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ABSTRACT

Cardiovascular disease (CVD) is the leading cause of mortality worldwide. An unhealthy diet, among other
risk factors, can be involved in the development of the disease. This type of diet is usually characterized by
being low in unprocessed foods (fruits, vegetables, etc.) and high in ultra-processed foods (UPFs). It has been
suggested that a high consumption of UPFs could be related to the development of CVD. However, as UPFs
are a broad group in which multiple foods with different compositions coexist, it is not only difficult but also a
generalization to draw a conclusion about their possible association. The present systematic review studies the
relationship between the consumption of UPFs and the risk of CVD.

A systematic review was performed in the PubMed database. PRISMA criteria were applied to identify articles
that met the following criteria: studies performed in humans, in English or Spanish, and be original articles,
excluding meta-analyses and reviews. The search was performed using the terms "Ulira-processed food” or
“Fast food" and "Cardiovascular disease” or “Cardiovascular risk factor", with a total of 10 articles included: 4
prospective cohort studies, 4 cross-sectional studies and 2 modeling studies.

An association between the consumption of UPFs and CVD was found in all the studies analyzed. However,
there are limitations with respect to the use of different food classification systems according to the degree of
processing.

This systematic review concludes that more studies are needed to establish with greater evidence the relationship
between the consumption of UPFs and risk of CVD.

RESUMEN

Las enfermedades cardiovasculares (ECV) son la principal causa de mortalidad en el mundo. Una dieta poco saludable
puede contribuir en el desarrollo de la enfermedad. Este tipo de dieta suele caracterizarse por ser baja en alimentos no
procesados (frutas, verduras, efc,) y alta en alimentos ultra-procesados. Se ha observado que un consumo elevado de
ultra-procesados podria estar relacionado con el desarrollo de ECV. Sin embargo, dado que los ultra-procesados son un
grupo amplio en el que coexisten multiples alimentos con diferentes composiciones, es dificil establecer su posible relacién
con la ECV. La presente revisién sistemdtica recopila la evidencia segin la literatura cientifica disponible de la posible
asociacion entre el consumo de alimentos ulfra-procesados y el riesgo de ECY.

Se realizd una revision sistemdtica en la base de datos PubMed siguiendo las recomendaciones PRISMA. Se incluyen los
articulos que cumplian los siguientes criterios: estudios en humanos, publicados en inglés o espafiol, y que fueran
articulos originales, excluyendo meta-andlisis y revisiones. La busqueda se realizé utilizando los términos "Ultraprocessed
food” o “Fast food" y "Cardiovascular disease” o “Cardiovascular risk factor”, se seleccionaron finalmente un total de 10
articulos: 4 estudios de cohortes prospectivos, 4 estudios transversales y 2 estudios de modelizacién.

En todos los estudios analizados se encontré una asociacion entre el consumo de alimentos ultra-procesados y la ECV.
Sin embargo, existen limitaciones con respecto al uso de diferentes sistemas de clasificacion de alimentos segin el grado
de procesamiento.

Esta revision sistemdtica concluye que se necesitan mds estudios para establecer con mayor evidencia la relacion entre
el consumo de ulfra-procesados y el riesgo de ECV.
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1. INTRODUCTION

Being responsible of 17.9 million deaths each year, and
representing 31 % of all global deaths, cardiovascular disease (CVD)
is the leading cause of mortality worldwide (1). The most common
CVDs are stroke and heart attack, accounting for 85 % of the deaths
(1,2). Regarding the prevention and development of CVD, diet has
a crucial role and is considered to be a modifiable risk and preven-
tive factor (3).

Cardiometabolic risk is described as the set of metabolic
anomalies, including hypertension, dyslipidemia and dysglycemia,
which increase CVD risk in a dose-response manner. Insulin resis-
tance, excess visceral adipose tissue and ectopic fat accumulations
are linked to these abnormalities conditioning the components of
metabolic syndrome (MetS) (4).

MetS increases the risk of developing CVD by 1.7 (4). This
syndrome is defined as a cluster of metabolic abnormalities which
include at least three of the following CVD risk factors: high blood
pressure, high fasting plasma glucose levels, low HDL cholesterol
levels, hypertriglyceridemia and abdominal obesity (4).

On the other hand, ultra-processed foods (UPFs) are pro-
ducts that have been around for decades, but whose production has
increased over the years due to new processing technology in the
food industry (5). As a result, this increase has also led to the massive
worldwide consumption of this type of food, for instance, having a
+20,7 % consumption of UPFs in Spain from 1990 to 2010 (4).

