nature food

Perspective

https://doi.org/10.1038/s43016-026-01371-8

The validity and utility of Nova and the
concept of ultra-processed foods for science

and policy

Received: 4 August 2025

Accepted: 12 May 2026

Published online: 18 June 2026

W Check for updates

Neha Khandpur ® 22/, Johanna Marianna Geleijnse ®',

Carlijn Barbara Maria Kamphuis®, Elizabeth Velema®,

Maartje Pieternel Poelman®, Rik Eshuis’, Sanne Kartini Djojosoeparto®,
Marcel Franciscus Verweij® 2 & Alyssa Jaclyn Moran®'°

Aswith other aggregated constructs, the concept of ultra-processed foods
is multidimensional, encompassing variation in nutritional composition,
ingredients, processing methods and additive profiles. Here we argue that

this complexity does not diminish the construct’s analytic or predictive
utility for science or policy. We do so by addressing four critiques of
ultra-processed foods and the Nova classification system commonin the
public discourse, drawing parallels with other dietary exposures and their
evidence base. Inresponding to these critiques, our aimis to underscore the
conceptual clarity, validity and utility of Nova and ultra-processed foods,
encouraging continued scientific engagement and scrutiny.

Nutrition scientists have long acknowledged that the non-nutritive
properties of food may impact health. Such properties areinherent to
bothnaturally occurring and industrially produced food. Unlike justa
century ago, industrially produced foods dominate the current global
food supply. Many of these foods have undergone multiple process-
ingtechniques, contain multiple additives not typically used in home
cooking and are packaged using synthetic materials. Although there
is value in understanding how each processing technique, additive
and materialimpacts biological processes onits own, these attributes
of food never present as isolated exposures—they occur in combina-
tion, and the foods that serve as vectors for these exposures are con-
sumed in combination with other foods and over extended periods
of time. Measuring the extent to which the chronic consumption of
industrially produced foods and the combination of nutritive and
non-nutritive properties they containimpact the risk of disease when

compared with naturally occurring food is thus a relevant question
for nutrition science.

The Nova food classification system (henceforth, Nova) was
designed to advance this field of scientific inquiry by measuring
human exposure to industrially produced food. Nova classifies food
into four mutually exclusive groups based on the extent and purpose
of their processing, including unprocessed or minimally processed
food (group 1), processed culinary ingredients (group 2), processed
food (group 3) and ultra-processed food and beverages (UPF) (group
4)!. UPF comprise industrial formulations of refined ingredients
and cosmetic additives containing little, if any, whole food'. UPF
often undergo several chemical and physical processing techniques
to extract their ingredients (for example, hydrolysis, hydrogena-
tion, extrusion and pulverization), combine them (for example, by
using additives, pre-frying or moulding) and package them, often
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Table 1] Critiques of Nova and the concept of UPF and counterarguments

Critique

Implication

Counterargument

(1) Nova imprecisely differentiates between
processing techniques.

Nova does not precisely or comprehensively
identify the additive compounds and
processing techniques; it aggregates them
instead.

Researchers must rely on

proxy indicators to make a

UPF determination and risk
misclassifying products. This could
bias diet-disease effect estimates.

Nova provides the conceptual framework for distinguishing between
ready-to-eat/heat products manufactured by the industrial food complex
and their less processed scratch-cooked equivalents. Objective additive
and ingredient information disclosed by manufacturers are used as
proxy markers to identify UPF. The systematic approach for identifying
Nova groups for research has demonstrated reliability and validity.
Epidemiology frequently relies on such approaches for identifying
conceptual food categories, providing valuable insights into the diet-
disease relationship.

(2) The criteria for differentiating between UPF
and non-UPF are arbitrary.

Nova categorizes nutritionally diverse products
with a wide range and number of additives as
ultra-processed. It also does not account for the
nutritional similarities between homemade and
premade products, often categorizing them in
different groups.

Nova has limited utility for research
and policy as some foods with
balanced nutrient profiles are
ultra-processed, and vice versa.
Researchers and consumers may
incorrectly assume that all UPF
have similar health effects.

