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ABSTRACT
OBJECTIVE
To examine the association of ultra-processed food 
consumption with all cause mortality and cause 
specific mortality.
DESIGN
Population based cohort study.
SETTING
Female registered nurses from 11 US states in the 
Nurses’ Health Study (1984-2018) and male health 
professionals from all 50 US states in the Health 
Professionals Follow-up Study (1986-2018).
PARTICIPANTS
74 563 women and 39 501 men with no history 
of cancer, cardiovascular diseases, or diabetes at 
baseline.
MAIN OUTCOME MEASURES
Multivariable Cox proportional hazard models were 
used to estimate hazard ratios and 95% confidence 
intervals for the association of ultra-processed 
food intake measured by semiquantitative food 
frequency questionnaire every four years with all 
cause mortality and cause specific mortality due to 
cancer, cardiovascular, and other causes (including 
respiratory and neurodegenerative causes).
RESULTS
30 188 deaths of women and 18 005 deaths of men 
were documented during a median of 34 and 31 years 
of follow-up, respectively. Compared with those in the 
lowest quarter of ultra-processed food consumption, 
participants in the highest quarter had a 4% higher all 
cause mortality (hazard ratio 1.04, 95% confidence 
interval 1.01 to 1.07) and 9% higher mortality from 
causes other than cancer or cardiovascular diseases 
(1.09, 1.05 to 1.13). The all cause mortality rate 
among participants in the lowest and highest quarter 
was 1472 and 1536 per 100 000 person years, 

respectively. No associations were found for cancer 
or cardiovascular mortality. Meat/poultry/seafood 
based ready-to-eat products (for example, processed 
meat) consistently showed strong associations with 
mortality outcomes (hazard ratios ranged from 1.06 
to 1.43). Sugar sweetened and artificially sweetened 
beverages (1.09, 1.07 to 1.12), dairy based desserts 
(1.07, 1.04 to 1.10), and ultra-processed breakfast 
food (1.04, 1.02 to 1.07) were also associated with 
higher all cause mortality. No consistent associations 
between ultra-processed foods and mortality were 
observed within each quarter of dietary quality 
assessed by the Alternative Healthy Eating Index-2010 
score, whereas better dietary quality showed an 
inverse association with mortality within each quarter 
of ultra-processed foods.
CONCLUSIONS
This study found that a higher intake of ultra-
processed foods was associated with slightly higher 
all cause mortality, driven by causes other than cancer 
and cardiovascular diseases. The associations varied 
across subgroups of ultra-processed foods, with meat/
poultry/seafood based ready-to-eat products showing 
particularly strong associations with mortality.

Introduction
Ultra-processed foods are ready-to-eat/heat industrial 
formulations made mostly or entirely from substances 
derived from foods, including flavors, colors, 
texturizers, and other additives, with little if any 
intact whole food.1 Ultra-processed foods, which are 
typically of low nutritional quality and high energy 
density, have been dominating the food supply of high 
income countries, and their consumption is markedly 
increasing in middle income countries.2 Ultra-
processed food consumption accounts for 57% of daily 
energy intake among adults and 67% among youths in 
the US according to the National Health and Nutrition 
Examination Survey (NHANES).3 4

Ultra-processed foods usually disproportionately 
contribute added sugars, sodium, saturated fats and 
trans fats, and refined carbohydrates to the diet together 
with low fiber.5  6 As well as having low nutritional 
quality, ultra-processed foods may contain harmful 
substances, such as additives and contaminants 
formed during the processing.7-10 Growing evidence 
from large prospective cohorts show that ultra-
processed food is associated with adverse health 
outcomes, such as overweight/obesity, cardiovascular 
diseases, type 2 diabetes, and colorectal cancer.11-14 
A systematic review showed that high ultra-processed 
food consumption was associated with increased risk of 
all cause mortality, cardiovascular diseases, metabolic 
syndrome, depression, and postmenopausal breast 

WHAT IS ALREADY KNOWN ON THIS TOPIC
Ultra-processed foods have been suggested to have adverse health effects
Evidence is limited on the influence of ultra-processed food consumption on 
mortality outcomes in large cohorts with long term follow-up and repeated 
dietary assessment

WHAT THIS STUDY ADDS
A higher intake of ultra-processed foods was associated with slightly higher all 
cause mortality, driven by causes other than cancer and cardiovascular diseases
The positive associations were mainly driven by meat/poultry/seafood based 
ready-to-eat products, sugar and artificially sweetened beverages, dairy based 
desserts, and ultra-processed breakfast foods
Dietary quality was observed to have a more predominant influence on mortality 
outcomes than ultra-processed food consumption
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cancer.15 However, few prospective cohort studies with 
a follow-up longer than 20 years have examined the 
association for all cause mortality or cause specific 
mortality, especially mortality due to cancer. High 
quality evidence from cohorts with a long follow-up is 
critical to inform dietary recommendations and food 
policies.

Leveraging the rich data obtained through repeated 
assessments for more than 30 years in two large US 
prospective cohorts, we examined the associations 
of total ultra-processed food and subgroups of ultra-
processed food with mortality from all causes and 
major individual causes.

Methods
Study population
We used data from two large prospective cohorts in the 
US: the Nurses’ Health Study (NHS) began in 1976 and 
included 121 700 female registered nurses aged 30-55 
years from 11 states; the Health Professionals Follow-
up Study (HPFS) began in 1986 and enrolled 51 529 
male health professionals aged 40-75 years from all 50 
states. Every two years participants completed a mailed 
questionnaire enquiring about medical and lifestyle 
information. The baseline of this study was set to 1984 
for the NHS and 1986 for the HPFS when the ultra-
processed food data were first available. We excluded 
participants at baseline if they had reported a history 
of cancer, cardiovascular diseases, or diabetes; left 
more than 70 food items blank in the food frequency 
questionnaire or had implausible caloric intakes 
(<800 or >4200 kcal/d for men; <600 or >3500 kcal/d 
for women); or had missing data on ultra-processed 
food intakes. After exclusions, we included 74 563 
women from the NHS and 39 501 men from the HPFS 
(supplementary figure A).

