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Ultra-processed foods (UPFs) have become increasingly dominant globally, contributing to as much as 60% of total daily energy
intake in some settings. Epidemiological evidence suggests this worldwide shift in food processing may partly be responsible for
the global obesity epidemic and chronic disease burden. However, prospective studies examining the association between UPF
consumption and cancer outcomes are limited. Available evidence suggests that UPFs may increase cancer risk via their obesogenic
properties as well as through exposure to potentially carcinogenic compounds such as certain food additives and neoformed
processing contaminants. We identify priority areas for future research and policy implications, including improved understanding
of the potential dual harms of UPFs on the environment and cancer risk. The prevention of cancers related to the consumption of
UPFs could be tackled using different strategies, including behaviour change interventions among consumers as well as bolder
public health policies needed to improve food environments.

British Journal of Cancer (2022) 127:14–20; https://doi.org/10.1038/s41416-022-01749-y

BACKGROUND
Food systems in high-income countries, such as Canada, Australia,
the United States and the United Kingdom, became dominated by
packaged, ready-to-consume, ultra-processed foods (UPFs) from
the second half of the twentieth century onwards [1]. UPFs are
also increasingly displacing traditional food cultures in middle-
income countries [1–8]. The growth in UPFs consumption which
contributes to as much as 25–60% of total daily energy intake,
depending on the region [9–14], has been increasingly linked with
the global obesity epidemic. Positive associations between
increased UPF volume sales/capita and population-level Body
Mass Index (BMI) trajectories worldwide have been reported [15].
UPF intake has been associated with greater increases in adiposity
from childhood to early adulthood [16] and a greater risk of
overweight and obesity in adults [17–23]. Recent data highlight
associations between high UPF consumption and health out-
comes, including a higher risk of hypertension, type 2 diabetes,
cardiovascular diseases and depressive symptoms [24–29]. The
consumption of UPFs has also shown marked socio-economic
patterning with important implications for its potential impacts on
health inequalities [30]. Although research investigating associa-
tions between the consumption of UPFs and cancer risk is still very
limited, recent results from the French NutriNet-Santé cohort
support the association between high consumption of UPFs and
the risk of developing overall cancer and breast cancer [31].
Different potential pathways have been suggested, with the
primary one the high energy density and low nutritious value of
many UPFs. However, the increase in UPF intake may also increase

the potential risk for exposures to contaminants or other potential
carcinogenic components, including certain additives such as
Titanium dioxide (TiO2), that has been commonly used in UPFs
and is no longer considered safe for humans health according to
more recent evidence [32].
It is of paramount importance to better understand the potential

role of ultra-processing on the cancer burden globally. Therefore, we
undertook a review with the aim to describe and appraise published
articles about the relationship between the consumption of ultra-
processed foods and cancer risk, including potential and probable
biological mechanisms and the role of the global food system in this
suggested relationship.

FOOD PROCESSING IN THE GLOBAL FOOD SYSTEM
Our ancestors faced difficulties in obtaining and preserving
foods. Since then, humans have sought to ensure food
availability and security as well as food safety through different
means, tools and technologies. Nowadays, food processing plays
an important role in ensuring a safe, functional and nutritional
food supply [33]. Food processing can enable food preservation
to avoid spoilage and foodborne illness. It can also enhance the
palatability of food as well as food diversity leading to better
taste, improved digestibility and bioavailability of nutrients.
Additionally, it ensures transportation stability through heat (e.g.
appertisation) or cold treatment (4 °C, freezing −18 °C) and
allows the production of pre-prepared meals saving time and
energy that cooking requires [34].
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Technological developments and the industrialisation and
globalisation of the food system, however, have changed the
purpose of processing over the last decades. Industrialised
processes, the use of additives and preservatives and packaging
allow food manufacturers to massively produce a wide variety of
highly palatable foods with long shelf lives from cheap ingredients
[6]. The profitability and convenience of these highly processed
foods which are usually high-calorie and of low nutritional value,
has made them widely available and consumed, replacing
traditional diets that are mainly composed of a variety of fresh
or minimally processed foods. As a consequence, a profound
change in food purchasing and consumption patterns has been
observed globally [35, 36].
Highly processed foods are part of a large and complex system

[37, 38] that not only covers production and consumption but the
whole food supply chain (from “farm to fork”). Several actors and
their interlinked value-adding activities are involved in the produc-
tion, aggregation, processing, packaging, distribution (transport,
retail and food services), cooking, consumption and disposal of
these food products [35]. By considering the entire food system we
are better positioned to understand issues related to processed
foods and to address them in a more integrated way.

