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Aims There has been a global shift from nutrient-dense diets to an ultra-processed food pattern, which is linked to adverse health 
outcomes, including cardiovascular mortality. However, there is limited evidence in an Australian setting. Furthermore, many 
people in Australia have emigrated from countries with heart-healthy diets. This study explored the association between 
ultra-processed food exposure and cardiovascular mortality in an Australian cohort.

Methods 
and results

Data were derived from the Melbourne Collaborative Cohort Study. Food frequency questionnaire data collected at base
line were used to estimate ultra-processed food exposure according to the Nova classification system. Cardiovascular 
deaths were identified using data linkage between baseline (1990–94) and 31 March 2019. Fine and Gray competing risk 
models were fitted to assess the association between energy-adjusted ultra-processed food exposure and cardiovascular 
mortality, accounting for other types of mortality as competing risks. We included 39 544 participants (mean age 55.1 years 
at baseline, 60% female). During the follow-up period, which spanned 919 379 person-years and a median follow-up of 25.1 
years, 4229 cardiovascular deaths occurred. After adjusting for sociodemographic, lifestyle, and health-related factors, 
participants with the highest relative intake of ultra-processed food had 19% higher risk of cardiovascular mortality (hazard 
ratiohigh (quartile 4) vs. low (quartile 1) category = 1.19, 95% confidence intervals: 1.09–1.29, P-value for trend < 0.001).

Conclusion Aligning with findings from the USA and Europe, higher exposure to the ultra-processed food pattern was prospectively 
associated with a higher risk of cardiovascular mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary There is growing evidence that ultra-processed foods, foods that undergo extensive industrial processing and are often high 

in added sugars, unhealthy fats, and additives, may harm heart health. This study looked at the link between eating these 
foods and heart-related deaths in over 39 000 Australians followed over 25 years. We found that people eating and drinking 
higher amounts of ultra-processed food had a 19% higher risk of dying from heart disease compared to those who ate less. 
This relationship remained after considering factors like age, sociodemographic, lifestyle, and other health issues.
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distribution, and reproduction in any medium, provided the original work is properly cited.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/32/16/1564/8173892 by U

niversity of M
elbourne user on 24 N

ovem
ber 2025

https://orcid.org/0000-0002-1907-1066
https://orcid.org/0000-0001-8707-5563
https://orcid.org/0000-0002-4811-5830
https://doi.org/10.1093/eurjpc/zwaf420
mailto:sarah.gauci@deakin.edu.au
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurjpc/zwaf378


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

Graphical Abstract

Keywords Ultra-processed food • Nova food classification system • Dietary intake • Cardiovascular disease • Cardiovascular 
mortality

Introduction
It is well established that greater exposure to nutrient-dense dietary pat
terns, such as the Mediterranean diet, is effective for the primary and sec
ondary prevention of cardiovascular disease (CVD).1–3 In the Australian 
context, many people have emigrated from countries where there is a 
consumption of dietary patterns that are protective against CVD.4

However, industrialization of the food supply in contemporary Australia 
and elsewhere has led to an increased proportion of people’s dietary in
take coming from ultra-processed foods.5 As defined by the Nova food 
classification system, ultra-processed foods include a wide range of food 
products characterized by extensive industrial processing, usually including 
chemically modified substances extracted from foods, and additives to en
hance taste, texture, appearance, and shelf life.6 While there is substantial 
variation within and between countries and regions in the extent to which 
ultra-processed foods dominate dietary patterns, recent evidence shows 
that 42% of the total energy intake in Australia comes from ultra- 
processed foods—higher than in France (31%) but lower than in the 
USA (58%).7,8 This is concerning as there is growing evidence that expos
ure to an ultra-processed food pattern is associated with a higher risk of 
cardiometabolic diseases and mortality.9–11

Our team recently led an umbrella review exploring the association 
between exposure to an ultra-processed food pattern and 32 adverse 
health outcomes.9 In the pooled analysis for CVD, we found direct as
sociations between greater ultra-processed food exposure and higher 
risk of CVD mortality as well as incident cardiovascular disease events, 
hypertension, hypertriglyceridaemia, and low HDL cholesterol. 
However, the association between ultra-processed food and 
CVD-related mortality was based on only four dose–response and 
five non-dose–response analyses, none of which were from an 

Australian cohort.9 In the Framingham Offspring Study, each additional 
daily serving of ultra-processed food was associated with a 5% higher 
risk of CVD incidence and a 9% higher risk of CVD mortality.11

Likewise, in the French NutriNet-Santé cohort study, compared to 
those with lower intake, those in the highest intake quartile of ultra- 
processed food had a higher risk of CVD.10 Our umbrella review 
classed the quality of this evidence as very low using the GRADE criteria 
due to inconsistent or heterogeneous between-study effect estimates 
(I2 value more than 50).8 Therefore, given the substantial heterogeneity 
and low-quality meta-evidence, additional cohort studies are needed to 
strengthen the overall evidence base. This study thus aimed to expand 
the current evidence by prospectively determining the association be
tween high exposure to the ultra-processed food dietary pattern and 
the risk of CVD mortality in a cohort of Australian men and women 
using data from the Melbourne Collaborative Cohort Study (MCCS). 
We hypothesized that higher exposure to the ultra-processed food 
pattern at baseline would be prospectively associated with CVD 
mortality.

Methods
Cohort profile
A detailed description of the MCCS cohort has been previously published.12

In brief, 41 513 participants between the ages of 27 and 76 years were re
cruited from Melbourne and surrounding areas between 1990 and 1994. Of 
these, 59% were women, and 99% were aged between 40 and 69 years. 
Specific strategies were followed to recruit migrants from southern 
Europe, who constituted 24% of the sample. These participants have 
distinct dietary and lifestyle patterns from those born in Australia or 
New Zealand (69%) and Northern Europe (6%).13 Self-reported 
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demographics, lifestyle, health conditions, drug and medication information, 
dietary intake data, anthropometric measures, and blood samples were col
lected at baseline during face-to-face visits.

The MCCS cohort is regularly linked with the National Death Index, 
which provides data on mortality, including cause of death. Participants 
were eligible for inclusion in the present study if baseline dietary data and 
follow-up CVD mortality data linkage were complete (Figure 1).