Assessment of ultra-processed food intake
Diet was assessed using a validated semiquantitative 
food frequency questionnaire administered every four 
years.16 We grouped all foods into four categories of 
the Nova classification: unprocessed or minimally 
processed foods, processed culinary ingredients, 
processed foods, and ultra-processed foods, which 
has been described in detail elsewhere.17 we 
further categorized ultra-processed foods into nine 
mutually exclusive subgroups (supplementary table 
B; supplementary figure B): ultra-processed breads 
and breakfast foods; fats, condiments, and sauces; 
packaged sweet snacks and desserts; sugar sweetened 
and artificially sweetened beverages; ready-to-eat/
heat mixed dishes; meat/poultry/seafood based 
ready-to-eat products (for example, processed meat); 
packaged savory snacks; dairy based desserts; and 
other. Because alcohol is a well studied risk factor for 
premature death and a distinct factor in diet, we did 
not consider alcohol in ultra-processed foods in the 
primary analysis. Moreover, as wholegrain foods have 
established benefit for lowering all cause mortality,18 
we removed whole grains from ultra-processed foods 
in the primary analysis. We measured ultra-processed 

food intake as servings per day and adjusted it for total 
energy intake by using the residual method.19

Ascertainment of outcomes
Death of a cohort member was notified by the next of kin 
via the post office when questionnaires or newsletters 
were returned or was identified through searches of the 
vital records of states and of the National Death Index. 
Study investigators blinded to the exposure status 
reviewed death certificates and extracted information 
from medical records to confirm the cause of death 
according to ICD-8 (international classification of 
diseases, 8th revision). The primary outcome of this 
study was all cause mortality. The secondary outcomes 
included deaths from cancer (ICD-8 codes 140-207), 
cardiovascular diseases (ICD-8 codes 390-459), and 
other causes (including respiratory diseases (ICD-8 
codes 460-519) and neurodegenerative diseases (ICD-
8 codes 290, 332, 340, 342, and 348)).

Assessment of covariates
Biennial follow-up questionnaires were used to collect 
self-reported information on body weight, marital 
status, smoking status and pack years, physical 
activity, family history of cancer/cardiovascular 
diseases/diabetes, and physical examination for 
screening purposes, as well as menopausal status 
and postmenopausal hormone use for women. We 
calculated body mass index as weight in kilograms 
divided by height squared in meters. Physical activity 
was assessed with a validated questionnaire and 
converted into metabolic equivalent task hours.20 
Alcohol drinking was measured by food frequency 
questionnaires as the number of drinks per week 
(considering one drink as one glass, bottle, or can of 
beer; one 4 ounce glass of wine; or one shot of liquor) 
and then converted into grams per day. We assessed 
overall dietary quality by using the Alternative Healthy 
Eating Index-2010 (AHEI) score.21

Statistical analysis
Follow-up time accrued from the date of return of the 
baseline questionnaire to the date of death or the end 
of follow-up (30 June 2018 for NHS; 31 January 2018 
for HPFS), whichever came first. To better represent 
long term dietary habits and to minimize within 
person variation, we calculated cumulative averages 
of ultra-processed food consumption as the primary 
exposure. We did primary analyses in pooled cohorts 
and a secondary analysis in each cohort separately. We 
used time varying Cox proportional hazards models 
stratified by age (months), questionnaire cycle (two 
year interval), and cohort (in pooled analyses) with 
the counting process data structure to estimate the 
hazard ratios and 95% confidence intervals according 
to quarters of ultra-processed food consumption. 
We calculated P for trend on the basis of the Wald 
test by assigning the median intake to each quarter 
and modeling it as a continuous variable. In the 
multivariable model, we adjusted for race/ethnicity, 
marital status, physical activity, body mass index, 
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smoking status and pack years, alcohol consumption, 
physical examination performed for screening 
purposes, family history of diabetes mellitus, 
myocardial infarction, or cancer, and menopausal 
status and hormone use (women only). We carried 
forward non-missing values from the previous survey 
cycle to replace missing data. If the value remained 
missing, we created missing indicators. The percentage 
of missing data is shown in supplementary table A. We 
also tested for the dose-response relation by using the 
restricted cubic spline regression.22

In secondary analyses, we further categorized ultra-
processed foods into mutually exclusive subgroups 
(supplementary tables B and C) to investigate whether 
the associations were driven by specific food groups.13 
Furthermore, to assess the independent and combined 
association of ultra-processed food consumption and 
overall dietary quality with mortality, we categorized 
individuals jointly according to quarters of AHEI 
score and quarters of ultra-processed food intake and 
estimated the hazard ratios by using participants with 
the highest quarter of AHEI score and lowest quarter of 
ultra-processed food intake as the reference.

We did several sensitivity analyses to test the 
robustness of the results. Firstly, given that people are 
likely to change their dietary habits after the diagnosis 
of certain chronic diseases, we stopped updating ultra-
processed food consumption after the diagnosis of 
cardiovascular diseases, cancer, or diabetes during 
follow-up. Secondly, because of the uncertainty of 
the etiological time window, we introduced an eight 
to 12 year lag period between assessment of ultra-
processed food intake and each follow-up period (for 
example, we used ultra-processed food intake from 
the 1986 questionnaire to assess the mortality risk in 
the period of 1994 to 1998). Thirdly, we added back 
to total ultra-processed food whole grains and distilled 
alcohol individually and in combination (that is, 
using the standard Nova definition) and repeated the 
analysis. Finally, we removed from the multivariable 
model pack years of smoking, which was not adjusted 
for in most previous studies, and further adjusted for 
AHEI score, to assess the confounding by smoking 
and dietary quality, respectively. We also removed 
from the multivariable model body mass index, which 
might be a mediator. Furthermore, we did the stratified 
analysis by major risk factors and repeated the primary 
analysis with ultra-processed food intake measured by 
percentage of energy.

We used SAS statistical package (version 9.4) for 
all the statistical analyses. We considered a P value 
<0.05 (two sided) to be statistically significant unless 
otherwise specified.

Patient and public involvement
The public was concerned about the health effects of 
ultra-processed foods, and their concerns informed 
our research question. Although participants were not 
involved in the study design, they played a central role 
in the conduct of the study by completing the biennial 
questionnaires in our cohorts, and we appreciate their 

contributions. We could not directly involve members 
of the public in this study, as no funding was available 
or set aside for patient and public involvement and our 
study team was not trained to work directly with the 
public.

Results
During a median of 34 years of follow-up, we 
documented 48 193 deaths (30 188 deaths of women 
and 18 005 deaths of men), including 13 557 deaths 
due to cancer, 11 416 deaths due to cardiovascular 
diseases, 3926 deaths due to respiratory diseases, and 
6343 deaths due to neurodegenerative diseases. Table 
1 shows the characteristics of participants according 
to quarters of energy adjusted ultra-processed food 
consumption throughout follow-up. Participants 
with higher ultra-processed food consumption were 
younger, more physically inactive, and more likely 
to smoke and had higher body mass index, lower 
consumption of alcohol, whole fruits and vegetables, 
and whole grains, and lower AHEI score.