FOOD PROCESSING CLASSIFICATION FRAMEWORKS AND
DEFINITIONS
In line with this, recently several food processing frameworks have
been developed, radically transforming how we think about the
relationship between diet and health. Examples of new food
processing frameworks are the NOVA system, the International
Food Information Council and the Food Standards Australian New
Zealand [39–41]. Although most of them make similar basic food
classifications as processed or unprocessed, those with more
levels of classifications seem to be more useful for tracking
changes in the food supply and for assessing health outcome
associations [40].
The NOVA system has been endorsed by the World Health

Organization (WHO) and the Food and Agriculture Organization
and is most widely accepted and used in scientific studies [42, 43].
The development of the NOVA classification in 2009 also coined
the term ultra-processed foods (UPFs), defined as «industrially-
derived food and drink formulations of chemical compounds which,
beyond substances of common culinary use, include substances
derived from foods but not used in culinary preparations, such as
hydrogenated fats, and cosmetic additives added to make it more
palatable or appealing (such as flavours, sweeteners, emulsifiers) and
are packed using sophisticated packaging usually of synthetic
materials » [44, 45]. Examples of ultra-processed foods are
processed meats (reconstituted meat products or sausage, ham
and other meat products), carbonated soft drinks, packaged bread
and buns, sweet or savoury packaged snacks, chocolate and
ready-to-eat-meals.

ULTRA-PROCESSED FOODS AND CANCER RISK:
EPIDEMIOLOGICAL EVIDENCE
Since the food processing frameworks have been only recently
developed [39–41], the majority of evidence for the association
between ultra-processed foods intake and cancer risk comes from
epidemiological studies evaluating the association between intake
of specific food groups and cancer risk. In 2018, the World Cancer
Research Fund’s (WCRF) continuous update project (CUP), the
world’s largest source of scientific research on cancer prevention
and survivorship through diet, nutrition and physical activity,
reviewed the latest global research on how diet affects the risk of
developing cancer, including methods of preservation and
processing of food [46]. Findings from this review suggest there
is strong evidence that consuming processed meat increased the

risk of colorectal cancer. There is also convincing evidence
suggesting that higher consumption of cantonese-style salted
fish increases the risk of nasopharyngeal cancer and of foods
preserved by salting increase the risk of stomach cancer; however,
these may be considered as processed foods instead of ultra-
processed foods depending on the food classification [42]. It was
also reported that alcoholic drinks are strong risk factors for
mouth, pharynx and larynx cancers; oesophageal cancer; breast
cancer; colorectal cancer; stomach cancer; liver cancer and kidney
cancer. The evidence suggests that alcoholic drinks of all types
have a similar impact on cancer risk [42].
UPF intake has been associated with a greater risk of

overweight and obesity in many epidemiological studies
[16–23], and in turn obesity has been linked to the risk of
various cancers in the WCRF report [46]. This led to some cancer
prevention recommendations by the WCRF related to ultra-
processed foods, for example, to limit the consumption of
sugary drinks and of processed foods high in fat, starches or
sugar (e.g. ‘fast foods’; many pre-prepared dishes, snacks; bakery
foods and desserts; and confectionery), due to their contribution
to weight gain, overweight and obesity [46]. In line with this, a
recent systematic review, published in 2018, assessing the
associations between dietary sugars and lifestyle-related cancer
risk from longitudinal studies, reported that added sugars and
sugary beverages may increase cancer risk [38]. Similarly, in
2019, an analysis conducted within the French NutriNet-Santé
cohort (N= 101,257 participants) reported a positive association
between consumption of sugary drinks and risk of overall cancer
(Hazard ratio (HR) for a 100 mL/d increase: 1.18; 95% confidence
interval (CI) 1.10–1.27) and breast cancer (HR: 1.22; 95% CI
1.07–1.39) [47]. Higher sugary drink intake has also been
associated with early-onset of colorectal cancer (≥7 vs. <1
drinks/week, Odds ratio (OR): 2.99; 95% CI 1.57–5.68) in a
population-based case-control study conducted in Ontario,
Canada during 2018–2019 [48].
Recent review studies aiming to assess the association between

