N
N

N

HAL

open science

Ultra-processed foods and adverse health effects: many
mechanistic hypotheses - including glycation - but what

is the scientific evidence?

Frederic J. Tessier

» To cite this version:

Frederic J. Tessier. Ultra-processed foods and adverse health effects: many mechanistic hypotheses -
including glycation - but what is the scientific evidence?. IMARS15, International Maillard Reaction

Society (IMARS), Sep 2024, Maastricht, Netherlands. hal-04761684

HAL Id: hal-04761684
https://hal.science/hal-04761684v1
Submitted on 31 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04761684v1
https://hal.archives-ouvertes.fr

Glycation in food, health and disease

16 - 19 September 2024
Maastricht | The Netherlands

Ultra-processed foods and adverse health effects:
many mechanistic hypotheses - including glycation -
but what is the scientific evidence?

Maastricht, 17/09/2024

Frédéric J TESSIER

Professor, Analytical Chemistry, Nutrition, Maillard reaction & glycation

INSERM U1167, School of medicine, Lille University, France

ufrgg?,, (L goversite iy nserm  RID-AGE  Cexoacemnc (@



For more than four decades a has been
observed across the world, indicating the evolution of eating habits
from ancestral diets to less balanced ones, richer Iin calories.
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This trend shows 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



NOVA Food classification

Processed culinary
ingredients

_These are obtained from

‘minimally processed foods
and used to season, cook

and create culinary dishes.

A food classification system developed by Carlos Monteiro et al.
at the University of Sao Paulo, Brazil (vonteiro et al., 2010).

Front. Nutr., Sec. Nutrition and Metabolism, Volume 9 - 2022
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Could ultra-processed foods be
harmful for us?

8 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.
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By singling out “ultra-processed” foods, NOVA, in my opinion,
IS just repeating what has been scientifically observed for decades.
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Junk food
Empty calories
Energy dense food
“Bad” nutrition profile
Low fiber foods
High glycemic index
Obesogenic foods
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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.

Increased risk of cancer,

In particular, is attributed

to the consumption of UPFs
In some studies







biobank

This UK-based cohort study recruited participants (40—69 years) who
completed 24-h dietary recalls between 2009 and 2012 (n = 197 426,

Ultra-processed food consumption, cancer risk and cancer
mortality: a large-scale prospective analysis within the UK

Biobank

Kiara Chang,™* Marc ). Gunter,” Femanda Rauber,”” Renata B. Levy,"” Inge Huybrechts,” Nathalie Kiemann,” Christopher Millett,* and

Eszter P. Vamos®

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

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.



@l’.]ﬂ Food processing and cancer risk in Europe: results from the
prospective EPIC cohort study

Nathalie Kliemann, Fernanda Rauber, Renata Bertazzi Levy, Vivian Viallon, Eszter P Vamos, Reynalda Cordova, Heinz Freisling,

Corinne Casagrande, Genevieve Nicolas, Dagfinn Aune, Konstantinos K Tsilidis, Alicia Heath, Matthias B Schulze, Franziska Jannasch,
Bernard Srour, Rudolf Kaaks, Miguel Rodriguez-Barranco, Giovanna Tagliabue, Antonio Agudo, Salvatore Panico, Eva Ardanaz,
Maria-Dolores Chirlaque, Paolo Vineis, Rosario Tumino, Aurora Perez-Cornago, Julie Lovise Munk Andersen, Anne Tjenneland, Guri Skeie,

Flisabete Weiderpass, Carlos Augusto Monteiro, Marc | Gunter, Christopher Millett, Inge Huybrechts

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)

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.



Positive association
Correlation

E——)

Increase risk
of cancer
Causal relationship?

NO scientific evidence,
NO mechanistic explanation,
JUST some hypothesis



What are the hypothesis?

-

biobank
N

UK biobank study

Besides their poorer nutritional composition, UPFs may additionally

Increase cancer risk through
. use of some controversial food additives, and

certain materials of packaging implicated in exhibiting carcinogenic
and/or endocrine disrupting properties.
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EPIC cohort study

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
(heterocyclic amines, polycyclic aromatic hydrocarbons, acrylamide)

J

EClinicalMedicine 2023;56:101840. Lancet Planet Health 2023;7(3):e219-e232.



