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Ultra-processed food according to the 
NOVA System

K



Monteiro CA et al, FAO;2019

The NOVA food classification system 
Unprocessed or minimally processed 

• No processing or minimal 
processing techniques, such as 

fractioning, grinding, 
pasteurisation, etc.  

Processed culinary ingredients
• Obtained from Group 1 
(pressing, extracting, etc)

• Used to season and cook 
Group 1 foods

Processed foods
• Foods made by adding group 2 to 

group 1
• Additives are present to increase 

shelf-life 

UPFs
• Industrially manufactured products + 

additives for cosmetic functions
• Addition of hydrogenated fat, 

dextrose, isolates. 

Food classification based on extent and purpose of industrial processing  

Culinary 
preparations are 
not included in 

NOVA 

Group 3Group 2Group 1 Group 4

2025-05-30

Processing level 

Diet quality 



The NOVA food classification system 
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UPFs manufacturing

Extraction of fat, sugar, starches, proteins from whole foods

Chemical processing (hydrogenation, hydrolysis, etc.)

Assembly of un- and -modified food substance (moulding, extrusion, etc.)

Addition of cosmetic additives (flavour enhancers, emulsifiers, colours, etc.)

Sophisticated, synthetic packaging 

Monteiro CA et al., Public Health Nutr. 2019 2025-05-30



Hallmarks of UPFs

Conveniency

Ready-to-
eat/heat

Unperishable Low-cost=highly 
profitable 

Responsible for 
replacing all other 

NOVA groups

Hyper-
palatability

Multitude of 
ingredients



UPFs potential health risks 

• High UPFs consumption → linked to type 2 diabetes, cardiovascular disease, 
obesity, cancer, chronic kidney disease (CKD)
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CKD

Contribute to 
development of disease 

For individuals diagnosed, 
worsen metabolic 

derangements



Hypothesis 
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Avesani CM, et al.  Clin Kidney J, 2023



Food additives and health outcomes

K



What are food additives? 

Karolinska Institutet - a medical university 30/05/2025 10

Food additives are substances used for several purposes 

Preservation/shelf-life Flavour enhancement Colours

• Sustances that are not consumed on their own or commonly used as culinary ingredients
• They can be found in both processed and ultra-processed foods (UPFs)

• European Union (EU) legislation allows food additives for 26 technological purposes
• Food additives can be added during food production, processing, packaging

The European Parliament; OJEU. 2008.



Additives in UPFs

• UPFs are formulations of ingredients often created by a serie of industrial 
processes

• Additives can be found mainly in processed and UPFs for different 
purposes
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Processed food 

UPFs

Preservatives; additives to prolong product duration 

Substances of no culinary use, cosmetic additives; 
flavour enhancers, emulsifiers, etc.

Monteiro, CA et al. 2019. Ultra-processed foods, diet quality, and health 
using the NOVA classification system. Rome, FAO. 



Food additives in UPFs 

• Food additives for cosmetic functions are a hallmark of UPFs 

• For NOVA, 12 classes of food additives with cosmetic functions as markers of UPFs

• More than 330 authorised FAs in the European Union (E-numbers, e.g., E202, E500, etc.)
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Classes of cosmetic food additives 

Flavours Flavour enhancers Colours 

Emulsifiers Emulsifying salts Sweeteners

Thickeners Anti-foaming agents Bulking agents 

Carbonating agents Foaming agents Gelling ang glazing 
agents 

Monteiro et al., Public Health Nutr, 2019
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Food additives: insights from Response-K Study

Data from bromatology 
laboratory 

Potassium (mg)

Breakfast without 
additives 

880.54

Breakfast with additives 1408.8

Data from Dietist Net 
Software

Potassium (mg)

Breakfast without 
additives 

983.5

Breakfast with additives 719.8



Concerns about food additives 
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FAs
Fas* Nitrates/ nitrites 

Etemadi, A. et al. Mortality from different causes 
associated with meat, heme iron, nitrates, and nitrites in 
the NIH-AARP Diet and Health Study: population based 
cohort study. BMJ (2017)

