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Introduction: Ultraprocessed foods are becoming dominant in the global food supply. Prospective
cohort studies have consistently found an association between high consumption of ultraprocessed
foods and increased risk of several noncommunicable diseases and all-cause mortality. The study aimed
to (1) estimate the risk of all-cause mortality for ultraprocessed foods consumption and (2) estimate the
attributable epidemiologic burden of ultraprocessed food consumption in 8 select countries.

Methods: First, a dose−response meta-analysis of observational cohort studies was performed to
assess the association between ultraprocessed food consumption and all-cause mortality and estimated
the pooled RR for all-cause mortality per each 10% increment in the percentage ultraprocessed food.
Then, the population attributable fractions for premature all-cause mortality attributable to the ultra-
processed foods in consumption were estimated in 8 select countries with relatively low (Colombia and
Brazil), intermediate (Chile and Mexico), and high (Australia, Canada, United Kingdom, and the U.S.)
ultraprocessed food consumption. Analysis was conducted in November 2023−July 2024.

Results: The meta-analysis showed a linear dose−response association between the ultraprocessed
food consumption and all-cause mortality (RR for each 10% increase in percentage ultraprocessed
food=1.03; 95% CI=1.02, 1.04). Considering the magnitude of the association between ultraprocessed
foods intake and all-cause mortality and the ultraprocessed food dietary share number (percentage
ultraprocessed food) in each of the 8 selected countries, estimations varied from 4% (Colombia) to 14%
(United Kingdom and U.S.) of premature deaths attributable to ultraprocessed food intake.

Conclusions: The findings support that ultraprocessed food intake contributes significantly to the
overall burden of disease in many countries, and its reduction should be included in national die-
tary guideline recommendations and addressed in public policies.
Am J Prev Med 2025;000(000):1−9. © 2025 Elsevier Inc. All rights are reserved, including those for text and data
mining, AI training, and similar technologies.
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INTRODUCTION
Ultraprocessed foods (UPFs), as defined by the
Nova classification, are industrial formulations
made from food-derived substances and cos-

metic food additives with little, if any, whole food. UPFs
are frequently energy dense and nutritionally unbal-
anced and made of ingredients and processes that create
highly palatable and convenient low-cost products and
have the potential to replace unprocessed or minimally
processed foods and culinary preparations.1

UPFs are becoming dominant in part of the global
food supply2 and already account for over half of the
average daily energy content of the diets in many high-
income countries.3−5 Although UPF consumption
remains lower in low- and middle-income countries,
there is evidence that the exposure and adherence to a
ultraprocessed dietary pattern has increased significantly
over the last decades.6

An increasing body of scientific evidence, including
many observational cohort studies and meta-analyses,
have consistently found an association between the
adherence to ultraprocessed dietary pattern and
increased risk of several noncommunicable diseases,
such as obesity, diabetes, cardiovascular diseases, and
some types of cancer.7−9 Of note, a recent umbrella
review, including 45 pooled analyses with almost 9.8 mil-
lion participants, found that adherence to ultraprocessed
dietary pattern was associated with 32 poor physical and
mental health outcomes.10

Previous modeling studies, using different methodo-
logic approaches, including the Global Burden of Dis-
ease Study, have estimated the potential impact of
specific dietary risk factors on all-cause and cause-spe-
cific noncommunicable diseases, including morbidity,
mortality, and disability-adjusted life years, by assessing
the inadequate consumption of macro and micronu-
trients and the consumption of specific foods (such as
sugar-sweetened beverages, processed meats, fruits, and
vegetables).11−15 However, studies modeling the impact
of consuming UPFs are just developing.16−18

In this study, the authors (1) conducted a meta-analy-
sis to estimate the dose−response association between
UPF consumption and all-cause mortality and (2) esti-
mated the population attributable fractions (PAFs)
and the total number of all-cause premature deaths
(ages 30−69 years)19 attributable to UPF consumption
pattern in adults from 8 countries with relatively low
(Colombia and Brazil), intermediate (Chile and Mexico),
and high (Australia, Canada, United Kingdom, and U.S.)
consumption of UPF.
METHODS