Table 2 shows the hazard ratios of mortality according 
to quarters of ultra-processed food consumption. 
In the age, sex, and total calorie adjusted analysis, 
we observed strong positive associations between 
ultra-processed food and mortality outcomes. The 
associations became substantially attenuated in the 
multivariable analysis (table 2; supplementary figure 
C). Compared with participants in the lowest quarter 
(median 3.0 servings/day), those in the highest quarter 
(median 7.4 servings/day) had a 4% higher risk of total 
deaths (multivariable adjusted hazard ratio 1.04, 95% 
confidence interval 1.01 to 1.07; P for trend=0.005) 
and a 9% higher risk of other deaths (1.09, 1.05 to 
1.13; P for trend<0.001), including an 8% higher risk 
of neurodegenerative deaths (1.08, 1.01 to 1.17; P 
for trend=0.1). We found no associations for deaths 
due to cardiovascular diseases, cancer, or respiratory 
diseases. The all cause mortality rate among 
participants in the lowest and highest quarter of ultra-
processed food consumption was 1472 and 1536 per 
100 000 person years, respectively.

Table 3 shows the associations for nine subgroups 
of ultra-processed foods. Meat/poultry/seafood based 
ready-to-eat products (for example, processed meat) 
showed the strongest association with higher all cause 
mortality (hazard ratio 1.13 (1.10 to 1.16) comparing 
highest versus lowest quarter) and mortality due to 
individual causes other than cardiovascular diseases 
and neurodegenerative diseases (hazard ratios ranged 
from 1.06 to 1.43). Other subgroups also showed an 
association with higher all cause mortality, including 
sugar sweetened and artificially sweetened beverages 
(1.09, 1.07 to 1.12), other ultra-processed foods 
(mainly composed of artificial sweeteners) (1.08, 
1.05 to 1.11), dairy based desserts (1.07, 1.04 to 
1.10), and ultra-processed breakfast foods excluding 
whole grains (1.04, 1.02 to 1.07). When further 
separating sugar sweetened and artificially sweetened 
beverages, we found a generally stronger association 
for sugar sweetened than artificially sweetened 

the bmj | BMJ 2024;385:e078476 | doi: 10.1136/bmj-2023-078476� 3

 on 9 M
ay 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2023-078476 on 8 M
ay 2024. D

ow
nloaded from

 

http://www.bmj.com/


RESEARCHRESEARCH

beverages; we present these results and those for other 
selected individual ultra-processed food categories in 
supplementary table D.

When we examined ultra-processed food intake 
and AHEI score together (fig 1), we did not observe 
a consistent association of ultra-processed foods 
with mortality within each quarter of the AHEI score, 
whereas AHEI score generally showed an inverse 
association with mortality within each of the quarters 
of ultra-processed food consumption.

We found similar results in men and women 
(supplementary table E). The results of sensitivity 
analyses are summarized in supplementary table 

F. The lagged analysis showed similar results to the 
primary analysis. The associations were attenuated 
when we stopped updating the information on ultra-
processed food intake at a diagnosis of chronic 
disease, likely owing to the increased intake of ultra-
processed foods over time (supplementary figures D 
and E). Unsurprisingly, including wholegrain products 
in ultra-processed foods weakened the associations, 
whereas including distilled alcohol strengthened the 
associations. Removing pack years of smoking from 
the multivariable model led to a much stronger positive 
association, whereas adjusting for the AHEI score 
attenuated the association toward null.

Table 1 | Age standardized characteristics of study participants according to quarters of ultra-processed food (UPF) consumption across entire follow-up 
period. Values are number (percentage) of person years unless stated otherwise

Characteristics*
Health Professionals Follow-up Study (n=39 501) Nurses’ Health Study (n=74 563)
Quarter 1 Quarter 2 Quarter 3 Quarter 4 Quarter 1 Quarter 2 Quarter 3 Quarter 4