Song, P. et al. Dietary nitrates, nitrites, and nitrosamines 
intake and the risk of gastric cancer: a meta-
analysis. Nutrients (2015)

Quist, A. J. L. et al. Ingested nitrate and nitrite, disinfection 
by-products, and pancreatic cancer risk in 
postmenopausal women. Int. J. Cancer (2018)

Hosseini, F. et al. Nitrate-nitrite exposure through drinking 
water and diet and risk of colorectal cancer: a 
systematic review and meta-analysis of observational 
studies. Clin. Nutr. (2020)

Nitrates/ nitrites 

Chazelas E. et al. Nitrites and nitrates from food additives 
and natural sources and cancer risk: results from the 
NutriNet-Santé cohort. Int J Epidemiol (2022)*Food additives



Concerns about food additives 
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FAs
FAs Carrageenans

Bhattacharyya, S. et al. Exposure to the common food 
additive carrageenan leads to glucose intolerance, 
insulin resistance and inhibition of insulin signalling
in HepG2 cells and C57BL/6J mice. Diabetologia (2012)

Bhattacharyya, S. et al. Common food additive 
carrageenan inhibits proglucagon expression and 
GLP-1 secretion by human enteroendocrine L-cells. Nutr. 
Diabetes (2024)



Concerns about food additives 
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FAs
FAs

Ataseven, N., Yüzbaşıoğlu, D., Keskin, A. Ç. & Ünal, F. 
Genotoxicity of monosodium glutamate. Food Chem. 
Toxicol (2016)

He, K. et al. Consumption of monosodium glutamate in 
relation to incidence of overweight in Chinese adults: 
China Health and Nutrition Survey (CHNS). Am. J. Clin. Nutr.
(2011)

Chakraborty, S. P. Patho-physiological and toxicological 
aspects of monosodium glutamate. Toxicol. Mech. 
Methods (2018)

Glutamate

Hasenböhler A. et al. Food additive monosodium glutamate 
and risk of cardiovascular diseases - NutriNet-Santé 
cohort, Eur J Public Health (2024)



Concerns about food additives 
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FAs
FAs

Hagiwara, A. et al. A thirteen-week oral toxicity study of 
annatto extract (norbixin), a natural food color extracted 
from the seed coat of annatto (Bixa orellana L.), in 
Sprague-Dawley rats. Food Chem. Toxicol. (2003)

Uysal, H. et al. The hazardous effects of three natural food 
dyes on developmental stages and longevity 
of Drosophila melanogaster. Toxicol. Ind. Health. (2015)

Bixin



Concerns about food additives 
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FAs
FAs

Bandyopadhyay, A. et al. Genotoxicity testing of low-calorie 
sweeteners: aspartame, acesulfame-K, and saccharin. Drug 
Chem. Toxicol. (2008)

Azad, M. B. et al. Nonnutritive sweeteners and 
cardiometabolic health: a systematic review and meta-
analysis of randomized controlled trials and prospective cohort 
studies. CMAJ (2017)

Artificial 
sweeteners 

Suez, J. et al. Artificial sweeteners induce glucose 
intolerance by altering the gut 
microbiota. Nature (2014).

Soffritti, M. et al. Sucralose administered in feed, beginning 
prenatally through lifespan, induces hematopoietic 
neoplasias in male swiss mice. Int. J. Occup. Environ. (2017)

Abou-Donia, M. B. et al. Splenda alters gut microflora and 
increases intestinal p-glycoprotein and 
cytochrome p-450 in male rats. J. Toxicol. Environ. Health 
Part A (2008).



Concerns about food additives 
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FAs
FAs

Ritz, E. et al. Phosphate additives in food-a health 
risk. Dtsch. Arztebl. Int. (2012).

McCarty, M. F. et al. Bioavailable dietary phosphate, a 
mediator of cardiovascular disease, may be decreased 
with plant-based diets, phosphate binders, niacin, and 
avoidance of phosphate additives. Nutrition (2014).