Ethics approval and pre-registration
The MCCS is an Australian cohort study investigating associations between 
diet, lifestyle, and chronic non-communicable diseases.12 The Cancer 
Council Victoria’s Human Research Ethics Committee approved the origin
al protocol for the MCCS. All participants provided written informed con
sent to participate and for researchers to access their medical records. The 
current study was approved for exemption from ethical review in accord
ance with the National Statement on Ethical Conduct in Human Research 
(2007, updated 2018) Section 5.1.22 by the Deakin University Human 
Research Ethics Committee (project number: 2023-185).

The current study was prospectively registered with the Open Science 
Framework (OSF) registry (https://osf.io/ryjuw) and reported in accordance 
with the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement and checklist for cohort studies (see 
Supplementary material).

Exposure: dietary assessment
Participants completed a 121-item semi-quantitative Food Frequency 
Questionnaire (FFQ) at baseline, evaluating their dietary habits over the 
last 12 months. Using this dietary data, exposure to the ultra-processed 

food pattern was calculated using methods described in detail elsewhere14

and in line with previous studies that have used this dataset.15 In brief, we 
applied the Nova categorization system to place foods into one of four cat
egories (Groups 1–3 are non-ultra-processed foods). Nova Group 1 in
cludes unprocessed or minimally processed foods such as rice, meat, fish, 
and vegetables. Nova Group 2 includes processed culinary ingredients 
such as sugar, plant oils, and butter. Nova Group 3 includes processed foods 
such as processed bread, cheese, canned fruit, fish, and vegetables, and 
salted and smoked meats. Foods within Nova Group 4 are classified as ultra- 
processed foods, the category of interest in the current study; this includes 
soft drinks, sweet or savoury packaged snacks, confectionery, packaged 
bread and buns, margarine, reconstituted meat products, and pre-prepared 
frozen or shelf-stable dishes when these products are made up of food sub
stances of no culinary use and/or contain classes of additives with cosmetic 
function. Two authors applied the Nova food classification system to all 
FFQ food items.16

The mean daily intake of ultra-processed foods was determined by con
verting frequencies into grams. This was based on sex-specific portion sizes 
of each food and multiplied by the daily equivalent frequency as per previ
ous research.17–19 Energy was estimated based on the Nutrient Data 
Table for Use in Australia 1995 (NUTTAB 95), a food composition data
base containing information for 1800 foods and beverages available in 
Australia.20

Outcome: cardiovascular disease mortality
Cardiovascular-related deaths were included in the analysis if occurring be
tween the recruitment date and 31 March 2019, when data linkage was con
ducted. Mortality and specific causes were ascertained through linkage with 

Figure 1 Flow-chart of participant selection. MCCS, Melbourne Collaborative Cohort Study.
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the Victorian Registry of Births, Deaths and Marriages, and the National 
Death Index. Deaths due to CVD were coded by the Australian Bureau 
of Statistics and defined based on underlying cause of death codes from 
the 9th and 10th revisions of the International Classification of Diseases 
(390–459 and I00–I99), respectively. Other types of mortality were consid
ered as competing risk.

Assessment of covariates
Covariates were pre-identified based on prior research.10,21 These covari
ates, assessed during baseline interviews, encompassed various sociodemo
graphic factors, lifestyle, and health-related behaviours, and history of 
non-communicable diseases.

The sociodemographic factors considered included sex, age, education 
level, country of birth, marital status, household size, and the 
Socio-Economic Indexes for Areas (SEIFA), which measures the relative 
socioeconomic advantage or disadvantage within specific geographic areas 
based on postal code.22 SEIFA scores were categorized into quintiles, with 
the lowest representing the most disadvantaged and the highest represent
ing the least disadvantaged.

Additionally, lifestyle and health-related factors were considered, such as 
smoking status, alcohol consumption, and physical activity over the previous 
six months. These sociodemographic and lifestyle factors served as covari
ates in the main models. Physical activity was scored from 0 to 16, depend
ing on the frequency and intensity of activities like walking and vigorous 
exercise. This score was then divided into categories ranging from 0 to 
≥6, categorized as 0 [none], >0 and <4 [low], ≥4 and <6 [moderate], 
and ≥6 [high].23

Additional exploratory analyses were further adjusted to account for the 
potential mechanisms related to diet quality by using the Alternative 
Healthy Eating Index-2010 (AHEI-2010)24 and FFQ estimated nutrient, 
fruit, and vegetable intakes.19 The AHEI 2010 diet score ranges from 0 to 
110; higher scores reflect ‘healthier’ diets.24 These adjustments were 
made to determine whether any associations found with ultra-processed 
food were independent of overall diet quality.

Statistical analyses
Participant characteristics were summarized using the mean and standard 
deviation (SD) for continuous variables and frequency and percentage for 
categorical variables. To account for ultra-processed foods that offer little 
or no energy, such as artificially sweetened drinks, the total weight of ultra- 
processed foods [grams per day (g/d)] was used instead of energy.10,15 This 
weight was adjusted for energy intake using Willett’s residual method and 
used as the model exposure.25 This approach considers the residuals 
from the regression, which represent the differences between participants’ 
actual intake of ultra-processed food and the intake predicted by their total 
energy consumption.25 To align with most observational studies on ultra- 
processed foods, which divide exposure into quantiles,9 we categorized 
our exposure into quartiles based on its distribution in the dataset. 
Participants with a personal history of CVD at baseline were excluded 
(n = 1171), as well as those reporting energy intake above the 99th percent
ile or below the 1st percentile (n = 798).