ultra-processed foods intake as defined by the NOVA framework
and health outcomes, identified two studies related to cancer risk
[49, 50]. One of the studies was conducted within the French
NutriNet-Santé cohort (N= 104,980 participants) and examined
the association between UPF intake and risk of overall, breast,
prostate and colorectal cancers [31]. Findings from this study
suggested that a 10-point increment in the proportion of UPFs
consumed in the diet was associated with a 12% (95% CI
1.06–1.18) higher risk of overall cancer and an 11% (95% CI
1.02–1.22) higher risk of breast cancer, while no association was
observed for colorectal and prostate cancers [31]. Conversely, a
10-point increment in the proportion of “minimally/unprocessed
foods” in the diet was inversely associated with overall cancer risk
(HR: 0.91; 95% CI 0.87–0.95) and breast cancer risk (HR: 0.42; 95%
CI 0.19–0.91) [31]. The second one was a case-control study
conducted with 59 cases of breast cancer and 59 matched
controls in Brazil [51]. Findings from this study suggested higher
UPF intake was associated with an increased risk of breast cancer
(OR: 2.35; 95% CI 1.08–5.12).
Less consistent associations between UPF consumption and

cancer have been identified in more recent studies. A study using
data from the Multicentric population-based case-control study
(MCC-Spain) conducted in 12 Spanish provinces, including
individuals with diagnoses of colorectal (n= 1852), breast (n=
1486) or prostate cancer (n= 953), and population-based controls
(n= 3543), observed only a positive association between UPFs
intake and colorectal cancer risk (OR for an increment of 10% in
consumption: 1.11; 95% CI 1.04–1.18), while no statistically
significant associations were observed for breast and prostate
cancers [52]. Another study conducted within MCC-Spain (230
cases and 1634 population-based controls) found no association
between UPF intake and chronic lymphocytic leukemia [53].
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However, when the results were restricted to cases diagnosed
within <1 year, a positive association was observed (OR of 10%
increment: 1.22; 95% CI 1.02–1.47). The authors argued this may
indicate people change their diet habits after cancer diagnoses.
The PROtEuS study also assessed the association between

dietary intake, based on the extent of food processing, and
prostate cancer risk [54]. The study was conducted in Montreal
between 2005 and 2012 with 1919 prostate cancer cases and 1991
controls. Findings from this study suggested higher prostate
cancer risk was associated with higher intake of processed foods
(OR: 1.29, 95% CI 1.05–1.59; highest vs. lowest quartile), but not
with the consumption of ultra-processed food and drinks.
Although prospective studies examining the association

between UPF consumption and cancer outcomes are still limited,
the current evidence suggests UPFs intake may increase the risk
for specific cancers. However, conflicting results were observed,
which may reflect differences in methodology for defining and
classifying UPFs. Most recent studies have used the NOVA
framework to classify food intake, which has been subject to
some criticism for being imprecise, vague and qualitative [55].
However, recently published work has sought to address these
criticisms and improve the consistent application of the NOVA
classification in future studies [42]. It is paramount that future
studies investigate the association between UPF intake and cancer
risk following a valid and standardised food classification frame-
work, facilitating comparison with other studies.

