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Abstract

Ultra-processed foods (UPFs) have increasingly displaced traditional diets globally and have become a significant public health con
cern, particularly in relation to cardiovascular (CV) diseases. UPFs are defined as food products primarily composed of cheap industrial 
ingredients, additives, and neo-formed compounds, often with little to no nutritional value. These foods are highly processed and  
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contain additives that can have harmful effects on health. While traditional dietary guidelines have long emphasized the importance 
of limiting animal-derived fats and promoting the intake of fruits, vegetables, and unsaturated fats, recent evidence suggests that the 
extent and nature of food processing are also key factors in the relationship between diet and health.  

Studies over the past decade have highlighted that the consumption of UPFs is associated with increased CV risk, often independ
ent of the overall diet quality.  

Despite growing evidence linking UPF consumption to major CV risk factors (e.g. hypertension, dyslipidaemia, obesity) and adverse 
CV outcomes, the role of food processing in CV health remains underrecognized in cardiology. Current dietary counselling in clinical 
practice tends to overlook the potential adverse impact of UPFs, with patients not receiving comprehensive nutritional guidance.  

This European Society of Cardiology (ESC) clinical consensus statement, developed by a multidisciplinary group of European ex
perts, is conceived to increase awareness among clinicians about the CV risks associated with UPFs. Starting from a comprehensive 
review of current evidence, it provides practical, actionable advice to help the general cardiologists incorporate UPF-related assess
ment and counselling into their routine care. The statement also proposes a stepwise framework focused on CV prevention, including 
tools designed to enhance patient communication and engagement. Moreover, it discusses these clinical advices within wider stra
tegic and policy frameworks, therefore supporting a more integrated, food-centred approach to improve CV health.
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Ultra-processed foods and cardiovascular risk: clinical implications and public health policies

In a Cardiology setting, the clinical evaluation of nutritional habits and councelling should include ultra-processed food consumption, 
associated with worse cardiovascular outcomes. Public health policies need to take ultra-processed foods into account in order to 
reduce the risk accociated with these products.

Keywords Ultra-processed foods • Nova classification • Diet quality • Cardiovascular disease • Cardiometabolic 
disease • Systematic review • Preventive cardiology
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Introduction
Ultra-processed foods (UPFs) constitute an increasing part of 
the world’s food consumption and are becoming a worldwide 
challenge for population health.1,2

It is well established that both the quality and quantity of food are 
closely linked to cardiovascular (CV) diseases. Low-density lipopro
tein cholesterol (LDL-C) and apolipoprotein B-containing lipopro
teins are primary determinants of immune-mediated inflammation 
and atherosclerosis; consequently, traditional dietary recommenda
tions emphasize low intake of animal-derived lipids and adequate 
amounts of fruits and vegetables and unsaturated fat.3–6

Over the past decade, however, a growing body of evidence 
from high-quality longitudinal cohort studies worldwide has 
prompted a re-evaluation of the diet–health relationship, shift
ing focus from nutritional content alone to the extent and pur
pose of food processing.7–9

Ultra-processed foods are characterized as formulations pri
marily derived from inexpensive industrial sources of dietary en
ergy and nutrients combined with additives, through extensive 
industrial processes, resulting in poor nutritional content and 
the presence of cosmetic additives and neo-formed compounds, 
that may adversely affect health.10,11

The rapid transition from traditional diets to increased UPF 
consumption poses a challenge for the general population and 
patients with CV diseases or comorbidities leading to an emer
ging risk burden.2,12–14

While epidemiological evidence increasingly supports a link 
between UPF consumption and poor CV health, this issue re
mains largely underrecognized in the wider public health discus
sion, as well as in general cardiology.

Most national dietary guidelines continue to prioritize 
nutrient-/food-based recommendations disregarding the issue 
of food processing. As a result, UPFs are largely neglected in 
clinical settings, although diet remains a cornerstone of CV pre
vention and management.

This clinical consensus statement was developed by the ESC 
Council for Cardiology Practice and the European Association 
of Preventive Cardiology of the ESC, together with a multidiscip
linary group of European experts who shared and approved the 
statements and the clinical advices. The aims of this document 
are to introduce the concept of food processing and UPFs into 
the knowledge base of general cardiologists, raising awareness 
of UPFs as a potential additional risk factor to consider as part 
of the patient counselling routine. Starting from a comprehensive 
review of the epidemiological evidence linking UPFs to CV health 
and its underlying mechanisms, this document provides practical 
approaches for incorporating UPF-related considerations into 
routine assessment and dietary counselling. Also, it outlines a re
search framework to guide future integration into clinical care 
while identifying and discussing key research gaps and methodo
logical challenges that limit the translation of evidence into clin
ical practice.

Chapter 1. Definition of ultra-processed 
foods: the Nova classification
Several systems exist to classify foods by processing level,15 but 
the Nova classification, developed by Monteiro et al. in 2009 and 
subsequently updated,10 has become the most widely used in 

epidemiological studies and policy discussions. This system helps 
understand that not all processed foods are the same—some are 
minimally altered, while others are heavily industrialized products 
designed to be ready-to-eat and highly palatable. Understanding 
these categories is important because the level of processing af
fects the nutritional quality of foods and their impact on health, par
ticularly CV health.

The Nova system classifies foods and beverages into four cat
egories, according to the extent and purpose of the industrial 
process they undergo, regardless of nutritional composition.10,16

It is noteworthy that, although providing a useful framework for 
categorizing foods by processing level, application of the Nova 
classification in long-term epidemiological studies may be affected 
by exposure misclassification, as food items are often classified 
uniformly over extended follow-up periods despite substantial 
changes in industrial processing practices over time. A simplified 
guide to Nova food classification for clinical use is provided in 
Table 1, with a comprehensive description of all Nova groups 
and examples available in Supplementary Material S1— 
Supplementary data online, Table S1.16

Chapter 2. Ultra-processed foods and diet 
quality
The poor nutrient composition of UPFs is one of the hypothe
sized mechanisms linking them to adverse health outcomes. 
On average, UPFs are higher in energy, saturated or trans fats, 
sugar, dietary cholesterol, and salt, while lacking essential nutri
ents such as vitamins, minerals, and fibre,17,18 while showing a 
negative relationship with protein, fibre, and certain micronutri
ents including potassium, magnesium, vitamin D, and vitamin 
B12.19 Furthermore, UPFs may lack bioactive compounds, which 
are relevant to CV health.20–22 Data from two US observational 
studies have associated increased UPF consumption with lower 
intake of total flavonoids23 and with lower urinary enterolignan 
concentrations.24

