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Abstract
Aim: the purpose of this study was to assess the connection among ultra-processed food consumption and the likelihood of cardiovascular
disease, with the intention of establishing a basis for future research.

Methods: this meta-analysis adheres to the reporting principles recommended in the PRISMA framework. PubMed, Embase, and Web of Science
bibliographic databases were searched in January 2023.

Results: ten observational studies were identified from 1,079 records retrieved by searching various relevant electronic bibliographic databases,
and two additional observational studies were identified from references within one of the retrieved records; leading to the inclusion of a total of

Keywords: twelve observational studies. The data were combined, utilizing random effects models as well as relative risk ratios. Consuming a higher quantity
‘ of ultra-processed foods was found to be correlated with a 31 % elevated likelihood of mortality due to cardiovascular disease, in comparison
Cardiovascular to individuals who abstained from consuming any ultra-processed foods. Furthermore, an association has been seen between increased con-

a‘;;:;gﬂ;’li?}”,a'es;ase sumption of ultra-processed food and an elevated likelihood of acquiring hypertension, coronary heart disease, and cerebrovascular disorders.

analysis. Ultra-processed Conclusion: consuming a significant quantity of ultra-processed meals increases the likelihood of developing cardiovascular disease or expe-
food. riencing mortality associated with cardiovascular disease.

Received: 18/05/2024 e Accepted: 23/10/2024

Authors contributions: both J. X., J. J., and R. X. made equal contributions to the organization, drafting,
revising, and editing of the work. The process of extracting data and evaluating its quality. J. X., and J.
J., with the aid of X. R., performed data extraction and conducted a thorough assessment of data quality.
J. X., and J. J. conducted the statistical analysis for the meta-analysis. The manuscript was reviewed,
edited, and supervised by J. X., J. J., and X. R. Each of the authors made contributions to the essay and
provided their approval for the submitted version.

Data availability statement: datasets were evaluated that were freely available to the public. Information
retrieved from the papers cited in the manuscript is available at: data retrieved from articles.

Acknowledgments. we express our gratitude to Editage for their provision of English language editing
services.

Conflicts of interest: the researchers claimed that the study did not have any business or financial
affiliations that could be perceived as a conflict of interest.

Use of artificial intelligence: the researchers claimed that no artificial intelligence was used in the writing Correspomdence.

of this article. Rong Xu. Department of Clinical Nursing. Tongji
Hospital. Tongji Medical College of Huazhong University

You J, Hou J, Xie X, Xu R. Consumption of ultra-processed foods raises the possibility of cardiovascular of Science and Technology. 1095 Jiefang Avenue,

disease — A meta-analysis. Nutr Hosp 2025;42(1):117-130 Qiaokou District. Wuhan City, Hubei Province. People’s
Republic of China

DOI: http://dx.doi.org/10.20960/nh.05325 e-mail: nfmxr@126.com

©Copyright 2025 SENPE y ©Aran Ediciones S.L. Este es un articulo Open Access bajo la licencia CC BY-NC-SA (http://creativecommons.org/licenses/by-nc-sa/4.0/).



118

Palabras clave:

Enfermedad cardiovascular.
Cardiopatia. Hipertension.
Metaandlisis. Alimentos

J. You et al.

Resumen

Objetivo: el objetivo de este estudio fue evaluar la conexion entre el consumo de alimentos ultraprocesados y la probabilidad de padecer
enfermedades cardiovasculares, con la intencion de establecer una base para futuras investigaciones.

Métodos: este metaanalisis se adhiere a los principios de informacion recomendados en el marco PRISMA. Se realizaron busquedas en las
bases de datos bibliograficas PubMed, Embase y Web of Science en enero de 2023.

Resultados: se identificaron diez estudios observacionales a partir de 1.079 registros recuperados mediante busquedas en diversas bases
de datos bibliograficas electronicas pertinentes y se identificaron dos estudios observacionales adicionales a partir de referencias dentro de
uno de los registros recuperados, lo que llevo a la inclusion de un total de doce estudios observacionales. Los datos se combinaron utilizando
modelos de efectos aleatorios y cocientes de riesgos relativos. Se observo que el consumo de una mayor cantidad de alimentos ultraprocesados
se correlacionaba con una probabilidad un 31 % mayor de mortalidad por enfermedad cardiovascular, en comparacion con los individuos que
se abstenian de consumir cualquier alimento ultraprocesado. Ademas, se ha observado una asociacion entre el mayor consumo de alimentos
ultraprocesados y la probabilidad elevada de adquirir hipertension, cardiopatias coronarias y trastornos cerebrovasculares.

Conclusion: el consumo de una cantidad significativa de comidas ultraprocesadas aumenta la probabilidad de desarrollar enfermedades

ultraprocesados. cardiovasculares o de fallecer por este motivo.