However, there is also a growing trend towards eating he-
althy, organic and sustainable food. Having seen the harmful effects
that a diet based on industrial foods can have, people have recently
begun to show interest in having a healthier lifestyle (6). In the
wake of this massive UPFs consumption, several movements have
emerged against them, indluding Spanish Nutritionist Carlos Rios's
“Real Fooding” movement. “Real Fooding” is a social movement
created around social networks. ls lifestyle consists of eliminating
UPFs from the diet and replacing them with real food, hence the
name.

The term “ultra-processed food (UPF)” emerged in 2009,
which defined the degree of industrial processing and incdluded cer-
tain ingredients' presence or absence in food (4). However, “ultra-
processed food” does not have a clear, concise and universal
definition. The term has been defined a large number of times, and
all differ slightly from each other, but definitions agree that proces-
sed food is the transformation of natural or raw products into in-
gredients or food through one or more physical, chemical or
microbiological processes (4). The aim of these transformations is
to improve one or more aspects of the product such as its availability,
shelf life, appearance, safety or nutritional quality (7).
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The NOVA classification developed in Brazil in 2010 is the
most widely used system for dassifying and estimating the intake
of UPFs in epidemiological studies. This system considers the che-
mical, biological and physical processes to which the food undergoes
before consumption, resulting in a total of four food groups (4, 8).
This classification will be the one used in this review as well as the
one used in the analyzed studies.

The first group in the NOVA dlassification includes unpro-
cessed or minimally processed foods. That is to say, plant (fruits,
seeds, leaves, stems, roots) or animal-derived (offal, eggs, milk,
muscle) food presented after harvest, collection or slaughter. This
group also includes water, fungi and algae. Minimally processed
food refers to food altered so as not to add or introduce any subs-
tance, such as removal of inedible or unwanted parts or other pro-
cessing such as drying, crushing, grinding, fractioning, filtering,
roasting, boiling, fermentation, pasteurization, refrigeration or chi-
lling (4,7, 8).

Second group refers to processed culinary ingredients,
which englobes industrial products extracted and purified from food
ingredients or other ingredients obtained from nature. This includes
ingredients such as oils, butter, sugar and salt as they are extracted
gither from the first group of food or from nature through pressing,
refining, grinding, milling and drying processes. The purpose of such
processes is to be combined with foods from group 1 and they are
not meant to be consumed by themselves (4,7, 8).

Third group includes processed foods, in which group 1
foods are modified by the addition of group 2 substances such as
oil, sugar, salt or sugar to whole foods in order to increase their du-
rability or o modify their flavor and attractiveness. These are usually
additions of two or three ingredients and are known as modified
versions of the first category of foods. They are edible on their own
or in combination with other foods. Examples of this group are bot-
tled vegetables, canned fish or cheeses (4, 7, 8).

Finally, group 4 refers to UPFs. Prepared mainly or enti-
rely from food-derived substances, this group includes processes
such as hydrogenation, hydrolysis; extrusion, molding, reshaping;
prefreatment by frying and baking. Sugars, oils, fats and salt are
commonly used in this food group, as well as other additives exirac-
ted from foods such as casein, lactose, whey and gluten. It also in-
cludes hydrogenated or interesterified oils, hydrolyzed proteins, soya
protein isolate, maltodextrin, invert sugar and high-fructose corn
syrup. Examples of this group are soft drinks, sweets, breaded meats,
breakfast cereals, biscuits, fruit juices and fruit nectar drinks, ener-
getic drinks and sweetened yoghurts. This group will be the one stu-
died in this review (4, 7, 8).
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Nutrient density (nutrient content in a given volume of
food) is lower in highly processed food than in unprocessed or mi-
nimally processed foods. Lower nutrient density suggests fewer con-
tent of fiber, vitamins, minerals, protective bioactive compounds,
trace elements and antioxidants (4, 9). All these compounds contai-
ned in food have been shown to be significant multifactorial chronic
diseases prevention factors in a number of studies (3). Moreover,
UPF has lower satiety and a higher glycemic index, leading to their
excessive consumption (10, 11). In addition, consumption of UPF is
often linked to a sedentary lifestyle with unhealthy habits such as
little exercise, smoking. . . (7) Therefore, it is not surprising that the
consumption of UPFs can be related to a higher risk of chronic di-
seases such as type 2 diabetes, overweight and obesity; all of which
may increase the risk of CVD (12).