Several cohort studies worldwide have explored the relation
ship between UPFs and dietary scores, which assess the quality 
of a person’s diet based on their food choices and nutrient in
take, typically promoting healthy foods (e.g. fruits, vegetables) 
and discouraging unhealthy ones (e.g. processed foods, exces
sive sugar). Among these, the Mediterranean diet has been ex
tensively studied and is widely recognized for its positive 
health and cardioprotective benefits.25,26 It is inversely asso
ciated with UPF consumption27–29 but positively linked to the 
intake of minimally or unprocessed foods.28 This relationship 
has also been confirmed in populations of children and adoles
cents,28,30 suggesting that promoting the adoption or mainten
ance of a traditional Mediterranean diet could serve as an 
effective public health strategy to limit UPF intake and reduce 
the burden of nutrition-related illness, particularly cardiometa
bolic diseases.31

Importantly, the average poor nutritional composition of 
UPFs alone fails to fully account for their adverse health impact. 
Over 75 prospective studies reported that UPF consumption 
was associated with an increased risk of chronic diseases even 
after adjusting for several markers of nutritional quality such as 
energy, sugar, salt, saturated fats, and other key nutrients.18,32

This conclusion has been further corroborated by recent analyses 
from large European cohorts,33 emphasizing that non-nutritional 
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factors (e.g. some food additives, contaminants created during 
processes or coming from packaging, etc.) also play a significant 
role in these associations.

The distinct yet complementary nature of the ‘nutritional’ and 
‘processing’ dimensions of foods is essential to understanding 
their health implications.34 For instance, a food product may 
possess a favourable nutrient profile (low sugar, salt content, 
etc.) but still be classified as ultra-processed (e.g. artificially 
sweetened dairy desserts, vegetable patties with emulsifiers 
and flavours, ‘slimming’ products such as meal-replacement 
shakes and powders, etc.). Conversely, minimally processed 
foods may have a less favourable nutrient profile (e.g. home- 
made cake with high sugar and butter content). The interplay be
tween the Nutri-Score front-of-pack labelling system, which as
sesses the nutritional quality of food products using a 
colour-coded scale ranging from A (the most balanced nutrition
al composition) to E (the least balanced), and the Nova classifica
tion underscores the necessity of considering both dimensions 
for a comprehensive evaluation of food quality. Estimates sug
gest that over 80% of UPFs available in the Spanish market 
are classified as having poor nutritional value according to the 
Nutri-Score, although the opposite has also been found, with 
some UPFs receiving favourable Nutri-Score ratings.35

Similarly, Figure 1 illustrates the distribution of UPFs across 
the different Nutri-Score categories for >120 000 products of 
the French market, highlighting the need for both nutritional 
and processing perspectives to fully assess food quality.36

Chapter 3. Ultra-processed food 
consumption across European countries
In the last decades, population dietary patterns have shifted to
wards increased consumption of UPFs.37,38 For instance, in 
Spain, UPF purchase nearly tripled between 1990 and 2010.39

According to data from Euromonitor on global trends in UPF 
product sales, per capita annual volume in 2016 was highest in 
the Netherlands (144 kg), Germany (142 kg), and the UK 
(141 kg), while Eastern Europe reported the lowest volume sales.40

The main contributors to solid and liquid UPF purchase in Europe 
were bakery products and carbonated drinks, respectively.40

A systematic review showed the Netherlands and UK had the 
highest energy intake from UPF (61% and 54%, respectively), 

and Southern Europe the lowest, such as Spain (25%), 
Portugal (22%), and Italy (18%), presented the lowest percen
tages.41 Higher UPF consumption was associated with younger 
age, urban residence, and unmarried status. Associations with 
education, income, and socioeconomic status varied by coun
try.41 This is confirmed by the data from household availability 
sources, which revealed highest UPF availability in the UK 
(51%), Germany (46%), and Ireland (46%) and lowest in 
Portugal (10%), Italy (13%), or Greece (14%).42 Also, Mertens 
et al.43 reported that UPFs accounted for an average of 27.6% 
of total energy intake in 22 countries, highest in Germany 
(39%) and Sweden (44%), lowest in Romania (16%) and 
Hungary (17%). Again, bakery products and soft drinks ac
counted for the majority of UPF intake.

Chapter 4. Ultra-processed foods and 
cardiovascular health: conceptual framework 
and evidence approach
The relationship between UPF consumption and CV health is 
complex and multifaceted. Within the framework adopted in 
this clinical consensus statement, UPFs are not considered as 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Simplified guide to Nova food classification for clinical use

Nova groups What it means (clinician-friendly) How to explain to patients Examples

Group 1: Unprocessed or 
minimally processed 
foods

Natural or slightly altered foods, no 
added ingredients.

Whole foods—the way nature 
made them.

Fresh fruit, vegetables, eggs, plain 
yogurt, milk, fresh meat

Group 2: Processed 
culinary ingredients

Substances extracted from foods or 
nature used in cooking.

Basic cooking ingredients. Oil, butter, salt, sugar

Group 3: Processed foods Foods with added salt, sugar, or oil 
to make them last longer or taste 
better.

Still recognizable foods, but 
with some added 
ingredients.

Canned vegetables, cheese, bread, 
smoked meats

Group 4: Ultra-processed 
foods

Industrially made, typically with 
additives, little to no whole food 
content.

Packaged, long-shelf-life 
products—often high in 
sugar, salt, or fat.

Chips, soft drinks, sweets, processed 
meats, many ready meals, fruit 
yogurts, many breakfast cereals

Figure 1 Cross-frequency between Nutri-Score and Nova clas
sifications, OpenFoodFacts database—129 950 food products 
of the French market, 2024—adapted from Sarda et al.36
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acting in isolation, but as part of a causal chain in which dietary 
exposure contributes to the development of intermediate cardi
ometabolic risk factors, such as obesity, hypertension, dyslipi
daemia, and insulin resistance, which in turn mediate CV 
outcomes. Accordingly, associations between UPF intake and 
clinical CV endpoints should be interpreted primarily as indirect 
effects mediated through established risk factors, rather than as 
evidence of a direct causal relationship (Graphical Abstract).

In this clinical consensus statement, we therefore adopted a 
structured approach to examine the evidence, first focusing on 
the associations between UPFs and key cardiometabolic risk 
factors, followed by the impact of UPFs on CV disease incidence 
and progression. While available evidence mostly relies on ob
servational data, therefore limiting definitive causal inference, 
the consistency of associations across multiple intermediate 
risk factors and outcomes, together with supportive mechanistic 
evidence, largely derived from studies on typical components of 
UPFs (e.g. cosmetic food additives), provides biological plausibil
ity for these pathways.