Mean (SD) age, years 66.1 (11.6) 65.4 (11.8) 65.2 (11.9) 64.7 (11.7) 65.7 (11.2) 64.7 (11.5) 64.3 (11.6) 64.1 (11.6)
White 232 540 (89) 238 259 (91) 238 262 (91) 240 763 (92) 540 359 (97) 546 475 (98) 546 242 (98) 545 722 (98)
Married 175 058 (67) 183 276 (70) 183 278 (70) 177 955 (68) 373 238 (67) 379 187 (68) 37 3451 (67) 356 390 (64)
Mean (SD) BMI 25.1 (3.2) 25.7 (3.3) 26.0 (3.3) 26.5 (3.7) 24.1 (3.8) 24.9 (4.1) 25.4 (4.4) 26.0 (4.8)
Mean (SD) total activity, MET-h/week 32.9 (26.3) 29.9 (24.2) 28.1 (23) 25.3 (22.3) 20.4 (20.6) 17.3 (17) 15.6 (16) 14.0 (15.3)
Mean (SD) alcohol drinking, g/day 13.3 (15.8) 12.0 (13.6) 10.6 (12.8) 8.6 (11.4) 7.7 (11.1) 6.3 (9.4) 5.5 (8.5) 4.6 (7.7)
Mean (SD) AHEI score† 52.8 (10.1) 47.5 (9.5) 45.1 (9.5) 43.5 (9.7) 51.2 (9.5) 47.1 (8.5) 45.1 (8.4) 43.7 (8.4)
Smoking status:
  Never smoking 143 705 (55) 133 530 (51) 130 913 (50) 117 765 (45) 272 965 (49) 262 085 (47) 256 399 (46) 23 3881 (42)
  Former smoking 104 512 (40) 112 584 (43) 115 203 (44) 122 999 (47) 228 399 (41) 234 204 (42) 239 678 (43) 250 587 (45)
  Current smoking 13 064 (5) 15 709 (6) 15 710 (6) 20 936 (8) 55 707 (10) 61 339 (11) 61 313 (11) 72 392 (13)
Mean (SD) pack years of smoking 9.2 (15.2) 10.6 (16.4) 11.8 (17.6) 14.5 (19.6) 11.1 (18) 11.8 (18.3) 12.9 (19.2) 15.6 (21.1)
Physical examination for screening 138 479 (53) 146 621 (56) 144 004 (55) 138 700 (53) 384 379 (69) 390 340 (70) 384 599 (69) 373 096 (67)
Family history of cancer 91 448 (35) 94 256 (36) 94 257 (36) 94 212 (36) 233 970 (42) 228 627 (41) 228 530 (41) 233 881 (42)
Family history of myocardial infarction 91 448 (35) 91 638 (35) 94 257 (36) 96 829 (37) 133 697 (24) 139 407 (25) 144 921 (26) 144 783 (26)
Family history of diabetes 62 707 (24) 68 074 (26) 70 693 (27) 73 276 (28) 150 409 (27) 156 136 (28) 161 643 (29) 167 058 (30)
Menopause and hormone use:
  Premenopausal NA NA NA NA 55 707 (10) 61 339 (11) 61 313 (11) 61 254 (11)
  Never user, postmenopausal NA NA NA NA 139 268 (25) 133 831 (24) 133 774 (24) 133 646 (24)
  Current user, postmenopausal NA NA NA NA 133 697 (24) 133 831 (24) 123 200 (23) 122 509 (22)
  Past user, postmenopausal NA NA NA NA 172 692 (31) 178 441 (32) 183 939 (33) 183 763 (33)
  Missing NA NA NA NA 55 707 (10) 50 187 (9) 50 165 (9) 55 686 (10)
Mean (SD) UPF intake, servings/week:
  Total UPF 22.1 (7.5) 32.2 (4.3) 41.3 (5.2) 56.2 (14.2) 20.7 (6.1) 29.1 (3.6) 36.9 (4.4) 49.5 (11.7)
  Ultra-processed breads and breakfast foods‡ 2.1 (2.1) 3.5 (3.5) 4.9 (4.2) 7.7 (7) 2.1 (2.1) 3.5 (2.8) 4.9 (3.5) 7.0 (5.6)
  Fats, condiments, and sauces 4.9 (3.5) 8.4 (4.2) 10.5 (5.6) 16.8 (11.2) 5.6 (3.5) 8.4 (4.2) 10.5 (5.6) 16.8 (10.5)
  Packaged sweet snacks and desserts§ 4.9 (3.5) 7.7 (4.2) 9.1 (5.6) 11.9 (8.4) 4.2 (2.8) 6.3 (3.5) 7 (4.2) 9.1 (6.3)
  Sugar and artificially sweetened beverages 2.8 (2.8) 4.9 (3.5) 6.3 (4.9) 11.2 (10.5) 2.1 (2.1) 4.2 (3.5) 5.6 (4.2) 9.8 (9.1)
  Ready-to-eat/heat mixed dishes 2.1 (1.4) 2.1 (1.4) 2.8 (1.4) 2.8 (2.1) 0.7 (0.7) 1.4 (0.7) 1.4 (0.7) 1.4 (0.7)
  Meat/poultry/seafood based ready-to-eat products 1.4 (1.4) 2.1 (2.1) 2.8 (2.1) 2.8 (2.8) 1.4 (0.7) 1.4 (1.4) 2.1 (1.4) 2.1 (1.4)
  Packaged savory snacks 1.4 (1.4) 1.4 (2.1) 2.1 (2.8) 2.8 (4.9) 1.4 (1.4) 2.1 (2.1) 2.1 (2.8) 3.5 (5.6)
  Dairy based desserts 1.4 (1.4) 2.1 (1.4) 2.1 (2.1) 2.1 (2.1) 1.4 (1.4) 1.4 (1.4) 2.1 (1.4) 2.1 (2.1)
  Other 0 (0.7) 0.7 (1.4) 0.7 (2.1) 2.1 (4.9) 0 (0.7) 0.7 (1.4) 0.7 (2.1) 2.1 (3.5)
Mean (SD) intake of major non-UPFs: servings/week:
  Whole fruits 14.7 (10.5) 11.9 (7.7) 10.5 (7) 9.1 (6.3) 14 (7.7) 11.9 (6.3) 10.5 (6.3) 9.1 (5.6)
  Whole vegetables 30.8 (16.8) 26.6 (13.3) 24.5 (12.6) 22.4 (11.9) 24.5 (11.9) 21.7 (9.8) 20.3 (9.8) 18.2 (9.1)
  Whole grains‡ 5.6 (6.3) 4.2 (4.9) 3.5 (4.2) 2.8 (4.2) 3.5 (4.2) 2.8 (2.8) 2.1 (2.8) 2.1 (2.1)
  Tea and coffee 12.6 (11.2) 14 (11.2) 14.7 (11.2) 16.1 (11.9) 19.6 (12.6) 20.3 (12.6) 21 (12.6) 21.7 (13.3)
  Nuts and legumes 7.0 (5.6) 6.3 (4.9) 6.3 (4.9) 5.6 (4.2) 4.2 (2.8) 4.2 (2.1) 3.5 (2.1) 3.5 (2.1)
  Red meat 3.5 (2.8) 4.2 (2.8) 4.2 (2.8) 4.2 (2.8) 4.2 (2.8) 4.9 (2.8) 4.9 (2.8) 4.9 (2.8)
  Fish 2.8 (2.1) 2.1 (2.1) 2.1 (1.4) 2.1 (1.4) 2.8 (2.1) 2.1 (2.1) 2.1 (2.1) 2.1 (1.4)
  Poultry 2.8 (2.1) 2.8 (2.1) 2.8 (1.4) 2.8 (1.4) 3.5 (2.8) 3.5 (2.1) 3.5 (2.1) 3.5 (2.1)
AHEI=Alternative Healthy Eating Index-2010; BMI=body mass index; IQR=interquartile range; MET=metabolic equivalent of task; NA=not applicable; SD=standard deviation.
*All values other than age were directly standardized to age distribution of participants.
†Alcohol was removed from calculation of AHEI score.
‡Ultra-processed whole grains were not counted in UPF intake in primary analysis.
§Major ingredients are not dairy.
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In the stratified analysis by major risk factors, the 
associations between ultra-processed food intake and 
all cause mortality seemed to be stronger in participants 
consuming less alcohol (P for interaction=0.005) 
and not currently smoking (P for interaction<0.001), 
but we found no interaction by body mass index or 
physical activity (supplementary table G). We repeated 
the primary analysis using percentage of energy to 
measure ultra-processed food intake and observed 
similar results (supplementary table H).

Discussion
In two large prospective cohorts with up to 34 years of 
follow-up, we found that higher consumption of ultra-
processed foods was associated with modestly higher 
all cause mortality. We found no associations for 
mortality due to cancer or cardiovascular diseases. The 
associations varied across subgroups of ultra-processed 
foods, with meat/poultry/seafood based ready-to-
eat products consistently showing associations with 
higher all cause mortality and cause specific mortality. 
The associations between ultra-processed food 

consumption and mortality were attenuated after we 
accounted for overall dietary quality.