Phosphates



Concerns about food additives 
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FAs
FAs

Chassaing, B. et al. Dietary emulsifiers impact the mouse gut 
microbiota promoting colitis and metabolic 
syndrome. Nature (2015).

Viennois, E. et al. Dietary Emulsifier-induced low-grade 
inflammation promotes colon carcinogenesis. Cancer 
Res. (2017).

Emulsifiers

Viennois, E. et al. Dietary emulsifiers directly impact 
adherent-invasive E. coli gene expression to drive 
chronic intestinal inflammation. Cell Reports (2020).

Salame C. et al. Food additive emulsifiers and the risk of type 2 
diabetes: analysis of data from the NutriNet-Santé 
prospective cohort study. Lancet Diabetes Endocrinol (2024) 

Sellem, L. et al. Food additive emulsifiers and cancer risk: 
Results from the French prospective NutriNet-Santé 
cohort. PLoS medicine (2024)

Sellem, L. et al. Food additive emulsifiers and risk of 
cardiovascular disease in the NutriNet-Santé cohort: 
prospective cohort study. BMJ (2023)

Furuhashi, H. et al. Dietary emulsifier polysorbate-80-induced 
small-intestinal vulnerability to indomethacin-induced 
lesions via dysbiosis. J Gastroenterol Hepatol (2020).



Concerns about food additives 
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FAs
FAs

Leo, L. et al. Occurrence of azo food dyes and their effects 
on cellular inflammatory responses. Nutrition (2018).

Colours/dyes 

Kraemer M. et al. Food additives in childhood: a review on 
consumption and health consequences. Rev Saude Publica
(2022)

Sasaki, Y. F. et al. The comet assay with 8 mouse organs: 
results with 39 currently used food additives. Mutat. 
Res. (2002). 



Summarising…

FAs have been linked to
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• Mortality
• Cancers 
• Cardiometabolic alterations
• Gut microbiota alterations 
• Endocrine alterations
• Inflammation
• Oxidative stress



Concerns about food additives 
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Concerns about food additives 
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• Population: 106,489 adults (69% 
women) mean age 42.9 years

• Methodology: 24-hour dietary records 
over the first two years of follow-up, 
detailing all consumed foods and 
beverages, including brand information

• This data was cross-referenced with 
three large-scale composition 
databases to identify the presence and 
quantity of 90 specific food additives

• 48 additives were consumed by more 
than 10% of participants (modified 
starches and citric acid were consumed 
by over 90% of the cohort)

Commonly consumed FAs with potential health concerns:
•Several additives with potential adverse health effects have 
been suggested by recent experimental studies, were widely 
consumed:

• Lecithins: 86.6% of participants
• Mono- and diglycerides of fatty acids: 78.1%
• Carrageenan: 77.5%
• Sodium nitrite: 73.9%
• Di-, tri-, and polyphosphates: 70.1%
• Potassium sorbate: 65.8%
• Potassium metabisulphite: 44.8%
• Acesulfame K: 34.0%
• Cochineal: 33.9%
• Potassium nitrate: 31.6%
• Sulfite ammonia caramel: 28.8%
• Bixin: 19.5%
• Monosodium glutamate: 15.1%
• Sucralose: 13.5%



Food additives and the gut microbiome

Whelan et al, Nature Reviews Gastroenterology & Hepatology, 2024 Courtesy of Carla Avesani 

• Increase in 
lipopolysaccharide, 
metabolites = alteration of 
gut microbiome 

• Higher permeability 
• Inflammation



Food additives in the context of CKD

K



Concerns about K- and P-based additives 
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Potassium bioavailability:
Food additives: 90-100%
Fruit and vegetables: 50-60%

Phosphorus bioavailability:
Food additives: 90%
Animal products: 40-60%
Plant foods: 20%-50%



Concerns about K- and P-based additives 
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Ikizler TA, et al. KDOQI clinical practice guideline for nutrition in CKD: 
2020 update. Am J Kidney Dis. 2020