The presence of
neoformed contaminants (NFcs)
In Ultra-processed foods
IS often suggested as a potential cause.



What is a neo-formed compound (NFC) ?

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,

M gecnotoxicity, potentially carcinogenic and reproductive toxicity.

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



Reaction studied, a little over a hundred years ago,

1912 by Louis Camille Maillard. Action des acides aminés sur les
sucres: formation des mélanoidines par voie méthodique. 1912,
C.R. Academy Sciences 154, 66—68.

ARG SEle + carbohydrates —

The Maillard reaction
(glycation)




Acrylamide

Furane

Heterocyclic Amines
(HCAS)

Benzo-a-pyrene
(other PAHS)



Health effect (risk) of dietary acrylamide

@rnatiunal Agency for Research on Ea&

@ World Health
/¢ Organization

Acrylamide is Classified “2A”
Probably carcinogen to
humans (1994)

A multi-organ carcinogen (rodents)
tumors in lungs, uterus, skin, brain...
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efsam
European Food Safety Authority
Currently, studies on
have provided limited
and inconsistent evidence of
Increased risk of developing
cancer.
However, studies on
have shown that
exposure to acrylamide through
the diet increased the likelihood

of developing gene mutations
and tumours in various organs.
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Very little information is available on acrylamide
concentrations in home-cooked foods and on the
overall contribution of home-cooked foods to

acrylamide exposure. ?

Industrially Home
(ultra)processed cooked
foods 50% foods
Acrylamide mainly formed in : And not typically found in :
Roasted, Microwaved,
Fried, Steamed,

Baked foods Boiled foods

Acrylamide



Dietary intake of acrylamide and pancreatic cancer risk
in the European Prospective Investigation into Cancer

and Nutrition (EPIC) cohort NH
M. Obén-Santacana’, N. Slimani, L. Lujan-Barroso’, N. Travier!, G. Hallmans?, H. Freisling?, P. Ferrari?, /\[f 2

M. C. Boutron-Ruault>87, A, Racine®8.7, F. Clavel®®7, C. Saieva®, V. Pala®, R. Tumino'®, A. Mattiello!’,

P. Vineis'213, M. Arglielles'4, E. Ardanaz'>'6, P. Amiano'®'7, C. Navarro'618.19 M. J. Sanchez'6-20, O
E. Molina Montes'®20, T, Key?!, K.-T. Khaw?2, N. Wareham?3, P. H. Peeters?425, A, Trichopoulou®®-27, .
C. Bamia?8, D. Trichopoulos?72523, H, Boeing™, R. Kaaks®', V. Katzke®!, W. Ye32.33, M. Sund®, Acrylamide

U. Ericson®®, E. Wirfalt®, K. Overvad®, A. Tjenneland®®, A. Olsen38, G. Skeie®?, L. A. Asli®?,
E. Weiderpass®4041 E. Riboli?®, H. B. Bueno-de-Mesquita*243." & E. J. Duell'.™

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.



Dietary intake of acrylamide and esophageal cancer
risk in the European Prospective Investigation into

Cancer and Nutrition cohort

Leila Lujan-Barroso ', Carlos Alberto Gonzalez, Nadia Slimani, Mireia Obdn-5antacana, Pietro Ferrari,
Heinz Freisling, Kim Overvad, Frangoise Clavel-Chapelon, Marie-Christine Boutron-Ruault,
Antoine Racine, Verena Katzke, Tilman Kiithn, Anne Tjgnneland, Anja Qlsen, J Ramon Quirds,

In the EPIC cohort, an association between estimated
and an increased risk of developing EC was observed in the middle quartiles but

not in the highest quartile;
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O
Acrylamide

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

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



Dietary intake of acrylamide and endometrial
cancer risk in the European Prospective

L o L J L ] L NH
Investigation into Cancer and Nutrition /\[( .
cohort o)

M Obén-Santacana’, R Kaaks?, N Slimani®, L Lujan-Barroso’, H Freisling®, P Ferrari®, L Dossus™*”, Acrylamide

N Chabbert-Buffet®®’#, L Baglietto”'?, R T Fortner?, H Boeing'', A Tjenneland'?, A Olsen'?, K Overvad'3,
V Menéndez'® E Molina-Montes‘s, N Larraﬁaga‘s"b, M-D Chirlaquew'”, E Ardanaz’s'ja, K-T Khaww,