POTENTIAL BIOLOGICAL MECHANISMS LINKING ULTRA-
PROCESSING OF FOODS WITH CANCER RISK
Ultra-processed foods intake may hypothetically increase cancer risk
through obesogenic properties as well as through exposure to food
additives and contaminants. Several studies have confirmed that
UPFs can have a poorer dietary quality when compared to minimally
processed foods [9–14]. Diets rich in UPFs tend to be higher in
energy density, free sugar and overall fat content, saturated fat and
trans-fat content, as well as lower in fiber, protein, sodium and
potassium [9–13]. According to Hall and collaborators [56],
individuals that consume a diet rich in UPFs tend to eat more
calories and gain more weight when compared to an unprocessed
diet. In this study, the excess of calories came mainly from
carbohydrates and fats; which shows up the hyperpalatability and
attractiveness of UPF products. In fact, diets rich in UPFs have been
associated with obesity [17–20], an established risk factor for at least
13 cancer sites, including colorectal and breast cancers mentioned
previously to be associated with cancer risk [29, 30, 38].
Food contaminants, such as neoformed processing contaminants,

have also been suggested as potential mechanisms linking UPFs to
higher cancer risk. Foods in their natural form go through different
types of transformations (chemical, biological and physical) to
generate the final processed product. Throughout these operations,
reactions occur and the chemical structure of the food changes,
inducing the creation of neoformed processing contaminants, such
as trans-fat and acrylamide (derived from the heat-inducing
reactions between the amino group of the amino acid asparagine
and carbonyl groups of glucose and fructose) [57]. Recent evidence
has shown a positive link between higher industrial trans-fat intakes
and cancer risk [37, 58, 59]. Other neoformed processing
contaminants may also be created, such as heterocyclic amines,
polycyclic aromatic hydrocarbons, oxyhalides and haloacetic acids,
which have also been linked to cancer risk [60].
Certain ‘indirect’ contaminants may also be found in UPFs, such as

substances derived from food packaging. Indeed, it has been
reported that food contact materials are an underestimated source
of contaminants that could have potential endocrine-disrupting
effects [61]. For example, the urinary concentrations of Di(ethylhexyl)
phthalate (DEHP), an endocrine-disruptor chemical widely used as a
plasticiser [62], have been positively associated with ultra-processed

food consumption [63]. Both human and animal studies have
indicated that exposure to DEHP may induce cancer through
multiple molecular signals, including DNA damage [64]. A recent
study also suggested that exposure to DEHP may promote colon
cancer metastasis by increasing cancer stemness [65]. Similarly,
exposure to bisphenol-A (BPA), another endocrine-disrupting
chemical used in a variety of food packaging [66, 67] has been
suggested to increase cancer risk [68]. BPA exposure has been
shown to deregulate signalling pathways implicated in head and
neck cancers [69].
Ultra-processed foods may also contain an extensive list of

additives such as preservatives and cosmetic additives (e.g. dyes
and emulsifiers) [44]. Although all food additives used in food
production are evaluated and authorised for general safety, their
cumulative effect on long-term human health remains largely
unknown (most literature is currently derived from animal/cellular
experimental models). Several food additives have been sug-
gested to have carcinogenic properties in experimental studies
[70–72]. Sodium nitrate, for example, is currently used by
manufacturers to preserve processed meat and poultry meats.
Some studies suggested that this compound may increase cancer
risk [73] due to formation of certain nitroso-compounds that could
yield carcinogenic nitrosamines [74]. A meta-analysis of 49 studies
also showed an increased risk of gastric cancer among those with
higher intakes of nitrites (OR: 1.31; 95% CI, 1.13–1.52) and
nitrosamines (OR: 1.34; 95% CI, 1.02–1.76) [75]. Supporting this,
there is currently evidence suggesting that processed meat intake
increases colorectal cancer risk, with stronger associations for
colon cancer [46]. Similarly, titanium dioxide (TiO2), which has
been commonly used as a preservative to improve texture and as
a colouring agent in UPFs, is no longer considered safe when used
as a food additive according to more recent evidence [32]. It has
been suggested to be a possible carcinogen to humans [76] and
to promote gene expression changes in the colon in mouse
models [77]. Another area of concern is the effect of artificial
sweeteners on cancer risk, which is still controversial. Although the
European Food Safety Authority has declared aspartame, the most
commonly used artificial sweetener, as safe to human health [78],
other studies still suggest carcinogenic potential of aspartame
[70]. Additionally, some emulsifiers have been postulated to
promote inflammation in the gut [79], a metabolic alteration also
associated with cancer aetiology [80].
Alcoholic drinks, more specifically the distillated drinks, are also