Comparison with other studies and possible 
explanations
Existing evidence suggests a relation between 
ultra-processed food consumption and mortality. A 
meta-analysis of prospective cohorts reported that 
the highest ultra-processed food consumption was 
associated with higher all cause mortality compared 
with the lowest consumption (hazard ratio 1.21, 1.13 
to 1.30).23 Two studies were conducted in the US,24 25 
whereas the other six were conducted in Spain,26-28 
France,29 Italy,30 and the UK.31 Unlike our study, 
which excluded alcohol from ultra-processed foods 
and carefully controlled for smoking status and pack 
years, all the above studies included alcohol in ultra-
processed foods and adjusted for smoking status 
(never, former, and current) only. As noted in our 
sensitivity analysis, pack years of smoking strongly 
confounded the association—additionally adjusting 
for smoking pack years remarkably attenuated the 

Table 2 | Hazard ratios and 95% confidence intervals for mortality according to quarters of ultra-processed food (UPF) consumption
Energy adjusted ultra-processed food consumption—median (IQR) servings/day

P for trend
Per difference in medians between 
quarters 4 and 1

Quarter 1— 
3.0 (2.5-3.4)

Quarter 2— 
4.3 (4.0-4.6)

Quarter 3— 
5.5 (5.1-5.8)

Quarter 4— 
7.4 (6.7-8.6)

Total mortality
No of cases 11 862 11 682 12 168 12 481
Incidence rate per 100 000 person years* 1472 1404 1472 1536
Model 1† 1 1.06 (1.03 to 1.08) 1.12 (1.09 to 1.15) 1.22 (1.18 to 1.25) <0.001 1.23 (1.19 to 1.26)
Model 2‡ 1 1.04 (1.02 to 1.07) 1.07 (1.04 to 1.10) 1.04 (1.01 to 1.07) 0.005 1.04 (1.01 to 1.07)
Cancer mortality
No of cases 3427 3260 3476 3394
Incidence rate per 100 000 person years* 430 402 414 410
Model 1† 1 1.01 (0.96 to 1.06) 1.09 (1.04 to 1.15) 1.10 (1.05 to 1.16) <0.001 1.12 (1.07 to 1.17)
Model 2‡ 1 1.00 (0.95 to 1.04) 1.04 (0.99 to 1.09) 0.95 (0.91 to 1.00) 0.08 0.96 (0.91 to 1.00)
Cardiovascular mortality
No of cases 2817 2773 2799 3027
Incidence rate per 100 000 person years* 348 334 341 370
Model 1† 1 1.07 (1.01 to 1.12) 1.09 (1.04 to 1.15) 1.28 (1.22 to 1.35) <0.001 1.29 (1.22 to 1.36)
Model 2‡ 1 1.03 (0.98 to 1.09) 1.01 (0.96 to 1.07) 1.05 (0.99 to 1.11) 0.14 1.04 (0.99 to 1.10)
Other mortality
No of cases 5618 5649 5893 6060
Incidence rate per 100 000 person years* 694 668 717 757
Model 1† 1 1.08 (1.04 to 1.12) 1.14 (1.10 to 1.19) 1.25 (1.21 to 1.30) <0.001 1.40 (1.34 to 1.47)
Model 2‡ 1 1.08 (1.04 to 1.12) 1.11 (1.07 to 1.16) 1.09 (1.05 to 1.13) <0.001 1.12 (1.06 to 1.17)
Respiratory mortality
No of cases 880 922 1011 1113
Incidence rate per 100 000 person years* 121 111 118 130
Model 1† 1 1.13 (1.03 to 1.24) 1.25 (1.14 to 1.37) 1.49 (1.36 to 1.63) <0.001 1.80 (1.60 to 2.01)
Model 2‡ 1 1.05 (0.95 to 1.15) 1.10 (1.01 to 1.21) 1.09 (0.99 to 1.20) 0.06 1.12 (1.00 to 1.27)
Neurodegenerative mortality
No of cases 1633 1653 1575 1482
Incidence rate per 100 000 person years* 181 188 204 202
Model 1† 1 1.10 (1.03 to 1.18) 1.08 (1.00 to 1.15) 1.10 (1.02 to 1.18) 0.03 1.15 (1.05 to 1.26)
Model 2‡ 1 1.16 (1.08 to 1.25) 1.14 (1.06 to 1.22) 1.08 (1.01 to 1.17) 0.10 1.09 (0.99 to 1.20)
IQR=interquartile range.
*Multivariable adjusted incidence rate was calculated via several steps: firstly, regression of total UPF intake on full set of covariates in linear regression stratified by cohort and questionnaire 
cycle to calculate residuals of total UPF intake; secondly, categorization of residuals into quarters; finally, calculation of incidence rate on basis of number of cases and person years across 
quarters.
†Stratified by age (months), questionnaire cycle (two year interval), and cohort and adjusted for total energy intake.
‡Further adjusted for categorical covariates including race, marital status, physical activity, body mass index, smoking status and pack years, alcohol consumption, physical examination 
performed for screening purposes, and family history of diabetes mellitus, myocardial infarction, or cancer; for women, also menopausal status and hormone use.
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Table 3 | Multivariable hazard ratios and 95% confidence intervals for mortality according to quarters of subgroups of ultra-processed food consumption*
Energy adjusted ultra-processed food consumption† P for 

trend
Per difference in medians between 
quarters 4 and 1Quarter 1 Quarter 2 Quarter 3 Quarter 4

