excess saturated fat, free sugar, 
sodium, and total fat; and NPM3 identified excess 
saturated fat, free sugar, sodium, total fat, and energy 
density.
RESULTS  The proportion of ultraprocessed products 
identified as unhealthy differed significantly (P<0.05) 
between the NPMs. The FSA NPM identified as 
unhealthy 57.6% of ultraprocessed products (95% 
confidence interval 55.2% to 60.0%), whereas the 
traffic lights labelling system identified fewer than half 
of all ultraprocessed products as unhealthy (48.2%, 
45.8% to 50.6%). NPM1 identified 91.5% (95% CI 
90.2% to 92.9%) of all ultraprocessed products as 
unhealthy, model No 2 identified 94.9% (93.9% to 
96.0%), and model No 3 identified 98.7% (98.2% to 
99.3%) of all ultraprocessed products.
CONCLUSIONS  Food and drink products that, 
according to UK government dietary guidance, contain 
excess amounts of harmful nutrients are not identified 
by current systems for regulating UK food and drink (FSA 
NPM and front-of-pack traffic lights labelling system). 
The most conservative new NPM, based on current UK 
government dietary guidance, identified significantly 
greater proportions of processed and ultraprocessed 
products as unhealthy than the current two systems. 
These findings have important implications for food 
policy and the appropriateness of UK dietary guidance 
to identify unhealthy products.

Introduction
In 2017, poor diet overtook tobacco as the leading 
global cause of premature mortality,1 2 with the preva-
lence of diet related non-communicable disease in the 
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UK having rapidly risen in recent decades.1 Diets linked 
to poor health contain high proportions of nutrition-
ally poor, energy dense foods,1 3 high in saturated fat, 
free sugar, and sodium, and low in fruit, vegetables, 
and fibre.1 3 In contrast, diets linked with improved 
health outcomes contain high proportions of whole and 
minimally processed foods, and are high in fibre and 
micronutrients and low in saturated fat, free sugar, and 
sodium.1 4 5 Traditional definitions of unhealthy food 
therefore typically focus on nutrient content.

The UK government uses three separate systems 
to define unhealthy food products and diet for 
regulation and public dietary advice: official UK 
government dietary guidance in the Eatwell Guide,6 
the Food Standards Agency (FSA) nutrient profile 
model,7 and the front-of-pack traffic lights on the 
labels of prepackaged products.8 Table 1 provides a 

detailed overview of these three systems, including 
their application and purpose.

UK government dietary recommendations in the 
Eatwell Guide are intended to inform food policy and 
regulation, and are based on well evidenced inde-
pendent recommendations by the Scientific Advisory 
Committee on Nutrition,9 10 and are aligned with inter-
national guidance (eg, World Health Organization 
(WHO)).3 Despite similarities in how these systems 
characterise unhealthy food and drink items, incon-
sistencies exist. First, the nutrient thresholds of the 
FSA NPM and front-of-pack traffic lights labelling 
system to define unhealthy food items are misaligned 
with UK government dietary recommendations; 
second, entire categories of food which typically have 
high levels of saturated fat, salt, or sugar, or combi-
nations of these, are exempt from the FSA NPM, 
including savoury pastries and chocolate spreads11; 

Table 1 | Overview of the Eatwell Guide, Food Standards Agency nutrient profiling model, and front-of-pack multiple 
traffic lights labelling system NPM

System Description
Calculation or guidance and supporting 
evidence

Application to food 
and drink

Purpose and use in 
public health

Eatwell Guide UK food-based dietary 
guidelines on how much 
should be consumed from 
different food groups for 
a healthy balanced diet 
(eg, a woman aged 19-65 
years should consume 
2100 kcal/day).6 Originally 
developed in 1994 as 
the Balance of Good 
Health, then updated to 
the Eatwell plate in 2007, 
and revised to the current 
Eatwell Guide in 201670

Recommended upper limits on energy, fat, 
saturated fat, free sugar, and sodium intake, 
and minimum recommendations for fruit and 
vegetables, and fibre intake. Basing meals 
around starchy carbohydrates and opting for 
wholegrain or high fibre options, eating more 
beans and pulses, two weekly portions of fish 
(one of which is oily), and limiting intake of 
processed and red meat.
Based on well evidenced70 independent 
recommendations by the Scientific Advisory 
Committee on Nutrition,9 10 aligned with inter-
national dietary guidance, including the World 
Health Organization3 and broadly similar across 
European Union nations54

Broad. All food and 
drink items

Used for pub-
lic consumer 
understanding; not 
used in mandatory 
legislation to regulate 
unhealthy food. “A 
policy tool used to 
define government 
recommendations on 
eating healthily and 
achieving a balanced 
diet”6

FSA NPM Developed in 2004-05 
to help the media and 
communications regulator, 
Ofcom, identify “less 
healthy”7 food and drink 
items (known as high fat, 
salt, and sugar), and used 
in food marketing regula-
tions since 2007

An overall score for food and drink based on 
summing the quantities of favourable (fruit, 
vegetables, and nuts, fibre, and protein) and 
unfavourable (energy, saturated fat, total sugar, 
and sodium) nutrients.7 Products that exceed a 
particular score are designated as less healthy 
and high in fat, salt, or sugar for marketing 
legislation. The calculation is based on the 
composition of existing products,58 59 and not 
based on the latest UK government dietary 
guidance (in the Eatwell Guide) for free sugar 
and fibre. A revised version was developed 
in 2018 (FSA NPM 2018)36 and published in 
2026,37 to reflect current UK dietary guidance, 
but is currently not used

Narrow. Only applies 
to 13 specific cate-
gories of packaged 
goods (online sup-
plemental table 1 has 
the list of categories)7