We used Fine and Gray competing risk models to assess the association 
between energy-adjusted ultra-processed food consumption (as a categor
ical variable) and CVD mortality. A complete case analysis was performed. 
This primary analysis differed from the original analysis described in the pre- 
registration as this method accounts for other types of mortality as compet
ing risk.26 Quartile 1 was used as the reference, and hazard ratios (HRs) of 
quartiles 2 to 4, along with their 95% confidence intervals (HRs, 95% CIs) 
presented. Different sequential models were fitted to evaluate the associ
ation between energy-adjusted ultra-processed food consumption and 
CVD mortality. Model 1 was the unadjusted model. In Model 2, sociodemo
graphic factors were incorporated. These factors included sex (male or fe
male), age (as a continuous variable), education level (above or below high 
school), country of birth (with categories Australia/New Zealand, Southern 

Europe, or Northern Europe), marital status (married or in a relationship vs. 
not married or single), household size (with categories of 1, 2, 3–4, or 5+), 
and SEIFA scores (quintiles, Q1, Q2, Q3, Q4, or Q5), representing socio- 
economic status. Model 3, the fully adjusted model, included lifestyle and 
health-related factors, smoking status (never smoked, current smoker, 
and former smoker), alcohol intake (categorized as lifetime abstainers, ex- 
drinkers, and current drinkers with subcategories for daily intake: 19, 20–29, 
30–39, and 40+ g/d), and physical activity over the past six months. Model 3 
was considered the main model. Trend was assessed by treating the quar
tiles of energy-adjusted ultra-processed food intake as a continuous, ordinal 
variable (Q1, Q2, Q3, or Q4). The proportional hazards assumption was 
assessed visually using Kaplan–Meier survival curves stratified by quartiles 
of energy-adjusted ultra-processed food intake.27

As an exploratory analysis to investigate whether potential mediators 
such as diet quality influenced the association between energy-adjusted 
ultra-processed food consumption and CVD mortality, models were add
itionally adjusted for the AHEI score (0–110) (Model 4); as well as for 
‘risk nutrients’ linked to CVD, such as sugar (g/d), saturated fat (g/d), and 
sodium [milligrams per day (mg/d)] (Model 5); and fruit and vegetable intake 
[times per day (t/d)] (Model 6).

Furthermore, sensitivity analyses were designed to evaluate the robust
ness of the findings and reduce the potential impact of reverse causality 
by excluding participants with a personal history of type-2 diabetes (n =  
408) or a body mass index (BMI) of 30 kg/m² or more at baseline (n =  
8052). In addition, we conducted a post hoc analysis to determine the asso
ciation between ultra-processed food consumption in energy [kilojoules 
per day (kJ/d)] and CVD mortality. We also conducted a post hoc analysis 
to determine the association between ultra-processed food consumption 
and coronary heart disease mortality, the most common form of CVD. 
Further exploratory analyses assessed potential effect modification by in
corporating two-way interaction terms between energy-adjusted ultra- 
processed food consumption and sex (male vs. female), age (<55 years 
vs. ≥ 55 years), BMI (<30 kg/m² vs. ≥ 30 kg/m²), and country of birth 
(Australia/New Zealand vs. Southern Europe and Northern Europe). 
Subsequently, stratified analyses were conducted if evidence of interaction 
was observed. Lastly, the shape of the dose–response association between 
the consumption of ultra-processed food and the risk of elevated cardiovas
cular mortality was estimated with restricted cubic spline analysis.28

All statistical tests were two-tailed. Although we defined statistical signifi
cance by a P-value of <0.05, we focused on point estimates, 95% CIs, and 
exact P-values to assess the strength of our findings rather than relying sole
ly on this P-value threshold.29 Analyses were undertaken using R version 
4.2.1 (2022-06-23).30

Results
Participant characteristics
Table 1 describes the participants’ sociodemographic and lifestyle char
acteristics at baseline (as well as age at baseline and follow-up) accord
ing to quartiles of ultra-processed food consumption. Participants in 
the highest two ultra-processed food quartiles were more likely to 
have tertiary education and less likely to be married. They were also 
more likely to be born in Australia or New Zealand, live alone and 
have a higher BMI.

Main analysis
During the follow-up period, which spanned 919 379 person-years 
and a median follow-up time of 25.1 years (interquartile range of 
23.6–26.4 years), 4229 CVD deaths occurred. Table 2 shows the 
associations between exposure to the energy-adjusted 
ultra-processed food pattern and the risk of CVD mortality. In 
Model 1, a higher intake was associated with 26% higher risk 
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of CVD mortality (HRhigh (quartile 4) vs. low (quartile 1) category = 1.26, 95% 
CIs: 1.15–1.37, P-value for trend < 0.001). Results remained 
significant after adjusting for sociodemographic characteristics and 

lifestyle and health-related behaviours in Models 2 and 3 
(HRhigh (quartile 4) vs. low (quartile 1) category = 1.19, 95% CIs: 1.09–1.30, 
P-value for trend < 0.001; HRhigh (quartile 4) vs. low (quartile 1) category = 1.19, 

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

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

Table 1 Descriptive characteristics of the study population at baseline according to ultra-processed food consumption

Quartiles of energy-adjusted ultra-processed food intake (g/d)

n (frequency) Q1 (N = 9886) Q2 (N = 9886) Q3 (N = 9886) Q4 (N = 9886) Total (N = 39 544)

Age (years) at baseline—mean (SD) 54.9 (8.5) 55.0 (8.6) 55.3 (8.7) 55.2 (8.8) 55.1 (8.7)

Female 5577 (56.4%) 6361 (64.3%) 6371 (64.4%) 5409 (54.7%) 23 718 (60.0%)

At least some tertiary educationa 7368 (74.5%) 7982 (80.7%) 8343 (84.4%) 8347 (84.4%) 32 040 (81.0%)
Place of birth

Born in Australian/New Zealand 5904 (59.7%) 6794 (68.7%) 7346 (74.3%) 7237 (73.2%) 27 281 (69.0%)

Northern Europe 634 (6.4%) 668 (6.8%) 658 (6.7%) 583 (5.9%) 2543 (6.4%)
Southern Europe 3348 (33.9%) 2424 (24.5%) 1882 (19.0%) 2066 (20.9%) 9720 (24.6%)

Top quintile of SEIFA index (least disadvantaged)b 2829 (28.8%) 2721 (27.7%) 2598 (26.4%) 2341 (23.8%) 10 489 (26.7%)

Married/de facto 7833 (79.2%) 7664 (77.5%) 7538 (76.2%) 7497 (75.8%) 30 532 (77.2%)
Lives alone 1242 (12.6%) 1406 (14.2%) 1549 (15.7%) 1541 (15.6%) 5738 (14.5%)

Smoking status

Current smoker 1063 (10.8%) 1093 (11.1%) 1135 (11.5%) 1133 (11.5%) 4424 (11.2%)
Never smoked 5647 (57.1%) 5908 (59.8%) 5840 (59.1%) 5564 (56.3%) 22 959 (58.1%)