However, establishing a clear relationship between con-
sumption of processed foods and health is a greatly complex task
(13). This is due to the wide range of foods (with vastly different
nutritional profiles) that may be classified in the same NOVA group
since it has a very large and generic dassification. Furthermore, for
a fype of processed product (e. g. yoghurt) each company has a dif-
ferent formulation with varying concentrations of ingredients.

Despite NOVA dlassification being overall a powerful tool,
it is also very reductionist and uses a qualitative classification, which
makes it difficult to classify foods into the categories when there is
limited information available for some given foods. Misclassification
may occur if a food frequency questionnaire cannot determine the
degree of processing or specific information about a certain food,
which may affect the accuracy of studies. This will be taken into con-
sideration when discussing the results.

The aim of this paper is to conduct a systematic review to
assess the possible association between the consumption of UPFs
and the risk of CVD.

2. SUBJECTS AND METHODS

For the elaboration of this systematic review, the standard
informative methods corresponding to the PRISMA (14) statement
were followed. Relevant articles were identified by a targeted search
of the PubMed scientific database for studies which evaluated the
intake of UPF and its effect on the risk of CVD. The search strategy
was based on the use of MeSH terms related to ultra-processed food
intake (Ultra-processed food OR Fast food) and their effect on the
risk of cardiovascular diseases (Cardiovascular disease OR Cardio-
vascular risk factor). With such terms introduced in the search field,
118 results were obtained. 52 references were excluded after reading

§
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the abstract, obtaining 66 articles screened. To narrow down the se-
arch, inclusion criteria was applied, based on the following condi-
tions. Articles used had to: a) have free access to the full text; b) be
scientific articles published in English or Spanish; ¢) be studies done
in humans; d) be original articles, excluding meta-analysis and re-
views.

The titles and/or abstracts of the 36 articles obtained in
the final search were reviewed to identify all those that were related
to the objective of the study and met the inclusion criteria. A total
of 31 studies were excduded due to being studies on diseases other
than CVD such as obesity, type 2 diabetes, or not being related to
the topic of interest, obtaining a final selection of 5 articles. Subse-
quently, relevant articles were evaluated in detail to be further in-
cluded in this article. Furthermore, five additional articles were
included from the reference list of the selected studies during the
full-text review. Figure 1 shows the flow diagram which, following
the PRISMA statement, shows the methodology used for the prepa-
ration of this systematic review.

3. RESULTS

All articles included in this review were recently published,
issued in the last six years (2015-2021). Regarding the design of
the studies, four were prospective cohort studies (15-18), four cross-
sectional studies (19-22) and two model studies (23, 24). Out of the
10 studies identified, most of them were carried out in high-income
countries. Five were performed in the USA (16-18 ,20-22), one in
Spain (21), one in France (15) and one in the UK (23). The two stu-
dies left were conducted in Brazil (19,24).

Two studies had a sample size greater than 100,000 sub-
jects (15,16); two studies had a sample size in between 10,000 and
99,999 subjects (17, 20) and the smallest sample size was 56 (19).
Participants in two of the identified studies (16, 17) had to be middle
aged or elderly subjects (aged 50-71 and 55-74). Study populations
in the other studies required subjects that were at least 18 years old,
however the average age of the participants was shown to be in the
middle-aged range (42.7 (15), 53.5 (18), 62.5 (19)). The studies
conducted in Spain and Brazil were cross-sectional studies where
subjects were men and postmenopausal women diagnosed with
rheumatoid arthritis respectively.

There are certain uniformities in the parameters used in
the ten selected studies. The NOVA system lassification was used in
all studies to define food according to processing, which makes it
convenient fo group the results obtained and allows to suggest a
dose-response relationship. One study (18) included the category
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Figure 1. Flow diagram of the selection of artides related to the consumption of UPF and CVD risk

"culinary preparations" to food classification for mixed dishes that
were demonstrated or thought to be homemade due to lack of de-
tailed information. Despite the homogeneity in the dassification of
foods according to the degree of processing, the operationalization
of the exposure varied among the studied publications. Two different
methods for assessing the exposure to UPFs were found in this study:
food frequency questionnaires and the 24-hour recall, used in 4 (16-
18,21) and 4 (15,19,20,22) studies respectively.