considered ultra-processed drinks and have been consistently
associated with cancer development [46]. There’s a large body of
experimental evidence suggesting that acetaldehyde, a toxic
metabolite of alcohol has carcinogenic properties, as it disrupts
DNA synthesis and repair [46, 81]. Other potential underlying
mechanisms involve the oxidative stressed induced by ethanol
consumption and its probable function as a solvent for cellular
penetration of carcinogens [82, 83].
Many epidemiological studies investigating associations

between ultra-processed food intake and health outcomes have
adjusted for nutritional quality [27, 28, 31], suggesting that other
characteristics of UPFs may be contributing to associations found.
However, residual confounding cannot be ruled out and further
research is needed to confirm this. Although the precise
mechanisms underlying the relationship between UPF consump-
tion and certain cancers are not completely understood, current
evidence suggests UPFs may increase cancer risk, possibly via
obesogenic, alcoholic intake and dietary quality factors, as well as
non-nutritional food processing compounds.

THE GLOBAL FOOD SYSTEM, ULTRA-PROCESSED FOOD
CONSUMPTION AND CANCER RISK
The global food system [35, 37, 38] plays an important role in driving
growth in UPF production and consumption and associated cancer
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risk. While the relationship between the food system and cancer risk
is complex, here we discuss two hypothesised pathways. The first
potential pathway is the environmental pathway. Food industries
are now capable, due to advanced technologies, to increase their
production of UPF products by exploiting finite environmental
resources: the land is used extensively to meet the needs through
non-environmentally friendly agriculture practices such as overuse
of pesticides and deforestation. Globalisation of UPFs threatens the
local food cultures and culinary traditions. It endangers animal/plant
biodiversity. Mega production of ingredients to produce cheap UPF
jeopardize small scale farmers and shifts agriculture towards
monoculture. Those products require longer transport distances
which worsen global warming. In addition, UPFs are known to have
sophisticated and attractive packaging, contributing to an important
source of plastic waste. This overproduction puts the material
resources under pressure and leads to increased air, water and
land pollution. These environmental changes and exposures are
known to negatively impact people’s health, including their risk of
developing cancer [84, 85].
A second potential pathway is the consumption pathway. UPFs

are characterised by their hyperpalatability and attractiveness due
to different factors: their hyper-palatable nutrient profile (e.g. high
energy, salt, sugar and low in fibers and vitamins minerals), the
use of cosmetic additives (e.g. colours and taste enhancers)
and their attractive packaging. These UPFs properties alongside
the UPFs’ extensive marketing and cheap prices are resulting
in increased energy consumption coming from UPFs worldwide
[86–88], increasing obesity [6, 43] and associated cancer risk
worldwide [46, 89]. The increase in UPF intake may also increase
the potential risk for exposures to contaminants or other potential
carcinogenic components, including certain additives that may no
longer be considered safe for humans health, for example,
Titanium dioxide (TiO2) [32]. In line with this, it has been
suggested that between 30 and 50% of all cancers can be
prevented by avoiding exposure to environmental pollution and
improving healthy lifestyles [46]. This highlights the importance of
public health policies promoting environments that are conducive
to health to reduce the burden of cancer.

POLICY ACTIONS
Public health authorities in Brazil, Uruguay, Ecuador, Peru, France
and Canada have included specific recommendations to limit
UPFs in their national dietary guidelines [4]. Recommendations
from the Food and Agriculture Organization [43] and the World
Cancer Research Fund [46] state that people should aim to limit
their consumption of UPFs and replace those foods with minimally
processed foods options, such as fruit and vegetables, whole
grains and beans and drink mostly water and unsweetened drinks
in order to reduce their risk for cancer and other chronic diseases.
While minimising consumption of UPFs should be the principal
goal, food reformulation may have a modest role to play to reduce
their harms. This includes limiting the generation of compounds
with potential adverse health effects (e.g. acrylamide and
nitrosamines), which could potentially assist in the transition from
ultra-processed food environment towards healthier food envir-
onments driven by fresh and minimally processed foods.
According to recent evidence, new technologies could potentially
also be leveraged for the development of healthier processed
foods that are environmentally friendly [90–92] and at the same
time beneficial for our human health through an improved
nutritional composition of foods and reduced contamination
levels of suggested toxic components [65, 66]. Nevertheless, any
benefits that could be realised from reformulation need strong
oversight from governments and other authorities as there is an
established evidence base that voluntary agreements with
industry for product reformulations are ineffective [4, 93–96].
Other potential public policies and actions involve restricting