The criteria used to distinguish between UPF and non-UPF for research
are independent of a product’s nutrient profile. Human physiological
responses, health impacts, preferences or behavioural patterns are not
explained by nutrient composition alone. Like other aggregated dietary
variables, UPF reflect a composite exposure with components that vary
across multiple dimensions, including nutritional composition. The value
of this concept ultimately lies in its demonstrated ability to meaningfully
predict health outcomes.

(3) The biological mechanisms underpinning
the health impacts are unclear.

The biological mechanisms underlying the
health impacts from the wide range of additives
and processing techniques encompassed
within the ultra-processed diet have yet to be
elucidated.

Researchers cannot definitively
say that ‘ultra-processing’, per se,
causes poor health outcomes.
Instead, the cause is likely to be
the nutrient profile or structural
changes.

Mechanistic uncertainty does not undermine conceptual validity,
predictive utility or epidemiologic consistency. Multiple dietary
components, both nutrient-based and non-nutritive, that are excessive
or insufficient in the ultra-processed diet relative to a minimally
processed diet have been hypothesized to impact health through several
biologically plausible pathways acting in conjunction over the long term.
Some of these dietary components and their biological responses are
already known. Others warrant investigation.

(4) Observational studies provide inconclusive
evidence of health harms.

Evidence on the health harms of an
ultra-processed diet comes primarily from
observational studies.

Researchers cannot make causal
determinations about the health
harms of an ultra-processed diet,
limiting the utility of the construct.

The reliability, validity and utility of a scientific construct are not
determined by the limitations of observational evidence. The association
between an ultra-processed diet and adverse health outcomes has been
consistently replicated across diverse populations with different dietary
patterns and socio-demographic characteristics, controlled for possible

confounders and supported by dose-response relationships.

using synthetic materials. Nova groups 1, 2 and 3 (non-UPF groups)
form the basis of scratch-cooked meals, while UPF represent their
ready-to-heat/eat equivalents. In categorizing groups in this way, Nova
allows for testing hypotheses on the displacement of freshly prepared,
scratch-cooked meals by UPF and comparing both their nutritive and
their non-nutritive properties.

Epidemiologists apply Nova to categorize food items into mutu-
ally exclusive categories. This method can be used with a range of
toolsincluding food frequency questionnaires (FFQs), dietaryrecalls,
diet records or retail sales data® Since 2015, Nova has been applied to
dietary data or household purchases in more than 50 countries to quan-
tify human exposure to UPF. Global estimates from sales, household
purchases and dietary intake data suggest that UPF sale and consump-
tion haveincreased in the past two decades™*. Alarge and growing body
of evidence demonstrates that a UPF-dominant diet as opposed to a
non-UPF diet is associated with adverse health outcomes, including
a higher risk of mortality and cardiometabolic diseases*’. Yet, many
scientists, national governments and health organizations dismiss the
health risks associated with UPF-dominant diets, often arguing that the
evidence base is immature or biologically implausible. A substantial
portion of this debate reflects alimited orincomplete understanding
of the UPF construct itself. Misinterpretations of what the construct
captures—its purpose, its scope and the type of exposureitis designed
to represent—promote misplaced critiques of the evidence. Instead
of stimulating further research on UPF, such circumspection has the
effect, intended or unintended, of undermining the validity and utility
of the UPF construct and of constraining future research and innova-
tion. It also slows the development of explicit UPF-framed recommen-
dations and hinders the implementation of policy levers that would
shift dietary patterns towards minimally processed, whole foods and
meals—ashift thatis strongly supported by decades of nutritionscience
and consistently recommended in public health guidance. Delays in
advancingsuch policies not only hinder efforts toimprove diets at the
populationlevel butalso entrenchreliance onfood environments and

food systems dominated by UPF and limit the potential for meaningful
improvements in health outcomes.