The evidence discussed in Chapters 4.1 and 4.2 is derived 
from a systematic review conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. The review examined the 
influence of UPF consumption on intermediate CV risk factors 
and then on CV clinical endpoints, based on studies identified 
through comprehensive searches across four databases 
(PubMed, MEDLINE, Embase, and Scopus) up to 30 July 2025. 
Eligibility was restricted to longitudinal studies and randomized 
controlled trials (RCTs) involving adults, with UPF exposure clas
sified according to the Nova system. Quality assessment was 
performed using the National Heart, Lung and Blood Institute 
[National Institutes of Health (NIH)] Quality Assessment Tools. 
The clinical consensus statements regarding the association be
tween UPF and both CV risk factors and outcomes were shared 
and approved by the task force of consensus experts.

Full details of the methodology, including the search strategy, 
inclusion/exclusion criteria, and grading process, are available in 
the Supplementary material S2—Systematic review, including 
Supplementary data online, Tables S2–5 and Supplementary 
data online, Figure S1.

Chapter 4.1. Ultra-processed foods and 
cardiovascular risk factors
Obesity
Large observational studies conducted in different popula
tions44–49 consistently reported direct associations between 
UPF consumption and risk of overweight and obesity.

Higher UPF consumption was consistently associated with in
creased risk of overweight and obesity, with hazard and odds ra
tios ranging from 1.09 to 1.61. Comparing high vs. low intake, 
risks increased by 15%–16%, while each 10% UPF increase 
was linked to 9%–18% higher odds. Consuming >50 g/day of 
UPFs raised the odds of overweight and obesity by 34%–45% 
and abdominal obesity risk by up to 61%.

The mechanisms linking UPFs to weight gain include in
creased energy density, reduced satiety, altered eating behav
iour (e.g. faster eating, reduced mastication), and possible 
effects on gut–brain signalling.50

Summary of clinical evidence: A consistent direct association 
was found between UPF consumption and the risk of develop
ing obesity or overweight. All six studies44–49 reported a positive 
link, indicating that higher UPF intake is associated with a great
er risk of becoming obese/overweight. All studies were rated as 
‘Good’ quality, strengthening the reliability of this evidence.

Additionally, three RCTs51–53 reported a direct association 
between UPF intake and increased adiposity. Despite small sam
ple sizes (9–55 participants), two were rated ‘Good’ and one 
‘Fair’ quality, reinforcing observational evidence with experi
mental data. For further details, see Supplementary material.

Type 2 diabetes
Among 10 prospective cohort studies,54–63 nine examined the 
association between UPF consumption and the risk of type 2 
diabetes (T2D), while one assessed the risk of prediabetes.63

Type 2 diabetes was consistently defined across studies using 
standard criteria: fasting plasma glucose ≥7.0 mmol/L, 2 h post- 
load glucose ≥11.1 mmol/L, or glycated haemoglobin 
(HbA1c) ≥ 48 mmol/mol. Prediabetes was defined by impaired 
fasting glucose or glucose tolerance.62

Across these studies, higher UPF intake was consistently as
sociated with increased risk of T2D and prediabetes. The hazard 
ratios (HRs) for T2D ranged from 1.13 (95% confidence interval 
[CI] 1.03–1.23) to 1.80 (95% CI 1.47–2.20) comparing the high
est to lowest consumption categories. Similarly, prediabetes risk 
was raised by 24% (HR 1.24; 95% CI 1.04–1.49) among indivi
duals with the highest UPF intake.

Potential mechanisms linking UPFs to T2D include high con
tent of added sugars that may dysregulate the hepatic metabol
ism of fructose and promote hepatic and whole-body insulin 
resistance.64 In addition, UPFs also tend to be low in fibre, and 
it is well established that high-fibre diets are protective against 
elevated HbA1c, fasting plasma glucose levels, and postprandial 
glucose spikes.65

Moreover, UPFs contain numerous chemical additives, some 
of which may act as endocrine disruptors, potentially contribut
ing to an increased diabetes risk.66

Summary of clinical evidence: A consistent direct association 
was found between UPF consumption and the risk of develop
ing T2D. All nine studies54–63 reported a positive association, 
and all were rated as ‘Good’ quality, supporting the robustness 
of this evidence.

Hypertension
Five prospective cohort studies67–71 examined the link between 
UPF intake and hypertension. Three reported positive associa
tions, with identified risk estimates ranging from 1.20 to 1.35. 
One study70 found higher odds among African American and 
Caucasian participants in the highest UPF intake group com
pared with the lowest, though the association was not statistic
ally significant for African Americans.

UPFs are typically high in sodium, added sugars, and un
healthy fats, leading to elevated blood pressure.72 Their energy- 
dense, nutrient-poor nature promotes overeating and weight 
gain, with obesity increasing hypertension risk through cardiac 
and hormonal changes.72 UPFs may also trigger chronic inflam
mation and oxidative stress, leading to vascular dysfunction,73
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and emerging evidence suggests UPFs disrupt gut microbiota, 
potentially affecting blood pressure regulation.74

Summary of clinical evidence: Out of five studies,67–71

four67,68,70,71 reported a direct association, while one69 found 
no association. Quality ratings ranged from Fair to Good, sug
gesting moderate evidence supporting a link between UPF in
take and elevated blood pressure.

Dyslipidaemia
Two prospective cohort studies examined UPF intake and dys
lipidaemia risk. One, from the ELSA-Brasil cohort,75 assessed 
various lipid abnormalities, while the other, on older adults, fo
cused on hypertriglyceridaemia, low high-density lipoprotein 
cholesterol (HDL-C), and LDL-C.76 Both reported increased dys
lipidaemia risk with higher UPF consumption despite differing 
populations and outcomes. Isolated hypertriglyceridaemia was 
elevated by 30% in ELSA-Brasil and over two-fold in the older 
cohort; low HDL-C risk increased by 18% and more than two- 
fold, respectively.75,76 While these findings support a potential 
link between UPF intake and dyslipidaemia, the evidence is lim
ited to two studies with relatively modest sample sizes.

Mechanisms linking UPF intake to dyslipidaemia possibly in
clude the high content of trans and saturated fats in these foods, 
which disrupt lipid metabolism and promote atherogenic pro
files.77 Trans fats raise LDL-C, lower HDL-C, impair lipid- 
processing enzymes, and increase the proportion of small, dense 
LDL particles.78 Saturated fats similarly elevate LDL-C by boost
ing hepatic cholesterol synthesis and reducing LDL clearance.79

These changes promote systemic inflammation, endothelial dys
function, and foam cell formation, thereby accelerating athero
sclerosis and linking UPF consumption to dyslipidaemia and CV 
disease.80

Summary of clinical evidence: Both included studies75,76

showed a direct association between UPFs and abnormal lipid 
profiles, with good quality ratings, providing initial yet reliable 
evidence.

Metabolic syndrome
Metabolic syndrome (MetS) is a pathophysiological state char
acterized by a cluster of at least three CV risk factors, including 
abdominal obesity, insulin resistance, elevated blood pressure, 
and dyslipidaemia.81 Dietary factors have long been recognized 
as crucial in the development of MetS with past research focus
ing on the intake of specific foods or nutrients. However, the re
lationship between different degrees of food processing and 
MetS has received less attention.

