Rediscover Dairy
Evidence-Based Nutrition Forum

Beyond Processing: Understanding Food, Health and Modern Nutrition

2 October 2026

Future Africa Conference Centre, University of Pretoria, South Africa

Understanding Ultra-Processed Foods:
Current Science, Classification Systems

and Food Policy

NOVA NOVA NOVA NOVA

Prof. Daniela Martini

Department of Food, Environmental and Nutritional Sciences (DeFENS)
University of Milan, Italy




Why UPF are attracting attention?

POLICY

SCIENCE

Generating evidence
and advancing knowledge

PUBLIC DEBATE

Shaping perceptions,
behaviors and demand

UPFs sit at the intersection of
science, policy and public attention.




Food Classification

0 CEREALS, CEREAL PRODUCTS AND TUBERS
pasta, bread, rice, maize, potatoes

a FRUITS AND VEGETABLES , o o o
fruit, vegetables, including low-sugar options The Underlylng |Og|C IS nutritional; each group indicates the
e R —— main role of the food within the diet.
different foods, grouped mainly by their protein role

° MILK AND DAIRY PRODUCTS
i i Foods within a group are not identical; they share nutritional

I ° ADDED FATS functions that are useful when planning the diet.

olive oil, other vegetable oils and fats

Why does this help build a complete and varied diet?

Variety including different food groups throughout the day
Complementarity ensuring different nutrient contributions

Substitution alternating foods with a similar nutritional role

Practicality translating nutrient requirements into practical behaviours



Food processing as an emerging dimension

But does food quality depend only on what a food contains?
Do we need to consider additional dimensions, or is current nutritional knowledge sufficient for
recommendations?

In recent years, a different perspective has emerged: considering the nature, extent and purpose of food
processing.

A framework to understand food processing

Three key questions

NATURE EXTENT PURPOSE

What processes To what degree For what purpose
are involved? is food transformed? is it done?




Food processing as an emerging dimension

Nutrition, Metabolism and Cardiovascular Diseases 36 (2026) 104636

Contents lists available at ScienceDirect

Nutrition, Metabolism and Cardiovascular Diseases

ELSEVIER journal homepage: www.elsevier.com/locate/nmcd

Toward a comprehensive definition of diet quality: perspectives from the e
Italian Society of Human Nutrition (SINU)

Monica Dinu ', Daniela Martini ', Sofia Lotti, Cristian Del Bo’ ©, Luca Scalfi ?, Anna Tagliabue *

Ad hoc Working Group on behalf of the Italian Society of Human Nutrition (SINU), Italy

Food processing proposed as an emerging dimension (but
with limitations)

“TRADITIONAL DIMENSIONS "
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Fig. 1. Conceptual model of DQ integrating traditional and
emerging dimensions.



The NOVA classification

Public Health Nutrition: 12(5), 729-731 doi:10.1017/51368980009005291

Invited commentary

Nutrition and health. The issue is not food, nor nutrients,

so much as processing
BEYOND NUTRIENTS AND FOODS

x» O 1 %%

! ! The most Important faCtor nOW’ When COhSIderIng NUTRIENTS FOODS DIETARY PATTERNS FOOD PROCESSING
food, nutrition and public health, is not nutrients, and is not .

What does Which food How much How, to what extent
fOOdS, so much as what is done to foodstuffs and the the food contain? is chosen? and how often? and for what purpose

has it been transformed?

nutrients originally contained in them, before they are
purchased and consumed. That is to say, the issue is food
processing—or, to be more precise, the nature, extent and
purpose of processing, and what happens to food and to us
as a result of processing.



The NOVA classification

NOVA NOVA NOVA NOVA

NOVA is a name, not an acronym.

It is a food classification system developed in 2009 by a
group of Brazilian epidemiologists (Centre for
Epidemiological Studies in Health and Nutrition, NUPENS,
School of Public Health, University of Sao Paulo, Brazil).

Group 2 Group 3

Processed Culinary Ingredients Processe d Food
L] L] L]
It classifies foods according to the nature, extent and Ty
on, cook and create culinary which have been added processed
dishes kulinary ingredients. They are

necessarily industrialized.

purpose of processing.

It divides foods into four groups.

Salt, sugar, vegetable oils, butter Bottled vegetables or meat in salt
and other fats solution, fruits in syrup or candied,
bread, cheeses, purees or pastes.

NOVA 1: unprocessed or minimally processed foods
NOVA 2: processed culinary ingredients

NOVA 3: processed foods

NOVA 4: ultra-processed foods



What are UPFs?

NOVA-1 NOVA-2
Unprocessed or minimally Processed culinary
processed foods ingredients
Edible parts of plants or animals that  Substances extracted from NOVA-1
remain whole or undergo minimal foods through pressing, refining,
alterations like cutting, drying, or grinding, or miling. Used for

freezing. No added salt, sugar, or cooking, not direct consumption.

fat.

Examples: Oils, butter, sugar, salt,
honey, starch

Examples: Fresh fruits, vegetables,
meat, eggs, milk, grains, nuts, herbs

NOVA-3
Processed
foods

NOVA-1 foods with added NOVA-2
ingredients. Simple modifications
using traditional methods such as
canning, pickling, curing, smoking or
fermentation.

Examples: Canned vegetables in
brine, fruits in syrup, artisan cheese,
freshly made bread, cured meats,

plain oat milk, soy sauce

using
chemically
modified ingredients, and cosmetic
additives. Multiple processing steps.

Industrial formulations
extracted substances,

S
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Examples:. Soft drinks, processed
meat products, instant foods,
packaged snacks, breakfast cereals,
packaged bread, flavoured soy milk

Increasing level of processing



What does NOVA classify?

‘ >
»

2009

Introduction of Group 2
(substances extracted from
foods) + small amounts of

minimally processed foods.

UPFs are typically described as having 5 or more ingredients, often
including substances not commonly used in culinary preparations.