Not used in voluntary 
policy; used only in 
mandatory legislation 
to regulate unhealthy 
food marketing 
restrictions on 
television, online 
advertisements, and 
promotions by price 
and volume.71 New 
UK regulations on 
online and TV adver-
tisements came into 
force on 5 January 
202672

Front-of-pack 
multiple traffic 
lights labelling 
system

Developed in 2006 by 
the Department of Health 
and the FSA to advise 
consumers on the nutrient 
profile of all prepackaged 
food and drink items at 
the point of purchase,8 
with the current scheme 
introduced in 2013

Green, amber, or red colours are assigned to 
the front of pack to indicate low, medium, or 
high levels of fat, saturated fat, salt, or total 
sugar content, respectively.8 The low cut-off val-
ue (green) is based on the “low” nutrition claim 
for fat, saturates, total sugars, and salt in the 
European Union Nutrition and Health Claims 
Regulation legislation 1924/2006.73 The 
rationale behind the high cut-off value (red), 
which is based on a percentage of reference 
intakes per 100 g or per portion, is unclear8

Broad. All prepack-
aged food and drink 
items

Not used in man-
datory policy; used 
only voluntarily by 
manufacturers on the 
labels of prepack-
aged products for 
consumer focused 
labelling at point 
of purchase in the 
retail environment 
(back-of-pack 
nutrition labelling is 
mandatory)

1 kcal=4.18 kJ.
FSA, Food Standards Agency; NPM, nutrient profiling model.
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and third, the FSA NPM is inconsistent with the traffic 
lights labelling system (products labelled with red 
traffic lights are not all classified as high fat, salt, and 
sugar by the FSA NPM). Online supplemental table 
2 outlines these inconsistencies in more detail. As a 
result, products rated as unhealthy by one system can 
be rated as not unhealthy by another, and vice versa. 
Hence many products considered unhealthy according 
to UK government dietary guidance might not be iden-
tified by the other two systems. Thus these products 
may remain unregulated and heavily marketed, and 
could be perceived as healthy by consumers, but so far 
no study has directly tested these inconsistencies.

Although definitions of unhealthy food have typi-
cally been nutrient based, recent shifts towards the 
rise in diet related disease in developed countries 
have been attributed to changes in the food system 
beyond nutrient composition alone.12 These links 
between changes in the food system and diet related 
disease are consistent with evidence linking ultrap-
rocessed foods or products, as defined by the Nova 
classification, to poor health outcomes.13 The Nova 
classification considers the purpose and extent of 
processing, and defines ultraprocessed products 
as being industrially manufactured prepackaged 
foods,14 including ingredients not used at home, such 
as cosmetic additives, modified starches, or isolated 
proteins.15 16 Ultraprocessed products are designed 
with the primary purpose of maximising sales and 
profit. The Nova classification is used by WHO and 
the Food and Agriculture Organisation of the United 
Nations,17 18 and guidance to reduce ultraprocessed 
products is recommended by the American Heart 
Association19 and several countries' national dietary 
guidelines.20

UK dietary guidance, however, does not formally 
advise on the purpose and extent of industrial food 
processing,21 and is not considered in the FSA NPM 
or the front-of-pack traffic lights labelling system. 
The Nova classification is controversial and has 
been criticised for being too ambiguous, difficult to 
implement, and offering limited value in addition 
to existing regulatory tools.22 Members of the UK 
government have stated that the definition of ultrap-
rocessed products is too broad for policy use, and that 
ultraprocessed products are already well described 
by existing legislation, including high fat, salt, and 
sugar according to the FSA NPM, or UK dietary guid-
ance.23–25 But so far no study has directly tested 
this claim. Furthermore, no study has assessed the 
relative ability of UK government dietary recommen-
dations, the FSA NPM, or the traffic lights labelling 
system to identify less healthy processed or ultrap-
rocessed products, as defined by the Nova classifica-
tion. Consistency between these systems has also not 
been evaluated.

Therefore, the aims of this study were to: calculate 
the proportion of processed and ultraprocessed prod-
ucts in the UK identified as unhealthy, according to 

the current FSA NPM and front-of-pack traffic lights 
labelling system; develop new NPMs based on UK 
dietary recommendations in the Eatwell Guide; and 
compare the proportions of processed and ultrapro-
cessed products identified as unhealthy according to 
the current FSA NPM and front-of-pack traffic lights 
labelling system with the new NPMs based on the 
Eatwell Guide.

Methods
This study was a cross sectional analysis of a nation-
ally representative database of food and drink items 
consumed in the UK. The methods section defines the 
food and drink items in scope for the analysis, and 
describes the rationale and calculation of existing 
NPMs as well as new NPMs based on UK dietary 
guidance. Reporting conducted according to STROBE 
guidance (online supplemental file 2).

Food and drink items in scope
No publicly available database exists of all food and 
drink products in the UK, nor a database of products 
in scope for regulation by the FSA NPM.11 Therefore, 
a nationally representative database of all food 
and drink products in the UK was used to identify 
processed and ultraprocessed products according to 
the Nova classification,16 as a proxy for prepacked 
items in the UK (and similar to the Pan American 
Health Organization26) and for identifying the 
proportion of processed and ultraprocessed products 
as unhealthy by NPMs.

