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Ultra-processed foods 

Disclaimer 

This chapter describes the background for setting recommendations related to "Ultraprocessed foods" in 

the 6th edition of the Nordic Nutrition Recommendations (NNR2022). Filippa Juul and Elling Bere has 

been assigned as authors. The present version of the chapter has been peer reviewed by Nina Cecilie 

Øverby, Marit Kolby and Marjaana Lahti-Koski, and considered by the NNR2022 Committee. The chapter 

is now open for public consultation. The hearing responses will be publicly available and carefully 

considered by the NNR2022 Committee. All input considered by NNR2022 Committee as scientifically 

valid and relevant will be forwarded to the authors for consideration. Please note that sustainability 

aspects and other issues such as obesity, physical activity, and burden of diseases will be integrated at a 

later stage, if relevant. The NNR Committee is responsible for setting the recommendation. The 

suggested recommendations will be open for public consultation at a later stage, before the NNR2022 

Committee reach the final conclusion, and are not included in the document now available for public 

consultation. 

Abstract 

Ultra-processed foods, defined as ready-to-eat/heat formulations whose manufacture involves several 

stages and various processing techniques and ingredients, mostly of exclusive industrial use, are 

increasingly consumed worldwide. Ultra-processed foods have been linked to obesity, cardiovascular 

disease, type 2 diabetes, cancer, depression, and premature mortality. This chapter aims to describe the 

totality of the available evidence regarding ultra-processed foods in relation to health-related outcomes 

as a basis for setting Food-Based Dietary Guidelines (FBDGs) for the Nordic Nutrition Recommendations 

2022 (NNR2022). Systematic literature searches were conducted to identify systematic reviews, meta-

analyses, randomized controlled trials (RCT) and prospective cohort studies examining the association 

between ultra-processed food intake and non-communicable diseases or mortality. A total of 12 

systematic reviews (including five meta-analyses) and 42 original research studies were included. 

Carefully conducted prospective cohort studies found that higher consumption of ultra-processed foods 

is associated with increased risk of weight gain, obesity, type 2 diabetes, CVD, and all-cause mortality. 

The strongest evidence is observed in relation to weight gain and obesity, as this association is 

supported by both prospective epidemiological studies and a RCT. Evidence from a limited number of 

studies suggest that diets high in ultra-processed foods are associated with an increased risk of 

hypertension, cancer, and depression. The current evidence is primarily observational and relies on self-

reported dietary data and may therefore be subject to measurement error and confounding. Additional 

experimental studies and high-quality prospective cohort studies in diverse populations and settings are 

warranted, with special emphasis on disentangling to what extent adverse health consequences of ultra-

processed foods are mediated through their nutritional composition versus non-nutrient based 

mechanisms. Nevertheless, the current evidence consistently supports that limiting the consumption of 

ultra-processed foods may be protective of weight gain, obesity, type 2 diabetes, CVD, and premature 

death. Diets high in ultra-processed foods tend to be nutritiously unbalanced, and are hence less likely 

to adhere to the overall NNR2022.  
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Introduction  

Nutrition research, dietary guidelines and national and international policies have historically focused on 

nutrients rather than foods and how these are processed.1 Food-based dietary guidelines (FBDG) 

entered the scene gradually and is today implemented in at least 96 countries worldwide.2 Recently, 

however, there is a rapidly growing scientific interest in highly processed or so-called ultra-processed 

foods (UPF), as accumulating evidence links their consumption to poor diet quality and chronic disease 

outcomes.1, 3 Many of these foods are characterized by high densities of salt, added sugar and fats, and 

when consumed in high amounts, can undermine diet quality. In their guiding principles for sustainable 

and healthy diets, FAO in 2019 for the first time included the processing dimension in their advice, in 

Principle 2 stating that sustainable and healthy diets “… are based on a great variety of unprocessed or 

minimally processed foods, balanced across food groups, while restricting highly processed food and 

drink products“.4   

Food processing is not a recent invention and per se not a public health concern. Humans have used 

heat, fermentation, drying and other processes to avoid spoilage, increase palatability, remove toxins 

and ensure microbiological safety of foods since ancient times.5 However, advances in food science and 

food technology in recent decades to novel processing techniques and food ingredients has allowed for 

the creation of a range of new and highly processed foods and drink products.6, 7 While an official 

definition of ultra-processed foods is lacking, the vast majority of research defines ultra-processed food 

according to the NOVA framework.8 While there is longstanding and ample evidence showing an 

association between specific foods (e.g. sugar-sweetened beverages) and nutrients (e.g., sodium, trans 

fats) and increased risk of non-communicable diseases like diabetes type II and coronary heart disease,9 

studies on ultra-processed foods are fairly recent.  

NOVA classifies foods into four mutually exclusive groups based on the extent and purpose of the 

industrial processing they have undergone: (1) ‘unprocessed or minimally processed foods’ including 

fresh, dry or frozen fruits or vegetables, grains, legumes, meat, fish and milk; (2) ‘processed culinary 

ingredients’ including table sugar, oils, fats, salt, and other constituents extracted from foods or from 

nature, and used in kitchens to make culinary preparations; (3)‘processed foods’ including foods such as 

canned fish and vegetables, simple breads and cheeses which are manufactured by only adding salt, 

sugar, oil or other processed culinary ingredients to unprocessed or minimally processed foods; and (4) 

‘ultra-processed foods’, which are formulations of ingredients, mostly of exclusive industrial use, that 

result from a series of industrial processes. In contrast to processed foods, the production of ultra-

processed foods involves a number of novel processing techniques (e.g. extrusion and molding), 

ingredients (e.g. modified starches, protein isolates) and additives (e.g. emulsifiers, artificial flavors).8 

Examples of ultra-processed foods include soft drinks, salty snack foods, fast foods and candy.8 Many 

foods that are marketed and perceived as healthy, such as reduced-calorie/low-fat products, are in fact 

ultra-processed.8 Foods such as industrially-produced breads, breakfast cereals, and flavored yogurts are 

classified as processed or ultra-processed foods depending on their ingredients (e.g., content of food 

additives).8 More detailed examples of foods included in each NOVA group are available elsewhere.1, 10 