First, the authors performed a dose−response meta-
analysis of observational cohort studies assessing the
association between the UPF dietary share and all-cause
mortality. Studies were selected on the basis of recently
published systematic reviews on low versus high
UPF consumption dietary pattern and all-cause
mortality.7,20,21 The authors included only studies that
assessed UPF intake according to Nova classification
and excluded studies assessing UPF as individual food
items (e.g., sugar-sweetened beverages). In these previ-
ously published meta-analyses, 10 prospective studies
examined the association between UPF and all-cause
mortality.22−30 The authors contacted the corresponding
author of these studies and asked whether they could
provide estimates after converting UPF intake to per-
centage of total energy intake. The authors obtained this
information from 7 studies.22−27

The authors extracted the maximally adjusted RRs
(confounders included in the models are displayed in
the Appendix Material, available online) and 95% CIs
for all-cause mortality for each category of contribu-
tion (%) of UPFs on total energy intake (e.g., quar-
tiles of percentage UPF) and considered the mean or
medium value of percentage UPF in each category
(dose). For the highest category of UPF intake (e.g.,
4th quartile), the authors considered the dose as the
lowest value of percentage of UPF in the category.
The authors also obtained the number of participants
and deaths in each category of percentage UPF. The
authors performed a random-effects dose−response
model using generalized least squares for trend esti-
mation of summarized dose−response data. Random
effects meta-analysis assumed that the true UFP effect
on all-cause mortality differs from study to study and
provides an estimate of the average effect. Of note,
RR estimates for some countries included in the
study (Brazil, Chile, Mexico, and Australia) are lack-
ing. Therefore, the authors used the average effect
(RR) obtained from the random-effects meta-analysis
model from all countries included in the study.
The authors estimated the pooled RR (and its 95%

CI) for all-cause mortality per each 10% increment in
the percentage UPF as the authors found evidence of
linearity. The authors conducted leave-one-out sensi-
tivity analysis to assess the robustness of the main
analysis.
The consumption of UPFs, stratified by sex, was

obtained from microdata of the most recent national
dietary surveys in each country (Table 1): the
www.ajpmonline.org
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Pesquisa de Orçamentos Familiares 2017−2018 (Bra-
zil), the National Health and Nutrition Examination
Survey 2017−2018 (U.S.), National Diet and Nutri-
tion Survey 2018−2019 (United Kingdom), Canadian
Community Health Survey 2015 (Canada), Encuesta
Nacional de Salud y Nutrici�on 2016 (Mexico),
Encuesta Nacional de Situaci�on Nutricional 2015
(Colombia), Encuesta Nacional de Consumo Alimen-
tario 2010 (Chile), and National Nutrition and Physi-
cal Activity Survey 2011−2012 (Australia). Foods and
beverages were classified according to the Nova food
classification system into 4 major groups: unpro-
cessed or minimally processed foods, processed culi-
nary ingredients, processed foods, and UPFs. The
UPF dietary share was measured on the basis of the
contribution of UPF to total energy intake, which
was computed as the ratio of the mean energy from
the UPF group over the mean total energy intake of
the diet. All data used in this study are publicly avail-
able and deidentified; therefore, IRB approval was not
required.
The authors estimated the PAFs of all-cause pre-

mature mortality (ages 30−69 years) attributable to
the consumption of UPF on the basis of the frame-
work of a previously published comparative risk
assessment model.17 The PAFs and attributable
deaths referred to the proportion and the number of
all-cause premature deaths that could be averted by
reducing the consumption of UPFs to the theoretical
minimum risk level, assumed as 0% of the total
energy intake. PAF was calculated using the following
equation:

PAF ¼
R h
l RR xð ÞP xð Þdx� R h

l RR xð ÞP � xð Þdx
R h
l RR xð ÞP xð Þdx

Where x denotes the values that the adherence to
ultraprocessed dietary pattern can take on (0%−100%),
RR is the RR function (log linear) for all-cause mortality,
Table 1. UPF Consumption as Percentage of Total Energy Intake

Country Survey, year

Brazil POF, 2017−2018
U.S. NHANES, 2017−2018
United Kingdom NDNS, 2018−2019
Canada CCHS-Nutrition, 2015