INTRODUCTION

According to the 2019 Global Burden of Disease report (1), car-
diovascular disease (CVD) has claimed the lives of 18.6 million
people, with ischemic heart and cerebrovascular disease account-
ing for 85.1 % of these deaths (2). Despite significant investments
in early prevention and therapy, the prevalence of CVD is increas-
ing, and it is anticipated that, by 2035, nearly half of Americans will
have been diagnosed with some form of CVD (3). A strong relation-
ship between daily lifestyle and the vast majority of cardiovascular
events has been reported (4). By choosing a balanced, healthy
dietary pattern, CVD risk can be reduced by about 50 % (5).

The phenomenon of globalization, coupled with the growth of
national incomes and the greater involvement of women in the
workforce, has led to a growing trend of individuals forsaking
home-cooked meals in favour of readily accessible, affordable,
and shelf-stable ready-to-eat foods. However, it is important to
note that these convenient food options often exhibit high levels
of fat, sugar, and sodium, which can be considered excessive
from a nutritional standpoint (6,7). In recent times, there has
been a notable increase in the intake of ultra-processed food
(UPF), which has expanded its presence from rich nations to
developing countries. This trend has gradually resulted in the
dominance of UPF in the global food market (6,7). Therefore, it
is crucial to fully understand the impact of these developing food
products on the well-being of people. In the current era of UPF,
past approaches to classifying foods based on nutrient compo-
sition alone that ignored the health effects of food processing
(8) are no longer applicable. In contrast, NOVA, a new method
for rating foods based on their level of processing as opposed
to their nutritional content, offers new insights. According to the
NOVA categorization, UPF belongs to category 4, which compris-
es industrially processed foods and beverages with high concen-
trations of refined carbohydrates, saturated fatty acids, sugars,
and salt and minimal amounts of dietary fibre and minerals (9).
The hazards of UPF are not limited to their low nutritional content
but are also related to the physical or chemical changes that
occur during food processing and the use of various additives
(10). Numerous in vitro and animal studies have revealed that dif-
ferent additives, plasticizers, and new compounds created during
processing can harm cardiometabolism to varying degrees (11).

Although numerous studies have concentrated on the associ-
ation between UPF and CVD, a direct relationship remains am-
biguous (12-18). According to three cohort studies, UPF intake
exerts a negative impact on hypertension (14-16). Nevertheless,
Lavigne-Robichaud et al. (13) observed a lack of statistically sig-
nificant association among UPF consumption and hypertension,
which aligns with the results reported by Smaira et al. (17).

A notable longitudinal study conducted on a group of French
individuals revealed that the use of UPF was linked to an increased
likelihood of developing CVD, coronary heart disease, and cerebro-
vascular disease (18). In a separate cohort study, Kim et al. (12)
identified a positive association between the consumption of UPF
and an increased risk of all-cause death, although no significant
association was observed with regards to cardiovascular disease.
Moreover, Chen et al. (19) did a comprehensive analysis of 20
studies that investigated the correlation between the consumption
of UPF and various health outcomes. Five studies have identified
an association between UPF consumption and the risk of all-cause
mortality, or CVD. However, these investigations did not provide a
quantitative assessment of the magnitude of this risk.

No prior meta-analysis has undertaken a comprehensive evalu-
ation of the available evidence regarding the possible association
between intake of UPF and CVD. In light of the current knowledge
gap, a meta-analysis was conducted on observational studies to
measure the link between the intake of UPF and CVD. Furthermore,
a dose-response study was performed in order to establish a foun-
dation for subsequent scientific inquiry in this field.

METHODS

The present review conforms to the recommended reporting ele-
ments for meta-analyses, as outlined in the PRISMA guidelines (20).

LITERATURE SEARCH AND SELECTION
A thorough examination of relevant literature was conducted

by utilizing the PubMed, Embase, and Web of Science databas-
es. The search encompassed the whole duration of these data-
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bases’ existence up until January 13, 2023, without any limita-
tions on the language of publication. The search strategy was
developed using the following search phrases: “blood pressure
[MeSH Terms] OR “blood pressure determination [MeSH Terms])
OR “arterial pressure [MeSH Terms] OR “blood pressure [title/
Abstract] OR “cardiovascular diseases [MeSH Terms] OR “car-
diovascular disease™"[Title/Abstract] OR “arteriosclerosis [Title/
Abstract] OR “atherosclerosis [Title/Abstract] OR “atrial fibrilla-
tion [Title/Abstract] OR “cardiac arrhythmia” [Title/Abstract] OR
“cardiomyopath*” [Title/Abstract] OR “cerebrovascular disorder*”
[Title/Abstract] OR “heart arrest [Title/Abstract] OR “heart fail-
ure*’[Title/Abstract] OR “hypertension”[Title/Abstract] OR “myo-