Potassium 

KDIGO 2024 Clinical Practice Guideline for the Evaluation and 
Management of Chronic Kidney Disease. Stevens, P et al. Kidney 
International



Prevalence of K-, P- and Na-based additives 
• Prevalence of P-based food additives → 36% (4% dairy snacks-67% meat 

products)
• Most commonly used: lecithin (E 322), pyrophosphate (E 450), and 

triphosphate (E 451)

• Prevalence of K-based food additives → 37.6% 
• Most commonly used: E202; E252, E340, E450, E452, E508, and E950

• Prevalence of Na-based additives →53.5%
• Most commonly used: sodium carboxymethylcellulose (E466)
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Bayram, H. et al; J Food Compos Analysis. 2021.
Tuominen M, et a;. J Ren Nutr. 2022
Martinez Pineda, et al.; Nutrients 2021



Food additives in the context of chronic kidney 
disease 

• Do they worsen the metabolic complications that occur as 
kidney function declines? 

• Food processing → bioavailability 

2025-05-30 31Cecchini V et al., Eur J Clin Nutr, 2025
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• Revision of the EU regulation regarding food additives, Commission 
Regulation (EU) No. 1129/2011

• Molecular weight analysis

• 41 potassium additives, 44 phosphorus additives and 88 sodium additives 

• Different formulations are allowed in every food category 

Food additives in the context of chronic kidney 
disease 

Cecchini V et al., Eur J Clin Nutr, 2025
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Food additives in the context of chronic kidney 
disease 

Cecchini V et al., Eur J Clin Nutr, 2025



K-based additives 
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• 41 K-additives authorised in Europe
• Found the most in breaded products, meat products, non-alcoholic beverages, ready-to-eat 

products, and cereal derivatives 

Martinez Pineda, et al.; Nutrients 2021



P-based additives 
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Low content (<25% by weight) Medium content (25-39% by weight) High content (40% by weight)

E-

number

Name Formula Weight 

(%)

E-number Name          Formula Weight 

(%)

E-

number

Name   Formula Weight 

(%)

Phosphorus

E 101 

(ii)

Riboflavin-5’-

phosphate

C17H20N4NaO9P 6.4 E 338 Phosphoric acid H3PO4 31.6

E 339 

(i)

Monosodium 

phosphate

Monohydrate: 

NaH2PO4 · H2O

22.2 E 339 (i) Monosodium 

phosphate

Anhydrous: 

NaH2PO4

25.6

E 339 

(i)

Monosodium 

phosphate

Dihydrate: 

NaH2PO4 · 2H2O

19.7 E 341 (i) Monocalcium 

phosphate 

Anhydrous: 

Ca(H2PO4)2

25.9

E 339 

(ii)

Disodium 

phosphate

Na2HPO4 21.8 E 343 (i) Monomagnesium

phosphate 

Mg(H2PO4)2 27.8

E 339 

(iii)

Trisodium 

phosphate

Na3PO4 18.9 E 343 (ii) Dimagnesium 

phosphate 

MgHPO4 25.2

E 340 

(i)

Monopotassium 

phosphate

KH2PO4 22.8 E 450 (i) Disodium 

diphosphate

Na2H2P2O7 27.6

E 340 

(ii)

Dipotassium 

phosphate

K2HPO4 17.6 E 450 (ii) Trisodium 

diphosphate

Anhydrous: 

Na3HP2O7

25.1

E 340 

(iii)

Tripotassium 

phosphate

K3PO4 14.6 E 450 

(vii)

Calcium 

dihydrogen 

diphosphate

CaH2P2O7 28.4

E 341 

(i)

Monocalcium 

phosphate

Monohydrate:  

Ca(H2PO4)2 · H2O

24.3 E 451 (i) Pentasodium 

triphosphate

Na5O10P3 25.0

E 341 

(ii)

Dicalcium 

phosphate

Anhydrous:  