Nutrient composition data of processed and ultrap-
rocessed products from year 12 of the National Diet 
and Nutrition Survey were used. The National Diet 
and Nutrition Survey is a repeated cross sectional 
survey that has collected dietary intake from a 
nationally representative sample of the UK popu-
lation, aged ≥1.5 years and living in private house-
holds, since 2008.27 Until 2019 (years 1-11), dietary 
assessment was conducted with four day food diaries 
across consecutive days. In 2019-20 (year 12), 
diaries were replaced with four non-consecutive, 
multiple pass, 24 hour dietary recalls with Intake24 
(https://intake24.co.uk), with an updated food and 
drink database to reflect the change in diet assess-
ment.28 The rationale and subsequent updates to the 
food and drink database are reported elsewhere.28

The list of food and drink items in the National Diet 
and Nutrition Survey year 12 database were obtained 
from the Intake24 team, and the matching nutrient 
databank was obtained from the UK Data Service 
(https://beta.ukdataservice.ac.uk). The values in the 
nutrient databank are the latest publicly available 
data on the nutrient content for each food and drink 
item. Values are obtained from multiple sources, 
including the UK Composition of Foods Integrated 
Dataset,29 the FSA Food Recipes Database,30 and 
manufacturer data from food labels and the internet. 
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Nutrient values are assigned to all foods, with no 
missing values. All values are inspected before 
their addition to the databank,31 and for nutrients 
lacking reliable data, values from similar foods are 
extrapolated.

All processed and ultraprocessed products were 
used as products in scope, because directly mapping 
in-scope categories of the FSA NPM to the food and 
drink groups of the National Diet and Nutrition 
Survey database, or directly identifying specific 
exempt items from within in-scope categories, was 
not possible. This approach to prioritise sensitivity 
over specificity for capturing items for consideration 
is similar to previous approaches applying the FSA 
NPM to nutrient databases.32

Identifying processed and ultraprocessed products 
by Nova classification
Food and drink items from the year 12 food and 
drink database were coded according to the Nova 
classification (online supplemental table 3 lists the 
definitions),16 as described elsewhere.33 Nova clas-
sification coding was conducted for individual items 
with the authors masked to the nutrient databank. 
Initial coding was conducted by one of the authors 
(SJD) and then discussed with a registered senior 
specialist dietitian (AB). Coding was determined 
with multiple sources, including the item name, 
subgroup, representative products from UK super-
markets, and the assigned Nova group of the corre-
sponding item in the National Diet and Nutrition 
Survey food and drink database from years 1-11.34 
Both authors agreed on the Nova classification for 
ambiguous food items and food groups.

Of the 3105 items in the database, 109 items were 
designated as outside of the Nova classification (eg, 
fish oil supplements and multivitamins) and 16 
items had no corresponding item in the National Diet 
and Nutrition Survey nutrient databank, as previ-
ously reported.33 Alcoholic drinks were excluded 
from this analysis because of other specific regula-
tions (n=35).31 Of the 2945 remaining items, 1636 
were classified as ultraprocessed products, 262 as 
processed products, 61 as processed culinary ingre-
dients, and 986 were minimally processed foods.

Identifying unhealthy processed and ultraprocessed 
products
The proportion of processed and ultraprocessed 
products identified as unhealthy were calculated 
according to the FSA NPM algorithms, the front-of-
pack traffic lights labelling system, and three new 
NPMs based on the Eatwell Guide.

Food Standards Agency nutrient profiling models
The FSA NPM is a binary system that classifies food 
and drink items as “healthy” or “less healthy”.7 35 The 
scoring system balances positive points for energy, 
saturated fat, total sugar, and sodium, and negative 

points for fruit, vegetables, and nut content, fibre, and 
protein, to give a final score.7 35 A maximum of 10 “A” 
points is awarded each for energy, saturated fat, total 
sugar, and salt, with greater points with increasing 
content. A maximum of five “C” points is awarded 
each for protein, fibre, and fruit, vegetables, and nut 
content, with greater points with increasing content. 
The final score is then calculated by subtracting the 
total number of “C” points from the total number of 
“A” points (unless a food is scored >10 “A” points and 
<5 points for fruit, vegetables, and nuts, where the 
protein score is not included).7 35 A food is identified 
as “less healthy” with a score of ≥4, and a drink as 
“less healthy” with a score of ≥1. Although the FSA 
NPM can be applied to any product, in UK legislation 
the model is applied to 13 specific product catego-
ries which exclude minimally processed foods and 
processed culinary ingredients (online supplemental 
table 1). “Less healthy” products identified within 
one of the specific product categories are regulated 
by marketing restrictions under the “Advertising 
(Less Healthy Food Definitions and Exemptions) 
Regulations 2024”.11

A revision of the FSA NPM in 2018 modified the 
score to reflect updated UK dietary guidance (model 
2018),36 which was published in 202637 but is 
currently not used in policy. The FSA NPM 2018 
includes a change to the use of free sugars instead 
of total sugars, aiming for <5% of energy from free 
sugars,36 and increasing fibre “C” points up to a 
maximum of eight, based on current UK dietary 
guidance to consume at least 30 g/day of fibre.36 
Processed and ultraprocessed products were identi-
fied as unhealthy according to current FSA NPM guid-
ance (model 2004-05) and the revised 2018 model, 
based on the scoring definition of “less healthy”.

Front-of-pack traffic lights labelling system
The traffic lights scheme defines thresholds where 
each nutrient (fat, saturated fat, total sugar, and 
sodium) can be assigned a red, amber, or green 
colour to indicate a high, medium, or low amount, 
respectively (per 100 g or per portion). Items with 
low content for a specific nutrient are coded green, 
moderate content as amber, and high content as red 
(online supplemental table 4 shows the threshold 
values). For comparability, items were coded per 
100 g for both processed and ultraprocessed food 
and drink items (which was assumed to be equiv-
alent to 100 mL of drink). Drink items included 
lower cut-off values for red colour coding per 100 g 
of drink, according to the guidance from the traffic 
lights system. Based on evidence indicating that 
UK consumers more readily avoid red traffic lights 
over choosing green traffic lights when identifying 
healthier products,38 39 processed and ultrapro-
cessed products were identified as unhealthy, 
according to guidance from the traffic lights label-
ling system, on the presence of one or more red 
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traffic lights across any of the four nutrients, as 
previously used.33 40

New Eatwell Guide nutrient profiling models
Three new NPMs based on current UK dietary guid-
ance were constructed.6 41–43 The NPMs were devel-
oped to directly translate UK government dietary 
guidance to food and drink items by using the Pan 
American Health Organization and WHO approach 
of proportionally scaling diet level intake goals to 
apply thresholds to products.26 UK dietary guidance 
includes recommendations for no more than 35%, 
10%, 2%,43 and 5% of total energy intake from total 
fat, saturated fat, trans fat, and free sugars, respec-
tively, and no more than 6 g/day of salt (table  2). 
These thresholds were used to construct the NPMs.