The purpose of the NOVA is to classify foods according to processing level and the classification does not 

consider the nutrient composition of foods.   
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Food processing level has emerged as a novel dimension of diet quality and ultra-processed foods are 

increasingly scrutinized as a potential driver of the current global epidemics of diet-related chronic 

diseases.1, 11 Epidemiological studies have consistently found that diets with a higher proportion of ultra-

processed foods have less favorable nutrient profiles than diets containing less ultra-processed foods.10, 

12-19 Specifically, diets higher in ultra-processed foods are generally higher in total energy, total fat, 

saturated fat, trans fat, added/free sugars and sodium while providing less protein, fiber and several 

essential vitamins and minerals although nutrients may be added.1 Furthermore, greater intakes of 

ultra-processed foods have been linked to increased risk of several chronic diseases including risk of 

obesity, diabetes, hypertension, dyslipidemia, cardiovascular diseases, and all-cause mortality in several 

large cohort studies.1, 3 In response to the current evidence, some countries have recently implemented 

public health policies to decrease the consumption of ultra-processed foods. For example, Brazil,20 

Israel,21 Peru22, Belgium,23 Ecuador24 and Uruguay25 have developed food-based dietary guidelines 

dissuading ultra-processed food consumption; and Chile has implemented strict food-marketing and 

front-of-package labelling legislation for unhealthy packaged foods and drinks.26 Nevertheless, some 

scholars have questioned the usefulness of focusing on processing level beyond conventional 

classification system, arguing that ultra-processed diets are detrimental to health simply because they 

are of poor nutritional quality.27, 28 Indeed, ultra-processed foods tend to corelate with nutrient profile 

indices, such as the Healthy Eating Index,29 the Nutri-Score30 and the Nutrient Rich Food Index.31 

Nevertheless, some ultra-processed foods, for example reformulations and plant-based alternatives, are 

identified as ‘healthy’ based on nutrient profiling.30 As a result, it is currently debated if nutrient 

reformulation is sufficient or not to address the issues surrounding ultra-processed foods.30  

This chapter will focus on describing the totality of the available evidence regarding ultra-processed 

foods in relation to health-related outcomes as a basis for setting Food-Based Dietary Guidelines 

(FBDGs) for the Nordic Nutrition Recommendations 2022 (NNR2022). 

 
Methods  

The current review of the available evidence related to ultra-processed foods and non-communicable 

diseases was conducted in accordance with the protocol developed within the NNR2022. The protocol is 

available in the publication “The Nordic Nutrition Recommendations 2022 – Principles and 

methodologies“ and on the NNR2022 website.32 All sources of evidence considered in this chapter 

adhere to the eligibility criteria determined by the NNR2022 project.32 

The Population, Intervention (or exposure), Comparator, Outcome(s), Timing, Setting, Study design 

(PI/ECOTSS) statement defining the review topic is presented in Table 1. The NNR2022 project 

conducted an initial scoping review, which identified two qualified systematic reviews on the relevant 

topic.1, 11 Qualified systematic reviews are defined by NNR2022 as high-quality, peer-reviewed 

systematic reviews from leading international food and health organizations or national food and health 

authorities. Given that the current topic of ultra-processed foods is a rapidly growing area of research, 

the authors conducted additional systematic literature searches on PubMed (MEDLINE) to identify 

recently published high-quality systematic reviews, meta-analyses, randomized controlled trials (RCTs) 

and prospective cohort studies examining the association between ultra-processed food intake and non-

communicable diseases or mortality. Cross-sectional and ecological studies, narrative reviews, case 

studies, articles in non-English language, and articles not adequately describing research methods or 
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presenting multivariable adjusted risk estimates were excluded. The main literature search was 

performed on April 12th, 2021. An additional literature search was performed on February 27th, 2022. 

After removal of duplicates, the literature searches yielded a total of 276 unique publications. All titles, 

abstracts and full text-articles were screened independently by the two authors. Conflicts were resolved 

by discussion. A total of 216 articles were excluded based on the title and abstract as they did not meet 

the inclusion criteria outlined above. The authors assessed the remaining 60 full-text articles, of which 

19 records did not meet the inclusion criteria and were excluded (see flowchart in Figure 1 for details). 

Twenty-two additional relevant publications were identified by manually searching the bibliographies of 

the included studies and through the peer-review process of the chapter draft. In total, the current 

review included 65 articles (2 qualified systematic reviews,1, 11 11 systematic reviews [including 5 meta-

analyses]3, 33-41 and 42 original research studies.42-84 As instructed by the NNR2022 project, the authors 

quality-checked all major publications which were directly relevant for setting FDBGs using RoB 2.0 for 

RCTs and Rob-NObS for observational studies.85, 86 

Table 1. PI/ECOTSS statement defining the review topic of the current chapter. 

 
 

 

 

 

Population Intervention 
or Exposure 

Comparators Outcomes Timing Setting Study 
design 

All groups: 

Pregnant 
women 

Children 

Adolescents 

Adults 

Degree of 
ultra-
processed 
foods in the 
diet 

No/low 
intake vs 
high intake 
of UPFs 

Non 
communicable 
diseases 

Mortality 

Published 
in 2011-
2022 

General 
population 

Prospective 
cohort 
studies, 
RCTs, Meta-
analyses, 
Systematic 
reviews 
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Figure 1. PRISMA flowchart of the systematic search and screening process.  