Former smoker 3176 (32.1%) 2885 (29.2%) 2911 (29.4%) 3188 (32.3%) 12 160 (30.8%)

High physical activity scorec (≥6) 2387 (24.1%) 2170 (22.0%) 2095 (21.2%) 2199 (22.2%) 8851 (22.4%)
Alcohol intake of up to 19 g/d 4039 (41.7%) 4370 (44.8%) 4371 (44.8%) 4023 (41.5%) 16 803 (43.2%)

Body mass index

Body mass index (kg/m2)—mean (SD) 26.7 (4.2) 26.6 (4.4) 26.7 (4.4) 27.5 (4.6) 26.9 (4.4)
Body mass index (kg/m2) ≥ 30 1850 (18.7%) 1881 (19.0%) 1913 (19.4%) 2408 (24.4%) 8052 (20.4%)

Personal history of diabetes 85 (0.9%) 107 (1.1%) 94 (1.0%) 122 (1.2%) 408 (1.0%)

Personal history of cancer 685 (6.9%) 729 (7.4%) 777 (7.9%) 802 (8.1%) 2993 (7.6%)
Diet/energy

Proportion (%) of energy-adjusted  

ultra-processed food (g/d)—mean (SD)

15.6 (5.4) 20.7 (5.4) 26.9 (6.2) 37.8 (10.2) 25.2 (10.9)

Proportion (%) of ultra-processed food  

(kJ/d)—mean (SD)

30.0 (9.3) 37.9 (9.3) 44.4 (10.4) 47.4 (11.7) 39.9 (12.2)

Total energy-adjusted ultra-processed  
food (g/d)—mean (SD)

275.0 (120.8) 296.7 (125.0) 375.7 (134.1) 665.5 (325.0) 403.2 (250.6)

Total ultra-processed food (kJ/d)—mean (SD) 2709.7 (1369.7) 2848.8 (1402.9) 3366.3 (1567.8) 4007.5 (1852.2) 3233.1 (1641.0)

Total energy intake (kJ/d)—mean (SD) 8737.5 (2587.6) 7242.6 (2329.4) 7403.6 (2429.2) 8269.8 (2658.1) 7913.4 (2578.9)

aPeople who had some study towards a tertiary degree or diploma as well as people who had completed a tertiary degree or diploma.
bSEIFA = Socio-Economic Indexes for Areas.
cOrdinal score based on frequency of walking, plus frequency of less vigorous activity, plus twice the frequency of vigorous activity, and ranging from 0 to 16.

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

Table 2 Associations between energy-adjusted ultra-processed food intake (g/d) and cardiovascular mortality in the 
Melbourne Collaborative Cohort Study, 1990–2019: Fine and Gray competing risk models

Q1 (275 g/d)  
HR (95% CI)

Q2 (297 g/d)  
HR (95% CI)

Q3 (376 g/d)  
HR (95% CI)

Q4 (666 g/d)  
HR (95% CI)

P-value for trend

No. cases/non-cases 983/8903 972/8914 1058/8828 1216/8670
Model 1a 1.0 (ref) 0.99 (0.91–1.08) 1.08 (0.99–1.18) 1.26 (1.15–1.37) <0.001

Model 2b 1.0 (ref) 1.01 (0.93–1.11) 1.08 (0.99–1.18) 1.19 (1.09–1.30) <0.001

Model 3c 1.0 (ref) 1.00 (0.91–1.09) 1.06 (0.97–1.16) 1.19 (1.09–1.29) <0.001

aModel 1 = unadjusted.
bModel 2 = adjusted for sociodemographic characteristics: sex (male, female), age (continuous), education (above, below high school), country of birth (Australia/New Zealand, Southern 
Europe, Northern Europe), marital status (married or in a relationship, not married or single), number of people occupying household (1, 2, 3–4, 5+), and SEIFA quintiles (Q1–Q5).
cModel 3 = Model 2 + additionally adjusted for lifestyle and health-related behaviours: smoking status (never smoked, current smoker, former smoker), physical activity over the last 6 
months (0 [none], >0 and <4 [low], ≥4 and <6 [moderate], ≥6 [high]), and alcohol intake (g/d) (lifetime abstainers, ex-drinkers, up to 19, 20–29, 30–39, 40+).
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95% CIs: 1.09–1.29, P-value for trend < 0.001, respectively). Further ad
justment for several indicators of dietary quality, including the AHEI score, 
sugar, saturated fat, and sodium intakes, as well as fruit and vegetable in
takes, did not alter the main findings (see Supplementary material online, 
Table S1, Models 4–6).

Sensitivity and post hoc analyses
Sensitivity analyses that excluded people with a history of diabetes or a 
BMI of 30 kg/m² or higher did not affect the results in terms of the dir
ection and magnitude of effect estimates (see Supplementary material 
online, Table S1). The post hoc analysis using energy from ultra- 
processed food exposure instead of grams did not affect the direction 
of effect estimates (see Supplementary material online, Table S2). 
However, after adjustment for sociodemographic characteristics and 
lifestyle and health-related behaviours (Models 2 and 3), the 95% CIs 
crossed the null (see Supplementary material online, Table S3). The 
post hoc analysis examining the association between ultra-processed 
food consumption and coronary heart disease mortality was consistent 
with our primary finding (see Supplementary material online, Table S4). 
We found no evidence for an interaction of sex (male, female), age 
(<55 years, ≥55 years), BMI (BMI < 30, BMI ≥ 30), or country of birth 
(Australia/New Zealand, Southern Europe, Northern Europe) with 
ultra-processed food intake (P > 0.05). Thus, stratified analyses were 
not conducted. Additionally, restricted cubic spline analysis was used 
to assess the shape of the dose–response association, this showed 
that an increase in ultra-processed food consumption was associated 
with a higher risk of cardiovascular mortality; however, consistent 
with the main models (Table 2), participants in the top quartile 
(fourth) had a higher risk of cardiovascular mortality compared to 
participants in the first three quartiles (see Supplementary material 
online, Figure S1).

Discussion
In this study, higher exposure to the ultra-processed food pattern was 
associated with a 19% higher risk of CVD mortality over a median 
follow-up time of 25.1 years after adjusting for sociodemographic, life
style, and health-related behaviours. Additional adjustments for diet 
quality did not attenuate the association. To our knowledge, this is the 
first study to explore the association between ultra-processed food ex
posure and CVD mortality in a cohort of Australian women and men.