The first NPM was based on thresholds for satu-
rated fat, free sugar, and sodium (NPM1) to align 
with unfavourable nutrients (excluding energy) 
used in the FSA NPM while accounting for current 
UK dietary guidance focusing on free sugars and not 
total sugars. The second NPM was based on thresh-
olds for saturated fat, free sugars, sodium, and total 
fat (NPM2) to align with nutrients used in the traffic 
lights labelling system. The third NPM was based 
on thresholds for saturated fat, free sugars, sodium, 
total fat, and energy density (NPM3). Energy was 
included given the evidence linking energy density 
with energy over-consumption, obesity, and obesity 
related non-communicable disease,44 45 and the 
energy intake recommendations in UK dietary guid-
ance.6 The energy threshold in NPM3 was from the 
Food Standards Scotland Revised Dietary Goals for 
Scotland,46 which is based on the Eatwell Guide and 
dietary recommendations of the Scientific Advisory 
Committee on Nutrition. This threshold provides a 
non-consumer facing dietary energy density goal of 
≤125 kcal (523 kJ)/100 g.46

Processed and ultraprocessed products were iden-
tified as unhealthy if the threshold for any nutrient 
within each of the three Eatwell Guide NPMs was 
exceeded, and additionally for energy in NPM3. The 
threshold for trans fat was also added to NPM2 and 
NPM3 in a sensitivity analysis. Table 3 summarises 
the six NPMs used in this analysis.

Statistical analysis
Categorical variables are described as counts and 
percentages. The proportion of processed and ultrap-
rocessed products identified as unhealthy according 
to all NPMs are reported with 95% confidence 
intervals (CIs). The proportion of processed and 
ultraprocessed products identified as unhealthy are 
then reported according to each nutrient or energy 
threshold in the traffic lights and Eatwell Guide 
NPMs (the FSA NPM is an overall score to identify 
unhealthy products and is therefore not reported).

The performance of each NPM in identifying 
processed and ultraprocessed products as unhealthy 
and not unhealthy was compared against all other 
NPMs with Wald statistics for homogeneity, applying 
Rao-Scott first order and second order corrections. To 
quantify the performance of theNPMs in identifying 
unhealthy ultraprocessed products, we used preva-
lence ratios with 95% CIs to compare the difference 
in magnitude in the proportion of ultraprocessed 
products identified as unhealthy by each NPM.

To assess the overlap between each NPM and 
the Nova classification of ultraprocessed products, 
Cohen's κ with 95% CIs was used to compare the 
agreement between the proportion of ultraprocessed 
products identified as unhealthy by each NPM and 
the total number of ultraprocessed products. Non-
homogeneous log linear models were then used to 
rank each NPM according to their level of agreement 
with the Nova classification of ultraprocessed prod-
ucts.47 All tests were two sided and significance was 
set at P<0.05. Analyses were conducted in R, version 
4.4.1.

Patient and public involvement
This study analysed a nutrient database and did not 
involve participants. Therefore, patients and the 
public were not involved in the design, planning, nor 
conduct of this research. Results will be shared with 
the public through media and press release.

Results
Table  4 and figure  1 report the proportion of 
processed and ultraprocessed products identified as 
unhealthy by each NPM. The proportion of ultrap-
rocessed products identified as unhealthy differed 
significantly between all NPMs (P<0.05). NPM3 iden-
tified the greatest proportion of ultraprocessed prod-
ucts as unhealthy (98.7%, 95% CI 98.2% to 99.3%), 
followed by NPM2 (94.9%, 93.9% to 96.0%), NPM1 
(91.5%, 90.2% to 92.9%), FSA NPM 2018 (68.3%, 
66.1% to 70.6%), FSA NPM 2004-05 (57.6%, 55.2% 
to 60.0%), and front-of-pack traffic lights label-
ling system (48.2%, 45.8% to 50.6%) (figure  1). 
The proportion of processed products identified as 
unhealthy did not differ significantly between the 
three Eatwell Guide NPMs (NPM1 91.6%, 95% CI 
88.2% to 95.0%; NPM2 93.1%, 90.1% to 96.2%; and 
NPM3 95.0%, 92.4% to 97.7), but was significantly 

Table 2 | UK dietary guidance recommendations6 41–43 46 5

Eatwell Guide component Guidance

Energy ≤125 kcal/100 g (Food Standards 
Scotland guidance)46

Total fat ≤35% of energy intake
Saturated fat ≤10% of total energy intake
Sodium ≤2363 mg/day sodium (6 g/day salt)42

Free sugars ≤5% of total energy intake
Trans fat ≤2% of total food energy intake43

See also Scheelbeek et al.
1 kcal=4.18 kJ.
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greater than the proportion of processed products 
identified as unhealthy by the traffic lights labelling 
system (46.2%, 40.1% to 52.2%), FSA NPM 2004-05 

(50.0%, 43.9% to 56.0%), and FSA NPM 2018 
(55.0%, 48.9% to 61.0%) (P<0.05). The proportion 
of processed products identified as unhealthy by the 

Table 3 | Summary of nutrient profiling models for identifying unhealthy products
Traffic lights 
labelling system*