Total mortality
Ultra-processed breads and breakfast foods 1 1.05 (1.02 to 1.07) 1.06 (1.03 to 1.09) 1.04 (1.02 to 1.07) 0.01 1.03 (1.01 to 1.06)
Fats, condiments, and sauces 1 1.01 (0.98 to 1.04) 1.03 (1.01 to 1.06) 1.00 (0.98 to 1.03) 0.86 1.00 (0.98 to 1.03)
Packaged sweet snacks and desserts 1 1.02 (0.99 to 1.05) 0.99 (0.97 to 1.02) 0.99 (0.97 to 1.02) 0.17 0.98 (0.96 to 1.01)
Sugar and artificially sweetened beverages 1 1.03 (1.01 to 1.06) 1.06 (1.03 to 1.08) 1.09 (1.07 to 1.12) <0.001 1.09 (1.06 to 1.12)
Ready-to-eat/heat mixed dishes 1 1.02 (1.00 to 1.05) 1.05 (1.03 to 1.08) 1.02 (0.99 to 1.05) 0.03 1.03 (1.00 to 1.06)
Meat/poultry/seafood based ready-to-eat products 1 1.06 (1.03 to 1.09) 1.10 (1.07 to 1.13) 1.13 (1.10 to 1.16) <0.001 1.13 (1.10 to 1.16)
Packaged savory snacks 1 1.05 (1.02 to 1.08) 1.05 (1.02 to 1.08) 1.01 (0.99 to 1.04) 0.47 0.99 (0.97 to 1.02)
Dairy based desserts 1 1.06 (1.03 to 1.08) 1.06 (1.03 to 1.09) 1.07 (1.04 to 1.10) <0.001 1.06 (1.03 to 1.08)
Other 1 1.00 (0.98 to 1.03) 1.07 (1.05 to 1.10) 1.08 (1.05 to 1.11) <0.001 1.04 (1.03 to 1.06)
Cancer mortality
Ultra-processed breads and breakfast foods 1 1.03 (0.98 to 1.08) 1.05 (1.00 to 1.10) 1.05 (1.00 to 1.10) 0.08 1.04 (0.99 to 1.09)
Fats, condiments, and sauces 1 1.00 (0.96 to 1.05) 1.03 (0.98 to 1.08) 0.99 (0.94 to 1.04) 0.62 0.99 (0.94 to 1.04)
Packaged sweet snacks and desserts 1 1.01 (0.97 to 1.06) 1.00 (0.95 to 1.05) 0.95 (0.90 to 0.99) 0.01 0.94 (0.89 to 0.98)
Sugar and artificially sweetened beverages 1 1.00 (0.95 to 1.04) 1.03 (0.98 to 1.08) 0.99 (0.95 to 1.05) 0.92 1.00 (0.95 to 1.05)
Ready-to-eat/heat mixed dishes 1 1.02 (0.98 to 1.07) 1.04 (0.99 to 1.09) 0.99 (0.94 to 1.04) 0.85 1.00 (0.95 to 1.05)
Meat/poultry/seafood based ready-to-eat products 1 1.02 (0.97 to 1.07) 1.04 (0.99 to 1.10) 1.06 (1.00 to 1.11) 0.02 1.06 (1.01 to 1.11)
Packaged savory snacks 1 1.03 (0.98 to 1.08) 1.03 (0.98 to 1.09) 1.01 (0.97 to 1.06) 0.99 1.00 (0.96 to 1.05)
Dairy based desserts 1 1.04 (0.99 to 1.09) 1.03 (0.98 to 1.08) 1.04 (0.99 to 1.09) 0.16 1.03 (0.99 to 1.08)
Other 1 0.96 (0.91 to 1.00) 1.07 (1.02 to 1.13) 1.02 (0.97 to 1.07) 0.02 1.03 (1.01 to 1.07)
Cardiovascular mortality
Ultra-processed breads and breakfast foods 1 1.04 (0.99 to 1.10) 1.05 (1.00 to 1.11) 1.02 (0.97 to 1.08) 0.62 1.01 (0.96 to 1.07)
Fats, condiments, and sauces 1 1.01 (0.96 to 1.07) 1.01 (0.96 to 1.06) 1.02 (0.97 to 1.08) 0.33 1.03 (0.97 to 1.08)
Packaged sweet snacks and desserts 1 0.99 (0.94 to 1.05) 0.96 (0.91 to 1.01) 0.94 (0.89 to 0.99) 0.005 0.93 (0.88 to 0.98)
Sugar and artificially sweetened beverages 1 1.03 (0.98 to 1.09) 1.05 (1.00 to 1.11) 1.13 (1.07 to 1.19) <0.001 1.13 (1.06 to 1.19)
Ready-to-eat/heat mixed dishes 1 0.99 (0.94 to 1.04) 1.01 (0.96 to 1.07) 0.96 (0.91 to 1.02) 0.32 0.97 (0.91 to 1.03)
Meat/poultry/seafood based ready-to-eat products 1 1.07 (1.01 to 1.13) 1.14 (1.08 to 1.20) 1.15 (1.09 to 1.21) <0.001 1.14 (1.09 to 1.21)
Packaged savory snacks 1 1.08 (1.03 to 1.14) 1.09 (1.03 to 1.15) 1.02 (0.97 to 1.08) 0.72 0.99 (0.94 to 1.04)
Dairy based desserts 1 1.04 (0.98 to 1.10) 1.01 (0.96 to 1.07) 0.97 (0.92 to 1.02) 0.07 0.95 (0.91 to 1.00)
Other 1 1.04 (0.98 to 1.09) 1.12 (1.06 to 1.19) 1.16 (1.09 to 1.22) <0.001 1.07 (1.04 to 1.09)
Other mortality
Ultra-processed breads and breakfast foods 1 1.05 (1.01 to 1.09) 1.07 (1.03 to 1.11) 1.04 (1.01 to 1.08) 0.09 1.03 (0.99 to 1.07)
Fats, condiments, and sauces 1 1.01 (0.98 to 1.05) 1.05 (1.01 to 1.09) 1.00 (0.97 to 1.04) 0.99 1.00 (0.96 to 1.04)
Packaged sweet snacks and desserts 1 1.04 (1.00 to 1.08) 1.00 (0.97 to 1.04) 1.05 (1.01 to 1.09) 0.04 1.04 (1.00 to 1.08)
Sugar and artificially sweetened beverages 1 1.05 (1.01 to 1.09) 1.07 (1.03 to 1.11) 1.14 (1.10 to 1.19) <0.001 1.14 (1.09 to 1.18)
Ready-to-eat/heat mixed dishes 1 1.04 (1.00 to 1.08) 1.08 (1.04 to 1.12) 1.07 (1.03 to 1.11) <0.001 1.09 (1.04 to 1.14)