cardial infarction [Title/Abstract] OR “myocardial ischemia [Title/
Abstract] OR “out of hospital cardiac arrest [Title/Abstract] OR
“stroke”[Title/Abstract] OR “vascular stiffness [MeSH Terms]
OR *“vascular stiffness [Title/Abstract] OR “carotid intima media
thickness [MeSH Terms] OR “carotid intima media thickness
[Title/Abstract]) AND (“ultra-processed [Title/Abstract] OR “ultra
processed [Title/Abstract] OR “Ultraprocessed [Title/Abstract].
Furthermore, additional studies were included through manual
screening of one of the retrieved records. The complete protocol
used to screen the retrieved literature is outlined as a schematic
in the supplementary figure 1 (https://www.nutricionhospitalaria.
org/files/8624/ADMA1-05325-02.paf).

Study
1D

All cause-moderate intake

Bonaccio M, etal. 2022

Kim H.etal. 2019

Rico-Campa A.et al. 2019

Subtotal (I-squared = 0.0%, p = 0.652)

All cause-high intake

Bonaccio M, et al, 2022

Juul F, et al. 2021

Kim H.et al, 2019

Rico-Campa A,et al. 2019

Subtotal (I-squared = 75.2%, p = 0.007)

CVD-moderate intake

Bonaccio M, et al. 2022

Kim H.et al. 2019

Rico-Campa A et al. 2019

Zhong GC, et al, 2021

Subtotal (1-squared = 0.0%, p = 0.887)

CVD-high intake

Bonaccio M, et al, 2022

Juul F, et al. 2021

Kim H.etal. 2019

Rico-Campi A.etal. 2019

Zhong GC, et al. 2021

Subtotal (I-squared = 86.2%, p = 0.000)

cerebrovascular disease-moderate intake
Bonaccio M, et al. 2022

Zhong GC, et al. 2021

Subtotal (I-squared = 0.0%, p = 0.734)

cerebrovascular disease~high intake
Bonaccio M, etal, 2022

Zhong GC, et al. 2021

Subtotal (I-squared = 51.7%, p = 0.150)

NOTE: Weights are from random efTects analysis

O«rf o&f O t,i ootif of*‘* o+}*

%
RR (95% CI) Weight

0.86 (0.63, 1.18) 23.81
098 (0.83, 1.17) 62.30

1.06 (0.76, 1.48) 13.89
0.96 (0.83, 1.10) 100.00
1.38 (1.00, 1.91) 18.54

1.01 (0.99, 1.04) 38.64
1.31(1.09, 1.58) 29.45
1.62(1.13,2.33) 13.38
1.25(0.98, 1.52) 100.00

0.87 (0.56, 1.35) 4.73
1.09 (0.69, 1.74) 2.68
0.87 (0.41, 1.84) 1.44
1.00 (0.91, 1.09) 91.15
0.99 (0.91, 1.08) 100.00

1.65 (1.07, 2.55) 11.49
1.09(1.02, 1.16) 34.22
1.10 (0.74, 1.67) 19.33

2.10(0.94, 4.69) 248
1.50 (1.36, 1.64) 3248

L 4

1.31(1.01, 1.62) 100.00
0.82 (0.47, 1.45) 10.74
0.91(0.76, 1.10) 89.26
0.90 (0.74, 1.06) 100.00

1.65 (0.96, 2.85) 28.03
0.94(0.76, 1.17) 71.97
1.14(0.51, 1.76) 100.00

I
-4.69

4.69

Figure 1.

Forest plot of the association between ultra-processed food consumption and cardiovascular disease mortality using a random effects model.
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CRITERIA FOR INCLUSION AND EXCLUSION

Reports were considered eligible for inclusion in this review if
they were observational and had a cohort above the age of 18,
examined the link between UPF and CVD risk, and provided ef-
fect estimates as odds ratios (ORs), relative risks (RR), or hazard
ratios (HRs), with 95 % confidence intervals (Cls).

Studies on pregnant women, reports that were randomized
controlled trials, letters, conference papers, abstracts, case re-
ports, reviews, or meta-analyses, studies with insufficient or in-
consistent data, and studies whose full text was unavailable were
excluded from this review. The literature screening was complet-
ed separately by two authors. In instances of dispute, deliberation
was conducted with the involvement of a third researcher, ulti-
mately resulting in consensus.

EXTRACTION OF DATA

The general features and raw data from each selected study
were separately extracted by two writers. These included: 1) the
primary author’s name, publication date, and nation; 2) research
design; 3) the duration of cohort studies’ follow-up; 4) participant
characteristics (number, age, and sex); 5) methods for evaluating
exposure to ultra-processed diets; 6) grouping and characteris-
tics of ultra-processed dietary intake; 7) risk estimates associat-
ed with CVD; and 8) the covariables used for adjustment in mul-
tivariate analyses. Conflicts that arose during the data extraction
process were discussed with a third author and resolved.