In this Perspective, we argue that UPF as defined within Novais a
useful, reliable and valid scientific concept for research and policy and
ought tobe held to the same standard as other nutritional exposures.
We identified critiques of Nova or the concept of UPF, as these were
often interlinked, through a multi-method approach that included
a scoping review of peer-reviewed literature indexed in PubMed, an
examination of position statements and consensus reports issued by
scientific committees, and a rapid review of online print journalism
available to the general public in the USA and Europe. Critiques with
similar themes were grouped and synthesized, and their core argu-
mentswere distilled. For each argument, the implications for scientific
inquiry and policy—often implicit, ambiguous or entirely absent in
the original critique—were systematically inferred and articulated.
We discarded some critiques where no implication for science was
identified (for instance, the critique that Nova has evolved over time
was discarded). We responded to the critiques by providing acompara-
tive assessment of conceptual coherence and empirical support by
drawing parallels with the evidence base for other dietary exposures
(Table1). Thiscomparison underscores the precedent, the validity and
the scientific utility of the UPF construct and demonstrates that the
evidence aligns with, and in several respects exceeds, the standards
typically applied to analogous dietary exposure frameworks.

Critiques

Critiquel

Nova imprecisely differentiates between processing techniques.
The critiqueisthat Novadoes notidentify precise additive compounds
or processing techniques across the four groups, but rather aggregates
theminto broad categories (for example, Nova flags cosmetic additives
instead of signalling out specific compounds such as synthetic food
dyeRed 3).Foods therefore must be classified using proxy indicators,
suchasthe presence and the primary purpose of a particular additive.
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However, additives have multiple uses, and their purposes are not
always publicly known, available or directly measurable. This reliance
onbroadgroupings and proxy indicators makesit difficult to accurately
and reliably identify UPF®°. Misclassification of UPF is likely, can bias
diet-disease associations and limits Nova’s reliability, validity and
utility for research and policy applications.

We argue that, while it is true that Nova does not group prod-
ucts according to their precise chemical composition, this is not
the intended purpose. Rather, Nova is a broad conceptual frame-
work to distinguish scratch-cooked from industrially manufactured
food equivalents according to the level and purpose of processing.
Epidemiological research frequently relies on such categories of
foods, aggregating multiple unique compounds that share common
attributes into a single exposure, to provide valuable insights into
the diet-disease relationship. Doing so increases explanatory power,
helps scientists communicate health risks to the public and provides
abasis for conceptualizinginterventions. Dietary fibre, whole foods,
sugary drinks, plant-based foods, red meat, the Mediterranean diet,
the Western diet and the ultra-processed diet are all examples of
complex dietary exposures that aggregate many distinct compounds
andfooditems. For each of these exposures, researchers routinely set
operational criteriafor what toinclude and exclude (for example, the
amount of sugar or calories required for adrink to be sugary), on the
basis of several factors that account for limitations of the diet assess-
ment method and the context. Exposures may thus be operationalized
differently across studies.

Nova defines the concept of UPF. The operational criteria for
research are based on the presence of cosmetic additive classes
intended to enhance organoleptic properties including the texture,
flavour, aroma, mouthfeel and colour of the product, and ingredients
of rare culinary use such as protein isolates that distinguish UPF from
processed foods?. These proxy markers are currently disclosed by UPF
manufacturers. Theidentification of UPF could be expanded toinclude
other markers, should this information be made available by manufac-
turers. Theiterative approach for reliably identifying UPF—including
the need for training and discussion, documenting assumptions for
complex food categories with different levels of processing (for exam-
ple, mixed dishes or bread) and conservatively identifying UPF only
when clear evidence supports the decision (for example, the consistent
presence of cosmetic additives)—has been previously documented®™.
These assumptions have been used to determine UPF exposure from
FFQs, 24-hour dietary recalls, diet records, food supply dataand menus.
Discrepancies are likely to arise without such approaches, much as they
do for all other aggregated dietary and non-dietary exposures®" ™,

The approach for identifying UPF and other Nova groups has
beensupported by numerous validation studies. For example, astudy
comparing UPF intake estimates from FFQs (which aggregate foods
intobroad categories) with estimates based on 24-hour dietary recalls
(which provide more detailed, food-item-level information) found
UPF intakes to be conservative and underestimated®. As with other
dietary exposures that FFQs were not originally designed to capture,
aggregated food categories lose specificity, masking substantial vari-
ation (for example, an FFQ may capture intake of ‘whole-grain cereals’
or ‘seafood’but not ‘corn flakes’,‘Cheerios’, ‘salmon’ or ‘prawns’). This
limitation, commonin nutrition research, is typically addressed using
aweighted average of the nutritional composition of foods withineach
FFQitem, which, depending on the exposure of interest and context,
may be quite heterogenous (for example, the amount of sugarin cere-
als differs between the USA and Australia). Estimates of UPF from FFQs
may beimprecise, but like other nutritional exposures, they are useful
for ranking individuals according to their usual dietary intake (for
example, ‘low’ consumers of UPF versus ‘high’ consumers)'®”, Several
other studies have demonstrated acceptable reliability, validity and
reproducibility of the FFQ inranking energy intake across Nova groups
among adults and children'®°,