N Wareham??, R C Travis?', Y Lu®?, M A Merritt>?, A Trichopoulou”'z“, V Benetou?®, D Trichopoulosz3'2"'26,
C Saieva?’, S Sieri*®, R Tumino??, C Sacerdote®*!, R Galasso®?, H B Bueno-de-Mesquita®*3*3°, E Wirfalt®¢,
U Ericson®’, A 1dahl®*®**?, N Ohlson®®, G Skeie*', | T Gram®', E Weiderpass®'#2*344 N C Onland-Moret**,

E Riboli*? and E J Duell™’

Dietary intake of acrylamide was not associated with overall

or type-l endometrial cancer risk;
however, positive associations with type | were observed in women who were both
non-users of OCs and never smokers

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



Acrylamide and glycidamide hemoglobin adduct levels and
endometrial cancer risk: A nested case-control study in
nonsmoking postmenopausal women from the EPIC cohort NH,

Mireia Obon-Santacana’, Heinz Freisling?, Petra H. Peeters™, Leila Lujan-Barroso®, Pietro Ferrari?,
Marie-Christine Boutron-Ruault®®’, Sylvie Mesrine®*’, Laura Baglietto®”, Renee Turzanski-Fortner'®, Verena A. Katzke'® 0
Heiner Boeing'’, J. Ramon Quirds**, Elena Molina-Portillo’***, Nerea Larranaga®*'®, Maria-Dolores Chirlaque“'""” B .
Aurelio Barricarte®*'®? Kay-Tee Khaw’®, Nick Wareham??, Ruth C. Travis®!, Melissa A. Mermitt*, Marc |. Gunter®, GlVC|damlde
Antonia Trichopoulou??, Pagona Lagiou®?**, Androniki Naska®?**, Domenico Palli**, Sabina Sieri’®, Rosario Tumino?®,
Valentina Fiano®’, Rocco Galassom®®, H. B(as) Bueno-de-Mesquita“**?*??, N. Charlotte Onland-Moret’?,

Annika Idah!®®**, Eva Lundin”®, Elisabete Weiderpass’®?"*** Hubert Vesper*®, Elio Riboli* and Eric |. Duell’

Hemoglobin adducts of acrylamide or glycidamide were not
associated with endometrial cancer

or type-l EC risk in 768 nonsmoking postmenopausal women
from the EPIC cohort.

Int. J. Cancer: 2016, 138, 1129-1138



Dietary Advanced Glycation End-Products and Colorectal
Cancer Risk in the European Prospective Investigation into
Cancer and Nutrition (EPIC) Study

Elom K. Aglago ! Ana-Lucia Mayén ! Viktoria Knaze %, Heinz Freisling 11, Veronika Fedirko ?,

David J. Hughes ‘O, Li Jiao 300, Anne Kirstine Eriksen ®, Anne Tjonneland 612, Marie-Christine Boutron-Ruault 7%,
Joseph A. Rothwell 7.8 Gianluca Severi 7#?, Rudolf Kaaks '°, Verena Katzke '°, Matthias B. Schulze 120,

Anna Birukov "', Domenico Palli ", Sabina Sieri '*", Maria Santucci de Magistris 15 Rosario Tumino 6,
Fulvio Ricceri 7%, Bas Bueno-de-Mesquita » Jeroen W. G. Derksen 2000, Guri Skeie 2117, Inger Torhild Gram 2P,
Torkjel Sandanger 2!, J. Ramon Quirés ??, Leila Lujan-Barroso 2, Maria-Jose Sanchez 24.25.26.27_ Pilar Amiano 2428,
Maria-Dolores Chirlaque .2 Aurelio Barricarte Gurrea 243031 Ingegerd Johansson 20, Jonas Manjer 334
Aurora Perez-Cornago 35 Elisabete Weiderpass 3600, Marc J. Gunter 1 Alicia K. Heath ¥,

Casper G. Schalkwijk ** and Mazda Jenab ***

Contrary to the initial hypothesis,
our findings suggest an inverse association
between dAGEs and colorectal cancer risk.