QUALITY EVALUATION

The research quality of each included study was independently
assessed by two researchers utilizing the Newcastle-Ottawa Scale
(NOS) (21). Population selection, group comparability, and exposure
assessment make up the NOS scale. Reviewers entered scores with
a maximum of 10 points per research study, depending on the fea-
tures of each study. Moradi et al. (22) propose that a research quality
score of 6 or below indicates a poor level, while a score of 7 or 8
indicates a moderate level, and a score of 9 or 10 signifies a high
level of research quality. Discussions with a third author helped settle
disagreements over how well the study was done.

STATISTICAL ANALYSIS

The statistical software Stata 15.0 was utilized to merge the
data obtained from the studies that were contained in the me-
ta-analysis. Considering the findings of Symons et al. (23) who
concluded that reported HR is equivalent to the RR, the effect
sizes in this meta-analysis are based on the pooled RR with a
95 % Cl. Due to high heterogeneity (12 > 50 % and p = 0.05),
a random effects model was utilized to analyze effect sizes. Ad-
ditionally, we conducted a sensitivity analysis, excluding every
study in turn and revising the pooled effect sizes. In the present
review, we considered the results of the complete adjustment of

J. You et al.

the model. We treated the non-consumption and minimum con-
sumption groups in the original study as the reference group and
the intake group after the reference group, also known as the
moderate intake group, as the first exposure group in the study.
The group with the highest intake in the original study was taken
as the highest intake group for analysis.

The factors extracted from the selected studies were divided into
two categories: those involved in mortality risk and others affecting
the risk of disease. Subgroup analyses were conducted based on
several factors, including country, duration of follow-up, NOS score,
and mode of diet recording. Finally, we conducted a dose-response
analysis for the stratification of consumption frequency.

RESULTS
STUDY SELECTION

The protocol adopted for the selection of studies relevant to this
review is shown as a schematic in the supplementary figure 1
(https://www.nutricionhospitalaria.org/files/8624/ADMA1-05325-
02.pdf). An overall total of 1,081 studies were enrolled in this current
review, 1,079 of which were identified by literature extraction from
the databases, and two were identified from the reference lists of
the included reports. After deleting duplicate studies and non-orig-
inal research categories, 623 records remained. After reading their
titles and abstracts, 595 records were discarded (535 based on
the title and 60 based on the abstract), leaving 26 records eligible
for this review. Subsequently, these 26 studies were subjected to
a comprehensive assessment of their entire texts, and 16 of these
studies were omitted from the full-text screening due to the following
reasons: one study was not available as full text (24); one study had
inconsistent data (25); one article on unhealthy diets was not related
to ultra-processed diets (26); one study utilized the same cohort as
another study (27); four studies did not present ORs, RRs, or HRs,
but only provided B, incidence rate ratio, or PR values (28-31); eight
studies (15,32-38) did not have clear cardiovascular outcomes and
only addressed changes in blood pressure, dyslipidemia, subclinical
atherosclerosis, and excess heart age. Ultimately, 12 articles in to-
tal were taken into account in the current meta-analysis evaluation
(Table ).

Among the 12 studies encompassed in this meta-analy-
sis, a single study was classified as cross-sectional (39), while
the remaining studies were categorized as cohort studies
(12,14,16,18,40-46). The chosen studies encompassed a time
frame from 2017 to 2022 and encompassed a total of about
299,413 people from seven different nations: Italy (40), the Unit-
ed States (12,41,42,46), China (43), Spain (14), Brazil (16,44),
Canada (39), and France (18). The results of all the studies were
grouped into two categories: the risk of disease-related death
and disease risk. Of the included studies, four (12,41,45,46)
addressed the risk of disease-related death only, seven
(14,16,18,41-44) addressed the disease risk only, and one study
(39) reported the risk of both disease and disease-related mor-
tality. One study (39) reported on the relationship of an ultra-pro-
cessed diet with either high blood pressure or heart disease.
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CONSUMPTION OF ULTRA-PROCESSED FOODS RAISES THE POSSIBILITY OF CARDIOVASCULAR DISEASE

— A META-ANALYSIS
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CONSUMPTION OF ULTRA-PROCESSED FOODS RAISES THE POSSIBILITY OF CARDIOVASCULAR DISEASE 125

— A META-ANALYSIS

QUALITY OF STUDIES

Eight studies (18,40-46) were rated to be of high research
quality, while four studies (12,14,16,39) were rated as having
moderate research quality. Details of the scores are shown in the
supplementary figure 2 (https://www.nutricionhospitalaria.org/
files/8624/ADMA1-05325-02.pdf).