Why 57

How many ingredients?

2010

Greater emphasis on
combining Group 2 and
Group 1 ingredients to

create ready-to-eat or ready-
to-heat products.

2016

Is this an arbitrary threshold?

2012

Itis specified that many UPF
ingredients are not normally
available for retail
purchase.

“Not commonly used in cooking”

Which cuisine?
Which country?
Which historical period?

2014

Greater emphasis on
ingredients not available at
retail and on specific
industrial processes.

2017

2015

UPFs are defined as
industrial products
composed mainly or entirely
of extracted, derived or
synthesised substances.

Formulations containing multiple ingredients, including substances
not used in culinary preparations, and additives with specific functions.

Is the required information
available?

Dietary surveys rarely capture all

details on formulation and

production.



What are UPFs?

. . . INDUSTRIAL FORMULATIONS
UPFs are industrial formulations o .
i Made through a series of industrial processes and
made mostly or entirely from techniques.

substances extracted from foods
or synthesized in laboratories,
with little or no whole foods.

SUBSTANCES OF CONCERN

Contain ingredients not commonly used in culinary
preparations (e.g., additives, flavourings, emulsifiers,
sweeteners, colors).

LITTLE OR NO WHOLE FOODS
Typically low in or devoid of whole foods and

‘ i 7 nutritionally unbalanced.
D @ [ [:::] [/
@ e ¥O

%) (o) (%

WIDESPREAD IMPACT

Highly palatable, convenient and affordable,
contributing to dietary shifts and public health concerns.

Q
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Nutritional classification vs NOVA classification

Examples of foods across the NOVA classffication

Whole wheat Oat flakes
grains (100% cereals)
NOVA NOVA
Unprocessed Unprocessed
or minimally or minimally
processed foods processed foods
&l

Less processed

Corn flakes & lMuesI} Breakfast
(with sugar or salt) (with glucose-fructose biscuits
syrup, flavours, etc.)
NOVA NOVA NOVA
Processed Ultra-processed Ultra-processed
foods foods foods

e )y

More processed

CEREALS, CEREAL PRODUCTS AND TUBERS
pasta, bread, rice, maize, potatoes

FRUITS AND VEGETABLES
fruit, vegetables, including low-sugar options

MEAT, FISH, EGGS AND LEGUMES
different foods, grouped mainly by their protein role

MILK AND DAIRY PRODUCTS
milk, yogurt, cheese

ADDED FATS
olive oil, other vegetable oils and fats

Foods belonging to the same nutritional group may fall into different NOVA groups depending on
production process and formulation.



Nutritional classification vs NOVA classification

Examples of dairy products across the NOVA classification

iced
e
- ~— AL ' e — —
Fresh milk Plain yogurt Mature cheese Yogurt Fruit yogurt Flavoured milk Processed cheese
(pasteurised) (natural) (e.g. 24 months) with sugar (with flavours, colours, (e.g. chocolate) (24-month shelf life)
additives, etc.) (with sugar, flavours, etc.)
NOVA NOVA NOVA NOVA NOVA NOVA NOVA
Unprocessed Unprocessed Processed Processed Ultra-processed Ultra-processed Ultra-processed
or minimally or minimally foods foods foods foods foods

processed foods processed foods

Less processad

e

More processed

Nutritional classification mainly describes what a food provides; NOVA mainly considers how it has been formulated and

CEREALS, CEREAL PRODUCTS AND TUBERS
pasta, bread, rice, maize, potatoes

FRUITS AND VEGETABLES
fruit, vegetables, including low-sugar options

MEAT, FISH, EGGS AND LEGUMES
different foods, grouped mainly by their protein role

MILK AND DAIRY PRODUCTS
milk, yogurt, cheese

ADDED FATS
olive oil, other vegetable oils and fats

processed. Even within the same food category, small formulation differences may change NOVA assignment.



Publications on UPFs

m National Library of Medicine

National Center for Biotechnology Information

Pu bmed o ((ULTRAPROCESSED) OR (ultra processed) OR (UPF)) AND HEALTH X m

Advanced Create alert Create RSS User Guide

Save Email Send to Sort by: Best match — Display options ¥
MY CUSTOM FILTERS [ 10,163 results ] Page 1  of1017 > » O‘-..II O
.______________________________________________________________________________________|

Edit custom filters

2009 2027

In 2026 alone, 1,339 articles have already been published on so-called ultra-processed foods, which have
rapidly become one of the most studied and debated topics in nutrition research.



How do we measure UPF consumption?

Common dietary assessment sources

Food consumption Food records and
databases 24-hour recalls
Population-level Detailed intake data, but
estimates; often based processing details may
on existing food group or be incomplete or
nutrient databases. inferred.

Food-frequency
questionnaires

Practical for large
cohorts, but usually not
designed to identify
NOVA categories.

Key issue

Were these dietary assessment
tools developed and validated to
capture food processing?

Validated Or validated for
for this purpose? other purposes?



How do we measure UPF consumption?

INTERMATIONAL JOURNAL OF FOOD SCIENCES AND NUTRITION
httpsz//doi.org/10.1080/09637486.2021.1880552

Taylor & Francis
Taylor & Francis Growp

RESEARCH ARTICLE

M) Check for updates

Reproducibility and validity of a food-frequency questionnaire (NFFQ) to
assess food consumption based on the NOVA classification in adults

FRUTTA E FRUTTA SECCA
FREQUENZA
Indicare 1 sola opzione per ogni alimento
Mai o0 meno

. 1-3 wolte 1volta a 2 volte a Iwvolte a dwvolte a Svaolte a
FRUTTA E FRUTTA SECCA ) lm"zsl? ol al mese settimana settimana settimana settimana settimana
Frutta
{fresca, tagliata, frullata,
surgelata)

Succhi 100% frutta
{freschi o pastorizzati, senza
aggiunta di zuccheri o altri
ingredienti)