Given that there are other variables that predispose to the
development of CVD, this adds another layer of complexity to the
challenge of determining the relationship between UPFs and CVD.
While it would be interesting to analyze these factors to see if they
impact on the UPFs and CVD relation, it is outside the scope of this
study due to time constraints.

Table 1 lists the studies that have been used in this review
and their main characteristics, classified by type of study.
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4. DISCUSSION

After the review of the scientific literature, it can be affirmed
that consumption of UPFs and its relation to cardiovascular risk is a
new topic which continues to be investigated. This review identified 10
articles studying the effect that consumption of UPF exerts on CVD. Dif-
ference in results may be due to the different study characteristics and
factors such as the number of participants, the follow-up time, the
country, genetics, lifestyle of participants efc. In order to analyze the
topic critically in depth, the obtained results will be studied separately
in the following categories: overall CVD, coronary heart disease, cere-
brovascular disease, cardiovascular mortality and cluster of diseases
(as predisposing factors to the development of CVD).

In the French NutriNet-Santé cohort (15), a 10 % increase
in the intake of UPFs was found to significantly increase the incidence
of CVD by 12 %. Specifically, a 100g/day increase in consumption of
ultra-processed soft drinks was found to be associated with an increased
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Table 1. Main characterisfics of the articles included in this review evaluating the consumption of UPF and CVD risk.

Reference and . - ) Follow-up "
e Objedtive Sample characteristics Evaluation by i Primary outcome
Prospedive cohort studies
Srour B. et al. To assess the prospedtive associations between consumptionof | 105,159 subjects aged 24-hour dietary recll, 52years | A10% increment in ultra-processed foods in the diet was
(France, 2019) (15) UPFs and risk of CVDs. 18 or older NOVA dassification assodated with a 12%, 13% and 11% increase in the rates
of CVD, coronary heart and cerebrovascular disease
respedtively.
Xuetal. (US,2016) | To prospedively ossess the ossociations of ready-to-eat-cereal | 367,442 subjects aged Food frequency 14years | Consumption of RTEC was associated with reduced risk of all-
(16) (RTEC) intakes with all causes and disease-spedific mortality risk. 50-71 questionnaire, ADAC cause mortality and mortality from specific diseases such as
method (VD, diabetes and cancer.
ZThong et al. To examine the association of UPF consumption with 91,891 subjects aged 55- Food frequency 13.5years | High consumption of UPF is assodiated with increased risks of
cardiovascular mortality in a US population. 74 questionnaire, NOVA overall cardiovascular and heart disease mortality.
(Us, 2021) (17) dassification
Juul et al. To investigate the association between UPFs and CVD incidence 3,003 adults Food frequency 18years | A high consumption of UPFs is associated with increased risk
(Us, 2021) (18) and mortality. questionnaire, NOVA of (VD incidence and mortality.
dassification
Smaira Fl. et al. To investigate the association between food consumption 56 postmenopausal 24-hour dietary recall, Patients with rheumatoid arthritis consuming more UPFs
(Brazil, 2020) (19) stratified by processing level and cardiovascular risk factorsin | women diagnosed with NOVA dassification showed worse metabolic profile, whereas those consuming
rheumatoid arthritis. RAaged 62.5 + 7.9 more unprocessed or minimally processed foods had lower
years cardiovascular risks.
Zhang Z. et al. To examine the association between usual percentage of lories | 11,246 adults aged 20 or 24-hour dietary recall, - A graded inverse association between percentage of calories
(Us, 2021) (20) from UPFs and the American Heart Association’s “Life’s Simple older NOVA dlassification from UPFs and CVH was observed.
7" aardiovasculor health (CVH) metrics in US adulfs.
Montero H.etal. | To assess whether consumption of UPF is direcly assodiated with 1,876 men Food frequency - Approximately 500 g/day of UPF consumption was associated
(Spain, 2020) (21) subinical coronary atherosderosis in middle-aged men. questionnaire, NOVA with a 2-fold greater prevalence of subdinical coronary
dassification atherosderosis than consuming only 100 g/day.
Vv avn g (eeg
Modelling studies

Baraldi LG. et al.
(UK, 2015) (23)

To explore the potential mortality redudtion associated with
future policies for substantially reducing UPF intake in the UK.

A substantial potential for reducing the CVD burden through
a healthier system.

Moreira PVL. et al.
(Brazil, 2018) (24)

To estimate the impac of reducing saturated fat, trans-fat, salt
and added sugar from processed clinary ingredients and UPFs
in the Brazilian diet on preventing cardiovascular deaths by
2030.