Two prospective cohort studies examined the association be
tween UPF intake and MetS risk.82,83 One study82 reported a 
significant association (HR 1.17; 95% CI 1.01–1.35), whereas 
the other, a smaller study,83 found no association.

The mechanisms linking UPFs to MetS extend beyond their 
poor nutritional quality and in part overlap with the mechanisms 
relating UPFs and dyslipidemias. Additives such as artificial sweet
eners may disrupt gut microbiota and glucose metabolism.84

Additionally, industrial processing can increase glycaemic load 
and impair gut–brain satiety signalling, leading to increased secre
tion of incretin hormones and gastric inhibitory polypeptide, 
which promote insulin secretion, appetite stimulation, and food 
overconsumption.85

Summary of clinical evidence: Although data on dyslipidaemia 
(see previous subchapter) evidence an involvement of insulin- 
resistance mechanisms—key factor in MetS—evidence on the 
association between UPF consumption and MetS is limited 
and inconclusive, with findings varying across the available 
studies.

Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD), recently termed 
metabolic dysfunction-associated steatotic liver disease 
(MASLD), is the most prevalent chronic liver condition globally, 
with a prevalence of 32.4% overall and higher rates in indivi
duals with obesity (75.3%) or T2D (55.5%).86–88

Four prospective cohort studies investigated the associ
ation between UPF consumption and risk of NAFLD,89–93

including one nested within the PREDIMED-Plus RCT.91

Two89,90 examined overall NAFLD risk, one92 focused on se
vere NAFLD, and another91 assessed NAFLD-related bio
markers, including hepatic steatosis index (HSI) and fatty 
liver index (FLI).

Higher UPF consumption was consistently associated with in
creased NAFLD risk, with HRs ranging from 1.26 to 1.48,88,89,91

and was linked to elevated FLI (β & 1.60; 95% CI 1.24–1.96) and 
HSI (β & 0.43; 95% CI .29–.57) scores.91

UPFs may contribute to MASLD through high fructose and sa
turated fat content, additives, and low fibre, promoting fat accu
mulation, oxidative stress, inflammation, and gut microbiota 
disruption.93–96

Summary of clinical evidence: A consistent direct association was 
found between UPF consumption and NAFLD. All five studies89–93

reported a positive link. All were rated as ‘Good’ quality, indicat
ing strong and consistent evidence across various populations.

Chronic kidney disease
Chronic kidney disease (CKD) is a major risk factor for CV dis
ease and is commonly associated with other conditions such 
as diabetes and hypertension.97

The association between UPF with CKD risk has been exam
ined in five prospective cohort studies.98–102 Two studies98,99

defined CKD based on a decline in estimated glomerular filtra
tion rate, while three studies100–102 used broader outcomes 
such as CKD stage ≥3, CKD-related death, or kidney failure re
quiring dialysis or transplant.

Higher UPF intake was associated with increased CKD risk in 
all studies. One study in older adults reported a 74% higher risk 
of renal function decline (OR 1.74; 95% CI 1.14–2.66).101 Other 
studies found risk estimates ranging from OR 1.11 (95% CI 
1.06–1.17)99 to HRs between 1.04 (95% CI 1.03–1.06)100 and 
1.58 (95% CI 1.07–2.34).102

The pathophysiological mechanisms likely involve chronic in
flammation, oxidative stress, dysregulated lipid metabolism, in
sulin resistance, immune dysfunction, and gut microbiota 
disruption.103 Animal studies suggest that advanced glycation 
end products from UPFs activate the complement pathway 
and impair intestinal barrier permeability, contributing to kidney 
damage.104

Summary of clinical evidence: A consistent direct association 
was found between UPF consumption and the risk of develop
ing CKD. All five studies98–102 reported a positive association. 
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All studies were rated as ‘Good’ quality, indicating strong and co
herent evidence.

Ultra-processed foods and cardiovascular risk factors: 
clinical consensus statement
From the available evidence, higher UPF consumption is asso
ciated with CV risk factors. In particular, evidence from cohort 
studies and RCTs consistently reports associations between 
higher UPF consumption and increased body weight, T2D, and 
dyslipidaemia.

Ultra-processed food intake is associated with T2D risk 
among adults, while there was limited evidence available in rela
tion to the risk of prediabetes.

Evidence on the association between UPF and hypertension 
derives from relatively small sample-sized studies (hypertensive 
cases, N = 370–4329), requiring additional higher sample 
studies.

Although based on small sample-sized studies, available evi
dence suggests an association between UPF intake and high hy
pertriglyceridaemia and low HDL among adults. Evidence on 
MetS is scarce, limited by small samples, and inconclusive.

Based on current evidence, UPF intake is associated with 
NAFLD, particularly in individuals with elevated FLI, intrahepatic 
fat, or HSI >36, as well as with renal function decline.

Supplementary data online, Table S4 (in Supplementary 
Material S2—Systematic review) presents the direction of asso
ciations identified in studies on UPF consumption and CV risk 
factor, together with NIH Quality Assessment ratings.

These associations are derived predominantly from observa
tional studies and should be interpreted with caution, as residual 
confounding related to socioeconomic and lifestyle factors, as 
well as reverse causation, cannot be fully excluded. Moreover, 
the evidence base includes only a limited contribution from 
RCTs, which remain scarce, short term, and largely focused on 
surrogate endpoints.

Chapter 4.2. Ultra-processed foods and 
cardiovascular clinical endpoints
Arrhythmias
A high consumption of UPFs, with low potassium amount, com
bined with a decreased intake of vegetables, may possibly lead 
to a significant reduction in potassium intake, thereby increasing 
the risk of arrhythmias, particularly ventricular arrhythmias in 
patients with left ventricular dysfunction.105–107

Also, due to their contribution to the development of hyper
tension, obesity, diabetes, and other risk factors, UPF consump
tion may indirectly favour the occurrence of arrhythmias. 
However, studies specifically exploring the relationship be
tween UPF consumption and arrhythmias remain scarce.

To date, only one prospective study has reported on the risk 
of atrial fibrillation (AF) in relation to UPFs.107 Using data from 
the UK Biobank, the authors examined 121 300 individuals 
(mean age 59.4 ± 7.8 years, 56.4% female) with 4579 incident 
AF cases over a median follow-up of 8.8 years and found a 5% 
increase in AF risk for every 10% increase in the absolute UPF 
intake. Also, participants in the highest category of UPF con
sumption reported a 13% increased risk of AF (HR 1.13; 95% 
CI 1.02–1.24) compared with those in the lowest category, 
even after adjusting for key confounders.