FSA NPM 2004-
05† FSA NPM 2018‡ NPM1§ NPM2¶ NPM3**

Scope of food and 
drink items, subject 
to the application 
of each nutrient 
profiling model in 
the analysis

All processed or 
ultraprocessed 
products

All processed or 
ultraprocessed 
products

All processed or 
ultraprocessed 
products

All processed or 
ultraprocessed 
products

All processed or 
ultraprocessed 
products

All processed or 
ultraprocessed 
products

Identification of 
product as un-
healthy

Exceeding one or 
more of the nu-
trient thresholds 
below

Food: overall 
score ≥4 points††
Drink: overall 
score ≥1 points††

Food: overall 
score ≥4 points††
Drink: overall 
score ≥1 points††

Exceeding one or 
more of the nu-
trient thresholds 
below

Exceeding one or 
more of the nu-
trient thresholds 
below

Exceeding one or 
more of the nutrient 
or energy thresh-
olds below

Fat Food: 
>17.5 g/100 g
Drink: 
>8.75 g/100 mL

>35 kcal/100 kcal >35 kcal/100 kcal

Saturated fat Food: >5 g/100 g
Drink: 
>2.5 g/100 mL

As part of algo-
rithm††

As part of algo-
rithm††

>10 kcal/100 kcal >10 kcal/100 kcal >10 kcal/100 kcal

Sugar Food: >22.5 g of 
total sugar/100 g
Drink: >11.25 g 
of total sug-
ar/100 mL

Total sugar; as 
part of algo-
rithm††

Total sugar; as 
part of algo-
rithm††

>5 kcal from free 
sugars/100 kcal

>5 kcal from free 
sugars/100 kcal

>5 kcal from free 
sugars/100 kcal

Sodium Food: 
>600 mg/100 g
Drink: 
>300 mg/100 mL

As part of algo-
rithm††

As part of algo-
rithm††

>120 mg/100 
kcal
>360 mg/100 g or 
100 mL

>120 mg/100 
kcal
>360 mg/100 g or 
100 mL

>120 mg/100 kcal
>360 mg/100 g or 
100 mL

Energy As part of algo-
rithm††

As part of algo-
rithm††

>125 kcal/100 g or 
100 mL

Fruit, vegetables, 
and nuts

As part of algo-
rithm††

As part of algo-
rithm††

1 kcal=4.18 kJ.
*Department of Health guidance for application on front-of-package labelling.8

†UK Food Standards Agency nutrient profiling model for regulation of children's advertising, 2004-05.7

‡Revised UK Food Standards Agency nutrient profiling model for regulation of children's advertising from 2018.36

§Criteria based on UK Public Health recommended dietary intake for saturated fats, sugar, and sodium.6 41–43

¶Criteria based on UK Public Health recommended dietary intake for total fat, saturated fat, sugar, and sodium.6 41–43

**Criteria based on UK Public Health recommended dietary intake for energy density, total fat, saturated fat, sugar, and sodium.6 41–43 46

††Food Standards Agency nutrient profiling model summary score algorithm considers energy, saturated fat, total sugar, sodium, fibre, and protein content in 
100 g of food or drink items, as well as percentage of fruit, vegetable, and nut content.7

FSA, Food Standards Agency; NPM, nutrient profiling model.

Table 4 | Percentage of processed and ultraprocessed products identified as unhealthy* in the UK according to each 
nutrient profiling model, with 95% confidence intervals

Traffic lights 
labelling system

FSA NPM 2004-
05 FSA NPM 2018 NPM1 NPM2 NPM3

Ultraprocessed prod-
ucts (n=1636)

48.2 (45.8 to 
50.6)†

57.6 (55.2 to 
60.0)‡

68.3 (66.1 to 
70.6)§

91.5 (90.2 to 
92.9)¶

94.9 (93.9 to 
96.0)**

98.7 (98.2 to 
99.3)††

Processed products 
(n=262)

46.2 (40.1 to 
52.2)†

50.0 (43.9 to 
56.0)†

55.0 (48.9 to 
61.0)†

91.6 (88.2 to 
95.0)‡

93.1 (90.1 to 
96.2)‡

95.0 (92.4 to 
97.7)‡

Scope of food and drink products subject to the application of all NPMs are all processed or ultraprocessed products, or both.
Different symbols (*, †, ‡, §, ¶) within a row indicate significant differences in the proportion of ultraprocessed and processed products identified as unhealthy 
by each NPM (P<0.05).
*Food and drink items identified as having high amounts of at least one of nutrients or energy (NPMs 1, 2, and 3, and traffic lights labelling system), or 
categorised as less healthy (Food Standards Agency NPM 2004-05 and model 2018).
†P<0.05.
‡P<0.05.
§P<0.05.
¶P<0.05.
**P<0.05.
††P<0.05.
FSA, Food Standards Agency ; N/A, not available; NPM, nutrient profiling model.
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traffic lights labelling system and both FSA NPMs 
did not differ significantly (table 4 and figure 1). The 
three Eatwell Guide NPMs identified significantly 
greater proportions of processed and ultraprocessed 
products as unhealthy than both FSA NPMs and the 
traffic lights labelling system (P<0.05).

Table  5 shows the proportion of processed and 
ultraprocessed products identified as unhealthy 
according to the specific parameter (nutrient or 
energy) and number of parameters in excess in the 
traffic lights labelling system and Eatwell Guide 
NPMs. Within each like-for-like parameter, the three 
Eatwell Guide NPMs identified a significantly greater 
proportion of processed and ultraprocessed products 
as unhealthy than the traffic lights labelling system 
(P<0.05), and significantly greater proportions of 
processed and ultraprocessed products as unhealthy 
based on containing two, three, or four parameters 
in excess (P<0.05). Compared with excess sugars, 
sodium, saturated fat, and fat, excess energy as an 
individual parameter identified the greatest propor-
tion of processed products (69.1%, 95% CI 63.5% to 
74.7%) and ultraprocessed products (74.3%, 72.1 to 
76.4) as unhealthy. The addition of trans fat thresh-
olds to NPM2 or NPM3 did not significantly change 
the proportion of processed or ultraprocessed prod-
ucts identified as unhealthy (data not shown).