Our main findings are consistent with our recent umbrella review.9 In 
the pooled analysis for CVD, we found direct associations between 
greater ultra-processed food pattern exposure and higher risk of 
CVD mortality [risk ratio = 1.50; 95% CIs: 1.37–1.24]. However, not 
all past studies have reported consistent results. In another study ex
ploring all-cause and specific mortality (n = 114 064), no association be
tween ultra-processed food and CVD mortality was observed [odds 
ratio (OR) = 1.05, 95% CI: 0.99–1.11; P-value for trend = 0.164].31

This null association may be explained by over-adjustment in the model; 
for example, Fang et al.31 adjusted for BMI, which may be a potential 
mediator as opposed to a confounder in this association.

Potential mechanisms of action
Ultra-processed food has been suggested to affect CVD through direct 
and indirect pathways and mechanisms.32 Ultra-processed foods tend 
to be higher in sodium, energy density, trans fat, and sugar and 
lower in fibre.6 In addition, ultra-processed foods have minimal bio
active compounds, such as polyphenols, which have demonstrated 

anti-inflammatory properties in humans.33 Such nutrient profiles 
(high in sodium, energy density, trans fat, and sugar and lower in fibre6) 
have been repeatedly shown to increase the risk of CVD34,35 and may 
disrupt related metabolic pathways. For example, ultra-processed 
foods such as sugar-sweetened beverages have been implicated in dis
rupted glucose control and insulin dysregulation.36 This increases the 
risk of CVD through increased weight gain, inflammation, oxidative 
stress, and endothelial dysfunction.32,37 In the current study, the asso
ciation remained robust after accounting for diet quality and specific nu
trients (saturated fat, sodium, and sugar). This suggests that the 
nutritional composition of ultra-processed foods is not the only factor 
driving the association observed. The processing of ultra-processed 
foods can impact health through cosmetic additives, food contact mate
rials, neoformed compounds, and the degradation of the food matrix.38

Ultra-processed foods are thought to impact dietary behaviours by af
fecting satiety signalling and food reward systems,32 resulting in overcon
sumption. For example, a cross-over randomized controlled trial 
demonstrated that a diet rich in ultra-processed food, compared to an 
unprocessed diet matched for presented calories, macronutrients, sugar, 
sodium, and fibre, resulted in increased energy intake and weight gain.39

There is also growing evidence that the gut microbiome may play an 
important role in the association between ultra-processed food and ad
verse health outcomes, including CVD.32 Additives common within 
ultra-processed foods, such as emulsifiers and artificial sweeteners, 
are posited to influence gut microbiota composition, function, and 
bacteria–host interactions.40 This can lead to increased inflammation, 
inducing immune responses, and weight gain, contributing to a higher 
risk of CVD.32,41

Strengths, limitations, and implications of 
this research
This study has several strengths. Firstly, the prospective nature of the 
study and large cohort of 39 544 Australian adults. Secondly, the asso
ciations found were supported by sensitivity analysis and the adjust
ment for important confounders. The results remained robust after 
accounting for overall diet quality and nutrient intakes such as salt, su
gar, and fat, suggesting that the association may be due to specific char
acteristics of ultra-processed foods beyond the nutrient composition. 
Furthermore, while this is the first study exploring the association be
tween ultra-processed food exposure and CVD mortality in Australia, 
it has a diverse population with a high proportion of people born over
seas, which results in a wide range of dietary patterns. However, it 
would be of value for future studies to assess whether time lived in 
Australia could impact the association between ultra-processed food in
take and cardiovascular mortality. The current study also has the follow
ing limitations. Firstly, although many possible confounders were 
adjusted for, due to its observational design, we cannot rule out residual 
confounding. Furthermore, the dietary data were self-reported and sub
sequently subject to recall error and bias to over- or under-reporting. 
While FFQs can adequately categorize foods based on the NOVA clas
sification,42 the FFQ used in this study was not specifically designed to 
distinguish different levels of food processing, meaning some misclassifi
cation may have occurred. To minimize misclassification, we followed 
best practices for applying the NOVA system in dietary assessments.43

Two independent researchers with expertise in dietary assessment 
and the Australian food supply classified the FFQ, resolving discrepancies 
through group discussion and consensus. When a food item could be
long to either ultra-processed foods or non-ultra-processed foods cat
egories (e.g. pizza), we used Australian nationally representative data 
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from 1995–96 (unpublished) and 2011–1214 to guide classification. For 
example, as most pizzas consumed in Australia were non-ultra- 
processed foods, they were classified accordingly. Details on FFQ classi
fication in the MCCS are available elsewhere.15,44 Furthermore, research 
following best practices43 has shown that FFQs are sufficiently valid and 
reliable for classifying foods according to the Nova system.45–47

Moreover, misclassification of food items with limited detail does not 
seem to impact the overall study findings.48,14 The dietary data were 
also only assessed at one-time point. Therefore, the dietary habits of par
ticipants may have changed during the follow-up period.

This study has several implications for policy, practice, and future re
search. Our findings demonstrate that ultra-processed foods may con
tribute to the significant burden of cardiovascular diseases in Australia. 
Effective public health interventions, population, and clinical dietary 
guidance are necessary to support people to reduce the consumption 
of ultra-processed foods. The American Heart Association included a 
statement on ultra-processed food in their 2021 Dietary Guidance sci
entific statement, advising people to choose minimally processed foods 
instead of ultra-processed food.49 In addition, many Latin American 
countries have public health regulations promoting the reduction of 
ultra-processed foods; these measures include warning labels on food 
packaging and taxes on ultra-processed foods, marketing restrictions.50

Although future guidelines for heart-healthy diets should reflect the 
growing evidence demonstrating an association between ultra- 
processed food dietary pattern exposure and CVD mortality, and while 
numerous observational studies have demonstrated a link between 
ultra-processed food intake and poor cardiometabolic health, addition
al research is needed, including clinical trials and experimental studies to 
determine if limiting ultra-processed food consumption reduces CVD 
risk factors and to explore potential mechanisms of action, as well as 
to confirm these findings from other population groups. Future re
search could also examine the association of specific ultra-processed 
food groups and health outcomes using substitution analysis. This 
method would explore the potential impact of replacing specific sub
groups of ultra-processed foods with different foods, either less pro
cessed alternatives or other types of ultra-processed foods, while 
keeping the total calorie intake constant. It aims to clarify associations 
with health outcomes and reduce the heterogeneity seen in studies fo
cusing solely on individual food types.51

Conclusions
In this large Australian cohort, higher exposure to the ultra-processed 
food dietary pattern was associated with a higher risk of CVD mortality. 
This study contributes to the growing body of literature suggesting that 
ultra-processed food intake is associated with adverse health out
comes, collectively providing a rationale for more causal and mechanis
tic research and public health policies to reduce ultra-processed food 
consumption to promote heart health and potentially prevent 
cardiovascular-related deaths.