Summary of clinical evidence: One large prospective study,107

rated as ‘Good’ quality, reported a direct association between 
UPF consumption and the risk of AF, providing initial evidence 
supporting this association, but more data are needed to confirm 
the relationship.

Heart failure
Similarly to arrhythmias, risk factors for heart failure (HF), such 
as hypertension, obesity, and diabetes, are linked to the con
sumption of UPFs. However, there is limited evidence on the 
direct relationship between UPFs and HF. Two prospective 
studies have explored the association between UPF consump
tion and composite CV outcomes, including HF. In the 
Framingham Offspring Study, which involved 3003 adults free 
from CV disease, each additional daily serving of UPFs was asso
ciated with a 5% (95% CI 1.02–1.08) increased risk of overall CV 
disease, including congestive HF.108 Additionally, a longitudinal 
study from the Prospective Urban and Rural Epidemiology 
(PURE) study, which analysed data on over 130 000 participants 
from five continents, found no link between UPFs and HF (HR 
1.04; 95% CI .98–1.10 per one serving increase).109 Analyses 
from the Chronic Renal Insufficiency Cohort study including pa
tients with CKD did not find any significant association between 
UPFs and the incidence of CV disease, including HF.98

Summary of clinical evidence: There is inconsistent evidence 
regarding the link between UPF consumption and HF. Among 
three studies,98,108,109 only one108 found a direct association, 
while the others98,109 reported no association. All studies 
were rated as ‘Good’ quality: evidence for this outcome remains 
limited and conflicting.

Incidence of cardiovascular disease
The relationship of UPFs with primary incidence of CV disease has 
been investigated by three large prospective studies,110–112

as well as in two smaller cohort based in the USA and Iran, re
spectively.107,113 In the Atherosclerosis Risk in Communities 
(ARIC) study on 13 548 adults aged 45–65 years,110 partici
pants in the highest compared with lowest quartile of UPF in
take had a 19% higher risk of coronary artery disease (HR 
1.19; 95% CI 1.05–1.35) after adjusting for sociodemographic 
factors and health behaviours. In the large NutriNet-Santè co
hort in France using data on 105 159 adults,111 each 10% in
crease in UPF intake was linked to a 12% higher risk of CV 
disease (95% CI 1.05–1.20) and specifically 13% higher risk of 
coronary heart disease (HR 1.13; 95% CI 1.02–1.24) and 11% 
increase in the risk of developing cerebrovascular disease risk 
(HR 1.11; 95% CI 1.01–1.21). These associations remained sig
nificant after controlling for dietary quality and other potential 
confounders.

Longitudinal data from three large US prospective cohorts112

(i.e. Nurses’ Health Study, n & 75 735; Nurses’ Health Study II, n  
& 90 813; and Health Professionals Follow-Up, n & 40 409) fur
ther corroborated previous observational evidence by showing 
that highest UPF consumption (as compared with the lowest 
category) was associated with increased hazards of CV disease 
(HR 1.11; 95% CI 1.06–1.16) and specifically coronary heart dis
ease (HR 1.16; 95% CI 1.09–1.24), while the association with 
stroke incident was not significant (HR 1.04; 95% CI .96–1.12).
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In the Framingham Offspring cohort (n & 3003 adults),107

each additional daily serving of UPFs was associated with a 
7% (95% CI 1.03–1.12), 9% (95% CI 1.04–1.15), and 5% (95% 
CI 1.02–1.08) increase in the risk of hard CV disease, hard cor
onary heart disease, and overall CV disease, respectively.

Lastly, in a small cohort of Iranian adults (n = 2050),113 partici
pants reporting the highest intake of UPF had a 68% greater in
cidence of CV disease compared with those with the lowest 
intake (HR 1.68, 95% CI 1.14–2.48).

Several mechanisms unrelated to the poor nutritional com
position of these foods have been identified, including factors 
pertaining to food structure, additives, and processing-derived 
compounds that may influence metabolic and CV health.114

Biological mechanisms implicated include changes in lipid me
tabolism, dysbiosis, excess adiposity, systemic inflammation, 
oxidative stress, impaired glucose regulation, and elevated 
blood pressure.114

Based on the multiple studies included in the systematic re
view, in subjects without known CV diseases, the incidence of 
CV disease was consistently associated with UPF consumption.

In relation to recurrent CV disease, one prospective cohort 
from Italy115 included participants with a history of CV disease 
and suggested that high UPF intake was associated with higher 
risk of CV disease mortality (HR 1.65; 95% CI 1.07–2.55). A linear 
dose–response relationship of 1% increment in UPF intake with 
all-cause and CV mortality was also observed. The study also pro
vided an insight into potential mechanisms and reported that al
tered renal function explained 18.3% and 16.6% of the relation 
between UPF with all-cause and CV mortality, respectively.

Summary of clinical evidence: A consistent direct association 
was found between UPF consumption and the risk of incident 
CV disease. All five studies107,110–113 reported a positive associ
ation. Studies were rated as ‘Good’ or ‘Fair’ quality, indicating 
strong and consistent evidence overall. In patients with a history 
of CV disease, one study showed that high UPF intake was asso
ciated with higher risk of recurrent CV disease.

Cardiovascular mortality
Thirteen prospective cohort studies have investigated the 
association between UPF consumption and the risk of CV 
mortality.108,109,115–125 Among these, four studies reported no 
significant association between higher UPF intake and CV mor
tality risk119,121–123; however, these studies were often limited 
by modest sample sizes and potential confounding biases.

Conversely, nine studies108,109,115–118,120,124,125—of which 
one cohort115 was focused on a subgroup of a previously eval
uated cohort116—including large cohort analyses and pooled 
data, consistently found that higher UPF consumption was asso
ciated with an increased risk of CV mortality. The relative risk es
timates ranged from 9% (HR 1.09; 95% CI 1.02–1.16) up to 65% 
increased risk (HR 1.65; 95% CI 1.07–2.55) in those with the 
highest UPF intake.109,116,120,124,125 Dietary assessments in 
these studies were primarily based on semiquantitative food fre
quency questionnaires (FFQs) or 24 h dietary recalls, which al
lowed extraction and classification of UPF consumption.

While all studies were prospective in design, the stronger evi
dence comes from large sample-sized cohorts116,120,124 and 
pooled analyses,109,125 reinforcing a likely positive association 
between UPF intake and risk of CV mortality.

Summary of clinical evidence: A mostly consistent direct asso
ciation was found between UPF consumption and CV disease 
mortality. Nine of 13 studies,108,109,115–118,120,124,125 with sam
ple sizes up to 357 000, reported a positive association. Four 
studies119,121–123 reported no association. All were rated as 
‘Good’ quality, suggesting predominantly supportive evidence 
despite some variability (Figure 2).