NOVA dassification

Substantial potential exists for reducing the (VD burden
through overall improvements of the Brazilian diet.
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risk of overall CVD. During the follow-up of 518,208 person-years,
the total CVD event rates for subjects with high and low UPF con-
sumption was 277 and 242 per 100,000 person-years respectively.
This means that in the high intake group 35 additional cardiovas-
cular events occurred every 100,000 person-years. Mathematically
speaking, this is equal to an additional event every 2857 person-
years. So, to experience a cardiovascular event, 2857 people need
to fall into the highest percentile of UPF intake during a one-year
follow-up period or one person needs to fall into the highest quarter
of UPF intake for 2857 years (25).

This prospective cohort study (15) was carried out at the
Sorbonne Paris Cité Epidemiology and Statistics Research Center by
13 authors (with a mean of 216 total studies carried out per author)
and has been cited by other 63 articles. With all this, it can be con-
cluded that the study (15) is a reliable source. Juul ef al. (2021)
(18) found that UPF consumption was associated with higher risk
of overall cardiovascular events as well as CVD mortality. Subjects
in this study were overweight at baseline, but study has a BMI ad-
justed model, however, this review takes into consideration that this
can have a margin of error. This study established a statistically sig-
nificant positive association between overall CVD and bread, ultra-
processed meat and low-calorie soft drinks in multivariable-adjusted
models. However, for sugar-sweetened beverage's, yoghurts, sweets
and desserts, fast foods and other UPFs no statistically significant
association with overall CVD was observed. The prospective studies
mentioned above (15, 18) have the same motive (consumption of
UPFs and incidence of CVD) and were conducted in developed coun-
tries (France and USA respedtively). A notable difference between
the two studies (15,18) is their sample population and the duration
of the follow-up. Although the French study (15) has a much higher
sample size than US study (18), the latter is by no means small and
is carried out by credible authors and is considered reliable. Regar-
ding the duration of follow-up time, Srour e al. (2019) (15) follo-
wed up with subjects for 5.2 years, which could be seen as a
limitation of this study despite its large sample size. However, Juul
et al. (2021) (18) followed up with subjects for 18 years and both
studies concluded that consumption of UPFs increases the incidence
of CVD.

Moreover, despite having been conducted in developed
countries, consumption of UPFs differs from one country to another.
Study conducted in France (15) found a 17.6% and 17.3% mean
contribution of ultra-processed foods to overall diet in men and
women respectively. Although the study (15) itself mentions that
their subjects had generally healthier habits than the rest of the
French population (less smoking, less likely to be overweight or
obese, etc.), it is far from the 58% contribution of ultra-processed
foods in the US diet that Juul ef al. (2021) (18) obtained. Albeit
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some differences (country, lifestyle of participants, genetics, intake
of ultra-processed foods, etc.), both studies come to the same con-
clusion which, in our opinion, provides strong evidence that there is
a relationship between certain UPFs (i.e., soft-drinks, bread, meat)
and CVD incidence because Juul et al.'s (2021) (18) study, with a
duration three-times longer, obtained results that corroborate Srour
etal's (2019) study (15). However, in clinical research, “short-term”
and “long-term” definitions are not only very subjective but also
highly dependent on pathology, treatment and population. There-
fore, an even longer study with a large sample size, of longitudinal
design and with similar parameters to the two studies mentioned
above should be carried out to try and corroborate these results.
Zhang et. al's (2021) study (20) showed that percentage of calories
from UPFs and CVH had a graded inverse association. Study con-
cluded that a higher consumption of UPFs was associated with a
lower CVH, obtaining a decrease of 0.14 points in CVH score for
every 5% increase in calories from UPF. This US representative study
found these results coincide among sex, education, age and poverty-
to-income ratio subgroups.

Coronary heart disease is one of the entities included in
(VD (26). In the study led by Srour et al. (2019) (15), 109, 116, 125
and 124 per 100,000 person-years coronary heart disease events
were obtained for first quartile (low UPF consumers), second quar-
tile, third quartile and fourth quartile (high consumers) respectively.
Specifically, coronary heart disease risk was found to be increased
by consumption of ultra-processed fats, sauces and meats. Moreover,
a second analysis in this study showed a positive association between
unprocessed or minimally processed food and lower risk of coronary
heart diseases. This study found that if UPFs were increased by 10%
in the diet, this would be associated with a statistically significant
13% increase in the incidence of coronary heart disease. Juul et al.
(2021) (18) also studied the incidence rates for hard coronary heart
disease, obtaining a 2.00 rate per 1,000 person years in participants
consuming the least UPFs versus a 4.36 rate per 1,000 person-years
in those with the highest intakes, finding a statistically significant
association with the intake of bread and salty snack foods in relation
to incident hard coronary heart disease. In this study, every addi-
tional serving of UPF was associated with a 9% increase in the risk
of hard coronary heart disease.