Imprecise UPF identification for research can lead to misclassifica-
tionerrors, which, inlarge prospective cohort studies of UPF intake, are
likely to be non-differential and independent—that s, independent of
errors in other variables in the analysis and less likely to interact with
other sources of systematic errors”. Such errors typically bias esti-
mates of diet-disease associations towards the null*. Also, because UPF
consumption is determined before disease diagnosis, UPF exposure
misclassificationis probably independent of disease status. Evenwhen
UPF identification haslow sensitivity (that s, true UPF are misclassified
asnotbeing UPF), the large sample sizes typical of observational stud-
ies makeit unlikely that results are biased away from the null by chance
alone®. The true magnitude of the association is therefore likely to be
larger than what is observed”. The evidence supporting healthharms
of a UPF-dominant diet is consistent in direction across studies using
dietary assessment methods that are both more (FFQ) and less (24-hour
recalls and diet records) susceptible to misclassification. The limita-
tions of the assessment methods used to estimate exposure to UPF are
therefore consistent with those of any other dietary exposure, some
of which are measured with potentially greater imprecision yet have
reached scientific consensus of health harms (for example, sodium
intake and cardiovascular disease)***.

Nova and the UPF construct also have utility for policy. To regu-
late agroup of products, policymakers must be able to identify them.
This requires rules and thresholds to determine whether individual
productsinthe food supply, and productslikely tobe introduced inthe
future, are ultra-processed or not. Several approaches of applying Nova
to policy have been proposed and are currently undergoing validation
andreliability testing, and several others may emerge as science on this
topic progresses. For example, UPF canbe identified on the basis of the
presence of additives, dyes or ingredients belonging to specific classes
(for example, emulsifiers), catalogued by existing regulatory bodies
such as Codex. Alternatively, UPF can be identified by the presence of
anyingredient notin Novagroups1-3 (for example, ingredients other
than minimally processed foods, culinary ingredients, preservatives,
vitamins or minerals)®.

Criticsargue that this threshold approach will produce borderline
cases—for example, awhole-grain bread with soy lecithin may be classi-
fied asa UPF, despite containing very few additives, none of which have
been proved harmful. Borderline cases are inevitable when identifying
products for regulation, and the precise threshold at which a product
becomes harmfulis often unknown. For example, the European Union
defines an alcoholic beverage as any drink containing more than 1.2%
ethanol by volume. This means a kombucha with1.3% ethanol is regu-
lated as alcohol, while a kombucha with 1.1% alcohol is regulated as
food. Similarly, the UK identifies drinks for taxation on the basis of
their sugar content, where a drink with over 5 g of sugar per 100 ml is
taxed, butadrinkwith4.9 g per 100 mlis untaxed. Toaddress thisissue,
manufacturers of products close to the threshold often reformulate to
avoid regulation, or policymakers use exemptions based onaproduct’s
specific formulation orintended use. For example, in the USA, vanilla
extract meets the ethanol-content criteria for an alcoholic beverage
butisexemptfromregulationbecauseitisintended for usein cooking.
Similar exemption strategies could be considered for the regulation
of UPF, to complement strategies based on nutritional parameters.