Ultra-processed foods and cardiovascular clinical 
endpoints: clinical consensus statement
Based on the studies included in the systematic review, UPF con
sumption is associated with CV morbidity and mortality. Regarding 
the relationship between UPF and risk of AF, evidence remains 
scarce, and additional studies are needed to explore this outcome.

Available studies suggest that UPF intake is associated with 
risk of HF; however, more consistent evidence is required.

High UPF intake is linked to higher CV mortality among individuals 
with preexisting CV disease; however, this finding is based on a sin
gle longitudinal study; therefore, the evidence remains limited.

In the systematic review, UPF intake is associated with CV 
disease mortality in the majority of the studies investigating 
this relationship (Figure 2).

Supplementary data online, Table S4 (in Supplementary 
Material S2—Systematic review) presents the direction of asso
ciations identified in the studies on UPF consumption and CV 
clinical endpoints, along with NIH Quality Assessment of the 
relative studies.

Given that the available evidence is predominantly derived 
from observational studies, these associations should be inter
preted with caution, as residual confounding and reverse caus
ation cannot be fully excluded. To date, RCTs assessing the 
impact of UPF reduction on hard CV clinical endpoints are lack
ing, with existing interventional evidence limited to short-term 
studies focusing on intermediate or surrogate outcomes.

Chapter 5. How food processing possibly 
impacts cardiovascular health
Beyond their unfavourable nutritional profile, UPFs may affect 
CV health through mechanisms specifically related to extensive 
industrial processing. The pathways outlined below are mainly 
based on experimental, short-term, or component-specific stud
ies and should be viewed as supporting biological plausibility ra
ther than demonstrating direct causal effects on CV outcomes.

Diets rich in added sugars, trans fats, and saturated fats, large
ly present in many UPFs, are known to contribute to the devel
opment of atherosclerosis, endothelial dysfunction, and 
T2D.126,127 Additionally, UPFs often displace whole, minimally 
processed foods rich in fibre, polyphenols, and micronutrients, 
thereby reducing intake of cardioprotective compounds.

As said, UPFs may also exert harmful effects through non-nutrient 
pathways. Although the exact mechanisms remain to be elucidated, 
potential contributors include food additives, processing-related 
contaminants, and structural alterations of food matrices.

Certain industrial processing techniques can lead to the forma
tion of compounds such as advanced glycation end products, acryl
amide, and industrial trans fatty acids. In addition, the long shelf life 
of many UPFs, as a marker of intensive processing and packaging, 
may be associated with migration of packaging-related contami
nants (e.g. bisphenols, phthalates, mineral oils, microplastics) that 
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could have carcinogenic effects and increase the risk of CV disease, 
obesity, insulin resistance, and T2D.128–130

Ultra-processed foods also commonly contain cosmetic addi
tives (e.g. sweeteners, emulsifiers, thickeners, colourants). 
Experimental studies and limited human evidence indicate that 
some additives may affect gut microbiota composition and in
flammatory pathways and, in specific contexts, markers of DNA 
damage, with potential downstream metabolic effects.131–140

Processing-related changes in food matrix may also influence 
satiety, eating behaviour, glycaemic responses, and nutrient bio
availability. Highly processed foods often lack the natural cellular 
structure of whole foods, leading to faster digestion and absorp
tion, which may favour higher energy intake and reduce the de
livery of fermentable substrates to the gut microbiota.141–143

Finally, UPFs are heavily marketed, with packaging designed 
to appeal through vibrant imagery, animal and cartoon charac
ters, and health-related claims.

While the impact of packaging and marketing on consumption 
is not fully understood, it is likely that such strategies encourage 
overconsumption.144 Comparisons between UPFs and addictive 
substances remain controversial and should be interpreted with 
caution in clinical contexts.145

Chapter 6. From clinical awareness to 
political strategies: strategic and policy-level 
considerations
Strategic and policy-level approaches can help shift population- 
wide exposure to UPFs to healthier dietary patterns.18 These 

measures include consumer education, food labelling, food sys
tem regulation, and public health governance, all serving as valu
able tools to create environments that can support healthy food 
choices and dietary change.136,146–154 Understanding these 
broader strategies can support clinicians to better contextualize 
patient behaviours, anticipate challenges, and enhance the ef
fectiveness of dietary counselling. These policy-level strategies 
are presented to support clinicians in contextualizing patient be
haviours and reinforcing dietary counselling, rather than as pre
scriptive regulatory recommendations.

Table 2 illustrates how these broader actions translate into 
practical insights and clinical takeaways, bridging strategic con
text to everyday cardiology practice. For a more detailed discus
sion of these strategic and policy-level considerations, see 
Supplementary Material S3.

Chapter 7. Clinical counselling framework on 
ultra-processed foods for general 
cardiologists (implementation focus)
This section provides practical guidance for general cardiolo
gists to integrate UPF-focused dietary counselling into clinical 
care without adding substantial burden to routine cardiology 
visits. These clinical consensus statement advices have been 
conceived to help clinicians assess, communicate, and imple
ment patient-specific advices in real-world settings.

In routine clinical practice, UPF counselling can be implemen
ted using a stepwise framework, beginning with brief screening 

Figure 2 Prospective studies examining the association between ultra-processed foods (UPFs) and cardiovascular (CV) mortality. Bars indi
cate the number of participants included in each study (precisely shown by the numbers above the bars). Dark blue bars indicate the number of 
participants in studies reporting a significant association with CV death, with corresponding CV death counts shown in orange. Pale blue bars 
represent studies reporting no significant association, with CV death counts shown in pale orange. Reference numbers are provided below 
each two-column indicating the number of participants, blue, and the number of deaths, orange, reported for each study
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of UPF intake, followed by patient-tailored communication, 
practical food substitutions, and reinforcement over time.

General cardiologists should recognize UPFs as an emerging 
and important dietary risk factor. While lifestyle interventions, 
including diet, along with the evaluation of traditional 
haemodynamic, anthropometric, and metabolic parameters, 
are routinely part of clinical visits—particularly in preventive car
diology—few cardiologists currently include specific recommen
dations on UPF consumption during dietary counselling. 
Integrating UPF knowledge into patient care and medical train
ing programmes can foster preventive dietary measures inte
grated into a broader nutritional approach that overcomes the 
limitations of traditional reductionist models focusing solely on 
isolated nutrients.

Particularly in outpatient clinics and whenever the general 
cardiologists evaluate lifestyle and potential lifestyle interven
tions, we advise implementing targeted evaluation and counsel
ling on UPFs both in individuals assessed for CV and 
cardiometabolic risk factors and in patients with established 
CV and cardiometabolic overt diseases.

Importantly, UPF counselling should not replace or delay the 
management of established CV risk factors but rather be integrated 
as a complementary component within routine lifestyle assessment.

Given time and resource constraints during cardiology visits, 
this approach is intended to be brief and embedded within rou
tine lifestyle assessment, rather than delivered as a standalone 
intervention.