Supplementary material
Supplementary material is available at European Journal of Preventive 
Cardiology.

Acknowledgements
MCCS cohort recruitment was funded by Cancer Council Victoria (https:// 
www.cancervic.org.au/) and VicHealth (https://www.vichealth.vic.gov.au/). 

The MCCS was further supported by Australian National Health and 
Medical Research Council (NHMRC) (https://www.nhmrc.gov.au/) grants 
209057, 396414, and 1074383, and ongoing follow-up and data manage
ment have been funded by Cancer Council Victoria since 1995. Cases 
and their vital status were ascertained through the Victorian Cancer 
Registry and the Australian Institute of Health and Welfare, including the 
National Death Index and the Australian Cancer Database.

Author contribution
S.G.: Conceptualization, Project administration, Writing—original draft, 
Writing—review & editing. M.L.: Data curation, Formal analysis, 
Writing—review & editing. M.M.L.: Conceptualization, Supervision, Data 
curation, Formal analysis, Writing—review & editing. W.M.: Conceptualization, 
Supervision, Writing—review & editing. All remaining authors were involved 
in Conceptualization and Writing—review & editing. All gave final approval 
and agree to be accountable for all aspects of work ensuring integrity 
and accuracy.

Funding
This work was not funded. S.G. is funded by NHMRC Synergy Grant SOLVE 
CHD (#GNT1182301), J.R., A.O. and W.M. are funded by a NHMCRC 
Investigator Grant (#2007946, #2009295, and #2008971 respectively).

Conflict of interest: S.G., E.G., A.O., W.M., and M.M.L. are affiliated with 
the Food & Mood Centre, Deakin University, which has received research 
funding support from Be Fit Food, Bega Dairy and Drinks, and the a2 Milk 
Company and philanthropic research funding support from the Waterloo 
Foundation, Wilson Foundation, the JTM Foundation, the Serp 
Hills Foundation, the Roberts Family Foundation, and the Fernwood 
Foundation. S.G. is affiliated with Deakin University, which has received 
grant funding support from a National Health and Medical Research 
Council Synergy Grant (#GNT1182301) and Medical Research Future 
Fund Cardiovascular Health Mission (#MRF2022907), is affiliated with 
Monash University, which has received grant funding support from 
Medical Research Future Fund Consumer-led research (#MRF2022907), 
is secretary for the Australian Cardiovascular Health and Rehabilitation 
Association—Victoria and Tasmania—(unpaid), and has received travel 
funding support from the Institute for Mental and Physical Health and 
Clinical Translation, SOLVE-CHD (solving the long-standing evidence- 
practice gap associated with cardiac rehabilitation and secondary preven
tion of coronary heart disease) and CSANZ (The Cardiac Society of 
Australia and New Zealand); A.O. has received fellowship funding support 
from the National Health and Medical Research Council (#2009295) and 
is affiliated with Deakin University, which has received grant funding sup
port from the Medical Research Future Fund, Dasman Diabetes Institute, 
MTP Connect—Targeted Translation Research Accelerator Program, the 
National Health and Medical Research Council, Barwon Health, and the 
Waterloo Foundation, and has received funding support for academic 
editing and as a grant reviewer from SLACK Incorporated (Psychiatric 
Annals) and the National Health and Medical Research Council, respect
ively, and travel funding support from the International Society for 
Nutritional Psychiatry Research; W.M. is president of the International 
Society for Nutritional Psychiatry Research (unpaid), has received fellow
ship funding support from the National Health and Medical Research 
Council (#2008971) and Multiple Sclerosis Research Australia, consult
ation and remuneration funding support from Nutrition Research 
Australia and Parachute BH, and travel funding support from the 
Nutrition Society of Australia, Mind Body Interface Symposium, and 
VitaFoods, and was the acting principal investigator and is an associate in
vestigator for the MicroFit Study; M.M.L. is secretary for the Melbourne 
Branch Committee of the Nutrition Society of Australia (unpaid) and 
has received travel funding support from the International Society for 
Nutritional Psychiatry Research, the Nutrition Society of Australia, the 

1570                                                                                                                                                                                            S. Gauci et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/32/16/1564/8173892 by U
niversity of M

elbourne user on 24 N
ovem

ber 2025

http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwaf378#supplementary-data
https://www.cancervic.org.au/
https://www.cancervic.org.au/
https://www.vichealth.vic.gov.au/
https://www.nhmrc.gov.au/


Australasian Society of Lifestyle Medicine, and the Gut Brain Congress and 
is an associate investigator for the MicroFit Study, an investigator-led ran
domized controlled trial exploring the effect of diets with varying levels of 
industrial processing on gut microbiome composition and partially funded 
by Be Fit Food (payment received by the Food and Mood Centre, Deakin 
University).

Data availability
The data underlying this article were provided by Cancer Council Victoria. 
Further details about using MCCS data can be found at the data administra
tors’ website: https://www.pedigree.org.au/.

References
1. Delgado-Lista J, Alcala-Diaz JF, Torres-Peña JD, Quintana-Navarro GM, Fuentes F, 

Garcia-Rios A, et al. Long-term secondary prevention of cardiovascular disease with 
a Mediterranean diet and a low-fat diet (CORDIOPREV): a randomised controlled trial. 
The Lancet 2022;399:1876–1885.

2. Estruch R, Ros E, Salas-Salvadó J, Covas M-I, Corella D, Arós F, et al. Primary prevention 
of cardiovascular disease with a Mediterranean diet. N Engl J Med 2013;368:1279–1290.