Mexico ENSANUT, 2016

Colombia ENSIN, 2015

Chile ENCA, 2010

Australia NNPAS, 2011−2012

ENCA, Encuesta Nacional de Consumo Alimentario; ENSANUT, Encuesta Nac
cional; CCHS, Canadian Community Health Survey; NDNS, National Diet and
Survey; NNPAS, National Nutrition and Physical Activity Survey; POF, Pesquisa

& 2025
P(x) is the percentage of UPF intake in each country, P*
(x) is the theoretical minimum risk exposure level
(assumed as 0% of UPF intake), dx denotes that the inte-
gration was done with respect to x, and l and h are the
integration boundaries.
Data on premature deaths that occurred on the same

year of the national dietary survey for each country were
obtained from the Global Burden of Disease Study.30

Monte Carlo simulation with 5,000 iterations was used
to estimate the uncertainty of the PAFs attributable to
the consumption of UPF. Data analyses were performed
in Stata, Version 17; Microsoft Excel; and Ersatz.
RESULTS

The main results extracted from each of the 7 prospec-
tive cohort studies included in the meta-analysis are dis-
played in Table 2. The dose−response meta-analysis for
the association between the dietary share of UPF (per-
centage of UPF on total energy intake) and all-cause
mortality, including 239,982 participants and 14,779
deaths, is displayed in Figure 1. The pooled RR for each
10% increase in percentage of UPF on total energy
intake was 1.027 (95 % CI=1.017, 1.037; p<0.0001).
Leave-one-out sensitivity analysis provided results con-
sistent with those of the main analysis.
The average contribution of UPF to total energy

intake varied among the countries. Lower UPF con-
sumption was observed in Latin American countries.
Whereas UPF consumption represented <20% of energy
intake in Colombia and Brazil, it increased to 20%−30%
in Chile and Mexico. UPF consumption increased signif-
icantly in the other countries, such as Australia (37.5%)
and Canada (43.7%), and exceeded 50% of the energy
intake in the United Kingdom and in the U.S. (Table 3).
In the 8 selected countries, PAFs ranged widely accord-

ing to the average consumption of UPFs, going from 3.9%
in Colombia, the country with the lowest UPF consump-
tion levels, to almost 14% in the United Kingdom and the
in National Dietary Surveys by Country and Year

Age, years Mean (95%CI)

30−69 17.4 (17.1, 17.7)

30−69 54.5 (52.8, 56.1)

30−69 53.4 (51.6, 55.3)

30−69 43.7 (42.7, 44.7)

30−69 24.9 (22.6, 27.1)

30−69 15.0 (14.2, 15.7)

30−69 22.8 (21.6, 24.0)

30−69 37.5 (36.8, 38.2)

ional de Salud y Nutrici�on; ENSIN, Encuesta Nacional de Situaci�on Nutri-
Nutrition Survey; NHANES, National Health and Nutrition Examination
de Orçamentos Familiares; UPF, ultraprocessed food.



Table 2. Main Results Extracted From Studies Included in the Dose−Response Meta-Analysis on the Association Between
the Dietary Share of UPF and All-Cause Mortality