Critique 2

The criteria for differentiating between UPF and non-UPF are arbi-
trary. The critique is that the criteria used to differentiate UPF from
non-UPF for research consider purpose but do not consider a product’s
nutrient profile or account for the extent of industrial processing
techniques. For example, an intensive process used for safety such as
pasteurizationis not considered ultra-processing, but adding synthetic
flavour to enhance cosmetic appeal is. Additionally, two foods with
identical nutrient profiles fall into different Nova groups if one item
is prepared at home and another is purchased premade with similar
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ingredients. UPF are heterogenous, with some containing more addi-
tives than others, and some contributing health-promoting nutrients
tothediet (forexample, fibre-rich ultra-processed whole-wheat bread).
Grouping such diverse products together as UPF may lead research-
ers and consumers to incorrectly assume that the health effects of
all UPF are equivalent, limiting the utility of this concept for research
and policy”**"*

We argue that the operational criteria to delineate UPF from
non-UPF forresearchrely on the presence of cosmetic additive classes
and ingredients of rare culinary use. These operational criteria are
consistent with the conceptual definition within Nova, meeting the
standard for construct validity. This approach of differentiating UPF
from non-UPF is processing-based and is agnostic to the nutrition
composition of the product. Arguing that UPF is not a valid concept
because some high-fibre breads—products associated with being
health-promoting—fall into that category is like arguing that high
sodium is not a valid concept because many high-fibre breads also
contain a lot of sodium. The nutrient composition of a product alone
doesnotand cannot explain physiological responses, healthimpacts,
preferences or behavioural patterns. The value of an aggregated con-
struct such as UPF ultimately depends onits capacity to predict health
outcomes. UPF-dominant diets have consistently been associated with
elevated disease risk, underscoring the construct’s utility.

Toillustrate this concept, consider ahomemade chocolate cookie
versus anindustrially manufactured chocolate cookie. While they may
have similar macro- and micro-nutrient compositions, they are unlikely
to exhibitidentical profiles across all their constituent biomolecules.
They are also likely to differ in the integrity and organization of their
supramolecularand submolecular structures, reflecting distinct physi-
ochemical architectures that may elicit divergent digestive, metabolic
signalling and physiological responses. These products also demon-
strably differ across a range of attributes including availability, time
to preparation, convenience, price, durability, texture, flavour profile,
cosmetic appeal, branding and marketing. Furthermore, intake of a
UPF cookie means you are less likely to have a non-UPF cookie, and in
this way a UPF can displace its non-ultra-processed counterpart. These
differences in attributes that extend across different scales among
seemingly similar products may have different acute and long-term
impacts on preferences, behaviour, physiology and health, and thus
represent distinct dietary exposures.

Grouping UPF of varying nutritional composition and concen-
tration as well as type and number of additives (for example, yogurt
with one cosmetic additive such as a synthetic fruit flavour versus a
frozen pizza with emulsifiers, modified starch, flavours and colour-
ing agents) also has precedent in nutritional science. All aggregated
dietary exposures—from fibre-rich foods, plant-based products and
vegandiets to sugary drinks—similarly combine items that vary in their
contentand source of the definingingredient. The category of sugary
drinks, for example, groups items with varyingamounts and sources of
sugars, counting full-sugar soda, flavoured milk, sweetened juice and
lightly sweetened seltzer as part of the same exposure. What unifies
items within a conceptually coherent aggregated construct often has
greater explanatory value and predictive utility than the heterogene-
ityamong them.

Grouping UPF yogurt, bread and soda to represent the
ultra-processed diet is not dissimilar from grouping fish, whole-grain
bread and red wine because they share characteristics consistent with
a Mediterranean eating pattern. The Mediterranean diet includes
food categories with divergent nutritional characteristics (for exam-
ple, whole grains and olive oil), which have been operationalized
similarly to the ultra-processed diet for scientific research. Just as
a UPF-dominant diet has been shown to be health-harming despite
including a variety of foods**, the Mediterranean diet has been shown
to be health-promoting, even when individual foods that comprise
these diets do not confer equivalent health benefits* . Both diets are

informed by observation and theory and have been systematically and
extensively tested, adding to our evolving understanding of the links
between dietary exposures and disease risk.