Dietary intake in Nordic and Baltic countries  

Only a few studies in the peer-review literature provide consumption estimates of ultra-processed foods 

in the Nordic and Baltic countries. Using food consumption data collected by food records or 24-h 

dietary recalls between 2005-2014, Mertens et al. estimated that ultra-processed foods accounted for 

25.3 and 24.7 %kcal among Danish men and women, 17.4 and 18.4 %kcal among Estonian men and 

women, 32.0 and 37.3 %kcal among Latvian men and women and 40.6 and 43.8 %kcal among Swedish 

men and women.87 Data from household budget surveys in 19 European countries collected between 

years 1998-2008 indicate that ultra-processed foods accounted for 26% of the diet by weight, on 

average.88 Among the Nordic and Baltic countries included in the study, the average proportion of ultra-

processed foods in the diet (total household food availability in kcal/person per day) was 26% in 

Lithuania, 33% in Latvia, 37% in Norway and 41% in Finland.88 In an analysis of food frequency 

questionnaire data, Borge et al. found that ultra-processed foods provided on average 32% of the total 

energy consumption in a sample of almost 78 000 pregnant women in the Norwegian Mother, Father 

and Child Cohort Study.62 An analysis of sales data from food retailers reported that ultra-processed 

foods represented 59% of the number of purchased items and 49% of the expenditure in Norway in 

2013.89 In Sweden, the annual per capita consumption of ultra-processed foods increased from 125 kg in 

1960 (20% of total diet by weight) to 302 kg in 2010 (38% of total diet by weight).90 
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Details regarding the consumption of specific ultra-processed foods and foods that may be ultra-

processed depending on their ingredients can be found in other chapters; sugar-sweetened beverages 

(chapter xx), artificially sweetened beverages (chapter xx), processed meat (chapter xx), processed fish 

(chapter xx), margarine (chapter xx), breakfast cereals (chapter xx), bread (chapter xx), savory snacks 

(chapter xx), sweets (chapter xx), yoghurts (chapter xx), ready-to-eat meals (chapter xx), fast food 

(chapter xx). 

 

Health outcomes relevant for Nordic and Baltic countries 

Adults 

All-cause mortality. A total of six high-quality prospective cohort studies conducted in the United 
States,47, 48 Spain,56, 57 France58 and Italy50, with sample sizes ranging from 3,003 to 22 810 adults, 
evaluated all-cause mortality in relation to ultra-processed food intake (supplementary table 1). A direct 
association was observed in five studies,48, 50, 56, 57 while two studies47, 58 reported a null association with 
all-cause mortality .  

Three separate meta-analyses (supplementary table 2) found that high vs low intake of ultra-processed 
foods was associated with an increased risk of all-cause mortality (RR: 1.25, 95%CI:1.14, 1.37;3 HR: 1.28, 
95%CI: 1.11, 1.48;38 and HR: 1.21, 95%CI:1.13, 1.30,40 respectively). Furthermore, a recent systematic 
review of four studies found that no additional adjustment for nutrient intakes of dietary quality/pattern 
(15/15 models) altered the significance between ultra-processed food intake and all-cause mortality.91 

Obesity. One American RCT42 and seven high-quality prospective cohort studies conducted in Spain,43, 44 

France,45 the UK,65 Brazil,46 China64 and the multinational European Prospective Investigation into Cancer 

and Nutrition (EPIC) study 92 examined the association between ultra-processed food intake and weight 

gain or excess adiposity (supplementary table 3). In an in-patient randomized cross-over trial by the US 

National Institute of Health, participants (N=20) gained on average 0.9 ± 0.3 kg, primarily in fat mass, 

when receiving an ad libitum ultra-processed diet (83% energy from ultra-processed foods) for 14 

consecutive days.42 In contrast, participants lost 0.9 ± 0.3 kg when receiving an ad libitum minimally 

processed diet for 14 days. The two diets were matched for presented calories, macronutrients, sugar, 

and fiber, however the diets differed in the proportion of added vs. naturally occurring (intrinsic) sugar 

and fiber. The findings support that a diet high in ultra-processed food increases energy intake and 

promotes weight gain in the short-term.  

Prospective analyses in the EPIC cohort (n=348,748), the NutriNet-Santé cohort (N=110,260), the 

Seguimiento de Navarra study (SUN; N=8,451), the Brazilian Longitudinal Study of Adult Health (ELSA-

Brasil; N=4,527) and the PREDIMED-Plus cohort (N=1,485) demonstrated a direct association between 

ultra-processed food intake and higher risk of incident overweight/obesity,44, 46, 92 incident obesity,45, 46, 92 

weight gain,92 and greater age-related visceral and overall adiposity accumulation.43  

Meta-analytic pooling of the results from the SUN and ELSA-Brasil studies demonstrated a 23% greater 

risk of overweight/obesity in the highest vs. lowest consumption quartile (RR: 1.23, 95%CI: 1.11, 1.36) 

(supplementary table 2).3 A systematic review of nine studies reported that 23 out of 26 models 

showed a significant association between ultra-processed food intake and measures of adiposity or 

overweight/obesity among adults and children. Additional adjustment for dietary characteristics 

(nutrients, diet quality or dietary patterns) did not alter these associations in 40 out or 43 models.91 
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Cardiovascular disease. Six high-quality prospective cohort studies conducted in the United States,47, 48, 

66, 67 France49 and Italy50 with sample sizes ranging from 3,003 to 105,159 adults, assessed the 
association between ultra-processed foods and cardiovascular disease (CVD) incidence (N=3) and/or 
mortality (N=4)( supplementary table 4). A direct dose-response association was observed in all studies 
assessing CVD incidence 47, 49, 66 and three out of the four studies evaluating CVD mortality .47, 50, 67 

Meta-analytic pooling indicated that the highest intake level of ultra-processed food was significantly 
associated with a 29% increased risk of CVD incidence and 34% increased risk of cerebrovascular disease 
incidence (supplementary table 2).3 Two meta-analyses reported an increased risk for CVD mortality 
(RR: 1.29, 95%CI: 1.12, 1.483 and HR: 1.50, 95%CI: 1.37-1.6340, respectively), cerebrovascular disease 
mortality (RR: 1.34, 95%CI: 1.07, 1.68) 3, and heart-cause mortality (HR: 1.66, 95%CI: 1.50-1.85).40 A 
systematic review of five studies found that additional adjustment for dietary factors did not alter the 
observed association between ultra-processed food consumption and CVD intake in 29 out of 31 
models.91  

Type 2 diabetes. The association between ultra-processed food intake in relation to incident type 2 
diabetes was investigated in four prospective cohort studies, including the NutriNet-Santé cohort 
(N=104,707; mean follow-up 6.0 years)51, the UK Biobank cohort (n=21,730; median follow-up 5.4 
years)71, the Lifelines cohort study (n=70,421; median follow-up 3.4 years)70 and the SUN study 
(n=10,060; median follow-up 12 years)72. Higher intake of ultra-processed foods was associated a 
greater risk of developing type 2 diabetes in all studies (supplementary table 4).  