In addition to standard medical history questions regarding 
lifestyle and eating habits, clinicians are advised to explicitly as
sess the frequency and quantity of UPF consumption. Most of 
patients, and even healthcare professionals, are unaware that 
foods marketed as ‘healthier’ and ‘slimming’ options often be
long to the UPF category. For clearer patient communication, 
we advise referring to a simplified format (Table 1) of the 
Nova classification (see Supplementary data online, Table S1 in 
Supplementary material S1) to help with the delivery of practical 
dietary advice. For practical utility, we propose the following 
clinical consensus statement advices, included in the accom
panying Box (do’s and don’ts) for quick reference during patient 
consultations.

- a. Routinely screen for UPF intake
Consider to incorporate assessment of patients’ UPF con

sumption as a standard part of dietary history-taking. When 
feasible, use brief, validated tools, as the Nova-UPF screener,155

to ensure accurate and consistent evaluation. For example, the 
NOVA-UPF screener is a brief checklist-based tool that assesses 
UPF exposure across predefined food subcategories and pro
vides a simple summary score, enabling rapid identification of 
higher UPF intake without complex dietary assessments.

- b. Communicate clearly and effectively
Provide clear, evidence-based information about the CV risks 

associated with diets high in UPFs. Avoid technical jargon while 
focusing on delivering concise, actionable advice that can be 
easily integrated into patient counselling.

- c. Support patient understanding with visual aids
Use visual tools. Show UPFs as photos/icons of how they ap

pear for sale in stores to help patients better understand and re
member key messages about UPF reduction.

- d. Encourage practical and feasible dietary changes
Suggest realistic substitutions, such as recommending pa

tients replace sugary drinks with water or unsweetened bev
erages and choose whole or minimally processed foods as 
alternatives to ultra-processed options.

- e. Tailor counselling to patient needs
Counselling should be tailored to each patient’s individual 

needs, clinical status, and readiness to change. The intensity 
and focus of UPF counselling should differ according to clinical 
context. In general prevention, focus on raising awareness and 
supporting gradual, sustainable dietary improvements. For sec
ondary prevention or patients at high CV risk, place greater em
phasis on reducing UPF intake as part of a broader risk reduction 
strategy. In all cases, consider patient preferences, cultural back
ground, and any potential barriers, so that the advice is accurate 
and personalized.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Clinical takeaways from strategic context and 
policy implications for the general cardiologist

Strategic area Bridge for 
cardiologists

Clinical takeaway

Consumer-facing 
policies: 
education, 
empowerment, 
labelling

Patients are 
increasingly 
exposed to 
nutrition 
messages and 
labelling tools; 
clinicians need 
to interpret 
these 
accurately.

Stay updated on 
food labelling 
initiatives and 
public education 
to better counsel 
patients on 
identifying and 
reducing 
ultra-processed 
foods.

System-level and 
macroeconomic 
strategies

Structural 
barriers (e.g. 
marketing, 
availability) 
influence food 
choices; 
clinicians 
should 
account for 
this in 
counselling.

Understand how 
food marketing 
and availability 
affect patient 
choices; tailor 
advice to 
overcome 
environmental 
barriers.

Aligning dietary 
health with 
environmental 
sustainability

Some patients 
are motivated 
by 
sustainability 
concerns, 
which can 
reinforce 
dietary 
change.

Highlight the 
cardiovascular and 
environmental 
benefits of 
reducing 
ultra-processed 
foods to motivate 
patient behaviour 
change.

Safeguarding policy 
integrity and 
incentivizing 
innovation

Industry 
influence and 
reformulation 
trends may 
confuse 
patients about 
what is truly 
‘healthy’.

Encourage patients 
to choose 
minimally 
processed food 
alternatives and 
support ongoing 
innovations in 
healthier foods.
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- f. Reinforce benefits of whole and minimally processed 
foods

Emphasize the CV and overall health benefits of consuming 
whole and minimally processed foods as preferable alternatives 
to ultra-processed options.

- g. Promote reading nutrition labels and ingredient lists
Advise patients to carefully read nutrition labels and ingre

dient lists. As a practical rule, if a product contains more 
than five ingredients, especially with unfamiliar or artificial ad
ditives, it is likely an UPF. Encourage choosing similar foods 
with fewer ingredients and simpler compositions. As an ex
ample, advise to replace fruit-flavoured yogurts for plain 
yogurt.

- h. Use evidence-based behavioural strategies to reduce UPFs

Individual-level strategies target both the quality of the diet 
and the behavioural context of food choices. These strategies 
include the following actions that have been shown to reduce 
the UPF consumption and constitute part of the behavioural ad
vices.156–169 Further details are provided in Supplementary 
Material S3.

- 1. Prioritizing home cooking and meal planning156–160

Practical advices: Cardiologists can encourage patients to cook 
at home more frequently by asking about current cooking habits 
and providing simple meal-planning resources or referrals to nu
trition services.

- 2. Focusing on specific food groups119,161

Practical advices: Begin dietary counselling by targeting reduc
tion of high-risk UPFs such as sugar-sweetened beverages, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BOX Clinical consensus statements—practical do’s and don’ts for general cardiologists on 
counselling patients about UPF consumption

Do’s Don’ts

Setting 
Apply UPF counselling in outpatient clinics and during routine 
lifestyle assessment, particularly in preventive cardiology

Do not prioritize lifestyle counselling in acute settings or highly 
specialized consultations

Implement targeted evaluation and counselling on UPFs particularly in 
individuals assessed for cardiovascular and cardiometabolic risk 
factors and in patients with established cardiovascular or 
cardiometabolic overt diseases

Do not omit UPF evaluation when providing dietary advice as part 
of routine care

During dietary assessment, routinely screen for UPF intake:  
—Frequency  
—Quantity

Avoid neglecting UPF evaluation in routine patient visits

Support patient understanding using visual aids to clearly identify 
UPFs

Do not rely exclusively on verbal explanations without supportive 
materials

Communicate risks clearly using simple, actionable language Do not overwhelm patients with complex nutrition jargon

Provide practical and achievable dietary substitutions (e.g. plain 
instead of flavoured or sweetened yogurt, water or unsweetened 
beverages instead of sugary drinks)

Do not focus solely on calorie counting or isolated nutrients

Tailor advice to individual clinical status, preferences, and readiness to 
change

Don’t give one-size-fits-all advice or disregard the patient’s 
background and needs

Reinforce benefits of whole and minimally processed foods Do not emphasize UPF avoidance without promoting healthier 
whole food alternatives

Promote reading nutrition labels and ingredient lists Do not rely only on front-of-pack claims (e.g. ‘low sugar’, ‘low fat’) 
without considering the number and nature of ingredients

Advise behaviours known to reduce the use of UPFs: 
-Prioritize of home cooking 
-Focus on specific high-risk UPF groups (e.g. sugary drinks, packaged 
snacks, processed meats) 
-Promote fibre-rich, textured foods and slower eating 
-Address the timing and context of meals 
-Support behaviour change through personalized counselling

Do not omit behavioural strategies when providing dietary advice 
on UPFs

Integrate quick, focused questions and simple advices into existing 
lifestyle discussions

Do not allow UPF counselling to unnecessarily prolong or 
complicate consultations

Where appropriate, support policies that improve food environments 
(e.g. labelling, marketing restrictions, access to healthy foods)

Do not ignore the role of policy and food environments in shaping 
patient behaviour
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packaged snacks, and processed meats to provide clear, man
ageable goals for patients.