Online supplemental table 5 reports the difference 
in magnitude in the proportion of ultraprocessed 
products identified as unhealthy between each 
NPM, and their ranking based on agreement with 
the Nova classification of ultraprocessed products. 
NPM3 identified as unhealthy more than twice as 
many ultraprocessed products than the traffic lights 
labelling system (prevalence ratio 2.05, 95% CI 1.95 
to 2.15), and identified as unhealthy 71%, 45%, 
8%, and 4% more ultraprocessed products than the 
FSA NPM 2004-05 (prevalence ratio 1.71, 1.64 to 

1.79), FSA NPM 2018 (prevalence ratio 1.45, 1.40 
to 1.49), NPM1 (prevalence ratio 1.08, 1.06 to 1.09), 
and NPM2 (prevalence ratio 1.04, 1.03 to 1.05), 
respectively.

Discussion
Principal findings
In this study, we compared the performance and 
consistency of existing UK food systems for clas-
sification of unhealthy food with three new NPMs 
based on UK dietary guidance (ie, NPM1 identifying 
excess saturated fat, free sugar, and sodium; NPM2 
identifying excess saturated fat, free sugar, sodium, 
and total fat; and NPM3 identifying excess satu-
rated fat, free sugar, sodium, total fat, and energy 
density). NPM1, the most conservative NPM, identi-
fied >91% of processed and ultraprocessed products 
as unhealthy and misaligned with UK dietary guid-
ance. This finding is consistent with previous studies 
of NPMs based on WHO dietary guidance.48 49 By 
comparison, the FSA NPM 2004-05 identified 57% 
and 50%, the FSA 2018 model identified 68% and 
55%, and the front-of-pack traffic lights labelling 
system identified 48% and 46% of processed and 
ultraprocessed products as unhealthy, respectively. 
These findings challenge the assertion that ultrapro-
cessed products are currently identified by existing 
food legislation,23–25 and that the FSA NPM and the 
traffic lights labelling system are not adequately 
aligned with UK dietary guidance.

The traffic lights labelling system does not seem 
to have improved the healthiness of retail food 
purchases in the UK.50 There is limited evidence 
that traffic lights labelling system improves the 
healthiness of food purchases, even in comparison 
with no front-of-pack labelling, and data are incon-
sistent on whether the system is more effective than 
“high in” front-of-pack warning labels.51–53 This 
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Figure 1 | Percentage of ultraprocessed (left) and processed (right) products identified as unhealthy in the UK by 
nutrient profiling model (NPM), with 95% confidence intervals. Unhealthy products are food and drink products 
identified as containing high amounts of at least one of nutrients or energy (Eatwell Guide NPM1 (Eatwell-NPM1), 
Eatwell Guide NPM2 (Eatwell NPM2), Eatwell Guide NPM3 (Eatwell NPM3), and front-of-pack traffic lights labelling 
system (Traffic lights)), or categorised as less healthy (Food Standards Agency NPM 2004-05 (FSA NPM 2004-05) and 
Food Standards Agency NPM 2018 (FSA NPM 2018)). Different symbols (*, †, ‡, §, ¶) indicate significant differences in 
the proportion of ultraprocessed and processed products identified as unhealthy by each NPM (P<0.05)
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finding seems to be in agreement with our results 
that the traffic lights labelling system identified only 
half of processed and ultraprocessed products as 
unhealthy compared with the NPMs based on UK 
dietary guidance. Furthermore, despite the links 
between food and drink energy density and obesity 
related poor health,44 45 the traffic lights labelling 
system provides no colour coded guidance on energy 
content. The system also uses total sugars to profile 
food, not free sugars, as in UK dietary guidance,6 

and labelling is voluntarily applied to minimally 
processed foods, such as nuts or whole fruit (eg, 
avocados), despite these foods being encouraged 
as part of a healthy diet in UK and international 
dietary guidance.6 54 NPM1, the most conservative 
NPM, identified 43-46% more (nearly twice as many) 
processed and ultraprocessed products as unhealthy 
than the traffic lights labelling system. This finding 
is in line with previous data showing poor overlap 
between ultraprocessed products and the UK’s traffic 

Table 5 | Percentage of processed and ultraprocessed products identified as unhealthy* in the UK according to the 
specific parameter in excess and the number of parameters in excess based on the front-of-pack traffic lights labelling 
system and Eatwell Guide nutrient profiling models (NPMs), with 95% confidence intervals

Traffic lights 
labelling system NPM1 NPM2 NPM3

Ultraprocessed products (n=1636)
 �Excess sugars 22.7 (20.7 to 

24.7)†
51.9 (49.5 to 
54.3)‡

51.9 (49.5 to 
54.3)‡

51.9 (49.5 to 54.3)‡

 �Excess sodium 12.1 (10.5 to 
13.7)†

51.6 (49.2 to 
54.0)‡

51.6 (49.2 to 
54.0)‡

51.6 (49.2 to 54.0)‡

 �Excess saturated fat 28.6 (26.4 to 
30.7)†

47.1 (44.7 to 
49.6)‡

47.1 (44.7 to 
49.6)‡

47.1 (44.7 to 49.6)‡

 �Excess fat 22.4 (20.4 to 
24.5)†

N/A 48.7 (46.2 to 
51.1)‡

48.7 (46.2 to 51.1)‡

 �Excess energy N/A N/A N/A 74.3 (72.1 to 76.4)
 �≥1 parameter in excess (any nutrient or energy) 48.2 (45.8 to 