the widespread marketing promotion of UPFs and support of
cooperative, small and family farmers and producers of fresh
foods, which may ensure that healthy foods and freshly prepared
meals are affordable by and available to all [44]. Policies should be
developed and assessed on their effectiveness to reduce both the
health and environmental harms of UPFs [97].

RESEARCH GAPS AND NEEDS
Although results from previously published studies assessing the
associations between UPF intake and cancer risk suggest a
positive association, they need to be confirmed in future cohort
studies and in different settings. Some conflicting results were
observed, which may reflect the lack of standardisation on the
definition and classification of UPFs. Future studies should aim to
use a valid and standardised food processing classification
framework, facilitating comparison with other studies and the
consideration of the entire food system. Improved understanding
about which mechanisms may explain associations between food
processing and cancer risk is needed. There is also a need for
studies investigating the associations between lower degrees of
food processing and cancer risk. Longitudinal data with repeated
dietary intake measurements may also advance understanding of
the effect of changes in the degree of food processing in our diets
and cancer risk. There is also a lack of studies testing the potential
mediation effect of each factor (overconsumption and weight
gain, dietary quality, contaminants related to food processing,
food additives etc.) in the associations between UPFs intake and
cancer risk. Short-term dietary interventions and substitution
analysis assessing the replacement of specific groups (e.g.
processed meat by a minimally processed meat) will also be
relevant to inform public health recommendations.
Further research is warranted to better understand the role of

chemical compounds in the association between UPFs and cancer
risk, since epidemiological studies have reported inconsistent
findings so far. This is the case with nitrates and nitrite [98], and
artificial sweeteners [99], for example. Furthermore, additional
studies are needed to understand the chemical structural changes
in the food matrix and additives when exposed to physical,
chemical and enzymatic reactions during processing. Synergistic
effects between multiple additives in the same product should
also be explored. This synergistic effect can be explored via
in vivo/in vitro experiments, and it can also be investigated
through collecting detailed ultra-processed food consumption
data. Additionally, discovering biological markers related to each
additive can be a promising method since it avoids the memory
bias and social desirability found in reporting the quantity of UPF
consumed [100, 101]. In order to gather causality arguments,
targeted experimental studies are urgently needed to investigate
not only the additives effect but also the effect of all the
suggested putative mechanisms involved in these associations
between cancer risk and the consumption of UPFs.
Last but not least, we should not lose sight of the fact that the

global food system can have an important role in this association.
More studies are needed to explore the effect of UPFs on food
sustainability. To date, many studies tackle the effect of diets on
food system sustainability, but few take into consideration the
repercussion of the processing degree of diets on our environ-
ment [1].

CONCLUSIONS
In conclusion, the current epidemiological evidence, although still
limited, suggests a positive association between UPFs and the risk
of some cancers. More population-based and experimental studies
are needed to confirm these associations. The potential mechan-
isms underlying these associations are not completely clear, but
they may involve the obesogenic properties of UPFs, alcohol
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intake and the exposure to potentially carcinogenic compounds
such as certain food additives and neoformed processing
contaminants. The global food system plays an important role
by promoting overconsumption of UPFs and through the
environmental impact of their production (e.g. monocultures,
pesticides, pollution and global warming), which may in turn
increase cancer risk.
While growing evidence indicates that reducing the consump-

tion of ultra-processed foods should be an integral component of
cancer prevention strategies in public health, further research is
needed to understand the best way to achieve this. However bold
fiscal and regulatory action which reduces the widespread access,
affordability and attractiveness of these products are likely to be
needed to reduce the global burden of non-communicable
diseases, including the cancer burden.
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