Succhi di frutta/nettari
(con aggiunta di zuccheri o
altri ingredienti)

Frutta sciroppata

Frutta essiccata

(es. albicocche, prugne, fichi,
datteri)

Frutta secca e semi

[senza aggiunta di sale,
zucchero o altri ingredienti)

Frutta secca e semi

(con aggiunta di sale,
tucchero o altri ingredienti)

Olive da tavola

Gvolte a
settimana

Tutti i
glormi

QUANTITA

Indicare 1 sola apzione per ogni alimento

Se tutti | giorni, PORZIOME DI

te volte al
om0 RIFERIMENTO

150 g (es. 1 mela, 1
grancio, 2 mandarini)

200 mL (1 bicchiere medio)

200 mlL (1 bicchiere media)

150 g (es. 3 mezze pesche
scirappate)

30 g (es. 3 fichi secchi, 2
cucchiai rasi di uwetta)

30 g jes. 7-8 noci, 15-20
mandarle, 3 cucchiol rasi di
semi di girasole)

30 g (es. 15-20
mandorie/nocciole,

3 cucchial rosi of semi di
girasole)

35 g (es. 5 alive)

LA SUA PORZIONE IN OGNI
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How do we express UPF exposure?

Once foods have been classified as UPF, exposure can be quantified in different ways.

Common metrics

g/day of UPFs

% of total food weight

% of total energy intake

servings/day or % of servings

intake categories

Same metric # same meaning

absolute intake
grams weight energy

weight-based exposure

energy contribution

servings quantiles
frequency or portions

tertiles, quartiles or . . . .
quintiles Different choices may change rankings, comparisons across

countries and interpretation of “high UPF intake”.

Different metrics are not interchangeable. A “high UPF consumer” may represent very different absolute

intakes across studies and populations.



How much UPF is consumed worldwide?

g nutrients moPy

Review
A Systematic Review of Worldwide Consumption of
Ultra-Processed Foods: Findings and Criticisms

Mirko Marino *, Federica Puppo, Cristian Del Bo’ *'", Valentina Vinelli, Patrizia Riso |/, Marisa Porrini "' and
Daniela Martini !

Italia - @ 10-11%
Spagna G 17.3-32.2%
Francia - G 17-33.1%
Australia 1 @& 38.9-42%
Canada 1 I 45.1-54%
Regno Unito 1 G 48.6-67.8%
Stati Uniti 1 e 35.5-64.6%
0 10 20 30 40 50 60 70

% dell'energia totale da alimenti ultra-processati

Marino et al, 2021

e The contribution of UPFs varies across
countries and populations:

« Lower values in Italy (around 10-15% of

energy intake)
 In the United States and the United
Kingdom, UPFs provide more than 50% of
total energy intake

 Large variability also exists within the same

country.



Which UPFs are consumed worldwide?

Different UPF sources in Italy and the United States

Top contributors to UPF energy intake

l ITALY UNITED STATES

UPF:20,0% & =—— UPF:58,2%
of total energy intake b % of total energy intake
(UFO Survey, 2021-2025) (NHANES, 2017-2018)

Top 5 contributors to UPF energy intake Top 5 contributors to UPF energy intake It is not onlv the amount of so-called UPFs

(% of energy from UPF) (% of total energy) _ y ] o .
r that varies: their composition also differs.
Packaged biscuits 14,9% Industrial bread 10.0% NOVA 4 may th e refo re re p resent q ua | |tat|ve |y
i — Mostallebisishaes _— different dietary patterns across countries.
4 fruit drinks and milk-based drinks %

Bread substitutes 9,9% Cakes, cookies and pies 5.8%

Pizza and ready-to-heat o Reconstituted meat 0
bread products 4.5% or fish products 5.6%
Plant-based drinks 4,5% \@») Salty snacks 4.8%

Ruggiero et al, 2025 Steele et al, 2023



What does observational evidence show?