Differences in the foods that are related to coronary heart
disease obtained in both studies (15,18) may be due to the compo-
sition of UPFs in each country. The main dietary culprit believed to
cause coronary heart disease is saturated fat (27). For instance, while
composition of main sauces in France has a higher content on satu-
rated fats (butter in bechamel, hollandaise, velouté, etc.), composi-
tion of main sauces in US is higher in sugar (ketchup, barbecue
sauce, efc.). This could explain why in French study (15) a link is at-
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tributed to sauces and coronary heart disease but not in the US (18).
Zhong et al. (2021) (17) documented 72.6% heart disease deaths
out of a total of 5490 cardiovascular deaths, finding a higher risk
of death from heart disease in participants with higher intakes of
UPFs than lower consumers. It can be suggested that the relationship
between the consumption of UPFs and CVD does exist. However, fur-
ther studies should be carried out to uncover which foods within this
group are the greatest contributors.

Cerebrovascular disease is another of the entities which
CVD refers to (26). In the study done by Srour ef al. (2019) (15) the
total cerebrovascular event rates for subjects with high and low UPF
consumption was 163 and 144 per 100,000 person-years respecti-
vely, with a statistically significant 11 % increase in the incidence
of cerebrovascular disease by raising UPF in the diet by 10%. Salty
snacks and sugary products were the foods associated with an in-
creased risk of cerebrovascular disease. However, Zhong ef al. (2021)
(17) found no significant relationship for cerebrovascular mortality
and intake of UPF. This second study documented 5490 cardiovas-
cular deaths, of which 1126 (20.5 %) were cerebrovascular after an
average follow-up of 13.5 years. This finding may be because the
age of the subjects in the study was 55-74, where other factors and
diseases (cancer, COPD, efc.) appear that can cause death, thus dis-
placing death from cerebrovascular disease. Therefore, studies ob-
tained that a high UPF consumption increases the incidence of
cerebrovascular disease, but a direct relationship to cerebrovascular
mortality has not been established.

Zhong et al. (2021) (17) focused on the relation between
cardiovascular mortality and UPF consumption. The results obtained
were a positive association between high consumption of UPF and
mortality from CVD and heart disease in the US population. Accor-
ding to this study, reducing intake of UPF may help reduce cardio-
vascular mortality, especially for women. Previous scientific studies
have also found that compared with men, women had higher CVD
incidence and mortality rates with consumption of soft drinks and
processed meats (28, 29). This phenomenon can be explained by
the lower concentrations of testosterone that women have than men,
since it has been suggested that this hormone plays an important
role in CVH maintenance (30) and a negative association between
testosterone levels and CVD incidence and death rates have been
observed (31-34). In addition, compared with men, women are less
compliant with chronic medications. Therefore, these differences bet-
ween sex may be due to the causes mentioned above and other unk-
nown factors. However, it should not be neglected that these
differences may play an important role in cardiovascular mortality
and should be investigated in future studies.
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Modelling studies also found a positive relation between
intake of UPF and cardiovascular mortality. In the UK (23), if the
dietary intake of ultra-processed and processed foods is completely
replaced with unprocessed or minimally processed foods by 2030,
the CVD mortality rate is expected to be reduced by 13 %. A similar
approach used in Brazil (24) concluded that if UPFs were reduced
by 50 % and replaced with unprocessed or minimally processed
foods, with an additional 50% reduction in processed culinary in-
gredients, CVD mortality would be expected to be reduced by 11 %.
However, not all studies yielded a positive relationship between con-
sumption of UPFs and CVD risk. The study conducted by Xu ef al.
(2016) (16) on ready-to-eat cereals does not establish a positive re-
|ation and in fact finds a reducing effect on not only CVD but also in
other diseases. Significant inverse associations between intake of
ready-to-eat cereal and CVD, type 2 diabetes, cancer and respiratory
and infectious diseases and all-cause mortality was found. This may
be due to the fiber content of this type of UPF, as it has been shown
that consuming high amounts of dietary fiber can significantly re-
duce CVD morbidity and mortality (35,36). This finding is supported
by Juul et al. (2021) (18) whose study found a positive relation bet-
ween UPF and cardiovascular risk but a decreased risk of overall
CVD with the intake of breakfast cereals, having found a statistically
significant negative association between breakfast cereals and ove-
rall CVD. Therefore, all studies (17, 23, 24), except for one (16), that
analyze the relationship between consumption of ultra-processed
foods and death from cardiovascular disease observe that by lowe-
ring UPFs intake, CVD mortality would decrease. Both prospective
studies (16,17) have a large sample size (367, 442 (16) and 91,891
(17)) as well as a long study duration (14 and 13.5 years respecti-
vely), and this is strong evidence that their results are reliable.