Nutrients 2021, 13, 3132



Plasma concentrations of advanced glycation end-

products and colorectal cancer risk in the EPIC study

Elom K.Aglago'”, Casper G.Schalkwijk? Heinz Freisling’”, Veronika Fedirko?’,
David J.Hughes? Li Jiao®, Christina C.Dahm®, Anja Olsen®’",

Anne Tjgnneland’®*, Verena Katzke®*, Theron Johnson®°, Matthias B.Schulze®
Krasimira Aleksandrova!'?, Giovanna Masala®?**, Sabina Sieri***, Vittorio Simeon?®s,
Rosario Tumino®*, Alessandra Macciotta'’, Bas Bueno-de-Mesquita®, Guri Skeie?,
Inger Torhild Gram®~, Torkjel Sandanger®, Paula Jakszyn?%!,

Maria-Jose Sanchez?22243 Pijlar Amiano?+% Sandra M.Colorado-Yohar®#-2
Aurelio Barricarte Gurrea®2%*, Aurora Perez-Cornago®’, Ana-Lucia Mayén!,
Elisabete Weiderpass®***, Marc J.Gunter?, Alicia K.Heath*® and Mazda Jenab*"

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 | ] ratio)
showed a strong positive risk association.

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



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)

NH; NH

N::<N—CH3 HAC N N::<N—GH3
& f’ \E Ej Stomach,
XN Sy Colorectal,

Pancreatic,
W o Breast

HiC~ N N—C" = N cancers

T

Structures of selected heterocyclic amines. MelQ, 2-amino-3,4-dimethylimidazo[4,5-f]-quinoline; MelQx, 2-amino-3, 8-
dimethylimidazo[4,5-f]quinoxaline; DiMelQx, 2-amino-3,4,8-trimethylimidazo[4,5-flquinoxaline; PhIP, 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine.

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



The role of heterocyclic aromatic amines in
colorectal cancer: the evidence from
epidemiologic studies

Loic Le Marchand

Since Dr. Sugimura’s discovery of heterocyclic aromatic
amines (HAA) in broiled fish, many epidemiological studies
have been conducted to investigate their

, often focusing on . The
difficulty in measuring HAA exposure from meat and fish
Intake In these studies has resulted in inconsistent
findings.

Genes and Environment (2021) 43:20



Dietary heterocyclic aromatic amine intake
and cancer risk: epidemiological evidence
from Japanese studies

Motoki Iwasaki' ® and Shoichiro Tsugane”

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.

Genes and Environment (2021) 43:33



A review and meta-analysis of prospective
studies of red and processed meat, meat
cooking methods, heme iron, heterocyclic
amines and prostate cancer

Lauren C. Bylsma' and Dominik D. Alexander '

HCA Study name RateLower Upper Rate ratio and 85% CI
ratio limit  limit

B(O)P Croan 2005 oM 078 112
Koutos 2008 0% 07 118

Snba 2008 108 100 118

SRRE = 161 090 114

DiMelQx Cross 2006 0cs 01 1%
Kontros 2008 110 0803 152

Sander 2011 0S8 0467 148

Snba 2000 100 093 108

Rohmann 2018 109 088 122

SRRE = 103 087 1098

MelQx Croas 2006 097 076 1M
Koutros 2008 115 080 147

Sander 2011 145 0B8 240

Snba 2009 0%é 088 107

Rohrmann 2015 112 100 125

SRRE » 106 09 116

Mutagenic Crous 2005 104 0BT 1M
Activity Koutros 2008 106 083 135
Rohrmann 2015 113 L0 v

SARE = 106 100 120

PhIP Cross 2008 122 107 148
Koutros 2008 14 0BE2 132

Sander 2011 0ve 048 117

Srbw 2000 100 092 109

Rohrmann 2018 106 008 Y22

SRAE = 105 096 1.4

0 02 0s 1 2 5

Docreases Risk Increases Risk

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




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.”

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

Nova classification adds little to existing nutrient profiling systems

Maybe Ultra-formulated but Not Ultra-processed



Why we might never know the truth
about ultra-processed foods

ﬂ Philippa Roxby

Philippa Roxby
Health reporter for the BBC, 28 July 2024




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

Mol. Nutr. Food Res. 2007, 51, 1069—-1070

Editorial

“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.”

32
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