- Summary of pooled estimates across health outcomes

Contents lists available at ScienceDirect CLINICAL
NUTRITION

Clinical Nutrition

} ‘ \; VI ]: ouTneliNomepage: Rtn: iwww,slsaviarcomilooate/oiny Outcomes Stwdies, n Cases, n Participants, n Random effects (95%.Cl) Random effects (98%CI) 95% Prediction interval GRADE Evidence class
Adverse maternal and neonatal reactions
Original article Smull for gestasonal age 2 >17 1226 368(050,2702) 01310673 Very low NS
5 Large for gestatonal age 2 41 1226 = 085(037,199) 037,199 Very low NS
Ultra-processed foods and human health: An umbrella review and n P s 2 o3 —— 098173 131) a73.1.31 Vear tour N
updated meta-analyses of observational evidence T Gestational weght gan P >1191 5345 —— 1.00(0.84, 118) 074,134 Very low NS
Shuhui Dai ', Judith Wellens ', Nan Yang °, Doudou Li ¢, Jingjing Wang ?, s s — :
Lijuan Wang & (.' Shuai Yuan * ," Yazhou He :' Peige Song |,‘ Ron Munger i Colorectal cancer 8 14560 087125 1.15(104,128) 088 1562 Very low v
Monique Potvin Kent’, Amanda J. MacFarlane ¥, Patrick Mullie ™, Susan Duthie ", Colon cancer ¢ 8% 907444 R 1.16 (.05, 1.9 0.88,1.66 Vory ow g
Iinlian Tittla | Curani Thandaratan €02 Vaa 1: 4,0, 2, * Rectal cancer 6 4830 850332 T 113(094 136) 074173 Very low NS
Breast cancer ! 18187 157576 e — 107(098,117) 088,130 Vety low NS
Premenopausal breast cancer 5 3878 753899 > 100089, 126) 077.148 Low NS
Postmenopausal breast cancer 5 11248 755128 il 105{098, 115) 091,122 Low NS
Prostate cancer 5 13608 758640 ® 1.04(1.00,108) 100 108 Low NS
Pancreste cancer 3 2000 745802 e e— 104 (074, 148) 056,193 Very low NS
Overall cancer 3 45722 752517 - 106099, 114) 004120 Very ow NS
Cardiovascular outcomes
Cardovascule events 12 »23057 000081 b 111(107,118) 102,122 Very ow "
Hypertension 14 >11684 141998 _ 119(1 09, 130) 002 165 Very low m
Liver, kidney and gastrointestinal diseases
Renal function decline 6 9513 220444 > 125(118,133) 118,133 Low I
Crohn's disease® 4 089 062643 e m— 171(1.38,214) 138,214 Low w
Inflarmmatory bowe! disease 5 2850 1725172 —— 1.32(1.11,157) 098,181 Low v
Ulcerative colits* 4 1886 982643 r— 117(086, 1861) 063 218 Very low NS
NAFLD 3 6281 23502 e G— 130(098,174) 078,218 Very low NS
O Mental health
Key rea d I ng Depresson 8 >4449 68812 i 140(126,155) 123,158 Very low I
Common mental disorders 13 ~4449 250962 - 141(127,168) 102,108 Very low I
Arwety 3 >11508 110428 e 138(1.18, 163) 100,191 Very low n
@® Several outcomes show positive associations DERRS Smon
Disetes 10 22195 445801 - 123(1.13,133) 102,148 Very low I
With U PF inta ke' Metaboke syndrome 6 »4537 16010 o 1.23(105,145) 087,174 Very low v
Hypertriglycendema 3 >1152 14433 o 116(101,132) 085,157 Very low W
LowHDL-¢ [ »1157 13339 o 116(109,132) 088 164 Very low w
Hyperuncemia 2 >3750 28961 el 1.09(1 00, 120) 095,126 Vety ow v
Hyperglycemia 5 »257 7256 Ny 104(084, 115) 087,124 Very low NS
oM. oMo o o High LDL< 2 >64 73 M P —— 0.87 (048, 165) 046,165 Very low NS
@ Credibility is often low or very low, reflecting Morssiy
o . All cause montalty 12 48121 487157 o= 121(1.12,131) 096 154 Very ow n
study design and heterogeneity. Canovescular mortaiy ¢ s 28w . 1420107, 118) 108,118 Verylow
JHDVCV mortaity 3 5537 200677 Sp— 118(0 89, 158) 071,196 Very low NS
Cancer monalty 4 5995 317657 e 1.03{091,115) 084,125 Very low NS
Respratory diseases
. . . . Wheeang ¢ »25142 114543 - 142(1.34,149) 134,140 Low [
@® The question is not only whether associations Astema ¢ e 1 - 126(108,147) 101,167 Low v
. . Other outcomes
exist, but how robust and explainable they are. Overvep oSz w22 - 11801.11,126) 100,130 Verybow I
Obesity 17 >15422 319052 - 126(118,1238) 103,155 Very low "
Abdominal obesty 16 2442 98972 i 126(1.12,141) 085186 Very low n
Fraty 2 132 4151 w— -> 190 (0 58, 6.40) 024,1493 Very low NS




What does the observational evi

RESEARCH

@88 orenaccess  Ultra-processed food exposure and adverse health outcomes:
[ ) Gheck for updates| umbrella review of epidemiological meta-analyses

Melissa M Lane,! Elizabeth Gamage,1 Shutong Du,?? Deborah N Ashtree,!

Amelia ] McGuinness," Sarah Gauci,** Phillip Baker,” Mark Lawrence,® Casey M Rebholz,>>
Bernard Srour,” Mathilde Touvier,” Felice N Jacka,"®* Adrienne O’Neil,! Toby Segasby,'°
Wolfgang Marx'

45 32

pooled outcomes with direct
o very low
analyses associations certainty

The signal is broad, but not decisive: most
associations come from observational meta-analyses
and require cautious interpretation.

Useful for hypothesis generation — not sufficient,
alone, to establish causality.

Outcome

Mortality
All cause mortality
Cancer related mortality
Cardiovascular disease related mortality
Heart disease related mortality
Cancer
Breast cancer
Cancer (overall)
Central nervous system tumours
Chronic lymphocytic leukaemia
Colorectal cancer
Pancreatic cancer
Prostate cancer
Mental health
Adverse sleep related outcomes
Anxiety outcomes
Common mental disorder outcomes
Depressive outcomes
Respiratory health
Asthma
Wheezing
Cardiovascular health
Cardiovascular disease events combined
Cardiovascular disease morbidity
Hypertension
Hypertriacylglycerolaemia
Low HDL cholesterol
Gastrointestinal health
Crohn's disease
Ulcerative colitis
Metabolic health
Abdominal obesity
Hyperglycaemia
Metabolic syndrome
Non-alcoholic fatty liver disease
Obesity
Overweight
Overweight + obesity

Type 2 diabetes

Equivalent odds
ratio (95% CI)

1.21(1.15t01.27)
1.00(0.81 to 1.24)
1.50(1.37t0 1.63)
1.66 (1.51 to 1.84)

1.15(0.99 to 1.34)
1.12(1.06 t0 1.19)
1.20(0.87 t0 1.65)
1.08 (0.80 to 1.45)
1.23(1.10t0 1.38)
1.24(0.85t0 1.79)
1.02(0.93t01.12)

141(1.24t01.61)
1.48 (1.37 t0 1.59)
1.53(1.43t01.63)
122(1.16 t0 1.28)

1.20(0.99 to 1.46)
1.40(1.27 t0 1.55)

1.35(1.18 t0 1.54)
1.20(1.09 t0 1.33)
1.23(1.11t0 1.37)
0.95 (0.60 to 1.50)
2.02(1.27t0 3.21)

1.71(1.37t02.14)
1.17(0.86 t0 1.61)

1.41(1.18 t0 1.68)
1.10(0.34 t0 3.52)
1.25(1.09 to 1.42)
1.23(1.03 to 1.46)
1.55(1.36 t0 1.77)
1.36(1.14t0 1.63)
1.29(1.05t0 1.58)
1.40 (1.23 t0 1.59)

dence show?