Thus, in our view, it can be assumed that there is a positive
association between the consumption of UPFs and death from CVD,
but exceptions exist. For instance, for breakfast cereals which are
foods with a high fiber content (can act as a protector against these
diseases), not only a positive relationship absent, but the consump-
tion of breakfast cereals can reduce the incidence of cardiovascular
disease. Further studies should be conducted to confirm these results
and to study whether these exceptions can be applied to other foods
in the ultra-processed category.

However, it should be noted that all studies on mortality
(16,17,23,24) assume that UPFs and CVD are already somehow re-
lated, otherwise studies would be focused on CVD incidence and not
mortality. These assumptions may affect the validity of the studies.
Zhong et al. (2021) (17) used Srour et als (2019) (15) study to
support these assumptions but noted that death from cardiovascular
disease due fo consumption of ultra-processed foods is still contro-
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versial. This may pose a limitation as Srour ef al. (2019) (15)
concluded that further studies should be carried out to confirm the
results obtained in their study. Moreira ef al. (2018) (24) justified
their assumptions with studies which focused on consumption of
added sugar, sodium or fats (compounds which ulira-processed foods
have a high content of) and the development of CVD. Likewise, this
may pose a weakness since it is assumed that all ultra-processed
foods include these compounds. Zhong et al.’s (2021) study (17) is
more recent than Moreira ef al.’s (2018) study (24), which may be
a strength for the first study in terms of availability of literature in
this field. However, the paucity of scientific research conducted in
this field to date appears to be a limitation for both studies (17, 24).
In regard to cardiovascular risk estimated from intermediate risk
factors, the cross-sectional study done on 56 postmenopausal women
with rheumatoid arthritis is worth mentioning (19). This study sho-
wed that a high consumption of UPFs in these patients was associa-
ted with a higher estimated cardiovascular risk and a worse
metabolic profile. Conversely, a higher consumption of unprocessed
or minimally processed foods was associated with a better cardio-
vascular risk profile, having a lower 10-year risk of developing CVD.

Montero H. et al.’s (2020) (21) explored the association
between subclinical coronary atherosclerosis and high consumption
of UPF in middle-aged men. This study found out that people with
a high intake of UPF doubled the risk of developing subclinical co-
ronary atherosclerosis. However, subjects in the highest percentile
of UPF consumption were more frequently obese, had lower HDL
cholesterol levels and performed less physical activity. All these
above-mentioned factors predispose to cardiovascular risk events
(8,22). Moreover, this study used Coronary Calcium Agatston Score
(CACS) as an indicator of calcium deposits. Three categories for CACS
were established: 0 for the lowest category (meaning no presence of
calcium), > 0 and < 100 for the middle category (presence of cal-
cium), and = 100 for the highest category (moderate to severe sub-
clinical coronary atherosclerosis). Calcium deposits falling info this
last category have been demonstrated to increase coronary heart di-
sease. While study found a significant dose-response relation between
higher consumption of UPF and risk of progressing from the first and
second category to the highest one, no association was found between
the risk of progressing from the lowest category to the middle and
highest ones and daily consumption of UPF.