A meta-analysis of the four prospective cohort studies (as well as one cross-sectional study) observed a 
linear dose-response association between ultra-processed food intake and diabetes risk, such that each 
10% increase in ultra-processed food intake (kcal/day) was associated with a 15% higher risk of type 2 
diabetes (RR: 1.15, 95%CI 1.36-2.22; I2 = 86.0%; p < 0.001) (supplementary table 2).39 A review of two 
studies conducting additional adjustments for dietary factors reported that ultra-processed food intake 
remained significantly associated with diabetes incidence in seven out of seven models.91 

Other cardiometabolic conditions. Ultra-processed food intake was associated with greater risk of 
incident hypertension in the SUN cohort (N=14,790; median follow-up 9.1 years; HR:1.21, 95% CI: 1.06, 
1.37 for tertile 3 vs.1; P for trend = 0.004), but not in the Mexican Teachers’ Cohort (n=64,934; median 
follow-up 2.2 years; IR: 0.98, 95%CI: 0.84, 1.14 for >45 vs. ≤20%kcal from UPF, p-trend: 0.57).69 An 
association was initially observed in the ELSA-Brasil study (N=8,754; mean follow-up 4 years), however 
the association did not remain significant after adjustment for BMI.52 In the Seniors-Study on Nutrition 
and Cardiovascular Risk in Spain (ENRICA) cohort (n=1,082; 5-7 years of follow-up), ultra-processed food 
intake was associated with incident hypertriglyceridemia and low HDL, but not with high LDL 
cholesterol.73 Study details are shown in supplementary table 4. 

Cancer. The association between ultra-processed food intake and incident cancer has to the authors’ 
knowledge only been evaluated prospectively in one study. In the NutriNet-Santé cohort (N=104,980; 
mean follow-up 5.0 years), ultra-processed food intake was associated with higher risk of overall cancer 
(HR for a 10% absolute increment in ultra-processed food proportion: 1.12, 95%CI: 1.06, 1.18) and 
breast cancer (HR: 1.11, 95%CI: 1.02, 1.22), but not of prostate cancer or colorectal cancer 
(supplementary table 5).53 Additional adjustment for dietary intake of fat, sodium and carbohydrates 
did not alter the significance of the observed associations. Ultra-processed food consumption was not 
associated with cancer mortality in the SUN study56 or in the Moli-San study.50  
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Depression. A greater intake of ultra-processed foods was associated with higher risk of incident 
depression in two high-quality prospective cohort studies conducted in Spain (N=14,907)54 and France 
(N=26,730),55 with a mean follow-up of 10.3 and 5.4 years, respectively (supplementary table 5).  

Meta-analytic pooling of the two studies indicated a significant association between intake of UPF and 
depression (RR: 1.20, 95 % CI 1.03, 1.40 for quartile 4 vs. 1,3 and HR: 1.22; 95% CI, 1.16, 1.28; 
supplementary table 2).38 

Other health outcomes. Ultra-processed food intake was associated with higher risk of incident frailty 

(4th vs. 1st quartile, OR: 3.67, 95%CI: 2.00, 6.73) in the Spanish Seniors-ENRICA Cohort Study (N=1,822 

adults aged >59 years, mean follow-up: 3.5 years).59 Another analysis in the same cohort found that 

ultra-processed food consumption was associated with renal function decline (N=1,312; OR: 1.74, 

95%CI: 1.14-2.66 for the highest vs lowest consumption tertile).76 Ultra-processed food intake was also 

associated with hyperuricemia in the Tianjin Chronic Low-grade Systemic Inflammation and Health 

cohort study in China (N=18,444; mean follow-up 4.2 years). Compared to lowest quartile, the highest 

quartile had a HR of 1.16 (95%CI: 1.05, 1.28).75 Ultra-processed food consumption was associated with 

incident inflammatory bowel disease in the PURE cohort study (N=116,087; median follow-up 9.7 years; 

HR:1.82, 95%CI: 1.22, 2.72 for ≥5 servings/day compared to <1 serving/day),74 but not in the NutriNet-

Santé cohort (N=105,832; mean follow-up 2.3 years).60 Study details are shown in supplementary table 

5. 

Pregnancy 

Evidence regarding the impact of ultra-processed food in pregnancy is limited and currently only 

addressed by four prospective cohort studies. Greater maternal intake of ultra-processed foods during 

pregnancy was associated with greater gestational weight gain and adiposity of the neonate among a 

small sample of American women (N=45).61 Likewise, ultra-processed food intake in the third, but not 

the second, trimester was associated with greater gestational weight gain in a sample of 259 Brazilian 

women.77 Pre-pregnancy ultra-processed food intake was not associated with gestational diabetes in the 

Spanish SUN study (n=3,730).78 However, a significant direct association was observed among women 

>30 years in age-stratified analyses. In the Norwegian Mother, Father and Child Cohort Study, greater 

maternal intake of ultra-processed during pregnancy was associated with increased ADHD symptoms in 

the offspring (N=37,787), but not with the child’s relative risk of ADHD diagnosis at age 8 (N=77,768).62 

Study details are shown in supplementary table 6. 

Children and adolescents 

A total of seven prospective cohort studies on ultra-processed food consumption and chronic disease 

outcomes in children were identified (supplementary table 7).63, 79-84 Three of the studies were based on 

the same small Brazilian cohort of 3-4 year-old children of low socioeconomic status (N=345).81, 82, 84 In 

this cohort, greater intake of ultra-processed food at age 3 years was associated with higher levels of 

total cholesterol and triglycerides at age 6 years, higher increase in total cholesterol and LDL cholesterol 

from age 3-4 to 7-8 years, and greater waist circumference at age 8 years.81, 82, 84 No association was 

observed between ultra-processed food intake at 3 years of age and BMI, waist to height ratio, sum of 

skinfolds, glucose, insulin or HOMA-IR, HDL-cholesterol, non-HDL cholesterol, triglycerides at ages 6-8 

years.81, 82, 84  
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Two studies analyzed data from the Brazilian 2004 Pelotas Birth Cohort Study.63, 80 In an analysis of 3,454 

children, each 100g/day increment of ultra-processed foods at age 6 years was associated with a 0.14 

kg/m2 increase in fat-mass index at age 11 years.80 There was no association between ultra-processed 

food intake at 6 years and wheeze, asthma or severe asthma at age 11 among a smaller subset of the 

same cohort (N=2,190).63  

In the UK Avon Longitudinal Study of Parents and Children (ALSPAC) cohort (n=9,025; median follow up 

10.2 years), greater ultra-processed food intake at age 7-13 years was associated with a higher weight, 

BMI, fat-mass index, and waist circumference in young adulthood. No association was observed for lean 

mass index.79 Ultra-processed food intake at age 4 years (β = 0.028; 95 % CI 0.006, 0.051), but not at age 

7 years, was significantly associated with BMI z-score at age 10 years in the Portuguese Generation XXI 

cohort (n=1,175).  