Frameworks for regulating large groups of products with vary-
ing health risks already exist and could be applied or tailored to UPF.
For example, many countries, including the European Union and the
USA, regulate tobacco-containing products differently. No tobacco
product is considered safe for consumption, and these products
cannot be sold to youth. Products belonging to the broad category
of ‘tobacco’ are further classified according to risk (for example,
addictiveness, health harms and risk of youth initiation) and regu-
lated accordingly. Combustible tobacco (for example, cigarettes)
is often considered the highest-risk category, to which the strictest
regulations are applied (for example, high excise taxes, restrictions
on advertising to youth and limits on retail marketing). By contrast,
productssuchas nicotine, are regulated differently, with fewer restric-
tions applied. A similar regulatory structure could be applied to UPF.
For example, UPF such as sweetened drinks and meats may be subject
to taxes, limits in schools or marketing restrictions, while UPF such
as unsweetened milk drinks and whole-grain breads may be subject
to fewer regulations. Such risk-based approaches can leave room for
industry manipulation, therefore, credible and consistent health com-
munication about the UPF construct, as acomplementary framework
alongside nutrient-based parameters, will be essential across popula-
tions and settings.

Critique 3

The biological mechanisms underpinning the health impacts are
unclear. The critique is that people who consume an ultra-processed
diet are exposed to a wide range of additives and processing tech-
niques. It is not yet clear how each of the additives, processes and
their interactions alter biological mechanisms underpinning health.
Researchers therefore cannot definitively say that ‘ultra-processing’,
per se, causes poor health outcomes. Rather, other properties common
to UPF—such as the nutrient profile, texture or rate of intake—could
be driving the relationships between the ultra-processed diet and
disease”®*>*, This raises questions about the additional utility of the
UPF construct, beyond what is already known in the field.

We argue that mechanistic uncertainty is common across the
healthsciences, and the absence of fully specified biological pathways
does not diminish the validity or the analytical and predictive utility
of a coherent scientific construct. For instance, contaminated water
was epidemiologically linked to cholera well before the biological
mechanisms were understood. Inthe case of the ultra-processed diet,
multiple dietary components, both nutrient-based and non-nutritive,
that are excessive or insufficient in the ultra-processed diet relative to
aminimally processed diet have been hypothesized to impact health
through several plausible biological pathways. Some of the changes
in dietary components and their biological mechanisms are known.
Others warrantinvestigation. The lack of mechanistic clarity does not
undermine the validity of the UPF concept, nor does it invalidate the
consistency of the epidemiological findings.

Food contains thousands of unique substances, the health implica-
tions of many of which are unknown orincompletely characterized .
The processing of food alters several dietary components and nutritive
and non-nutritive properties, modifying biomolecular composition
andstructuralintegrity. These altered dietary components and proper-
ties differ between UPF and non-UPF. Some are in excess, others may be
insufficient or entirely absent. At the level of theindividual product, it
istherefore entirely plausible that the long-term healthimpacts of UPF
and anequivalent non-UPF are different. At the level of the dietary pat-
tern, the cascade of biological responses triggered by a UPF-dominant
dietislikely tobe different fromthat of aminimally processed diet. The
health effects of diets arise from the long-term influence of multiple
biological mechanisms rather than a single causal pathway.
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The imbalanced nutritional composition of an ultra-processed
diet has been demonstrated in nationally representative samples
across several low-, middle- and high-income contexts®. Increased
UPF intake has been shown to strongly correlate with an increase in
free sugars, total fat and saturated fat, as well as a decrease in fibre,
protein, potassium, zinc, magnesium and several vitamins®. The
content and type of phytochemicals and bioactive compounds, such
as glucosinolates, flavonoids, proanthocyanidins and isoflavones,
which probably have protective roles in human health®, also war-
rant further study. Given that UPF are characterized by the destruc-
tion of the original plant matrix and inter-and intra-cellular water, as
wellas the displacement of fresh, whole foods (vegetables and fruit),
it is likely that phytochemicals from these sources are lower in the
ultra-processed diet thaninaminimally processed diet, although this
warrants confirmation.

Another dietary component that s likely to underpin UPF-related
healthimpactsistheincreased exposure to xenobiotics—compounds
not normally found in or metabolized by the human body. Compared
with anon-ultra-processed diet, the ultra-processed diet is associated
with higher intakes of food additives including non-nutritive sweet-
eners and emulsifiers, as well as processing- and packaging-related
contaminants such as acrylamide, phthalates, bisphenols, advanced
glycation end-products, microplastics, and per- and polyfluoroalkyl
substances (PFAS)**°, While our understanding of the biological mech-
anisms and health impacts of this group of compounds continues to
evolve, thereis emerging evidence to suggest undesirable alterations to
the metabolome and microbiome as well as inflammatory potential**%,
Newer technologies such as targeted metabolomics may help charac-
terize the xenobiotic signature of a UPF-dominant diet and clarify its
influence on metabolism and health*,

