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Ultra-processed foods  and  adverse health effects: 

many mechanistic hypotheses - including glycation -

but what is the scientific evidence?

Frédéric J TESSIER
Professor, Analytical Chemistry, Nutrition, Maillard reaction & glycation

INSERM U1167, School of medicine, Lille University, France



For more than four decades a nutritional transition has been

observed across the world, indicating the evolution of eating habits

from ancestral diets to less balanced ones, richer in calories.

This trend shows evidence of a link to the rise in obesity,

and of metabolic diseases.



The recent introduction of a new food classification, NOVA*, 

is reopening the debate 

on the impact of our changing diet on health. 

*Monteiro et al., 2010



Front. Nutr., Sec. Nutrition and Metabolism, Volume 9 - 2022 

A food classification system developed by Carlos Monteiro et al. 

at the University of Sao Paulo, Brazil (Monteiro et al., 2010).



June 5, 2023

Twenty years ago, no-one had heard of the term ultra-processed foods 

but about half the things we now eat in the UK are made that way. 



The Guardian

February 13, 2020

Cheap

Attractive

Convenient



By singling out “ultra-processed” foods, NOVA, in my opinion, 

is just repeating what has been scientifically observed for decades. 

Junk food

Empty calories

Energy dense food

“Bad” nutrition profile

Low fiber foods

High glycemic index

Obesogenic foods

Well known 

determinants 

of chronic 

disease risk



Increased risk of cancer,

in particular, is attributed

to the consumption of UPFs

in some studies

Other scientists consider 

the low nutritional value of these foods

is not the only reason for the health issues

but rather, that “elements” arising from the 

industrial transformation of the food are the cause. 





Our findings show that higher consumption of ultra-processed foods is

associated with a greater risk of overall cancer and specifically ovarian

and brain cancer, …

These associations persisted after adjustment for a range of socio-

demographic, smoking status, physical activity, and key dietary factors.

EClinicalMedicine 2023;56:101840. 

This UK-based cohort study recruited participants (40–69 years) who 

completed 24-h dietary recalls between 2009 and 2012 (n = 197 426, 

55% women) and were followed up until Jan 31, 2021



This study suggests that the replacement of processed and ultra-processed 

foods and drinks with an equal amount of minimally processed foods might 

reduce the risk of various cancer types. 

Most of the associations (UPFs-Cancer) remained significant when models were 

additionally adjusted for BMI….dietary intake, and quality.

Lancet Planet Health 2023;7(3):e219-e232.

EPIC cohort study recruited participants between 1991 and 2001, from 23 

centres in ten European countries. 450 111 were included in this analysis

(71% participants were female individuals)



Positive association

Correlation

Increase risk

of cancer

Causal relationship?

NO scientific evidence,

NO mechanistic explanation, 

JUST some hypothesis



EClinicalMedicine 2023;56:101840. 

Besides their poorer nutritional composition, UPFs may additionally 

increase cancer risk through neo-formed contaminants during 

industrial processing, use of some controversial food additives, and 

certain materials of packaging implicated in exhibiting carcinogenic 

and/or endocrine disrupting properties.

UK biobank study

Lancet Planet Health 2023;7(3):e219-e232.

Intake of ultra-processed foods might increase cancer risk through 

obesogenic properties and reduced nutritional value, 

as well as through exposure to food additives 

and neoformed processing contaminants

(heterocyclic amines, polycyclic aromatic hydrocarbons, acrylamide)

EPIC cohort study

What are the hypothesis?



The presence of 

neoformed contaminants (NFCs) 

in Ultra-processed foods

is often suggested as a potential cause. 



Neo-formed compounds (NFCs) are commonly found in all 

kinds of foods due to the complex reaction between 

components during processing. 

Acrylamide, benzo(a)pyrene and heterocyclic amines

are the main types of NFCs in foods enriched 

with carbohydrate, fats and proteins, respectively. 

They have exhibited diverse toxicity, such as neurotoxicity, 

genotoxicity, potentially carcinogenic and reproductive toxicity.

Zhao et al. , Food Chem Toxicol. 2017, 108:392-406

What is a neo-formed compound (NFC) ?



Amino acids
Simple 

carbohydrates+ =

Reaction studied, a little over a hundred years ago, 

by Louis Camille Maillard. Action des acides aminés sur les 

sucres: formation des mélanoïdines par voie méthodique. 1912, 

C.R. Academy Sciences 154, 66–68.

1912

The Maillard reaction

(glycation)



Acrylamide

dAGEs

Benzo-a-pyrene

(other PAHs)

Heterocyclic Amines 

(HCAs)

Furane



Health effect (risk) of dietary acrylamide

Acrylamide is Classified “2A” 

Probably carcinogen to 

humans (1994)

A multi-organ carcinogen (rodents) : 

tumors in lungs, uterus, skin, brain…

Currently, studies on human

subjects have provided limited

and inconsistent evidence of

increased risk of developing

cancer.