Equivalent odds ratio (95% CI)

L 4

03 1
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Credibility GRADE

Low
Low
Very low

Low

Very low
Very low
Very low
Very low
Very low
Very low

Low

Low
Low
Low

Low

Very low

Low

Very low
Low

Very low
Very low
Very low

Low

Very low

Very low
Very low
Very low
Very low
Low

Very low
Low

Very low



Are all UPFs the same?

Consumption of ultra-processed foods and risk of
multimorbidity of cancer and cardiometabolic diseases:
a multinational cohort study

Reynalda Cordova,*° Vivian Viallon,® Emma Fontvieille® Laia Peruchet-Noray," Anna Jansana,” Karl-Heinz Wagner,b Cecilie Kyra,*
Anne Tj@nnelandf'd Verena Katzke,” Rashmita Bajracharya, Matthias B. Schulze," Giovanna Masala,” Sabina Sieri, Salvatore Panico;
Fulvio Ricceri* Rosario Tumino, Jolanda M. A. Boer,™ W. M. Monique Verschuren,™" Yvonne T. van der Schouw,” Paula Jakszyn,””

Daniel Redondo-Sdnchez,*"* Pilar Amiano,>"" José Maria Huerta,*” Marcela Guevara,*" Yan Borné” Emily Sonestedt,” Konstantinos K. Tsilidis,**

Christopher Millett,®>* Alicia K. Heath,"® Elom K. Aglago,”* Dagfinn Aune, " Marc J. Gunter,”® Pietro Ferrari Inge Huybrechts,” and
Heinz Freisling™”

Key reading

@ higherconsumption of UPFs increases the risk of cancer and
cardiometabolic multimorbidity.

associations were most notable for animal-based products,
and artificially and sugar-sweetened beverages. UPF breads
and cereals or plant-based alternatives were not associated
with risk.

Forest plot of Hazard Ratios

Subgroups HR(95% Cl)

Total UPF intake —— 1.09 (1.05,1.12)
Ultra—processed breads and cereals - 0.97 (0.94,1.00)
Sauces, spreads, and condiments - 1.03 (1.00, 1.06)
Sweets and desserts —— 0.99 (0.95, 1.03)
Savory shacks —a— 1.00 (0.96, 1.04)
Plant-based alternatives —a— 0.97 (0.91, 1.02)
Animal-based products —a— 1.09 ( 1.05,1.12)
Ready-to-eat/heat mixed dishes - 1.01 (0.98, 1.04)
Artificially and sugar—sweetened beverages i 1.09 (1.06,1.12)
Other ultra—processed foods —a— 1.01 (0.97,1.095)

[ [ |
0.8 1 1.2

Hazard Ratio per 1 SD (95% CI) — Subgroups of ultra—-processed foods



Association vs causality

Most evidence linking UPFs to health outcomes is observational.
This is important evidence — but it does not, by itself, prove causation.

Observed Residual Measurement Causal
association confounding error mechanisms?

The key question is not only whether UPF intake is associated with health,
but what exactly explains the association.



Association vs causality

p
STRONGER W|th<?ut .mterve.ntlon studies (R(.ITs.),
EVIDENCE o Summary of the best the risk is to mistake an association
c SYSTEMATIC available evidence for a causal relationship.
REVIEWS AND &
A META-ANALYSES
O RANDOMISED Only study design able
CCQD) CONTROLLED TRIALS to demonstrate
(RCTs) causality OBSERVED
ASSOCIATION
20} Prospectivenn ™ = =  VHENEE-coNY ~ =~ » &
COHORT STUDIES 33
_ = |
O () CASE-CONTROL STUDIES Retrospective Sk
O | observational studies ® BUT THE REAL CAUSE «
¥ WAS /
\ /
——e Snapshot N P
in time A 5 P
\ 7/
\ 7/
o) CASE REPORTS, CASE SERIES, e——e Anecdotal and " | ||
B = EXPERT OPINIONS non-systematic
evidence
WEAKER CIGARETTE SMOKING

EVIDENCE



Why intervention studies?

Observational associations

are essential to generate hypotheses,
but do not establish causality.

Many variables change together

and residual confounding
is unavoidable.

RCTs allow isolation

of the effect of UPF exposure
while keeping the rest of the
dietary context constant.
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From intervention studies? NO!

Health | Ultra-processed foods

ﬂ also harm muscles

HEADUNES
rocessed food

ciation of ultra-p
cause and cause

AssoO
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@ Check for updates

OPEN ACCESS

EDITED BY
Maroof Alam,

What about intervention studies?

Frontiers in Nutrit

University of Michigan, United States

REVIEWED BY
Tarique Sarwar,

Qassim University, Saudi Arabia

Sidra Islam,

Case Western Reserve University,

United States

*CORRESPONDENCE

Adolfo Aramburu
aaramburuQ@iin.sld.pe

TYPE Systematic Review

Ion PUBLISHED 26 June 2024

pol 10.3389/fnut.2024.1421728

Ultra-processed foods
consumption and health-related
outcomes: a systematic review of
randomized controlled trials

Adolfo Aramburu*?*, Giancarlo Alvarado-Gamarra’~,
Rubelio Cornejo?!, Katherine Curi-Quinto*?,

Carmen del Pilar Diaz-Parra?, Gabriela Rojas-Limache’ and
Claudio F. Lanata’*

Overall dietary quality Limited information

often confounds =

associations

on dietary context
is available

Systematic review

Rethinking ultra-processed foods:
evidence and controversies from
intervention trials

. Manuscript in preparation. ..