CaHPO4

22.3 E 541 Sodium aluminium 

phosphate, acidic

Anhydrous:

Na3Al2H15(PO4)8 

27.6

E 341 

(ii)

Dicalcium 

phosphate

Dihydrate:  

CaHPO4 · 2H2O

17.6 E 541 Sodium aluminium 

phosphate, acidic

Tetrahydrate: 

NaAl3H14(PO4)8 · 

4H2O

26.1

E 341 

(iii)

Tricalcium 

phosphate

Ca3(PO4)2 19.8

E 450 

(ii)

Trisodium 

diphosphate

Monohydrate:  

Na3HP2O7 · H2O

23.4

44 P-based additives authorised in 
the EU

Cecchini V et al., Eur J Clin Nutr, 2025



Sodium-based additives 

Sodium

E 101 

(ii)

Riboflavin-5’-

phosphate

C17H20N4NaO9

P

4.8 E 221 Sodium 

sulphite

Anhydrous

:  Na2SO3

35.9 E 339 (iii) Trisodium 

phosphate 

Na3P

O4

42.0

E 102 Tartrazine C16H9N4Na3O9

S2

11.5 E 250 Sodium nitrite NaNO2 33.0 E 500 (i) Sodium 

carbonate

Na2C

O3

43.4

E 104 Quinoline 

yellow

C18H9NNa2O8S

2

9.6 E 251 Sodium nitrate NaNO3 26.8 E 524 Sodium 

hydroxide 

NaO

H

57.5
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88 Na-based additives authorised 
in the EU

Cecchini V et al., Eur J Clin Nutr, 2025



What can we do with this knowledge?
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Action How
Assess UPF 
consumption

Use one of these: 
- 24-hour food recall.
- Dietary records.
- Food-frequency

questionnaire.
- Nova UPF screener.

Table 5: Strategies to 

address ultra-processed 

food consumption in 

chronic kidney disease 

stages 3 to 5 

Avesani CM, et al., 2025 accepted to Clin J Am Soc Nephrol
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Action How
Assess UPF 
consumption

Use one of these: 
- 24-hour food recall.
- Dietary records.
- Food-frequency

questionnaire.
- Nova UPF screener.

Table 5: Strategies to 

address ultra-processed 

food consumption in 

chronic kidney disease 

stages 3 to 5 

Avesani CM, et al., 2025 
accepted to Clin J Am Soc 

Nephrol

Identify underline 
causes for high 
UPF consumption

Perform nutrition anamneses 
asking on:
- Cooking skills and possible 

economic challenges.
- Living situation (alone or 

with others that can buy 
and prepare food).

- Physical weakness or 
fatigue that makes cooking 
difficult.

- Dietary restrictions to 
control fruits and vegetable 
intake leading to replace 
these for UPF. 
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Action How
Assess UPF 
consumption

Use one of these: 
- 24-hour food recall.
- Dietary records.
- Food-frequency

questionnaire.
- Nova UPF screener.

Table 5: Strategies to 

address ultra-processed 

food consumption in 

chronic kidney disease 

stages 3 to 5 

Avesani CM, et al., 2025 
accepted to Clin J Am Soc 

Nephrol

Work on solutions 
depending on the 
underline causes

- Engage caregivers and / or 
social workers for support if 
needed.

- Simplify cooking routines for 
promoting cooking at home.

- Assist patients and 
caregivers to make grocery 
shopping lists with products 
suitable for their clinical 
condition and food habits.

- Ease fruits and vegetable 
restrictions when medically 
appropriate.
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Action How
Assess UPF 
consumption

Use one of these: 
- 24-hour food recall.
- Dietary records.
- Food-frequency

questionnaire.
- Nova UPF screener.

Table 5: Strategies to 

address ultra-processed 

food consumption in 

chronic kidney disease 

stages 3 to 5 

Avesani CM, et al., 2025 
accepted to Clin J Am Soc 

Nephrol

Identify underline 
causes for high 
UPF consumption

Perform nutrition anamneses 
asking on:
- Cooking skills and possible 

economic challenges.
- Living situation (alone or 

with others that can buy 
and prepare food).