We have growing evidence for several hypothesized pathways,
consistent with epidemiologic research. UPF meals have been shown
toincrease energy intake through potentially more efficient oral pro-
cessing and altered neurobiological processing. In randomized con-
trolled trials (RCTs), people tend to consume more calories through
carbohydrates and fats when offered UPF meals (versus minimally
processed meals)*. They consume more calories when UPF meals
are higher in energy density and softer in texture**. The combination
of refined carbohydrates, fats and additives strongly activates brain
reward systems, as seen in neuroimaging studies**¢, and may cause
symptoms consistent with other substance use disorders (forexample,
excessive intake despite negative consequences).

Our understanding of the impacts of the UPF-dominant diet and
their mechanistic underpinnings raises animportant question about
where the burden of proof should lie: whether only public health
researchers must continually evaluate the long-term health effects
of novel ingredients and processing technologies, or whether food
manufacturers should be required to demonstrate, with convincing
evidence, that these ingredients and processes—individually and in
combinationas they are consumed—are safe forand promotelong-term
health. This tension reflects a broader regulatory challenge in which
the pace of innovation in UPF formulation outstrips the generation
of independent data, creating an asymmetry between the introduc-
tion of novel exposures and the evidence needed to determine their
long-term health impacts.

Critique 4
Observational studies provide inconclusive evidence of health
harms. The critique is that conclusions about the health effects of the
ultra-processed diet are based on observational research, limiting
causal determinations about the health harms of this diet®’. This con-
straintinevitably raises questions about the utility of the UPF construct
toinfer causality or guide causal interpretations.

We argue that the reliability, validity and utility of ascientific con-
structare not determined by the limitations of observational evidence.

Observational studies can provide strong evidence when associations
are consistent across population samples, study designs, data collec-
tioninstruments and contexts, and are temporally ordered, biologically
plausible and robust to confounding and sensitivity analysis—all of
which have been demonstrated for the ultra-processed diet.

Every study design, including RCTs, is limited in its ability to
establish causal impacts of long-term dietary patterns in free-living
individuals, with recruitment, retention, adherence, compliance and
baseline diet being well-known challenges of RCTs*. RCTs manipulate
UPF meals to vary on one or more dimensions under study (such as
texture, eating rate or emulsifier load), rather than replicating the
complex, self-selected, free-living food choices that characterize the
ultra-processed diet in observational studies. Observational data
therefore remain essential for evaluating the long-term health effects
of free-living, habitual eating behaviour that cannot be simulated in
RCTs. While these data alone cannot establish causality, the associa-
tion between the ultra-processed diet and adverse health outcomes
has been replicated across diverse populations with varying dietary
patterns and demographic and socio-economic profiles, persists
after adjustment for possible confounders and demonstrates dose-
response relationships. The totality of evidence, including from RCTs,
underscores the consistency of the observational findings linking
UPF-dominant diets to poorer health.

Alongside triangulation across studies, applying the Bradford
Hill criteria of consistency of association, strength, specificity, tem-
porality, biological gradient, plausibility, coherence, experiment
and analogy*® can help gauge the quality of the epidemiological
evidence. A recent application of these criteria supports the thesis
that the ultra-processed diet increases the risk for several chronic
diseasesinadults*. Besides overweight and obesity, high UPF intake
was associated with an increased risk of type 2 diabetes, cardiovas-
cular disease, chronickidney disease, Crohn’s disease and all-cause
mortality. The consistency across different regions, study designs
and data collectioninstruments; the strength of theincrease in risk;
the temporality of the association; the dose-response seen; the
biological plausibility; the coherence with what is currently known
about disease pathophysiology; and the experimental evidence
seen with body weight and fat mass gains met seven of the nine
criteria mentioned®.