Publication bias was tested in studies involving the risk of GVD.
In the meta-analyses, eight primary studies were conducted on
CVD risk, one of which involved two CVD conditions: hyperten-
sion and heart disease. Therefore, the latter article was used
twice when assessing publication bias for the link between UPF
and the risk of CVD (39). The Egger’s test result for the asso-
ciation between high UPF intake and CVD risk was significant
(p< 0.001), demonstrating the presence of publication bias. Fol-
lowing that, we utilized the cut-and-fill technique to produce sym-
metric funnel plots for four additional studies. The pooled effect
was significant (pool effect size: 1.151, 95 % Cl: 1.074-1.234,
p < 0.001), indicating that the results were stable (Supplemen-
tary Fig. 3: https://www.nutricionhospitalaria.org/files/8624/
ADMA1-05325-02.pdf).

ANALYSIS OF OUTCOMES

The link between the consumption of UPF
and cardiovascular mortality

The probability of dying from cerebrovascular illness or from
All-causes was not substantially correlated with moderate or high
UPF consumption. There was a significant association observed
among high UPF intake and a 31 percent rise in the likelihood of
mortality from CVD (RR =1.31; 95 % Cl: 1.01-1.62, I> = 86.2 %)
(Fig. 1), but moderate UPF consumption was not linked with CVD
death risk.

The connection between UPF intake and CVD
risk

A positive correlation was found between high intake of UPF
and an increased likelihood of getting hypertension, with a 24 %
higher risk seen (RR = 1.24; 95 % CI: 1.15-1.33, P = 2.1 %),
coronary heart disease by 19 % (RR = 1.19; 95 % Cl: 1.07-1.32,
2= 0.00 %), and CVD by 20 % (RR = 1.20; 95 % CI: 1.11-1.30,
I>=66.7 %) (Fig. 2). A moderate UPF intake was found to not
be connected with the hazards of hypertension, coronary heart
disease, or CVD.

Subgroup analysis
Table Il shows the results stratified by country or area. For all-

cause mortality and CVD mortality risk, the results of high UPF
intake were only significantly relevant in the European population

[Nutr Hosp 2025;42(1):117-130]

RR=1.47,95%Cl: 1.11-1.83,°=0.0 %; RR =1.71,95 %
Cl: 1.02-2.04, > = 0.0 %), while the effect of a moderate UPF
intake on the risk of CVD death was not correlated at the regional
level (RR = 0.99, 95 % Cl: 0.91-1.08, I’ = 0.0 %).

Table Il shows the results stratified by follow-up time. When fol-
low-upwas lessthan 15 years, the likelihood of mortality fromAll-caus-
es and CVD increased by 47 % (RR = 1.47,95 % Cl: 1.11-1.83, I
=0.0%) and 51 % (RR = 1.51,95 % Cl: 1.37-1.65, > = 0.0 %),
respectively. The incidence of hypertension increased by 25 % (RR =
1.25,95 % Cl: 1.08-14.2, I> = 0.0 %) when the duration of following
up was less than 5 years. Conversely, the incidence of hyperten-
sion decreased when the follow-up period extended beyond 5 years
(RR =1.20, 95 % Cl: 1.10-1.31, > = 0.0 %). With prolonged fol-
low-up, the CVD risk also decreased for those with a high rate of UPF
intake. In comparison to patients with a follow-up of more than 5 years
(RR =1.16, 95 % Cl: 1.06-1.26, I> = 68.6 %), cases with a fol-
low-up of less than 5 years had a greater risk of CVD (RR = 1.25,
95 % Cl: 1.08-1.42, > = 0.0 %).

Table IV displays the results stratified by NOS scores. In
moderate- or high-quality studies, higher rates of consumption
of UPF were associated with hypertension and CVD. When the
studies were graded as medium-quality, the association be-
came stronger. A high UPF intake increased CVD risk by 26 %
(RR =1.26,95 % Cl: 1.13-1.38, I’= 14.1 %) and that of hyper-
tension by 28 % (RR = 1.28,95 % Cl: 1.11-1.44, °= 42.4 %).

There was no observed association between a moderate in-
take of UPF and the occurrence of hypertension. The use of the
food frequency questionnaire revealed that a heightened rate of
intake of UPF was associated with a 23 % increase in the risk
of hypertension (RR = 1.23, 95 % Cl: 1.11-1.34, > = 0.0 %).
Moreover, the use of UPF has been found to elevate the risk of
CVD. The link between CVD and excessive intake of UPF was
shown to be significantly greater when utilizing 24-hour records
(RR=1.25,95 % Cl: 1.12-1.38, 1> = 0.0 %) as shown in table V.