The first study

?"9 DESIGN

® Randomised cross-over study

® Inpatient metabolic ward

® 2 weeks per diet
(2-week wash-out)

e Ad libitum ‘
® Iso-caloric diets in the interventions

(partial matching) Randomize ‘l' ‘l’
é
® UPF dietvs l l
minimally processed diet . _
2 weeks Inpatient Unprocessed Diet 2 weeks Inpatient Ultra-processed Diet
Minimally
processed diet

e w Fasted XA MRI
w 3 ﬁ \l' Blood MRS
@8 &0

| 24hr
I Chamber

I OGTT

@)
(Qm% 20 healthy adults with overweight/obesity

Hall et al., Cell Metabolism 2019
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The first study

MAIN RESULTS

+508 «caiday

with the UPF diet

compared with the minimally
processed diet

+0.9 kg

body weight
with the UPF diet

+48%

eating rate
with the UPF diet

The UPF diet significantly increased
energy intake and body weight
compared with the minimally
processed diet.

Ultra-proce

Ad Libitum
Intake (kcal/d)

3500

w
o
o
o

N
U
o
o

2000

Body Weight
Change (kg)
o

|
RN

T

ssed Diet

Diets were presented in random order and matched for
provided calories, sugar, fat, fiber, and macronutrients

Unprocessed Diet

.

—Ultra-processed
=== Jnprocessed

=== J|tra-processed

—=Unprocessed
0 2 6 8 10 112 14
Days on Diet

Hall et al., Cell Metabolism 2019



Was it really “processing”?

Minimally

processed diet
1~ ;oo Energy ¢
g density
1\ (o"\) Eating rate ¢
¢ g Dietary fibre T
¢ & Food matrix 1\
structure
T \Oj/ Palatability J,

Ludwig et al., Cell Metabolism 2019



Was it really “processing”?

Minimally
processed diet

Ultra-processed Menu Unprocessed Menu

o E Day 6 Day 6
e _ o o
° .. ° .. ° nergy Lunch Lunch
® 1 Sal Harbor Banks) with garlic and fresh d | jui
. : ° . densrty Cheeseburger with American cheese (Glenview Farms) on a Kaiser roll (Anzio & Sons) slimen {Harbor Banle) with garieand esh squeezed loman jules

Baked sweet potato with olive oil, ground cumin (Monarch) and chili powder (Giant
French fries (Monarch) P g ( ) p (Giant)

. Green beans (from frozen, Monarch) with olive oil and garlic
Ketchup (Heinz)

. . . . . Plain Greek yogurt (Fage) with strawberries (from frozen, no sugar added (Giant)
Diet lemonade (Crystal Light) with NutriSource fiber Bl - i
H _ _ alt and Pepper (Monarc
o Eating rate o "o

==

Dietary fibre

Palatability

T
T
\’
\’
T

& Food matrix
structure

Ludwig et al., Cell Metabolism 2019



Was it really “processing”?

Energy
density

Minimally
processed diet

\’

(o)}
o
J

Eating rate

Rate
5 W
o O

Dietary fibre

Food matrix
structure

Palatability

« o> - «

N w
o O
] 1

Meal Eating

=2
-
]

P<0.0001
P<0.0001

o
L

grams per min kcal per min

W Ultra-processed m Unprocessed

Ludwig et al., Cell Metabolism 2019



The role of eating rate

¥ 1he Amoricos

¥ e st 7 Diets rich in UPF are associated

with a higher energy intake.

N/

The American Journal of Clinical Nutrition 123 (2026) 101122

@gmNJ The American Journal of
Sty o CLINICAL NUTRITION

Nutrition . = :
Exelencein | B g This association may depend on the food
ol Proctb journal homepage: https://ajcn.nutrition.org/ "
texture and eating rate.
Original Research Article \l/
Eating rate has sustained effects on energy intake from ultraprocessed
diets: a 2-week ad libitum dietary randomized controlled crossover trial / An ad libitum study is needed
Ciaran G Forde®, Lise AJ Heuven, Marieke van Bruinessen, Zhen Liu, Markus Stieger, Kees de Graaf, O to test this hypothesis.

Marlou P Lasschuijt



2 role of palatability
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3 BREAKFASTS COMPARED

- -
;

5457 1 163 6057 4 1518 5030+ 1661 4

s e ]

78}

N =41
(M/F: n =21/20)
Block randomized

The role of eating rate

velwocita ai mrgesuorne e eriergy Iiriake

The American Journal of

CLINICAL NUTRITION

journal homepage: https://ajcn.nutrition.org/

>/

rican

ty for
ttion

we in

m Research
Ictice

inal Research Article

ing rate has sustained effects on energy intake from ultraprocessed
ts: a 2-week ad libitum dietary randomized controlled crossover trial

4an G Forde®, Lise AJ Heuven, Marieke van Bruinessen, Zhen Liu, Markus Stieger, Kees de Graaf,
lou P Lasschuijt

I ]
/ Slow UPF Diet : : Fast UPF Diet
I [
I i
I i
Fast UPF Diet | 1 Slow UPF Diet
I I

Ad libitum diet in
semi-residential setting

Intervention weeks

Ad libitum dietin
semi-residential setting

Intervention weeks

Return to habitual diet

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7
Start Study 'End Study
Body weight id ﬁ v
Body composition n’ =X ﬁ

@ Accelerometry

Diets rich in UPF are associated
with a higher energy intake.

N2

This association may depend on the food
texture and eating rate.

N2

An ad libitum study is needed
to test this hypothesis.

HYPOTHESIS

Greater oral processing (more chewing) — reduced eating rate
and energy intake.