Meat/poultry/seafood based ready-to-eat products 1 1.08 (1.04 to 1.13) 1.11 (1.07 to 1.16) 1.17 (1.13 to 1.21) <0.001 1.17 (1.13 to 1.21)
Packaged savory snacks 1 1.05 (1.01 to 1.09) 1.04 (1.01 to 1.08) 1.01 (0.97 to 1.04) 0.44 0.99 (0.95 to 1.02)
Dairy based desserts 1 1.07 (1.03 to 1.12) 1.10 (1.06 to 1.14) 1.15 (1.11 to 1.19) <0.001 1.13 (1.09 to 1.17)
Other 1 1.05 (1.01 to 1.09) 1.07 (1.03 to 1.11) 1.09 (1.05 to 1.13) <0.001 1.04 (1.02 to 1.06)
Respiratory mortality
Ultra-processed breads and breakfast foods 1 1.11 (1.01 to 1.22) 1.11 (1.01 to 1.22) 1.12 (1.02 to 1.22) 0.03 1.11 (1.01 to 1.21)
Fats, condiments, and sauces 1 0.96 (0.87 to 1.05) 1.08 (0.99 to 1.18) 1.02 (0.94 to 1.12) 0.39 1.04 (0.95 to 1.14)
Packaged sweet snacks and desserts 1 1.03 (0.93 to 1.13) 0.95 (0.87 to 1.05) 0.99 (0.91 to 1.09) 0.70 0.98 (0.90 to 1.07)
Sugar and artificially sweetened beverages 1 0.97 (0.89 to 1.06) 1.01 (0.92 to 1.10) 1.00 (0.91 to 1.10) 0.86 1.01 (0.91 to 1.11)
Ready-to-eat/heat mixed dishes 1 1.08 (0.99 to 1.18) 1.15 (1.05 to 1.25) 1.13 (1.03 to 1.24) 0.003 1.17 (1.05 to 1.29)
Meat/poultry/seafood based ready-to-eat products 1 1.15 (1.04 to 1.28) 1.26 (1.14 to 1.39) 1.43 (1.30 to 1.57) <0.001 1.42 (1.30 to 1.56)
Packaged savory snacks 1 1.03 (0.94 to 1.13) 1.04 (0.95 to 1.14) 1.03 (0.94 to 1.12) 0.71 1.02 (0.93 to 1.11)
Dairy based desserts 1 1.09 (1.00 to 1.20) 1.07 (0.98 to 1.18) 1.16 (1.06 to 1.27) 0.003 1.14 (1.04 to 1.24)
Other 1 1.03 (0.94 to 1.13) 0.96 (0.87 to 1.06) 1.01 (0.92 to 1.11) 0.19 1.03 (0.98 to 1.08)
Neurodegenerative mortality
Ultra-processed breads and breakfast foods 1 1.13 (1.05 to 1.21) 1.12 (1.04 to 1.20) 0.99 (0.93 to 1.06) 0.27 0.96 (0.89 to 1.03)
Fats, condiments, and sauces 1 1.03 (0.96 to 1.11) 1.09 (1.01 to 1.17) 0.97 (0.90 to 1.04) 0.33 0.96 (0.89 to 1.04)
Packaged sweet snacks and desserts 1 1.17 (1.08 to 1.26) 1.15 (1.06 to 1.24) 1.21 (1.13 to 1.30) <0.001 1.18 (1.09 to 1.26)
Sugar and artificially sweetened beverages 1 1.09 (1.02 to 1.16) 1.08 (1.01 to 1.16) 1.15 (1.07 to 1.25) 0.002 1.14 (1.05 to 1.23)
Ready-to-eat/heat mixed dishes 1 1.09 (1.02 to 1.16) 1.06 (0.98 to 1.13) 1.03 (0.95 to 1.11) 0.58 1.02 (0.94 to 1.11)
Meat/poultry/seafood based ready-to-eat products 1 1.04 (0.97 to 1.12) 1.05 (0.97 to 1.12) 1.02 (0.95 to 1.10) 0.57 1.02 (0.95 to 1.10)
Packaged savory snacks 1 1.11 (1.03 to 1.20) 1.10 (1.02 to 1.18) 1.10 (1.03 to 1.18) 0.05 1.07 (1.00 to 1.15)
Dairy based desserts 1 1.17 (1.08 to 1.26) 1.36 (1.26 to 1.46) 1.45 (1.35 to 1.56) <0.001 1.41 (1.32 to 1.50)
Other 1 1.04 (0.97 to 1.12) 1.08 (1.00 to 1.16) 1.04 (0.96 to 1.13) 0.50 1.01 (0.98 to 1.05)
*Results from Cox proportional hazards model stratified by age (months), questionnaire cycle (two year interval), and cohort and adjusted for total energy intake, race, marital status, physical 
activity, body mass index, smoking status and pack years, alcohol consumption, physical examination performed for screening purposes, and family history of diabetes mellitus, myocardial 
infarction, or cancer; for women, also menopausal status and hormone use.
†Quarter specific medians (servings/day) for each subgroup: ultra-processed breads and breakfast foods 0.1, 0.3, 0.6, 1.3; fats, condiments, and sauces 0.5, 1.0, 1.5, 2.5; packaged sweet 
snacks and desserts 0.4, 0,7, 1.1, 1.8; sugar sweetened and artificially sweetened beverages 0.09, 0.4, 0.8, 1.7; ready-to-eat/heat mixed dishes 0.07, 0.1, 0.2, 0.4; meat/poultry/seafood based 
ready-to-eat products 0.06, 0.2, 0.3, 0.5; packaged savory snacks 0.04, 0.1, 0.3, 0.6; dairy based desserts, 0.06, 0.1, 0.3, 0.5; other 0.009, 0.01, 0.01, 0.4.
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hazard ratios toward the null. That may partly explain 
why the associations found in our study were weaker 
than those in previous studies. Another possible reason 
could be tighter control for socioeconomic status 
because our participants were all health professionals 
and had similar levels of education.