50.7)†
91.5 (90.2 to 
92.9)¶

94.9 (93.9 to 
96.0)**

98.7 (98.2 to 
99.3)††

 �≥2 parameters in excess (any nutrient or energy, or 
both)

25.9 (23.7 to 
28.0)†

54.2 (51.8 to 
56.7)‡

66.3 (64.0 to 
68.6)§

86.6 (85.0 to 88.3)¶

 �≥3 parameters in excess (any nutrient or energy, or 
both)

11.6 (10.0 to 
13.1)†

5.1 (4.0 to 6.1)‡ 35.5 (33.2 to 
37.8)§

55.8 (53.4 to 58.2)¶

 �≥4 parameters in excess (any nutrient or energy, or 
both)

0.1 (0.0 to 0.3)† N/A 2.9 (2.1 to 3.7)‡ 31.1 (28.8 to 33.3)§

 �5 parameters in excess N/A N/A N/A 2.0 (1.3 to 2.6)
Processed products (n=262)

 �Excess sugars 11.1 (7.3 to 14.9)† 29.4 (23.9 to 
34.9)‡

29.4 (23.9 to 
34.9)‡

29.4 (23.9 to 34.9)‡

 �Excess sodium 17.6 (13.0 to 
22.2)†

50.4 (44.3 to 
56.4)‡

50.4 (44.3 to 
56.4)‡

50.4 (44.3 to 56.4)‡

 �Excess saturated fat 32.4 (26.8 to 
38.1)†

61.8 (56.0 to 
67.7)‡

61.8 (56.0 to 
67.7)‡

61.8 (56.0 to 67.7)‡

 �Excess fat 24.8 (19.6 to 
30.0)†

N/A 65.7 (59.9 to 
71.4)‡

65.7 (59.9 to 71.4)‡

 �Excess energy N/A N/A N/A 69.1 (63.5 to 74.7)
 �≥1 parameter in excess (any nutrient or energy) 46.2 (40.1 to 

52.2)†
91.6 (88.2 to 
95.0)‡

93.1 (90.1 to 
96.2)‡

95.0 (92.4 to 97.7)‡

 �≥2 parameters in excess (any nutrient or energy, or 
both)

28.2 (22.8 to 
33.7)†

48.1 (42.0 to 
54.1)‡

71.0 (65.5 to 
76.5)§

77.9 (72.8 to 82.9)§

 �≥3 parameters in excess (any nutrient or energy, or 
both)

11.5 (7.6 to 15.3)† 1.9 (0.3 to 3.6)‡ 41.6 (35.6 to 
47.6)§

63.4 (57.5 to 69.2)¶

 �≥4 parameters in excess (any nutrient or energy, or 
both)

0.0† N/A 1.5 (0.0 to 3.0)‡ 38.6 (32.7 to 44.4)§

 �5 parameters in excess N/A N/A N/A 1.5 (0.0 to 3.0)

Different symbols (†, ‡, §, ¶, **, ††) within a row indicate significant differences in the proportion of ultraprocessed and processed products identified 
as unhealthy by each NPM (P<0.05).
*Food and drink identified as containing high amounts of at least one of nutrients or energy.
†P<0.05.
‡P<0.05.
§P<0.05.
¶P<0.05.
**P<0.05.
††P<0.05.
N/A, not available; NPM, nutrient profiling model.
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lights labelling system,33 which is worrying because 
labelling affects food choice and may explain the 
misalignment of UK national diet with government 
recommendations.55 56

High fat, salt, and sugar is the term for unhealthy 
products according to the FSA NPM. A consumer may 
believe that avoiding this category would ensure that 
they avoid all unhealthy products.57 Our study showed 
that the current FSA NPM 2004-05 failed to identify 
about 35-40% of processed and ultraprocessed prod-
ucts misaligned with UK dietary guidance. Even with 
the most conservative Eatwell Guide NPM (model No 1), 
>91% of processed and ultraprocessed products were
identified as containing excess saturated fat, salt, or free 
sugar according to UK dietary guidance, but only 57%
would be regulated as high fat, salt, and sugar according 
to the FSA NPM. Twenty years ago, a FSA working group 
discussed the importance of using recommended dietary
intakes to design the healthy-less healthy threshold,58 59

but the final NPM created an even distribution of' less
healthy, intermediate, and healthier choices.58 As a
result, many products that misaligned with dietary guid-
ance were exempt from regulation. The current FSA NPM 
2004-05 does not reflect the latest UK recommendations 
for free sugar and fibre.6 A 2018 revision (which incor-
porated free sugar and fibre, but which has not yet been 
implemented) still identified 25-35% fewer processed
and ultraprocessed products as unhealthy than the most 
conservative Eatwell Guide NPM (model No 1). The FSA
NPM also assumes that favourable nutrients can offset
unfavourable nutrients,60 but evidence for this assump-
tion is lacking and the UK dietary recommendations also 
do not include this advice.6 Our study may have overes-
timated the number of products identified as unhealthy
by the FSA NPM, because many food and drink cate-
gories are excluded from regulation, including savoury
pastry products, such as sausage rolls, and chocolate
based nut spreads.11 61 62 Consumers may be surprised
to learn that a diet of non-high fat, salt, and sugar prod-
ucts can have higher salt, free sugar, and saturated fat
content than the UK government recommends.

Excess energy based on UK dietary guidance as an 
individual parameter identified as unhealthy about 
70-75% of all processed and ultraprocessed products. 
These findings are consistent with previous evidence 
indicating that processed and ultraprocessed products 
in the UK and elsewhere are energy dense and hyper-
palatable,33 both mechanisms potentially driving excess 
consumption.63 The use of energy density as a criterion 
must carefully consider which items are in scope, to 
avoid potentially healthy food being unduly regulated 
(eg, minimally processed foods, such as unsalted nuts, 
would be captured with this criterion).