Dietary recommendations are grounded in the highest quality
of available evidence, relying on well-designed prospective cohort
studies where both associations and potential mediating pathways are
studied, and on RCTs and mechanistic studies that underpin biologi-
cal plausibility. This triangulated approach underlies recommenda-
tions promoting the Mediterranean and the Dietary Approaches to
Stop Hypertension diets and limiting sugary drink intake for chronic
disease prevention. For instance, the 2025 Dietary Guidelines for
Americans’ recommendation on sugary drink intake is based on 58
prospective cohort studies and only eight RCTs*. The burden of
proof for the health impacts of a UPF-dominant diet should be held
to the same standard applied to other dietary exposures, relying on
the convergence of high-quality observational, experimental and
mechanistic evidence.

Conclusion

In this Perspective, we argue that the UPF construct, as conceptually
defined within Nova, demonstrates coherence, reliability, validity and
scientific utility. UPF represent the aggregate of ready-to-heat/eat
products manufactured by theindustrial food system. The operational
criteria used to identify UPF for research are processing-based and
rely on the presence of cosmetic additive classes and ingredients of
rare culinary use. Epidemiology frequently relies on such conceptual
exposure categories to characterize dietary patterns and to elucidate
diet-disease relationships, underscoring the complementarity of UPF
with established nutrient-based constructs.
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The application of these operational criteria to distinguish
between UPF and non-UPF for research has demonstrated good
reliability, with repeated assessments showing agreement across
raters, contexts and datasets. Validation studies indicate that these
criteria tend to underestimate true UPF intake. Misclassification
errors of the type seen in UPF-related research typically bias diet-
disease associations towards the null, implying that the observed
effect sizes are probably conservative relative to the true magni-
tude of risk.

UPF represent a composite dietary exposure whose constituent
products vary across multiple dimensions, including but not limited
to nutritional composition, ingredient profiles, processing techniques
and additive loads. The grouping of nutritionally diverse products as
UPF and the operationalization of the UPF exposure to characterize
dietary patterns for epidemiological research align with established
approaches used to classify other complex nutritional exposures.
The heterogeneity observed between nutritionally similar UPF and
non-UPF items reflects both microscopic differences—distinct physi-
cal and chemical architectures that impact sensory properties, for
instance—and macroscopic distinctions related to convenience, price
and durability. These multidimensional differences, characteristic of
many constructs in epidemiology, make UPF and non-UPF meaning-
fully distinct exposure categories, capable of shaping preferences,
eating behaviours and health outcomes in divergent ways that can be
scientifically tested.

Thereliability of the UPF constructis further reflected in the con-
sistent direction and magnitude of associations observed between the
UPF-dominant diet and adverse health outcomes. This consistency
has been demonstrated across multiple regions, diverse population
samples, different dietary assessment instruments and varied study
designs, indicating a stable and reproducible exposure-outcome
relationship. The centralissue is therefore not the presence of mecha-
nistic uncertainty—an inherent feature of many areas of nutrition
science—but whether such uncertainty meaningfully limits the utility
of the UPF construct. Scientific constructs frequently operate under
partial mechanistic understanding; their value lies in their capacity
todelineate a coherent exposure and to predict health outcomes reli-
ably. The UPF construct functions in this manner: despite internal
heterogeneity and ongoinginvestigation into specific biological path-
ways, it consistently identifies a pattern of dietary exposure associated
with elevated risk of multiple adverse outcomes. In this context, the
construct’s utility is empirically demonstrated, even as mechanistic
research continues to mature.

When held to the same standard as other nutritional exposures
and examined in totality, the evidence on the health harms of the
UPF-dominant diet aligns with the evidence on the health impacts of
other diets, providing sufficient grounds for precautionary public
health guidance. The debate about the health harms of the UPF-dom-
inant diet also raises a broader question about the appropriate allo-
cation of the burden of proof: whether public health researchers
should be expected to continually assess the long-term effects of food
innovations, or whether food manufacturers should be required to
demonstrate that these products, individually and in combination as
consumed, are safe for chronicintake. This debate also invites scrutiny
on how the responsibility for risk of diseases is allocated. If UPF as a
category are associated with substantially elevated risk of disease, as
current evidence suggests, then responsibility cannot rest solely with
individual consumers. UPF-related entities, including manufacturers
and retailers, and governments should accept shared responsibility
to reduce these risks. How this responsibility is allocated is a matter
for societal discussion.
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