DOSE-RESPONSE ANALYSIS

Supplementary figure 3 (https://www.nutricionhospitalaria.
org/files/8624/ADMA1-05325-02.pdf) depicts the dose-re-
sponse ratios, which were organized based on the intake quar-
tile. The consumption of UPF was divided into four groups, with
the first group representing the lowest intake and the fourth
group representing the greatest intake. These figures were uti-
lized to quantify the relationship between UPF consumption and
the risk of disease. According to the study’s findings, people who
consumed the most UPF had a 36 % higher chance of all-cause
mortality than people who consumed the least (RR = 1.36, 95 %
Cl: 1.16-1.56, I> = 0.0 %). Furthermore, individuals in the third
group had an 11 % higher risk of CVD (RR = 1.11, 95 % Cl:
1.02-1.19, I> = 0.0 %) compared to those in the Iowest intake
group. Among the cohort exhibiting the greatest consumption of
UPF, a statistically significant elevation of 20 % (RR =1.20, 95 %
Cl: 1.11-1.30, I> = 0.0 %) in CVD susceptibility was observed in
comparison to the initial group.
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Study %
D RR (93% C1) Weight
Hyperiension—moderaie intake
Li M, et al. 2022 - 1,00 (0.90, 1.12) 3033
Mendonca RD, et al. 2017 - 0.99 (0.8, 1.12) 28,61
Nardocei M,et al. 2021 B 1.37(1.12, 1L.6T) 11.39
Rezende=Alves K, et al. 2021 —— 1.22(0.91, 1.64) 727
Scaranni PODS, et al. 2021 —— 1.08 (0.93, 1.25) 2241
Subtotal (I-squared = 49.2%, p =0.096) < 1.07(0.97, 1.18) 100.00
Hypertension—high intake
Li M, et al 2022 1.20(1.06, 1.35) 3632
Mendonca RD, et al. 2017 —— 1.21(1.06, 1.37) 31.96
Nardocci M. et al. 2021 —— | 601,26, 2.03) 535
Rezende—Alves K, et al. 2021 —_—— 1.35(1.01, 1.82) 483
Scaranni PODS, et al. 2021 —— 1.23 (1.06, 1.44) 21.54
Subtotal (I-squared = 2.1%, p = 0.395) O 1.24(1.15, 1.33) 100.00
CHD-moderate intake
Du 8, et al 2021 1.05 (0.92, 1.19) 67.19
Nardocei M,et al. 2021 1.27 (0.90, 1.78) 632
Srour B.etal. 2019 1.07 (0.87, 1.30) 26.49
Subtotal (I-squared = 0.0%, p = 0.645) 1.07 (0.96, 1.18) 100.00
CHD~high intake
Du 8, et al. 2021 1.19(1.08, 1.35) 72.59
Nardocci M,et al. 2021 1.22(0.87, 1.71) 926
Srour B,etal. 2019 1.20 (0.93, 1.53) 18.15
Subtotal (I-squared = 0.0%, p=0.991) 1.19(1.07, 1.32) 100,00
CVD-moderate imake
Du §, et al. 2021 1.05(0.92, 1.19) 17.14
Li M, et al. 2022 1.00(0.90, 1.12) 23.59
Mendonca RD, et al. 2007 0.99 (0.8%, 1.12) 20.1%
Nardocci M,et al. 2021 1.37(1.12, 1.67) 5.26
Nardocci M,et al. 2021 1.27 (0.90, 1.78) 217
Rezende—Alves K, et al. 2021 1.22(0.91, 1.64) 310
Scaranni PODS, et al. 2021 1.08 (0.93, 1.25) 13.29
Srour B.etal. 2019 1.04 (0.91, 1.19) 16.26
Subtotal (I1-squared = 21.3%, p = 0.260) 1.06 (0.99, 1.12) 100.00
CVD-high intake
Du S, etal 2021 1.19(1.08, 1.35) 14.17
Juul F, et al. 2021 1.05 (1.02, 1.08) 20.78
Li M, et al 2022 1.20 (1.06, 1.35) 14.48
Mendonca RD, et al. 2017 1.21(1.06, 1.37) 13,56
Nardocei M,et al. 2021 1.60 (1.26, 2.03) 497
Nardocci M,et al. 2021 1.22(0.87, 1.71) 434
Rezende=Alves K, et al. 2021 1.35(1.01, 1.82) 4359
Scaranni PODS, et al. 2021 1.23 (1.06, 1.44) 11.50
Srour B,etal. 2019 1.23(1.04, 1.45) 11.00
Subtotal (I-squared = 67.7%, p =0.002) 1.20(1.11, 1.30) 100.00

NOTE: Weights are from random eflects analysis

=2.03

Figure 2.