UPF category Dose (% UPF) Participants Deaths

Maximally adjusted RR

RR 95% CI

Blanco-Rojo/2019

First quartile 8.68 2,976 158 1 1 1

Second quartile 18.60 2,974 105 0.91 0.67 1.23

Third quartile 27.82 2,974 103 1.23 0.91 1.67

Fourth quartile 42.83 2,974 74 1.44 1.01 2.07

Rico-Campa/2019

First quartile 14.70 4,975 108 1 1 1

Second quartile 22.50 4,975 74 1.18 0.85 1.63

Third quartile 28.60 4,975 80 1.39 1.00 1.93

Fourth quartile 35.90 4,974 73 1.44 1.01 2.05

Schnabel/2019

First quartile 10.80 11,137 147 1 1 1

Second quartile 24.90 11,138 141 0.84 0.64 1.11

Third quartile 31.95 11,138 148 0.79 0.59 1.06

Fourth quartile 35.70 11,138 166 1.10 0.83 1.45

Bonaccio/2021

First quartile 11.50 5,618 492 1 1 1

Second quartile 17.90 5,619 313 1.07 0.92 1.23

Third quartile 23.00 5,619 224 1.17 1.02 1.36

Fourth quartile 29.90 5,619 187 1.26 1.09 1.46

Ferreiro/2021

First quartile 6.90 846 96 1 1 1

Second quartile 18.55 881 90 1.15 0.87 1.53

Third quartile 28.45 871 59 1.22 0.88 1.70

Fourth quartile 33.60 826 58 1.62 1.08 2.43

Chen/2022

First quartile 10.40 15,075 596 1 1 1

Second quartile 26.05 15,073 621 1.03 0.92 1.16

Third quartile 37.15 15,075 636 1.06 0.94 1.19

Fourth quartile 43.00 15,075 737 1.22 1.08 1.38

Orlich/2022

First quintile 8.50 15,442 1917 1 1 1

Second quintile 20.80 15,342 1961 1.03 0.96 1.10

Third quintile 28.05 15,415 1946 1.08 1.00 1.16

Fourth quintile 36.05 15,500 1765 1.09 1.01 1.17

Fifth quintile 68.20 15,738 1704 1.14 1.05 1.23

UPF, ultraprocessed food.
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U.S., where UPF consumption was higher among the
countries studied. The absolute number of premature
deaths per year attributable to UPF (i.e., which is influ-
enced by PAF, number of premature deaths, and popula-
tion size) ranged from more than 2 thousand in Chile to
almost 124 thousand in the U.S. (Table 3).
DISCUSSION

In this study, the authors investigated the relationship
between the consumption of UPFs and all-cause
mortality, uncovering a linear dose−response associa-
tion. The study findings indicate that with each 10%
increase in UPF contribution to total energy intake,
there is a corresponding 2.7% rise in the risk of all-
cause mortality. Moreover, the authors estimated the
proportion of premature deaths attributable to UPF
consumption in 8 selected countries, ranging from
approximately 4% in Colombia to 14% in both the
United Kingdom and the U.S., on the basis of the
magnitude of the association between UPFs intake
and all-cause mortality.
www.ajpmonline.org



Figure 1. Dose−response meta-analysis for the association between the dietary share of UPF (percentage of UPF on total energy
intake) and all-cause mortality in 7 prospective cohort studies, including 239,982 participants and 14,779 deaths.
UPF, ultraprocessed food.
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First, the findings showing a linear, dose−response
association between ultraprocessed intake and all-cause
mortality, solely on the basis of analyses using the con-
tribution of UPF on total energy, adds knowledge to the
body of the epidemiologic evidence on UPF and health
outcomes.10 Second, by assessing premature all-cause
mortality in countries with different levels of consump-
tion of UPFs, the results may additionally contribute to
the evidence on the epidemiologic burden of dietary
exposures in both middle- and high-income countries
using modeling tools that could be useful to support sur-
veillance, public policies, and interventions for promot-
ing healthy diets.
Many previous modeling studies estimated the

health and economic burden of critical nutrients and
specific foods/drinks.11−15 In addition, other model-
ing studies in different countries estimated the poten-
tial impacts of reducing the consumption of sugar-
sweetened beverages on obesity-related deaths.12,31−34

However, to the authors’ knowledge, the potential
impact of the dietary contribution of UPF on prema-
ture deaths has only been investigated in Brazil, using
the available RRS at the time, which highlighted the
importance of dietary patterns on health over a nutri-
ent approach.18

A major limitation of assessing individual nutrients
and specific foods is that possible synergies between
them and their impacts on population health are not
incorporated in the analyses. In addition, epidemiologic
studies assessing the association between specific foods
and nutrients on health outcomes are prone to residual
confounding by other constituents of diet.35 Considering
the reasons mentioned earlier, the study leveraged data
& 2025
on the association between the dietary contribution of
UPF (or the adherence to the ultraprocessed dietary pat-
tern) and all-cause mortality.35 This methodologic deci-
sion was supported by a set of justifications,
commencing with the extensive detrimental health
impact of UPF intake described in the literature. In addi-
tion, there is growing evidence on the associations
between the consumption of UPFs with specific health
outcomes such as diabetes, obesity, cancer, and cardio-
vascular disease.10 The mechanisms of these health
effects are likely associated with excessive consumption,
displacement of staple foods and poor nutritional dietary
quality, food additives and other xenobiotics, physical
structure, and other attributes of UPFs such as the
increased risk of obesity and other cardiometabolic
outcomes.36