Martinez Steele E. ef al. (2019) (22) study focused on the
relation between UPFs and metabolic syndrome (MetS), which has
been demonstrated to increase CVD risk (6). In this study, a higher
dietary contribution of UPFs was associated with a higher prevalence
of MetS. However, association was not statistically significant if it were
not for the adjusted models on age and other potential cofounding
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factors, which did show significant positive associations. Prevalence
of MetS increased by 28% in the 5th percentile (highest UPF con-
sumption) compared to the 1st percentile (lowest UPF consumption).
These findings were particularly strong among young adults, aged
between 20 and 39 years and decreased with age. Specifically, the
association between the prevalence of MetS and UPF consumption
increased by 12 % among people aged 20-39, while for subjects
among 40-59, the association’s strength dropped to a third. The ex-
planation the study suggests for this phenomenon is that with incre-
asing age, there may be a decrease in the strength of the association
between consumption of UPFs and MetS due to the emergence of
other risk factors (obesity, sedentary lifestyle, other aging-related di-
sorders, efc.) that compete with diet as triggers for metabolic
syndrome. As to the rationale of all the obtained results, some studies
(15, 20, 21) explain that this positive relationship between the con-
sumption of processed foods and the risk of CVD is mainly due to
their high content of nutritionally poorer nutrients such as sodium,
energy, fats, sugars and their low fiber content, which have already
been demonstrated to be high risk factors for cardiometabolic health.
Moreover, several studies (15, 20, 21) agreed that an increased risk
of CVD in high consumers of UPFs may also partly be due to the dis-
placement of minimally processed foods, resulting in low intake of
fruit and vegetables. The low consumption of these foods can affect
the results since they are known to be beneficial in preventing CVD
(5,6).

Furthermore, the above-mentioned studies (15, 20, 21)
refer that another cause of special concern for the obtained results
may be the high content on additives on UPFs. High doses of sulphites,
monosodium glutamate, emulsifiers (particularly carboxymethylce-
llulose and polysorbate-80), carrageenan and non-caloric artificial
sweeteners were shown to increase the risk of CVD or cardiovascular
risk factors such as obesity, metabolic syndrome or insulin resistance
(37-40). In addition, Zhang ef al. (2021) (20) mentions the high fla-
voring on UPFs makes these products very palatable, which may result
in replacing of the natural satiety mechanisms making people eat
more without even being hungry. Lastly, studies allude the association
was also due to compounds formed during food processing such as
acrylamide as well as contamination by contact materials such as bis-
phenol A, both of which are associated with an increased risk of CVD
(41,42). Given the paucity of studies, more epidemiological evidence
is needed in the future to better understand the relationship between
UPFs consumption and CVD risk. Further research needs to be done
in order to identify which specific UPFs, compounds and processes
have a significant role in the association between UPFs consumption
and increased cardiovascular risk. Notably, a recent review addresses
potential mechanisms linking ulira-processed foods to CVD risk (43).
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5. CONCLUSION

This systematic review provides evidence on the association
between the consumption of UPFs and the risk of CVD. After revie-
wing the literature, it can be concluded that a detailed association
between ultra-processed foods and the risk of cardiovascular disease
cannot be established due to the multiple variables (NOVA dassifi-
cation, age, sex, country, etc.) that can affect this relationship. As in-
teresting as it may be to study these factors to see if they impact on
the UPFs and CVD relation, it is outside the scope of this study due
to time constraints.

It can be affirmed that, despite being very reductionist and
using a qualitative dassification, the NOVA system stands out from
other food processing dlassifications. However, this system presents
some limitations. For instance, several studies analyzed in this re-
view supported a negative association between intake of breakfast
cereals and increase of CVD, but a positive association between other
UPFs (which are classified in the same category as breakfast cereals)
and risk of CVD. In addition, there are many factors that influence
the nutritional status of the population. The consumption of UPFs
is often linked to a sedentary lifestyle in which people, continuously
and unwittingly, consume these foods, with little physical activity
and unhealthy habits such as smoking (21). Therefore, an increased
risk of developing a cardiovascular event cannot be attributed ex-
clusively to the consumption of UPFs. Despite all the limitations sta-
ted, we suggest that there is a relationship between consumption of
UPFs and CVD. However, further studies should be conducted to raise
the level of evidence and corroborate these results, preferably lon-
gitudinal design studies.

Ultimately, there is a need to continue generating evidence
and to achieve a scientific agreement on this association. Meanwhile,
it is essential to promote a diet based on plant-based foods (fruits,
vegetables, nuts, legumes, etc.) and to displace foods high in critical
nutrients and a high degree of processing. Finally, in order to faci-
litate access to foods of high nutritional quality and healthy eating
patterns further policies should be developed, since there is an in-
creasing evidence of the benefits healthy lifestyle habits have on he-
alth conditions and quality of life.
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