Implications of this study
Our results showed that UK government guidance 
robustly captures unhealthy food, but also highlights 
the major inconsistencies between the current systems 
for identifying unhealthy food products in the UK, even 

compared with the most conservative NPM based on 
the Eatwell Guide.44 45 More than 90% of processed 
and ultraprocessed products are unhealthy according to 
current UK dietary guidance,64 which may explain why 
public adherence to this guidance is poor. Only 0.1% of 
individuals adhere to the nine Eatwell Guide recommen-
dations,65 and average intakes of free sugar, saturated 
fat, and salt exceed recommendations66 67 while average 
intakes of fruit, vegetables, and fibre are below recom-
mendations.66 68 69 Examples of products that change 
from not being unhealthy, according to the FSA NPM 
or the traffic lights labelling system, to being identified 
as unhealthy by the new Eatwell Guide NPMs, include 
ultraprocessed ready-to-eat or ready-to-heat meals, 
sandwiches, and fast food.

Improving UK public health requires a change in 
diets towards increased consumption of healthy mini-
mally processed food. This change requires consistent, 
objective, and valid systems for identifying unhealthy 
and healthy products to help governments effectively 
regulate unhealthy food and promote healthy food. 
This study showed that current UK systems used in food 
policy (traffic lights labelling system and FSA NPM) are 
insufficient to support this change because the systems 
do not identify a significant proportion of products iden-
tified as unhealthy according to UK dietary guidance.

We do not propose a specific policy. Changes in defi-
nitions of unhealthy food products have far reaching 
consequences and require careful independent eval-
uation. This study has implications for policy because 
the findings highlight the large regulatory loopholes 
in, and incoherence between, the current systems, and 
the possible benefit for all stakeholders in having one 
system, with agreed thresholds aligned with UK dietary 
guidance, to identify unhealthy products for policy and 
regulation.

Strengths and limitations of this study
The strengths of our study include the nationally repre-
sentative food and drink supply for the UK with the most 
up-to-date food composition data. Also, the new NPMs 
were constructed based on well evidenced UK dietary 
guidance and were comparable with the FSA NPM 
and the traffic lights labelling system in terms of nutri-
ents of consideration. A consistent database assessing 
processed and ultraprocessed products provided a 
sensitive approach to capture a representative selec-
tion of products to compare the relative performance of 
each NPM. The new Eatwell Guide NPMs in this analysis 
directly aligned with current best evidence for dietary 
guidance by applying diet level nutrient recommenda-
tions scaled proportionally to food and drink.

Limitations of our study include the use of the Nova 
classification. The Nova classification is widely used, but 
is not without limitations and criticisms.22 23 We used the 
Nova classification to identify processed and ultrapro-
cessed products in a nationally representative food and 
drink database as a proxy for prepacked products that 
offered sensitivity over specificity, similar to previous 
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food database analyses based on the FSA NPM,32 and to 
directly investigate untested claims that ultraprocessed 
products are already well described by existing legisla-
tion.23–25 We evaluated processed and ultraprocessed 
products with all of the NPMs to compare the relative 
performance of different nutrient profiling models 
with a representative product list. Hence this approach 
ensured consistency in comparing nutrient profiling 
models in identifying unhealthy products across the 
same number of items. Although this approach effi-
ciently excluded exempt non-prepacked items, and is 
also the approach used by the Pan American Health 
Organization for identifying unhealthy items, the total 
number and range of products classified as unhealthy 
by the FSA NPM, as currently used in the real world, may 
be overestimated. We would expect minimal differences, 
however, in the relative proportion of items identified 
as unhealthy between the NPMs. This approach also 
offered consistency in investigating the second aim of 
assessing the proportion of ultraprocessed products 
captured by existing tools, as a subset of this product 
list. This approach resulted in minimally processed 
foods (MPF) not being tested in the analysis. Although 
including minimally processed foods may have been 
a useful reference of how well the NPMs discriminate 
between foods, and is a consideration for a future anal-
ysis, minimally processed foods were out of scope of the 
aims of this study.

The traffic lights labelling system can in theory be 
applied to any prepacked products, but because label-
ling is voluntary, many products that have excessive 
nutrients-to-limit are not labelled in the real world, 
but would be captured in our analysis. Furthermore, 
although assessing processed and ultraprocessed 
products provides a sensitive approach in identifying a 
representative selection of items to compare the relative 
performance of NPMs, this study does not propose this 
as the definitive list of items that should be regulated.

Prepacked items (ie, ultraprocessed and processed 
products) are, on average, more energy dense than 
minimally processed foods,33 and are often made by 
methods that increase energy density (removing water). 
Therefore, the application of the Eatwell Guide NPM 
that includes energy density would likely be expected 
to perform better than the traffic lights labelling system. 
NPM1 and NPM2, however, which do not assess energy 
density, were superior to the traffic lights labelling 
system and both FSA NPMs which consider energy 
density, although within a compensatory algorithm. The 
energy density component of NPM3 was from dietary 
guidelines from Food Standards Scotland and based on 
the Eatwell Guide and the dietary recommendations of 
the Scientific Advisory Committee on Nutrition, but is 
not widely implemented across the whole of the UK.

Conclusions
Food and drink products with excess content of harmful 
nutrients, according to UK government dietary guidance, 
were not identified by current systems for regulating 

UK food and drink products. Our new NPMs, based on 
current UK government dietary guidance, identified as 
unhealthy significantly greater proportions of processed 
and ultraprocessed products than the FSA NPM and the 
front-of-pack traffic lights labelling system.
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