Forest plot of the association between ultra processed food consumption and cardiovascular disease using a random effects model.
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CONSUMPTION OF ULTRA-PROCESSED FOODS RAISES THE POSSIBILITY OF CARDIOVASCULAR DISEASE

— A META-ANALYSIS

Table Il. The association between ultra-processed food consumption and the risk
of cardiovascular disease and mortality assessed by country or area

127

S No. of Heterogeneity
Factors T eff.ect RR* 95 % ClI 2 p-value
size
All-cause mortality (high intake) Europe 2 1.47 1.11-1.83 0.0% 0.532
All-cause mortality (high intake) America 2 113 0.84-1.42 82.5% 0.017
CVD mortality (high intake) America 3 1.21 0.82-1.61 95.6% 0.000
CVD mortality (high intake) Europe 2 1.71 1.02-2.40 0.0% 0.662

*Calculated using a random-effects model. RR: relative risk.

Table Ill. The association between ultra-processed food consumption and the risk of
cardiovascular disease and mortality assessed by using stratified follow-up years

Mortality risk
All-cause mortality (high intake) < 15 years 2 1.47 1.11-1.83 0.0% 0.532
All-cause mortality (high intake) > 15 years 2 113 0.84-1.42 82.5% 0.017
CVD mortality (high intake) <15 years 2 1.51 1.37-1.65 0.0% 0.765
CVD mortality (high intake) > 15 years 2 1.01 0.99-1.04 0.0% 0.705

Disease risk
Hypertension (moderate intake) > b years 2 1.00 0.91-1.08 0.0% 0.904
Hypertension (moderate intake) < 5years 2 1.10 0.96-1.25 0.0% 0.491
Hypertension (high intake) > b years 2 1.20 1.10-1.31 0.0% 0.926
Hypertension (high intake) < 5years 2 1.25 1.08-1.42 0.0% 0.599
CVD (moderate intake) > b years 4 1.02 0.95-1.08 0.0% 0.892
CVD (moderate intake) < 5years 2 110 0.96-1.25 0.0% 0.491
CVD (high intake) > b years 5 1.16 1.06-1.26 68.6 % 0.013
CVD (high intake) <5 years 2 1.25 1.08-1.42 0.0% 0.599

*Calculated using a random-effects model. RR: relative risk.

Table IV. The association between ultra-processed food consumption and cardiovascular
disease risk assessed by using the stratified NOS score

Factors NOS score No. of RR* 95 % CI Heterogeneity
effect size 12 p-value
Hypertension (moderate intake) High quality 2 1.04 0.87-1.20 21.8% 0.258
Hypertension (moderate intake) Medium quality 3 1.1 0.93-1.29 68.0 % 0.044
Hypertension (high intake) High quality 2 1.22 1.08-1.35 0.0% 0.494
Hypertension (high intake) Medium quality 3 1.28 1.11-1.44 42.4 % 0.176
CVD (moderate intake) High quality 4 1.03 0.96-1.10 0.0% 0.700
CVD (moderate intake) Medium quality 4 112 0.96-1.28 57.7% 0.069
CVD (high intake) High quality 5 1.16 1.05-1.27 64.7 % 0.023
CVD (high intake) Medium quality 4 1.26 1.13-1.38 14.1% 0.322

*Calculated using a random-effects model. RR: relative risk; NOS: nitric oxide synthase.

[Nutr Hosp 2025;42(1):117-130]
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Table V. Association between ultra-processed food consumption and risk of cardiovascular
disease assessed using food records

Heterogeneity
Factors Food No. of RR* 95 % CI
records effect size o
| p-value
Hypertension (moderate intake) 24-h records 2 1.16 0.80-1.52 83.3% 0.014
Hypertension (moderate intake) FFQ 3 1.04 0.94-113 0.0% 0.400
Hypertension (high intake) 24-h records 2 1.36 0.98-1.74 72.5% 0.057
Hypertension (high intake) FFQ 3 1.23 111-1.34 0.0% 0.818
CVD(moderate intake) FFQ 4 1.04 0.96-1.12 0.0 % 0.601
CVD (moderate intake) 24-h records 4 1.11 0.96-1.25 56.9 % 0.073
CVD (high intake) FFQ 5 1.16 1.05-1.27 66.1 % 0.019
CVD (high intake) 24-h records 4 1.25 1.12-1.38 18.2% 0.300

*Calculated using a random-effects model. RR: relative risk.

DISCUSSION

To the best of our understanding, there has been no prior in-
vestigation that has conducted a comprehensive evaluation and
meta-analysis regarding the correlation among UPF intake and
the risk of cardiovascular disease. Consistent with our findings,
there exists a positive association between the excessive con-
sumption of UPF and an increased likelihood of CVD mortality,
hypertension, coronary heart disease, and overall CVD. Howev-
er, no significant relationship was observed between moderate
UPF consumption and the occurrence of CVD. Furthermore, our
research, which involved stratification based on consumption
frequency, demonstrated a clear and consistent connection be-
tween quartiles of intake and cardiovascular CVD.