- Physical weakness or 
fatigue that makes cooking 
difficult.

- Dietary restrictions to 
control fruits and vegetable 
intake leading to replace 
these for UPF. 

Work on solutions 
depending on the 
underline causes

- Engage caregivers and / or 
social workers for support if 
needed.

- Simplify cooking routines for 
promoting cooking at home.

- Assist patients and 
caregivers to make grocery 
shopping lists with products 
suitable for their clinical 
condition and food habits.

- Ease fruits and vegetable 
restrictions when medically 
appropriate.

Invest on food 
literacy

- Educate patients and caregivers 
to read food labels for identifying 
food additives.

- Develop educational infographics 
on how to identify UPF and 
additives in food label.

- If needed, assist patients and 
caregivers to choose UPF with 
fewer additives containing 
potassium, phosphorus and 
sodium.

Equip healthcare 
professionals with 
knowledge about 
UPFs

Team training using teaching micro-
sessions lasting 15 minutes.
Include the discussion of UPF intake in 
the syllabus of educational courses.
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Action How
Assess UPF 
consumption

Use one of these: 
- 24-hour food recall.
- Dietary records.
- Food-frequency

questionnaire.
- Nova UPF screener.

Table 5: Strategies to 

address ultra-processed 

food consumption in 

chronic kidney disease 

stages 3 to 5 

Avesani CM, et al., 2025 
accepted to Clin J Am Soc 

Nephrol

Identify underline 
causes for high 
UPF consumption

Perform nutrition anamneses 
asking on:
- Cooking skills and possible 

economic challenges.
- Living situation (alone or 

with others that can buy 
and prepare food).

- Physical weakness or 
fatigue that makes cooking 
difficult.

- Dietary restrictions to 
control fruits and vegetable 
intake leading to replace 
these for UPF. 

Work on solutions 
depending on the 
underline causes

- Engage caregivers and / or 
social workers for support if 
needed.

- Simplify cooking routines for 
promoting cooking at home.

- Assist patients and 
caregivers to make grocery 
shopping lists with products 
suitable for their clinical 
condition and food habits.

- Ease fruits and vegetable 
restrictions when medically 
appropriate.

Invest on food 
literacy

- Educate patients and caregivers 
to read food labels for identifying 
food additives.

- Develop educational infographics 
on how to identify UPF and 
additives in food label.

- If needed, assist patients and 
caregivers to choose UPF with 
fewer additives containing 
potassium, phosphorus and 
sodium.

Equip healthcare 
professionals with 
knowledge about 
UPFs

Team training using teaching micro-
sessions lasting 15 minutes.
Include the discussion of UPF intake in 
the syllabus of educational courses.

Differentiate among 
UPFs with higher 
versus lower risk for 
driving to metabolic 
derangements

UPF with higher risk: processed 
meats (luncheon meats), instant 
noodles, chips with artificial flavors, 
sweetened beverages (carbonated 
and non-carbonated sodas, fruits 
drinks not coming from 100% fruits 
juices, and sports drinks), packaged 
heat mixed dishes and ready-to-eat 
dishes and refined breads.

UPF with lower risk: Dark and whole 
grain breads, yoghurts not artificially 
flavored, spreads, non-dairy sweet 
and snacks. 

Part of ready-to-eat dishes are not 
UPF as long as they are made from 
whole food and do not contain food 
additives.



• 24-hour food recalls classified 
according to NOVA (n=78)

• Significant reduction in UPF 
intake after the medically 
tailored food basket

2025-05-30Avesani CM et al., Am J Clin Nutr, 2024

What do we do with this knowledge?



Educational leaflets 
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Conclusions

• Exact amount of additives in foods is unknown:
• Nutritional labels do not feature K and P content → unknown quantity in final 

products
• Mandatory labelling 
• Future studies exploring which additives are detrimental to health, in which 

doses, and the role of UPFs’ composition in these associations
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