- 3. Promoting fibre-rich, textured foods and slower 
eating162,163

Practical advices: Advise patients to prefer high-fibre, minim
ally processed foods and practice slower, mindful eating to en
hance satiety and reduce overeating of UPFs.

- 4. Addressing the timing and context of meals164–169

Practical advices: Discuss with patients the potential ben
efits of avoiding late eating and establishing regular meal 
patterns to support overall diet quality and reduce UPF 
intake.

- 5. Supporting behavioural changes through personalized 
counselling

Practical advices: Refer to behavioural techniques like motiv
ational interviewing and goal-setting tailored to individual cul
tural and socioeconomic contexts to improve patient 
adherence to dietary changes, if a specific outpatient clinic on 
nutrition is available.

- i. Keep it practical within clinic time
Cardiology visits are usually short and full of important topics 

to cover. To add UPF counselling without making appointments 
longer, use quick screening questions and focus on simple, clear 
advice that patients can easily follow. More detailed nutrition 
guidance can be left to dietitians or given through handouts 
and visuals. Although formal cost-effectiveness analyses are 
currently lacking, brief UPF counselling is likely to be a low-cost 
and scalable intervention when integrated into existing lifestyle 
and prevention strategies.

- j. Interprofessional collaboration
If dietary issues are present, if feasible, interprofessional col

laboration may include dietitians, nutritionists, physiotherapists, 
and psychologists; the subjects may be referred to dietary ser
vice, registered dietician/nutritionist, for expert nutritional man
agement, communicating the treatment targets and a tentative 
timeline to achieve them.

Chapter 8. Research gaps, key challenges, 
and potential solutions for future studies
Despite growing epidemiological evidence linking UPF con
sumption to adverse CV outcomes, several critical research 
gaps and challenges still remain. Addressing these is crucial to 
strengthen the evidence base, refine clinical guidelines, and in
form effective public health policies.

Research gaps
Future research should prioritize large longitudinal studies in di
verse population settings in order to address the long-term im
pact of UPF consumption on CV health. Such studies can 
provide critical insights into causal relationships, help inform 
public health recommendations, and provide robust evidence 
for future clinical guidelines.

In parallel, mechanistic studies are required to clarify the 
biological pathways through which UPFs may contribute to 
CV disease. Although current human studies have not yet 
established the exact mechanisms linking UPF intake to 
health outcomes,50,170 proposed mechanisms can be 
grouped into three broad categories: (1) food choice me
chanisms, including hyper-palatability, low cost, long shelf 

life, and packaging that encourages overconsumption; (2) 
food composition mechanisms, related to the nutritional 
profile, such as added sugars, fats, salt, energy density, 
food texture, and use of additives and low-calorie sweet
eners; and (3) digestive and physiological processes, such 
as reduced oral processing effort, faster eating rate, altered 
gastric emptying and gastrointestinal transit times, and dis
ruption of the gut microbiome.

Finally, social and environmental determinants that drive UPF 
consumption and health inequities need more in-depth investi
gation and should be considered in delivering dietary advices to 
patients.

The food environment, which includes aspects such as cost, 
availability, marketing, labelling, packaging, and access to cook
ing facilities, plays a key role in shaping dietary behaviours, often 
promoting the selection of UPFs in replacement of minimally 
processed alternatives, particularly in disadvantaged 
communities.170

Key challenges and potential solutions
The UPF category is broad and heterogeneous, and this ren
ders it difficult to isolate causal factors or standardize meas
urement across studies. Also, exposure misclassification is a 
relevant concern, as food items are often classified uniformly 
across long follow-up periods despite changes in industrial 
processing.

Validated and accurate tools for assessing UPF intake remain 
under development, limiting comparability between studies also 
due to different data collection tools across cohorts worldwide 
(e.g. FFQs, 24 h recall).

Due to this complexity, improving objective categorization of 
UPFs is an urgent need. Approaches such as stratifying UPFs by 
the number of processing steps, presence of additives or com
ponents of concern (e.g. added sugars, sodium), nutrient ratios, 
and total ingredient counts have been proposed to improve clas
sification accuracy.171 Machine learning methods, like the re
cent algorithm predicting Nova classification with 73% 
accuracy,172 highlight the potential of predictive modelling, al
though current tools typically rely more on nutrient composition 
than ingredient or processing information, which are critical dri
vers of classification.16,173 Technological innovations such as 
sensor-based dietary monitoring and biomarker identification 
will possibly help overcome limitations of self-reported intake 
data.174,175

However, limitations remain due to incomplete data in food 
composition tables and dietary assessment tools, which fre
quently lack details on additives, brand names, and processing 
specifics.170,176

Table 3 summarizes key actions that can help research on the 
impact of UPFs on CV health.

Conclusions
The continuing rise of UPF consumption is a leading global pub
lic health concern and poses significant challenges for the scien
tific community across multiple disciplines.

Although most of the current evidence linking UPFs to CV risk 
comes from epidemiological observational studies—with inher
ent risks of residual confounding, reverse causation, and bias— 
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the growing body of data indicates that UPFs deserve serious at
tention as a modifiable factor in CV health prevention and clin
ical management.

General cardiologists should be aware of the potential CV 
risks associated with UPF intake and be prepared to offer the fo
cused guidance provided in this document to help patients miti
gate this emerging risk factor.

This clinical consensus statement that brought together 
European experts from diverse research fields is primarily in
tended to inform and support general cardiologists in their clin
ical practice.

This statement aims to strengthen cardiologists’ understand
ing of the link between UPF consumption and CV risk and to 
help the cardiologists to give advices regarding this emerging 
risk factor in clinical practice. In addition, this statement may 
guide researchers, public health professionals, and policymakers 
in developing unified strategies to improve CV outcomes and to 
encourage advocacy efforts aimed at reducing UPF consump
tion. Given the complexity of UPFs and their multifaceted and 
multisectoral impact, coordinated efforts across clinical practice, 
research, and public health are needed to ensure CV health re
mains a priority as dietary patterns continue to evolve.
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Supplementary data are available at European Heart Journal
online.
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