Mechanisms  

Processing may alter a food’s health potential by removing beneficial nutrients and naturally-occurring 

bioactive components, introducing added sugar, sodium, food additives and substances formed during 

processing (e.g. acrylamide), and modifying the physical structure of the food matrix.93, 94 The biological 

pathways through which ultra-processed foods may influence chronic disease outcomes, such as 

obesity, cancer, hypertension, type 2 diabetes, cardiovascular disease and depression, are not yet fully 

understood, but the current evidence suggest several hypothesized mechanisms.  

Firstly, ultra-processed foods may contribute to chronic diseases through their poor nutritional profile 

and by displacing nutritious and health-promoting minimally processed foods such as fruits, vegetables, 

whole grains, meat and fish from the diet.1, 95 Furthermore, ultra-processed foods are generally more 

hypercaloric and less satiating than minimally processed foods and may therefore facilitate excessive 

energy intakes.96 It is also hypothesized that the convenience, omnipresence, affordability, large portion 

sizes, and persuasive marketing of ultra-processed foods promote poor dietary habits, snacking and 

over-eating, which in turn may lead to increased energy intake and weight gain.95 Notably, the 

randomized controlled trial by Hall and colleagues demonstrated that an ultra-processed diet (83.5 

percent of total energy from ultra-processed foods) increased ad libitum energy intake by 500kcal/day 

compared to a minimally processed diet with a similar nutrient profile.42 Accordingly, two recent meta-

analyses of observational studies found a direct association between consumption of ultra-processed 

foods and overweight.3, 33  

Second, processing can alter the physical structure of the food matrix, with potential implications for 

nutrient bio-accessibility, absorption kinetics and the gut microbiome.94, 97, 98 The large share of acellular 

nutrients in ultra-processed foods and consequent high nutrient availability in the small intestine may 

promote an inflammatory gut microbiota.97, 98 Ultra-processed foods are generally low in dietary fiber, 

which provide substrate for microbial fermentation. Western-style diets that are low in fiber while high 

in sugar and fat are associated with a distinct and less diverse microbiotic profile compared to diets rich 

in minimally-processed plant foods.99 Low-fiber diets may also shift the gut microbial metabolism toward 

the utilization of proteins and host mucins, resulting in degradation of the intestinal mucus layer and 

increased susceptibility to chronic inflammatory diseases.99, 100 

Third, additives and other ingredients of exclusive industrial use in ultra-processed foods may influence 

biological systems and health outcomes. For example, animal studies indicate that artificial 
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sweeteners101 and emulsifiers102 may disrupt gut microbiota integrity and promote a pro-inflammatory 

status and metabolic dysregulation. The frequent use of phosphate salts in industrial food processing 

may lead to excessive phosphorous intakes, which can disrupt the hormonal regulation of extra-cellular 

phosphate and promote arterial calcification, cause oxidative stress of the endothelial cells and impair 

endothelial function.103 Although food additives must be evaluated for safety, they are not tested for 

effects on gut microbiota, immune responses and metabolism prior to approval.104 

Fourth, extensive heat treatment and extruding during processing may lead to the formation of 

contaminants. For example, advanced glycation end products have been linked to increased oxidative 

stress and inflammation;105 acrolein106 and acrylamide107 have been linked to insulin resistance and 

polycyclic aromatic hydrocarbons have been associated with diabetes.108 Furthermore, industrial partial 

oil hydrogenation may lead to the creation of trans-fatty acids, which are linked to cardiovascular 

disease and diabetes.9, 109 

Finally, limited epidemiologic data support that ultra-processed intake is associated with increased 

exposure to endocrine-disrupting chemicals and phthalates used in industrial plastic packaging.110 For 

example, bisphenol A (BPA) has been shown to promote insulin resistance, oxidative stress, 

inflammation, adipogenesis and pancreatic beta-cell dysfunction by binding to estrogen-related 

receptors.111 While bisphenol A is banned for use in food packaging in many countries, it is often 

replaced by similar components such as bisphenol S, which also has endocrine-disrupting properties.110 

In summary, ultra-processed foods may contribute to metabolic disturbances and inflammatory 

processes, which are present in obesity, cardiometabolic diseases, cancer, and depression. 

Food-Based Dietary Guidelines  

Summary of main results  

Carefully conducted prospective cohort studies consistently found that higher consumption of ultra-

processed foods is associated with increased risk of weight gain, obesity, CVD, type 2 diabetes, and all-

cause mortality. The strongest evidence is observed in relation to weight gain, as this association is 

supported by both epidemiological studies and a RCT.  

All the included cohort studies concerning weight gain, obesity, CVD, type 2 diabetes, and all-cause 

mortality had large sample sizes, adequate follow-up time, and high participation rates, which 

strengthens the current evidence base. Using the Risk of Bias for Nutrition Observational Studies (RoB-

NObs) Tool,86 the risk of bias in these studies was determined as “low” to “moderate” for all domains 

(bias related to confounding, participant selection, classification of exposures, departures from intended 

exposures, missing data, outcome measurements, and selection of reported results). Low risk of bias 

indicates that studies are comparable to a RCT. Moderate risk means that the study is a sound 

observational studies, yet not comparable to a well-performed randomized trial in relation to the 

relevant domain. Risk of bias in the RCT by Hall et al. was deemed as “low”, using the Revised Cochrane 

risk of bias tool for randomized trials (RoB 2) for crossover trials,85 indicating good methodological 

quality.  