Ds"“’gi)"ﬂ@ﬂ

Mastication
(oral processing)

N \2 \2 2

Eating rate Early satiety Energy intake

OUTCOMES MEASURED
= PY °
\/ o .
Eating rate Ad libitum Satiety Intestinal Glycaemia
energy intake (sensations) hormones and insulinaemia



The role of palatability

Appetite 217 (2026) 108352

ELSEVIER

Contents lists available at ScienceDirect

journal homepage: www.elsavier.com/locate’appet

.f\|)|x'lilv

Appetite

Effects of processing level and nutritional quality
on energy intake, ingestive behaviors, palatability,
and satiety in a young adult population

Alexandra B. Larcom *°, Ingrid E. Lofgren *, Matthew J. Delmonico ",
Amanda Missimer °, Kathleen J. Melanson *

PARTICIPANTS

40 healthy young adults (age 24.7 + 5.1 years; 70% women;

BMI 25.3 + 4.4 kg/m?)

STUDY DESIGN

Randomised crossover design.
Three ad libitum meals on separate days.

MEASUREMENTS

Appetite (before, after and every 30’), palatability (VAS),

composite hedonic score (CHS).
Energy intake (El), eating time (ET), eating rate (ER),

energy intake rate (EIR), hunger, satiety, desire to eat (DTE).

Selection of foods

representative of the _>
= UPF diet

offs

Diet preparation
in UPF and minimally
processed versions
(isocaloric)

® HO O e

9

ENERGY INTAKE
(kcal)

COMPOSITE HEDONIC
SCORE (CHS, mm)

ENERGY INTAKE RATE
(kcal/min)

HUNGER AND DESIRE
TO EAT (mm*min)

Administration

in a randomised 9
crossover design

o ==
of =

3 BREAKFASTS COMPARED

UPF,
high nutritional quality

Non-UPF,

high nutritional quality

UPF,
low nutritional quality

CEREAL BAR ic‘»
HIGHFIBRE (1" £58

) Wholegrains

1. NUPF-HNQ

Non-UPF,

high nutritional quality

585.7 + 163

65.3 + 22
higher

9

54.1 + 18.4

98.4 + 69.9 /
107.3 £ 70.3

il

2. UPF-HNQ 3. UPF-LNQ

UPF, UPF,
high nutritional quality low nutritional quality

503.0 + 164.1 \L

lower than high-NQ meals

609.7 + 151.8

~ 60 45.4 + 20.9
intermediate lower
67‘: =231 50.1 + 15.1
igher
159.7 £ 94.2 /
~ similar 168.2 + 94.9
higher

Outcomes assessment

on appetite, satiety,
eating rate and
energy intake




From extreme exposure to a balanced model

HALL et al., 2019 HAMANO et al., 2024 FORDE et al., 2026

|
|
ENERGIA DA UPF ENERGIA DA UPF ENERGIA DA UPF |
|

(% dell’energia totale) (% dell’energia totale) (% dell’energia totale)

=80% =99% 94-98%

@ UPF diet: 81.3% @ UPF period: 99.1-99.4% @ UPF Slow-ER diet: 98%
Unprocessed diet: 4.6% Non-UPF period: 0-0.9% UPF Fast-ER diet: 94%
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UPF and diet quality

Review

Ultra-Processed Foods and Nutritional Dietary Profile:
A Meta-Analysis of Nationally Representative Samples

Daniela Martini 1, Justyna Godos 2*

t

, Marialaura Bonaccio 3", Paola Vitaglione

4

and Giuseppe Grosso 2

Variable Datasets Estimates (95% CI) in Categories of UPF Contribution
Ultra-Processed Foods (%)  (Studies) 15% UPF 50% UPF 75% UPF Slope
1915.25 2036.70 2123.45
Energy (kcal) 14 (12) (1804.35; (1934.50; (2000.51; 3.47 (1.47; 5.47)
2026.15) 2138.90) 2246.38)
Nutrients
o 17.23 (15.95; 15.19 (14.38; 13.74 (12.84; —0.06 (—0.08;
Protein (%) 13 (11) 18.51) 16.01) 14.64) —0.03)
o 48.29 (42.46; 48.37 (42.65; 48.43 (42.12; 0.00 (—0.07;
Carbohydrate (%) 13 (11) 54.12) 54.09) 54.74) 0.08)
. 29.97 (27.58; 32.27 (30.55; 33.91 (32.41; _
Total fat (%) 15 (13) 32.36) 33.98) 35.41) 0.07 (0.04; 0.10)
o 10.03 (8.94; 11.65 (10.79; 12.81 (11.95; _
Saturated fats (%) 15 (13) 11.11) 12.50) 13.66) 0.05 (0.03; 0.06)
o _ 0.96 (—0.05; 1.14 (—0.15; _
Trans fats (%) 3(3) 0.70 (0.08; 1.33) 1.98) 2.44) 0.01 (0.00; 0.02)
: 13.16 (11.00; 10.73 (8.89; _ —0.07 (—0.09;
Fiber (g/1000 kcal) 14 (12) 15.33) 12.57) 8.99 (7.26; 10.72) —0.05)

Energy

Total fat

Fiber

2500 4

2250 1

1750 1

‘.. - a

'Pa + m

R

0 20 40 60 80
UPF

«Increased UPF intake correlated with an increase in free sugars, total fats, and saturated fats, as well as a decrease in
fiber, protein, potassium, zinc, and magnesium, and vitamins A, C, D, E, B12, and niacin. In conclusion, the data indicate

that increased UPF consumption negatively affects the nutritional quality of diets.»



% UPF in the diet
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UPF and Mediterranean diet

Article

Consumption of Ultra-Processed Foods Is Inversely Associated
with Adherence to the Mediterranean Diet: A
Cross-Sectional Study

Monica Dinu 1'*{), Marta Tristan Asensi !, Giuditta Pagliai !, Sofia Lotti !, Daniela Martini ',
Barbara Colombini 1"’ and Francesco Sofi 1.3

60%

50%

40%

30%

20%

10%

0%

i Low MD adherence [JM oderate MD adherence []HighMD adherence

30
p <0.001 p < 0.001 p < 0.001
. . B ' i o e 25 99.9 219 23
@ é °
o ; © . 18.7
. . : o El [ 3 E 20
. * s o % 5 e » - 16.2
. § £ ' ! ? o 0o . £ 139
il - ' i 2 3 3 15 126 12
: l @ A T
. ; : § E I i I
< ® ' ° l g 10
° ' =®
Q
' |
‘ . 3 ! 5
@
©
8
2 4 6 8 10 12 14 16 18 0
Al W om en M en

Medi-Lite Score

«Participants with a low adherence to the MD had a significantly higher contribution of UPF in the diet
(22.2%) compared to those with a moderate (16.2%) and high (12.6%) adherence.»