However, studies on laboratory

animals have shown that

exposure to acrylamide through

the diet increased the likelihood

of developing gene mutations

and tumours in various organs.



Acrylamide mainly formed in :

Roasted,

Fried,

Baked foods

And not typically found in :

Microwaved,

Steamed,

Boiled foods

Home 

cooked 

foods

Industrially 

(ultra)processed 

foods 50% 50%

Very little information is available on acrylamide

concentrations in home-cooked foods and on the 

overall contribution of home-cooked foods to 

acrylamide exposure.

?



Dietary intake of AA was not associated

with an increased risk of pancreatic cancer

in the EPIC cohort.

Annals of Oncology 2013, 24: 2645–2651.



In the EPIC cohort, an association between estimated dietary acrylamide intake 

and an increased risk of developing EC was observed in the middle quartiles but 

not in the highest quartile; 

however, results from other larger cohorts or consortia, and results from biomarker 

studies, might add to the evidence provided by this analysis, suggesting that 

acrylamide is not an important risk factor for Esophageal Cancer.

Cancer Causes Control, 2014;25:639-46.



British Journal of Cancer, 2014, 111, 987–997

Dietary intake of acrylamide was not associated with overall 

or type-I endometrial cancer risk;
however, positive associations with type I were observed in women who were both 

non-users of OCs and never smokers



Int. J. Cancer: 2016, 138, 1129–1138

Hemoglobin adducts of acrylamide or glycidamide were not 

associated with endometrial cancer

or type-I EC risk in 768 nonsmoking postmenopausal women 

from the EPIC cohort.



Nutrients 2021, 13, 3132

Contrary to the initial hypothesis, 

our findings suggest an inverse association 

between dAGEs and colorectal cancer risk. 



Carcinogenesis, 2021, Vol. 42, No. 5, 705–713

Although individual plasma AGEs concentrations appear to be inversely 

associated with colorectal cancer risk, a higher ratio of methylglyoxal-derived 

AGEs versus those derived from glyoxal (calculated by [CEL+MG-H1: CML] ratio) 

showed a strong positive risk association.



Heterocyclic amines (HCAs) are the carcinogenic and mutagenic chemicals 

formed from cooking muscle meats such as beef, pork, fowl, and fish. 

HCAs form when amino acids & creatine react at high cooking temperatures and 

are formed in greater quantities when meats are overcooked or blackened. 

Seventeen different HCAs resulting from the cooking of muscle meats have been 

identified, which may pose human cancer risk. (1)

(1) S.-W. Choi, J.B. Mason, in Encyclopedia of Food Sciences and Nutrition (Second Edition), 2003

Structures of selected heterocyclic amines. MeIQ, 2-amino-3,4-dimethylimidazo[4,5-f]-quinoline; MeIQx, 2-amino-3, 8-

dimethylimidazo[4,5-f]quinoxaline; DiMeIQx, 2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline; PhIP, 2-amino-1-methyl-

6-phenylimidazo[4,5-b]pyridine.

Stomach, 

Colorectal, 

Pancreatic, 

Breast 

cancers 



Genes and Environment (2021) 43:20

Since Dr. Sugimura’s discovery of heterocyclic aromatic

amines (HAA) in broiled fish, many epidemiological studies

have been conducted to investigate their role in human

cancers, often focusing on colorectal cancer. The

difficulty in measuring HAA exposure from meat and fish

intake in these studies has resulted in inconsistent

findings.



Genes and Environment (2021) 43:33

We also found that the limited and inconsistent 

findings among epidemiological studies are due 

to the difficulty in assessing exposure levels of 

HAAs. In addition to further evidence from 

prospective cohort studies in Japanese based on 

dietary HAA intake estimated by FFQs, studies 

using other methods to assess HAA exposure, such 

as biomarkers, are highly anticipated.



Bylsma and Alexander Nutrition Journal (2015) 14:125

No significant  summary 

relative risk estimates were 

observed for any of the 

meat cooking methods, 

HCA, or heme iron 

analyses



Nova classification adds little to existing nutrient profiling systems

Actually, studies on digestion, and the biological effects of NFCs show

a possible toxicity on cellular or animal models

but there is still no evidence in humans.

Further studies are needed to affirm the link with pathologies to NFCs.

“The Nova classification …rests on poorly defined food 

processes and the presence of food additives from a chemically 

heterogeneous group, easily leading to misclassification.”

Maybe Ultra-formulated but Not Ultra-processed 

A Astrup & CA Monteiro, Am J Clin Nutr 2022;00:1–7.



Philippa Roxby

Health reporter for the BBC, 28 July 2024



32

Workshop organized as a satellite event of the COST Action 927 Meeting
”Thermally Processed Foods: Possible Health Implications”

“Although (or because) excellent work on this 
topic has been published in the last couple of 

years, there is still a highly controversial debate 
on the health implications of dietary AGEs.”

M. Pischetsrieder
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