The current literature is suggestive of an association between ultra-processed foods and hypertension, 

cancer, and depression, however the limited number of studies and subjects investigated preclude 

strong conclusions.  
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The systematic reviews and meta-analyses identified in our systematic search, of which several included 

multiple additional cross-sectional studies, consistently supported the findings of the present review.  

Overall, a key finding of this review is that the observed associations largely remained significant despite 

adjustment for nutrient intakes and indicators of diet quality or patterns, suggesting that the nutritional 

composition of ultra-processed foods alone does not explain the excess disease risk associated with 

their consumption. A recent systematic review evaluated the relative impact of dietary adjustment on 

the association between ultra-processed food and health outcomes in 37 prospective cohort studies.91  

In 64 out of 66 models demonstrating a significant association between ultra-processed food intake and 

health outcomes remained significant after adjustment for diet quality or diet pattern.91 Out of 142 

dietary adjustments, 136 did not explain the association between ultra-processed food intake and the 

relevant outcome.91 

It should be noted that a shared limitation across all existing observational studies is the lack of dietary 

assessment methods and nutrient databases specifically designed to assess ultra-processed food intake, 

which may have led to misclassification of individual foods and measurement error. Under- and 

overestimation of ultra-processed food intake due to misclassification of food items may have 

attenuated or strengthened the observed associations. However, misclassification error would likely be 

random, which would bias the associations toward the null. Future studies should use dietary 

assessment tools that have been validated for collecting data regarding ultra-processed food intake. 

Furthermore, nutrient databases should be enhanced with brand-specific data to better distinguish 

between similar foods of differing processing levels. 

Data gaps for future research 

Additional well-conducted cohort studies in diverse populations and settings are needed, particularly in 

relation to hypertension, cancer, and depression in adults. Investigations in children and pregnant 

women are lacking for all health outcomes and should be prioritized. Given that there are national 

differences in food supplies, health status and culinary traditions, more studies in Nordic and Baltic 

populations are warranted. Nevertheless, the reviewed studies were conducted in multiple different 

countries and populations, including various European countries, which increases the generalizability of 

the results. Where ethically feasible, experimental studies should be conducted to examine potential 

causal association between ultra-processed food intake and health outcomes, using biomarkers or 

intermediary outcomes (e.g., blood pressure, blood lipids).  

Further research is also warranted to clarify the biological mechanisms through which ultra-processed 

foods may influence health outcomes and the proportional harm associated with the nutritional 

composition, food additives, physical structure, and other properties of ultra-processed foods. One 

crucial question is whether diets based on UPF promote passive overconsumption in the long-term 

beyond effects explained by traditional dietary risk factors.27 While the RCT by Hall et al. suggest this is 

the case in the short-term,42 long-term studies are needed to clarify this controversy. Understanding 

how ultra-processing changes whole foods and through which pathways these foods affect health is a 

prerequisite for eliminating harmful processing techniques and ingredients and identify ‘optimal’ vs. 

detrimental types of processing. The effects of ultra-processed foods on the gut microbiota and 

microbiota-host interactions constitute an area of special scientific interest, given the accumulating 

evidence regarding the role of the gut microbiome in cardiometabolic health and diet-disease 

relationships. Finally, research is needed to examine the potential benefits of dietary advice focusing on 
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processing level in addition to nutrient-based recommendations in promoting and maintaining 

improvements in food choices and diet quality.  

Integration  

Although fairly young, the concept of ultra-processed foods has already gained wide acceptance among 

health researchers. Some scholars, however, have criticized the NOVA framework as ambiguous and 

questioned its usefulness for informing dietary guidelines beyond conventional nutrient-based 

classification systems.27 Filling the knowledge gaps outlined in the above section will be crucial to 

resolve this issue with certainty. Nonetheless, the available evidence suggest that the adverse health 

outcomes associated with ultra-processed food intake are independent of nutrient content and overall 

dietary patterns quality and patterns.91 Ultra-processed foods have also been shown to facilitate 

excessive energy intakes and promote weight gain in the short-term.42 While the exact underlying 

mechanisms linking ultra-processed foods to chronic diseases are not yet fully elucidated, several factors 

beyond nutritional composition, such as food additives and physical structure may play a role.95, 98 

Therefore, limiting the intake of ultra-processed foods may offer additional advantages to solely limiting 

consumption of foods that are high in salt, sugar and fat, or changing the nutritional composition of 

ultra-processed foods through reformulation.  

Furthermore, diets high in ultra-processed foods tend to be high in foods and nutrients that should be 

limited according to the current FBDGs, including processed meats, sweets, sugar-sweetened beverages, 

refined grains and added sugars, while low in recommended dietary components such as fruit, 

vegetables, whole grains, and fiber.1 Evidence also suggest that ultra-processed foods are, on average, 

more energy-dense (2.2 vs. 1.10 in kcal/g), and nutrient-poor  (Nutrient Rich Food index per 100 kcal: 

21.2 vs. 108.5) than minimally processed foods.31 As a result, recommendations to limit ultra-processed 

foods, and choose foods of lower processing level, when possible, may enhance and support several of 

the existing FBDGs and help individuals select more healthful foods that align with the overall NNR2022 

guidelines within each food category. For example, such advice would support choosing plain, 

unsweetened yoghurt instead of flavored, sweet yoghurt; choosing oatmeal or muesli based on grains, 

nuts, and dried fruits over sweetened, refined breakfast cereals; and choosing chicken breast/thighs 

over chicken nuggets.  
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Reference Study design Population Dietary assessment Exposure Outcomes Main results Covariates 

Juul et al. 

2021 

Prospective cohort 

study 

Mean follow-up 

20.0 years  

The Framingham 

Offspring 

Cohort, United 

States 

Adults >25 years 

N=3003 

FFQ 

UPF defined by 

NOVA 

UPF (energy 

adjusted 

servings/day) 

All-cause 

mortality 

No association  

(HR: 1.01, CI: 0.99, 

1.04) 

Age, sex, education, 

smoking status, alcohol 

intake, physical activity. 