It is also likely that addressing specific diseases associ-
ated with UPF consumption may underestimate the
attributable mortality, because of the complexity and the
number of diseases and health outcomes potentially
associated with UPFs through the mechanisms previ-
ously mentioned. In the particular case of UPF, the
Nova food classification has only been included in
cohorts in the last decade, and associations of high UPF
intake started first with obesity, diabetes, and cardiovas-
cular diseases but now include 32 different health
parameters, including mortality; cancer; and mental,
respiratory, cardiovascular, gastrointestinal, and meta-
bolic outcomes.10 Therefore, all-cause mortality works
as a summative marker of the total burden of UPF con-
sumption, estimating its average total net effect as a sur-
rogate outcome of the total burden attributable to UPF,
considering the premature deaths (ages 30−69 years) in
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each country. The premature deaths have a large societal
relevance because they are mostly preventable and repre-
sent high direct and indirect costs to families and econo-
mies.
Notably, UPFs are heavily marketed and dominate the

global food supply.2 The increase in their consumption
globally over the last decades is mostly represented by
the low- and middle-income countries gradually replac-
ing their traditional diets predominantly made of fresh
foods and culinary preparations.6 UPFs represent over
half of the energy content of the diets in many high-
income countries, and consumption is high in almost all
population subgroups.3−5 UPF intake starts early in life,
and frequently, children and adolescents proportionally
consume more UPF than adults in many countries, likely
representing a higher risk of noncommunicable diseases
in adulthood.37,38

These findings suggest that UPF consumption repre-
sents a relevant public health issue globally, and policy
responses should reshape food systems to incentive the
consumption of fresh and minimally processed foods as
well as culinary preparations and disincentive UPFs.
Reducing the consumption of UPFs requires multiple
interventions and policies, such as creating healthy and
supportive environments, through various strategies,
including food-based dietary guidelines and fiscal and
regulatory policies, such as the regulation of food mar-
keting and sales of foods in school and work environ-
ments, the implementation of front-of-package
nutritional labeling, subsidies for the production and
sales of fresh local foods, and taxation of UPFs.39−45

Limitations
As strengths of this study, studies using comparative risk
assessment have been extensively validated and repli-
cated in different countries for dietary risk factors and
assessing the potential impacts of food policies.14,46−49

In addition, the estimation of UPF intake was based on
the most recent representative national dietary surveys
of each country using comparable methods for food clas-
sification.50 Mortality and demographic data were
obtained from robust national official statistical records
and international estimates. Finally, the RRs incorpo-
rated in the model were obtained from recent observa-
tional studies from various countries that assessed the
consumption of UPF on the basis of their contribution
to the total energy intake. Limitations of this study
include the limited number of cohort studies that evalu-
ated the association between the dietary patterns and all-
cause mortality on the basis of the contribution to total
energy of the diet. Limitations of the model include the
incorporation of inputs prone to residual confounding,
the use of similar RRs for all age and sex groups, and the
www.ajpmonline.org
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failure to capture potential time lag between dietary
changes and mortality. Although the authors extracted
RR estimates adjusted for potential confounders from
each individual study, residual confounding cannot be
ruled out. Of note, the small RR of 1.03 corresponds to a
10% increment in the percentage of UPF on total energy
intake, meaning that a high amount of UPF intake can
significantly affect health. In addition, the magnitude of
the association is similar to what has been reported in a
recent umbrella review on UPFs and health outcomes.10

Finally, there are only a few risk factors and preventive
interventions with substantial impact on human health
to influence all-cause mortality outcomes. For cause-spe-
cific mortality (e.g., diabetes and cardiovascular disease),
the magnitude of the associations with UPF is higher
than for all-cause mortality.10
CONCLUSIONS

These findings highlight that adherence to ultrapro-
cessed dietary pattern represents a relevant public health
concern in middle- and high-income countries. The
findings support the need for reducing the consumption
of UPF through creation of healthy environments using
regulatory and fiscal policies. National dietary guidelines
of the 21st century must consider the purpose and extent
of industrial processing of foods in their recommenda-
tions and the body of existing evidence on UPF and
human health.51,52
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