UPDATE: the first “balanced” trial

\

nature medicine

Article https://doi.org/10.1038/s41591-025-03842-0

Ultraprocessed or minimally processed
diets following healthy dietary guidelines 3 N

on weight and cardiometabolic health: g i o m e o il
. . ollowed the within balance
a randomized, crossover trial within the context of national Eatwell Guide. dietary patterns.
- i dietary guidelines.
- RANDOMIZED, CROSSOVER TRIAL
LA Body weight and 2 2 o 2 2
. body composition
| | 4 \ 4 4 4 \ 4
Cardiometabolic markers ‘ ‘ ‘
v (e.g. fasting glucose, PA) ‘ ‘
‘ : = = ) = &l
Blood biomarkers AE AE AE AE AE
AE  Adverse events 2 weeks 8 weeks 4 weeks 2 weeks 8 weeks
?  Dietary assessments ey baseline UPF diet washout baseline MPF diet
s=| Questionnaires
— | 2 weeks 8 weeks 4 weeks 2 weeks 8 weeks
[ Randomization ]_ baseline MPF diet washout baseline UPF diet
to sequence

Dicken et al., Nature Medicine 2026




PROMENADE

Finanziato
dall’Unione europea

NextGenerationEU

The PROMENADE study

) MUR

m«od'!umo'ﬂ-l
© delo N

Role of ultraPROcessed foods in Modulating the effect of
mEditerraNeAn Diet on human and planet hEalth - the PROMENADE study

@

To evaluate the effect of UPF inclusion, at different levels, within a Mediterranean diet

on cardiometabolic health, circulating and gut biomarkers, environmental impact and
food intake, under real-life conditions.

\

Italiadomani UNIVERSITA UNIVERSITA
DEGLI STUDI DEGLI STUDI
gllAi::f?Rg:gIEo:%&lsNZA DI M[LANO F [ RE N Z E




The PROMENADE study

[
o o OUTCOMES
f-°"' i | oar
- = € A ; . PRIMARY OUTCOME
LOW UPF MD LOW UPF MD @y - LbLc
12 weeks Dseover 12 weeks SECONDARY OUTCOMES
Fot v e Body weight and
Randomization % “g § @ Wash Out @ body composition
4 weeks ‘ e Lipid profile
ENROLLMENT: _ & e Glucose profile
50 clinically healthy subjects
with a low-to-moderate 12 weeks 12 weeks '@) * Blood pressure
cardiovascular risk profile i e -| = ,‘,, o 5 ik
=~ & o t =2 =]
=Py ==L nﬁ‘ =1} aé‘ a@" .
E%) ¢ Intestinal permeability
Subjects follow an isocaloric High UPF Food and waste Food and waste Food and waste Food and waste
Mediterranean diet (including five daily servings diaries diaries diaries diaries EXPLORATORY OUTCOMES
of UPFs) or an isocaloric Low UPF diet, in which
those five UPF servings are replaced with @ L ﬁ . mmwe @ L LB ﬁ o= g“} e Gut microbiota (16S rRNA)
minimally processed alternatives, while leaving 8. s e da & as i o @ & S
their baseline UPF consumption unchanged. 7 4
Anthropometric Anthropometric Anthropometric Anthropometric i‘i e Adherence
measurements and measurements and measurements and measurements and y
sample collection sample collection sample collection sample collection @  ° Dietquality

% 7




Reflections

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION e Taylor & Francis
https://doi.org/10.1080/10408398.2026.2664043 by Informa
REVIEW ARTICLE @ OPEN ACCESS M) Check for updates

Is the experimental evidence on
ultra-processed food and obesity reliable?

David S. Ludwig?®<d ()

aDepartment of Pediatrics, Boston Children’s Hospital, Boston, MA, USA; ®Department of Pediatrics,
Harvard Medical School, Boston, MA, USA; ‘Department of Nutrition, Harvard T.H. Chan School of
Public Health, Boston, MA, USA; “Steno Diabetes Center Copenhagen, Herlev, Denmark

ABSTRACT

Public health experts have issued widespread calls to target ultra-processed foods KEYWORDS

(UPF) in nutrition policy to prevent obesity and other diet-related chronic diseases. Clinical trial

Several short-term crossover feeding studies have examined the effects of UPF methodology; diet;

consumption on energy intake and body weight, but their findings remain inconclusive, obesity; public

largely due to methodological limitations and imprecision in the Nova classification heditiypolicy;
scholarly debate

used to define UPF exposure. Long-term data demonstrating the effectiveness of
reducing UPF intake are lacking. Consequently, the available evidence does not
establish a causal role of UPF consumption in obesity. Additional research is needed
to determine whether UPF, as defined by Nova, exerts effects on energy intake and
body weight beyond those attributable to established dietary factors such as energy
density and nutrient composition.

Available experimental evidence does not establish
a causal role of UPF consumption in obesity.

Many short-term studies are limited by
methodological issues and imprecise Nova
classification, leading to inconclusive results.

Long-term data are lacking to demonstrate
that reducing UPF intake improves
body weight and health.

It is important to consider well-established

dietary factors, such as energy density
and nutrient composition.



From guidance to consumers

In an ideal world Today’s reality?
iti |
. i) \ e
@ Measurement > Y ?
. v X
@ Evidence ' > R s
| Definitions ;
¢ still evolving ;
Dietary guidelines = Cogs:- ;“~ ‘
| 2 " s
' BN @ Labelling
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_ Policy
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