Blanco-Rojo 

et al. 2019 

Prospective cohort 

study 

Mean follow-up 7.7 

years 

The ENRICA 

Cohort, Spain 

Representative 

sample of non-

institutionalized 

adult population 

N=11,898 (mean 

age 46.9 years, 

50.5% women) 

FFQ, dietary history 

UPF defined by 

NOVA 

UPF (% of 

energy, divided 

in quartiles) 

All-cause 

mortality 

Greater UPF intake 

associated with 

greater all-cause 

mortality risk (4th vs 

1st quartile, HR: 

1.44, CI: 1.01, 2.07; 

P trend = 0.03)  

Age and sex, education, 

living alone, smoking, 

former drinker, physical 

activity, time watching 

television, time devoted to 

other sedentary activities,  

number of medications per 

day and presence of chronic 

conditions. 

Kim et al. 

2019 

Prospective cohort 

study: 

Median follow-up 

of 19 years 

The Third 

National Health 

and Nutrition 

Examination 

Survey 

(NHANES III), 

United States 

Representative 

sample of non-

institutionalized 

adult population 

N=11,898 

FFQ 

UPF defined by 

NOVA 

UPF 

(frequency of 

intake, divided 

in quartiles) 

All-cause 

mortality 

Greater UPF intake 

associated with 

greater all-cause 

mortality risk (4th vs 

1st quartile, HR: 

1.30; 95%CI: 1.08, 

1.57; P-trend = 

0.001). 

Age, sex, race/ethnicity, 

total energy intake, poverty 

level, education, smoking, 

physical activity, alcohol 

intake, hypertension, total 

cholesterol, estimated 

glomerular filtration rate. 

Rico-Campà 

et al. 2019 

Prospective Cohort 

Study 

Mean follow-up of 

9.1 years 

The Seguimiento 

Universidad de 

Navarra study, 

Spain 

University 

graduates free of 

hypertension at 

baseline 

N=19,899 

FFQ 

UPF defined by 

NOVA 

UPF (energy 

adjusted 

servings/day, 

divided in 

quartiles) 

All-cause 

mortality 

Each additional 

serving of UPF was 

associated with an 

18% increased risk 

of all-cause 

mortality (HR: 1.18, 

95%CI: 1.05 to 

1.33). 

Intake >4 

servings/day 

associated with 62% 

Age, sex, marital status, 

baseline BMI, total energy 

intake, smoking, family 

history of cardiovascular 

disease, alcohol intake, 

educational, snacking, 

following a special diet at 

baseline, physical activity, 

lifelong cumulative smoking 

and baseline presence of 

cardiovascular disease, 

cancer, diabetes, 

Supplementary table 1: Mortality



relatively increased 

hazard for all-cause 

mortality (HR: 1.62, 

95%CI:1.13, 2.33; 

p-trend=0.005) 

 

hypertension, 

hypercholesterolemia and 

depression. 

Bonaccio et 

al. 2021 

Prospective Cohort 

Study 

 

Median follow-up: 

8.2 years 

Moli-sani Study, 

Italy 

 

N=22,475 

FFQ 

 

UPF defined by 

NOVA 

UPF (%g/day, 

divided into 

quartiles) 

All-cause 

mortality 

 

Cancer 

mortality 

Greater UPF intake 

associated with 

increased risk of 

all-cause mortality 

(4th vs 1st quartile, 

HR: 1.26; 95%CI: 

1.09, 1.46). 

 

Biomarkers of renal 

function accounted 

for 20% of the 

association. 

 

UPF not associated 

with cancer 

mortality 

 

Sex, age, energy intake, 

educational level, housing 

tenure, smoking, leisure-

time physical activity, BMI, 

history of cancer, CVD, 

diabetes, hypertension, 

hyperlipidemia, residence, 

and Mediterranean Diet 

Score 

Schnabel et al 

2019 

Prospective Cohort 

Study 

 

Median follow-up: 

7.1 years 

NutriNet-Santé 

Study, France 

 

N=44,551 

 

Repeated 24h-recall 

 

UPF defined by 

NOVA 

UPF (% grams 

per day) 

All-cause 

mortality 

 

Greater UPF intake 

associated with a 

higher risk of all-

cause mortality (HR 

per 10% increment: 

1.14; 95%CI: 1.04-

1.27; P = 0.008) 

Sex, age, household income, 

educational level, marital 

status, residence, BMI, 

physical activity level, 

smoking status, energy 

intake, alcohol intake, 

season of food records, first-

degree family history of 

cancer or cardiovascular 

diseases, and number of 

food records and adherence 

to the French nutritional 

recommendations 

BMI, Body Mass Index; HR, Hazard ratio; RR, Relative risk; UPF, Ultra-processed foods; WC, Waist circumference, 95%CI, 95% confidence interval 

 



Reference Studies & study design Population Exposure Outcomes Main results 

ADULTS / ALL AGES 

Monteiro et al. 

2019 

N=22, of which: 

• 11 prospective cohort

studies

• 8 cross-sectional studies

• 2 ecological study

• 1 RCT

All ages UPF Intake • Non-communicable

diseases

Systematic review 

Most studies showed significant 

dose-response associations between 

the dietary share of UPF and the 

occurrence or incidence of several 

non-communicable diseases, 

including obesity and obesity-

related outcomes, cardiovascular 

and metabolic diseases, breast and 

all cancers, depression, 

gastrointestinal disorders, frailty in 

the elderly, and premature 

mortality. 

dos Santos et al. 

2019  

N=11, of which: 

• 2 prospective cohort

studies

• 9 cross-sectional studies

Adults and 

elderly 

UPF intake • Cardiometabolic factors Systematic review 

UPF was positively associated with 

overweight and obesity, high blood 

pressure and metabolic syndrome. 

Dicken & 

Batterham 2021 

N=37 prospective cohort 

studies 

Adults and 

children 

UPF intake • Excess adiposity,

overweight/obesity

• Cardiovascular disease

• Cancer and

• Type 2 diabetes

Systematic review 

UPF associated with increased risk 

of the relevant health outcomes in 

66 out of 91 models. Of the 66 

significant associations, 64 

remained significant when 

adjusting for nutrient intakes, diet 

quality or dietary patterns. In total, 

136 out of 142 dietary adjustments 

did not explain the significance of 

the association between UPF intake 

and an outcome. 