CVD and all-cause mortality risk were found to be elevated
in the high-dose group of a 15-year study, but the association
was absent when the follow-up period was extended beyond
15 years. An increased CVD risk and hypertension risk were as-
sociated with a high UPF intake, and the shorter the follow-up
period, the stronger the correlation. Based on the analysis of NOS
scores, regardless of whether the literature was of high or mod-
erate quality, the risk of CVD or hypertension was only increased
with higher UPF intakes, whereas no correlation was noted at
lower intakes. A high UPF intake was seen significantly impact
European participants only in subgroup analyses of participants
in the US or Europe. The probability of death from cardiovascular
disease increased by 71 %, and the chance of death from any
cause by 47 % in those with a high UPF consumption. High UPF
intake showed a significant association with hypertension only
for food frequency questionnaire-based food records. When us-
ing 24-h records, the correlation between CVD risk and high UPF
intake was 25 % stronger.

In a large prospective cohort study, each extra serving of UPF
per day was linked to a 7 %, 9 %, and 5 % higher probability
of severe CVD, severe coronary heart disease, and overall CVD,
respectively, along with a 9 % rise in cardiovascular death (43).

We included 12 primary studies that did not involve sex-based
analyses; therefore, we could not analyse the subgroups by sex,
although sex differences in cardiovascular outcomes have long
been recognised (47). A study conducted and published earlier
has revealed that there exists a heightened risk of mortality as-
sociated with CVD and heart disease specifically among women
(48). This may be related to differences in sex hormones (49),
with female patients being likely to receive preventative instruc-
tion or treatment (50,51), and females being less compliant in
terms of the need for long-term medications (52).

There are various mechanisms that could potentially eluci-
date the correlation between the consumption of UPF and CVD.
First, the association between elevated consumption of UPF and
mortality is partially influenced by biomarkers of renal function,
such as cystatin C. One study found that people who consume
UPF frequently tend to have high concentrations of renal function
markers that correspond to a higher chance of CVD (53). Second,
UPF has a poor nutritional composition and contains more sugar
and less dietary fibre. There is frequently a positive correlation
between consumption habits and the sugar level of food, while
a negative correlation is observed with dietary fibre content (54).
Third, UPF contains additives such as inorganic phosphates,
sulfites, monosodium glutamate, and artificial sweeteners that
may promote arteriosclerosis, oxidative stress, and endothelial
dysfunction (55,56). Ultimately, it is possible for UPF to become
tainted with contact substances, such as bisphenol A, which
can be found in plastic packaging (57). The risk of hypertension
and coronary artery disease was shown to be higher in people
who were exposed to bisphenol A, according to a review (57).
The processing and handling of UPF involve varying degrees of
physical and chemical changes that produce new contaminants.
llustrative instances encompass acrylamide found in deep-fried
potatoes, biscuits, bread, and coffee, as well as acrolein pres-
ent in sausages and confectioneries, including caramel. There
is evidence suggesting a correlation between acrylamide and
an increased susceptibility to CVD (58). Similarly, exposure to
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acrolein has been found to induce platelet activation or prevent
angiogenesis at the cellular level, hence potentially elevating the
risk of CVD (59).

The current meta-analysis has several advantages. First, it
quantifies the correlation between UPF intake and CVD risk and
divides CVD risk into two groups: mortality risk and disease risk,
and this provides clear findings on which to base interventions.
Second, this study’s subgroup analysis was a strong point. Vari-
ous subgroup analyses were conducted in accordance with each
factor’s features. Third, this study makes full use of the data from
the original study, comprehensively utilizing the results corre-
sponding to each group of UPF intake rather than only analyz-
ing the highest consumption group while ignoring other groups.
Finally, we used a dose-response analysis to demonstrate the
association among the various dose groups and disease risk al-
location using empirical data.

This study also has some limitations. Although a comprehensive
and systematic literature search and rigorous literature screenings
were conducted, the number of articles ultimately included was
small, limiting the power of the meta-analysis and the range of
settings for which our results may be relevant. Second, the way
that food intake was assessed, the characteristics of participants
in each cohort, and the duration of follow-up differed across the
studies. Finally, UPF intake is often assessed through food ques-
tionnaires that are not designed to include the degree of diet pro-
cessing, and this may have resulted in the misclassification of UPF
in the included studies, weakening the association that can be
made between consumption of an ultra-processed diet and CVD.

Based on our research, there exists a positive correlation be-
tween the consumption of UPF and the likelihood of developing
CVD or experiencing mortality. Furthermore, a higher intake of
UPF is linked to an increased risk of morbidity or fatality. Further
research is needed to conduct high-quality cohort studies that
can accurately measure the association between CVD and diets
consisting of UPF,
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