3. Andersen JLM, Frederiksen K, Kyrø C, Hansen J, Raaschou-Nielsen O, Bork CS,  et al. 
Organic food consumption and the incidence of atherosclerotic cardiovascular disease 
in the Danish Diet, Cancer and Health cohort. Eur J Prev Cardiol 2025;32:1575–1585.

4. Kouris-Blazos A. Morbidity mortality paradox of 1st generation Greek Australians. Asia 
Pacific J Clin Nutr 2002;11:569–575.

5. Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed products 
are becoming dominant in the global food system. Obes Rev 2013;14:21–28.

6. Monteiro CA, Cannon G, Levy RB, Moubarac J-C, Louzada ML, Rauber F, et al. 
Ultra-processed foods: what they are and how to identify them. Public Health Nutr 
2019;22:936–941.

7. Machado PP, Steele EM, da Louzada MLC, Levy RB, Rangan A, Woods J, et al. 
Ultra-processed food consumption drives excessive free sugar intake among all age 
groups in Australia. Eur J Nutr 2020;59:2783–2792.

8. Martini D, Godos J, Bonaccio M, Vitaglione P, Grosso G. Ultra-processed foods and nu
tritional dietary profile: a meta-analysis of nationally representative samples. Nutrients 
2021;13:3390.

9. Lane MM, Gamage E, Du S, Ashtree DN, McGuinness AJ, Gauci S, et al. Ultra-processed 
food exposure and adverse health outcomes: umbrella review of epidemiological 
meta-analyses. BMJ 2024;384:e077310.

10. Srour B, Fezeu LK, Kesse-Guyot E, Allès B, Méjean C, Andrianasolo RM, et al. 
Ultra-processed food intake and risk of cardiovascular disease: prospective cohort 
study (NutriNet-Santé). BMJ 2019;365:l1451.

11. Juul F, Vaidean G, Lin Y, Deierlein AL, Parekh N. Ultra-processed foods and incident car
diovascular disease in the Framingham Offspring Study. J Am Coll Cardiol 2021;77: 
1520–1531.

12. Milne RL, Fletcher AS, MacInnis RJ, Hodge AM, Hopkins AH, Bassett JK, et al. Cohort 
profile: the Melbourne Collaborative Cohort Study (Health 2020). Int J Epidemiol 
2017;46:1757–1757i.

13. Hodge AM, English DR, O’Dea K, Giles GG. Dietary patterns and diabetes incidence in 
the Melbourne Collaborative Cohort Study. Am J Epidemiol 2007;165:603–610.

14. Machado PP, Steele EM, Levy RB, Sui Z, Rangan A, Woods J, et al. Ultra-processed foods 
and recommended intake levels of nutrients linked to non-communicable diseases in 
Australia: evidence from a nationally representative cross-sectional study. BMJ Open 
2019;9:e029544.

15. Lane MM, Lotfaliany M, Hodge AM, O’Neil A, Travica N, Jacka FN, et al. High ultra- 
processed food consumption is associated with elevated psychological distress as an in
dicator of depression in adults from the Melbourne Collaborative Cohort Study. J Affect 
Disord 2023;335:57–66.

16. Monteiro CA, Cannon G, Lawrence M, Costa Louzada MD, Pereira Machado P. 
Ultra-Processed Foods, Diet Quality, and Health Using the NOVA Classification System. 
Rome: FAO; 2019.

17. Bassett JK, English DR, Fahey MT, Forbes AB, Gurrin LC, Simpson JA, et al. Validity and 
calibration of the FFQ used in the Melbourne Collaborative Cohort Study. Public Health 
Nutr 2016;19:2357–2368.

18. The Cancer Council Victoria, Cancer Epidemiology Centre. Melbourne Collaborative 
Cohort Study Databook Vol. 3: Diet & Alcohol Online. 2007.

19. Ireland P, Jolley D, Giles G, O’Dea K, Powles J, Rutishauser I, et al. Development of the 
Melbourne FFQ: a food frequency questionnaire for use in an Australian prospective 
study involving an ethnically diverse cohort. Asia Pac J Clin Nutr 1994;3:19–31.

20. Lewis J, Milligan G, Hunt A. NUTTAB95: Nutrient Data Table for Use in Australia. 
Canberra: Australian Government Publishing Service; 1995.

21. Hodge A, Almeida OP, English DR, Giles GG, Flicker L. Patterns of dietary intake and 
psychological distress in older Australians: benefits not just from a Mediterranean 
diet. Int Psychogeriatr 2013;25:456–466.

22. Australian Bureau of Statistics. Socio-Economic Indexes for Areas. 2022. Available from 
https://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa.

23. Hodge AM, Bassett JK, Shivappa N, Hébert JR, English DR, Giles GG, et al. Dietary in
flammatory index, Mediterranean diet score, and lung cancer: a prospective study. 
Cancer Causes Control 2016;27:907–917.

24. Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, et al. 
Alternative dietary indices both strongly predict risk of chronic disease. J Nutr 2012; 
142:1009–1018.

25. Willett W, Howe G, Kushi L. Adjustment for total energy intake in epidemiologic stud
ies. Am J Clin Nutr 1997;65:1220S–1228S.

26. Nolan EK, Chen H-Y. A comparison of the Cox model to the Fine–Gray model for sur
vival analyses of re-fracture rates. Arch Osteoporos 2020;15:86.

27. Hodge AM, Karim MN, Hébert JR, Shivappa N, de Courten B, Association between diet 
quality indices and incidence of type 2 diabetes in the Melbourne Collaborative Cohort 
Study. Nutrients 2021;13:4162.

28. Desquilbet L, Mariotti F. Dose–response analyses using restricted cubic spline functions 
in public health research. Stat Med 2010;29:1037–1057.

29. Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman SN, et al. Statistical 
tests, P values, confidence intervals, and power: a guide to misinterpretations. Eur J 
Epidemiol 2016;31:337–350.

30. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: R 
Foundation for Statistical Computing; 2022.

31. Fang Z, Rossato SL, Hang D, Khandpur N, Wang K, Lo C-H, et al. Association of ultra- 
processed food consumption with all cause and cause specific mortality: population 
based cohort study. BMJ 2024;385:e078476.