The evidence on mortality due to cancer is relatively 
sparse. Consistently, the Moli-sani Study did not 
observe a statistically significant association but 
reported a positive association with other mortality.30 
An analysis of three cohorts including the Prostate, 
Lung, Colorectal and Ovarian Cancer Screening Trial 
(PLCO), NHANES (1999-2018), and UK Biobank 
reported null findings for mortality due to cancer in 

the PLCO and NHANES (1999-2018).32 By contrast, 
the UK Biobank study found that every 10% increment 
in ultra-processed food consumption was associated 
with a 6% higher cancer mortality.33 Diet was assessed 
in the UK Biobank through multiple 24 hour recalls 
between 2009 and 2012, and 40% of the participants 
had only one 24 hour recall, thus limiting the ability to 
capture long term dietary intake.

In agreement with our study, the Prospective Urban 
and Rural Epidemiology study from 25 high income, 
middle income, and low income countries in America, 
Europe, Africa, and Asia observed a null association 
with mortality due to cardiovascular diseases but a 
positive association with non-cardiovascular disease 
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Fig 1 | Joint analysis for mortality according to quarters of ultra-processed food (UPF) consumption and quarters of Alternative Healthy Eating 
Index-2010 (AHEI) score. Alcohol was removed from calculation of AHEI score. Each participant was categorized according to their quarter of UPF 
intake and their quarter of AHEI score, resulting in 16 distinct groups. Using this combined variable as exposure, its association with mortality 
outcomes was assessed, with reference group being participants in highest quarter of AHEI score (Q4) and lowest quarter of UPF intake (Q1). 
Results were from multivariable Cox proportional hazards model stratified by age (months), questionnaire cycle (two year interval), and cohort and 
adjusted for total energy intake, race, marital status, physical activity, body mass index, smoking status and pack years, alcohol consumption, 
physical examination performed for screening purposes, and family history of diabetes mellitus, myocardial infarction, or cancer; for women, also 
menopausal status and hormone use. Markers denote point estimates of hazard ratios and error bars indicate 95% confidence intervals
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mortality.34 Our findings on the relation between ultra-
processed foods and mortality due to cardiovascular 
diseases are inconsistent with previous evidence 
from Europe but consistent with the null finding in 
the US NHANES III (1988-94).24  25  30 Moreover, a 
much stronger positive association was reported in 
the UK Biobank (1.28, 1.13 to 1.45) compared with 
the two US cohorts (1.12, 1.05 to 1.09; 1.11, 0.92 to 
1.34).32 In addition to the methodological differences 
mentioned above, different study populations, ultra-
processed food compositions, and eating patterns 
may also contribute. Ultra-processed food intake in 
our two US cohorts is mainly contributed by “sauces, 
spreads, and condiments” and “sweet snacks and 
desserts,” which together accounted for nearly 50% 
(supplementary figure B), but neither of the two 
subgroups was associated with increased mortality 
due to cardiovascular diseases. On the other hand, 
compelling evidence shows that nuts and (dark) 
chocolate, common constituents of “sweet snacks and 
desserts,” are inversely associated with cardiovascular 
diseases.35  36 We observed that dark chocolate in the 
subgroup “packaged sweet snacks and desserts” was 
associated with decreased mortality (supplementary 
table D). Therefore, the diverse array of constituents 
contained in ultra-processed foods with heterogeneous 
health effects may have contributed to the discrepant 
findings. Our findings suggest that meat/poultry/
seafood based ready-to-eat products and sugar 
sweetened and artificially sweetened beverages are 
major factors contributing to the harmful influence 
of ultra-processed foods on mortality, which is in 
accordance with previous studies.13 37-39

Few studies have investigated the relation with 
cause specific mortality other than that due to cancer 
and cardiovascular diseases. We found that ultra-
processed food intake was associated with higher 
neurodegenerative mortality. Increasing evidence 
suggests that ultra-processed food is linked to higher risk 
of central nervous system demyelination (a precursor 
of multiple sclerosis),40 lower cognitive function,41 
and dementia.42 Studies have shown that a diet rich 
in ultra-processed foods may drive neuroinflammation 
and impairment of the blood-brain barrier, leading to 
neurodegeneration.43 44 Of note, among ultra-processed 
food subgroups, diary based desserts showed the 
strongest association with neurodegenerative mortality. 
Earlier finding from the HPFS and NHS cohorts showed 
that intake of sherbet/frozen yogurt was associated with 
an increased risk of Parkinson’s disease.45 Furthermore, 
we found a positive association between ultra-processed 
food intake measured by percentage of energy and 
respiratory mortality. Emerging evidence suggests 
that higher ultra-processed food intake is associated 
with increased risk of respiratory multimorbidity.46 
The increased respiratory mortality associated with 
processed red meat may be partly due to heme iron and 
nitrate/nitrite.47

An important question not answered by previous 
studies is whether and how food processing level 
and nutritional quality jointly influence health. We 

observed that in the joint analysis, the AHEI score but 
not ultra-processed food intake showed a consistent 
association with mortality and that further adjustment 
for the AHEI score attenuated the association of 
ultra-processed food intake with mortality. Although 
including AHEI in the multivariable model for ultra-
processed food may represent an overadjustment 
because common foods are included in both the AHEI 
and ultra-processed food, our data together suggest 
that dietary quality has a predominant influence on 
long term health, whereas the additional effect of food 
processing is likely to be limited. Furthermore, foods 
may have dual attributes according to their processing 
level and nutritional quality, and these two features 
may have quantitatively and even qualitatively 
different effects on health. Another added value of 
our study is the exclusion of wholegrain products 
that fall in the ultra-processed foods from the primary 
exposure, based on the well established health benefits 
associated with whole grains. By taking this approach, 
we aim to rectify the potential misperception that all 
ultra-processed food products should be universally 
restricted and to avoid oversimplification when 
formulating dietary recommendations.

Besides neglecting overall nutritional quality, the 
ultra-processed food classification system has other 
limitations. The Nova classification is based on broad 
categories that do not capture the full complexity of food 
processing,48 leading to potential misclassification. 
Further work is needed to improve the assessment and 
categorization of ultra-processed foods. On the other 
hand, dietary guidelines should provide clear and 
sound food selections that are available, actionable, 
attainable, and affordable for the largest proportion of 
the population. Thus, careful deliberation is necessary 
when considering incorporation of ultra-processed 
foods into dietary guidelines.49  50 Again, on the 
basis of our data, limiting total ultra-processed food 
consumption may not have a substantial influence on 
premature death, whereas reducing consumption of 
certain ultra-processed food subgroups (for example, 
processed meat) can be beneficial.

We note that mortality is a more complicated 
endpoint than disease incidence and is also influenced 
by several factors including early detection, treatment, 
and individuals’ overall health status. The findings 
for mortality should not be regarded as synonymous 
with those pertaining to disease incidence but rather 
considered as more comprehensive assessment of the 
health impact of risk factors.

Strengths and limitations of study
The strengths of the study include the prospective 
study design, large sample size, long follow-up, and 
detailed, validated, and repeated measurements. In 
addition, we rigorously controlled for confounding, did 
thorough sensitivity analyses, explored major specific 
causes of mortality, and examined individual ultra-
processed food subgroups. Several limitations should 
also be noted. Firstly, we cannot rule out unmeasured 
and residual confounding due to the nature of the 
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observational study. Secondly, our participants are 
health professionals and predominantly non-Hispanic 
white, limiting the generalizability of our findings. 
Thirdly, as the food frequency questionnaires collected 
intake of only a limited number of pre-defined items 
representing the primary source of energy and nutrients 
in the US population and were not designed to classify 
foods by processing level, they may not capture the 
full spectrum of ultra-processed foods. Although the 
food frequency questionnaires used in our cohorts 
have been validated for foods and nutrients, they were 
not specifically validated for ultra-processed foods. 
Moreover, we classified ultra-processed foods by using 
the same algorithm throughout follow-up that did not 
account for changes in the grade of food processing 
over time. These factors may have introduced non-
differential misclassification, likely biasing our results 
toward the null.

Conclusions
Higher ultra-processed food intake was associated with 
slightly increased all cause mortality. The mortality 
associations for ultra-processed food consumption 
were more modest than those for dietary quality and 
varied across ultra-processed food subgroups, with 
meat/poultry/seafood based ready-to-eat products 
generally showing the strongest and most consistent 
associations with mortality. The findings provide 
support for limiting consumption of certain types 
of ultra-processed food for long term health. Future 
studies are warranted to improve the classification 
of ultra-processed foods and confirm our findings in 
other populations.
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