32. Juul F, Vaidean G, Parekh N. Ultra-processed foods and cardiovascular diseases: poten
tial mechanisms of action. Advances in Nutrition 2021;12:1673–1680.

33. Coletro HN, Bressan J, Diniz AP, Hermsdorff HHM, Pimenta AM, Meireles AL, et al. 
Habitual polyphenol intake of foods according to NOVA classification: 
implications of ultra-processed foods intake (CUME study). Int J Food Sci Nutr 2023; 
74:338–349.

34. Micha R, Shulkin ML, Peñalvo JL, Khatibzadeh S, Singh GM, Rao M, et al. Etiologic effects 
and optimal intakes of foods and nutrients for risk of cardiovascular diseases and dia
betes: systematic reviews and meta-analyses from the nutrition and chronic diseases ex
pert group (NutriCoDE). PLoS One 2017;12:e0175149.

35. Goins RK, Steffen LM, Yi SY, Zhou X, Van Horn L, Shikany JM, et al. Consumption of 
foods and beverages rich in added sugar associated with incident metabolic syndrome: 
the Coronary Artery Risk Development in Young Adults (CARDIA) study. Eur J Prev 
Cardiol 2024;31:986–996.

36. Fardet A. Minimally processed foods are more satiating and less hyperglycemic than 
ultra-processed foods: a preliminary study with 98 ready-to-eat foods. Food Funct 
2016;7:2338–2346.

37. Blaak EE, Antoine JM, Benton D, Björck I, Bozzetto L, Brouns F, et al. Impact of postprandial 
glycaemia on health and prevention of disease. Obes Rev 2012;13:923–984.

38. Bonaccio M, Di Castelnuovo A, Ruggiero E, Costanzo S, Grosso G, De Curtis A, et al. 
Joint association of food nutritional profile by Nutri-Score front-of-pack label and ultra- 
processed food intake with mortality: Moli-sani prospective cohort study. The BMJ 
2022;378:e070688.

39. Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen KY, et al. Ultra-processed 
diets cause excess calorie intake and weight gain: an inpatient randomized controlled 
trial of ad libitum food intake. Cell Metab 2019;30:67–77.e3.

40. Whelan K, Bancil AS, Lindsay JO, Chassaing B. Ultra-processed foods and 
food additives in gut health and disease. Nat Rev Gastroenterol Hepatol 2024;21: 
406–427.

41. Boulangé CL, Neves AL, Chilloux J, Nicholson JK, Dumas M-E. Impact of the 
gut microbiota on inflammation, obesity, and metabolic disease. Genome Med 
2016;8:42.

42. Khandpur N, Rossato S, Drouin-Chartier J-P, Du M, Steele EM, Sampson L, et al. 
Categorising ultra-processed foods in large-scale cohort studies: evidence from the 
Nurses’ Health Studies, the Health Professionals Follow-up Study, and the Growing 
Up Today Study. J Nutr Sci 2021;10:e77.

43. Martinez-Steele E, Khandpur N, Batis C, Bes-Rastrollo M, Bonaccio M, Cediel G, et al. 
Best practices for applying the Nova food classification system. Nat Food 2023;4: 
445–448.

44. Lane MM, Lotfaliany M, Forbes M, Loughman A, Rocks T, O’Neil A, et al. Higher ultra- 
processed food consumption is associated with greater high-sensitivity C-reactive pro
tein concentration in adults: cross-sectional results from the Melbourne Collaborative 
Cohort Study. Nutrients 2022;14:3309.

Ultra-processed food and risk of cardiovascular mortality                                                                                                                               1571
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/32/16/1564/8173892 by U
niversity of M

elbourne user on 24 N
ovem

ber 2025

https://www.pedigree.org.au/


45. Fangupo LJ, Haszard JJ, Leong C, Heath A-LM, Fleming EA, Taylor RW. Relative 
validity and reproducibility of a food frequency questionnaire to assess energy intake 
from minimally processed and ultra-processed foods in young children. Nutrients 
2019;11:1290.

46. Oviedo-Solís CI, Monterrubio-Flores EA, Rodríguez-Ramírez S, Cediel G, 
Denova-Gutiérrez E, Barquera S. A semi-quantitative food frequency questionnaire 
has relative validity to identify groups of NOVA food classification system among 
Mexican adults. Front Nutr 2022;9:737432.

47. Oviedo-Solís CI, Monterrubio-Flores EA, Cediel G, Denova-Gutiérrez E, Barquera S. 
Relative validity of a semi-quantitative food frequency questionnaire to estimate dietary 
intake according to the NOVA classification in Mexican children and adolescents. J Acad 
Nutr Diet 2022;122:1129–1140.

48. Kliemann N, Rauber F, Bertazzi Levy R, Viallon V, Vamos EP, Cordova R, et al. Food pro
cessing and cancer risk in Europe: results from the prospective EPIC cohort study. 
Lancet Planet Health 2023;7:e219–e232.

49. Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton PM, Rebholz CM, 
et al.2021 Dietary Guidance to Improve Cardiovascular Health: a scientific statement 
from the American Heart Association. Circulation 2021;144:E472–E487.

50. Popkin BM, Barquera S, Corvalan C, Hofman KJ, Monteiro C, Ng SW, 
et al.Towards unified and impactful policies to reduce ultra-processed food 
consumption and promote healthier eating. Lancet Diabetes Endocrinol 2021;9: 
462–470.

51. Tobias DK. What eggsactly are we asking here? Unscrambling the epidemiology of eggs, 
cholesterol, and mortality. Circulation 2022;145:1521–1523.

1572                                                                                                                                                                                            S. Gauci et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/32/16/1564/8173892 by U
niversity of M

elbourne user on 24 N
ovem

ber 2025


	Exposure to ultra-processed food and risk of cardiovascular mortality: a prospective cohort study
	Introduction
	Methods
	Cohort profile
	Ethics approval and pre-registration
	Exposure: dietary assessment
	Outcome: cardiovascular disease mortality
	Assessment of covariates
	Statistical analyses

	Results
	Participant characteristics
	Main analysis
	Sensitivity and post hoc analyses

	Discussion
	Potential mechanisms of action
	Strengths, limitations, and implications of this research

	Conclusions
	Supplementary material
	Acknowledgements
	Author contribution
	Funding
	Data availability
	References