Supplementary table 2: Systematic reviews and meta-analyses



Askari et al. 2020 N=14, of which: 

• 1 prospective cohort

studies

• 13 cross-sectional

studies

All UPF intake • Overweight

• Obesity

Meta-analysis 

• Overweight (OR: 1.02; 95%CI

1.01-1.03)

• Obesity (OR: 1.26; 95%CI 1.13-

1.41)

Systematic review 

Positive association between UPF 

and excess body weight 

Meneguelli et al. 

2020 

N=21, of which: 

• 6 prospective cohort

studies

• 13 cross-sectional

studies

• 2 ecological studies

All ages 

Brazil (n=10), 

Spain (n=2), 

USA (n=2), 

Guatemala 

(n=1), UK (n=1), 

Norway (n=1), 

Lebanon (n=1), 

Canada (n=1), 

Sweden (n=1) 

UPF intake • Body weight

• Metabolic syndrome

• Hypertension

• Lipid profile

Systematic review 

Studies shown a positive 

association of UPF with excess 

body weight, hypertension, 

dyslipidemia and metabolic 

syndrome. 

Chen et al. 2020 N=20, of which: 

• 12 prospective cohort

studies

• 8 cross-sectional studies

All ages UPF intake • Mortality (n=4),

including cardiovascular

mortality (n=1)

• Cardiovascular disease

and risk factors

including weight

(n=11), weight (n=6)

• Depression (n=2)

• Asthma (n=1)

• Cancer (n=1)

• Gastrointestinal

disorders (n=1)

• Frailty (n=1)

Systematic review 

UPF consumption was associated 

withal-cause mortality, overall 

cardiovascular diseases, coronary 

heart disease, cerebrovascular 

diseases, hypertension. Metabolic 

syndrome, overweight and obesity, 

depression, irritable bowel 

syndrome, overall cancer, 

postmenopausal breast cancer, 

gestational obesity, adolescent 

asthma and wheezing, and frailty. 

No significant association with 

cardiovascular disease mortality, 

prostate and colorectal cancers, 

gestational diabetes mellitus and 

gestational overweight. 



Lane et al. 2020 N=43, of which: 

• 19 prospective cohort 

studies  

• 21 cross-sectional 

studies 

• 2 case-control studies 

• 1 prospective + cross-

sectional analysis 

 

 

 

All ages 

 

Brazil (n=17), 

France (n=8), 

Spain (n=7), 

Canada 

(n=3), United 

States of 

America (n=3), 

United Kingdom 

(n=2), 

Norway (n=1), 

Lebanon (n=1) 

and Malaysia 

(n=1 

UPF intake 

 

 

• Overweight and 

obesity among adults 

(n=14) 

• Other measures of 

overweight and 

obesity, including 

categorical variables of 

weight gain and waist 

circumference or 

abdominal obesity (n=4) 

• overweight and obesity 

among adolescents 

(n=4) 

• overweight and obesity 

in children (n=2) 

• All-cause mortality in 

adults (n=4) 

• Metabolic syndrome 

(n=4) 

• Type 2 diabetes (n=1) 

• Depression (n=2) 

• Respiratory illness 

(n=2) 

 

 

 

Meta-analysis 

Adults: UPF associated with 

increased risk of  

• overweight (OR: 1.36; 95% CI, 

1.23-1.51; P < 0.001) 

• obesity (OR: 1.51; 95% CI, 1.34-

1.70; P < 0.001) 

• abdominal obesity (OR: 1.49; 

95% CI, 1.34-1.66; P < 0.0001) 

• all-cause mortality (HR: 1.28; 

95% CI, 1.11-1.48; P = 0.001) 

• metabolic syndrome (OR: 1.81; 

95% CI, 1.12-2.93; P = 0.015) 

• depression (HR: 1.22; 95% CI, 

1.16-1.28, P < 0.001)  

 

Adolescents: UPF associated with 

wheezing (OR: 1.40; 95% CI, 1.27-

1.55; P < 0.001) but not asthma 

(OR: 1.20; 95% CI, 0.99-1.46; P = 

0.065). 

 

Systematic review 

• UPF associated with: 

cardiometabolic diseases, frailty, 

irritable bowel syndrome, 

functional dyspepsia and cancer 

(breast and overall) in adults 

• Metabolic syndrome in 

adolescents 

• Dyslipidemia in children 

Pagliai et al. 2021 N=23 

• 13 cohort studies 

• 10 cross-sectional 

studies 

 UPF intake Cross-sectional studies: 

• Overweight/obesity 

(n=5) 

• Waist circumference 

(n=4) 

• Metabolic syndrome 

(n=2) 

• Low HDL (n=3) 

Meta-analysis 

Cross-sectional studies: Highest 

UPF was associated with risk of 

overweight/obesity (+39%), high 

waist circumference (+39%), low 

HDL-cholesterol levels (+102%), 

and metabolic syndrome (+79%).  

 



• Hypertension (n=3) 

• Hyperglycemia (n=3) 

• Hypertriglyceridemia 

(n=3) 

• IBS (n=1) 

• CRP (n=1) 

 

Prospective cohort 

studies: 

• All-cause mortality 

(n=5) 

• CVD (n=3) 

• Cerebrovascular disease 

(n=2) 

• Depression (n=2) 

• Incident frailty (n=1) 

No association: Hypertension, 

hyperglycemia. 

 

Prospective cohort studies: 

High UPF associated with 

increased risk for; all-cause 

mortality (RR: 1.25, 95% CI 1.14-

1.37). CVD (RR: 1.29, 95%CI 

1.12-1.48), cerebrovascular disease 

(1.34, 95%CI 1.07-1.68), and 

depression (RR: 1.20, 95%CI 1.03-

1.40).  

Moradi et al. 2021 N=5 

• 4 prospective cohort 

studies 

• cross-sectional study 

Adults (≥18 

years) 

UPF intake • T2DM (n=5) Meta analysis 

• Higher UPF increased risk for 

T2DM (RR: 1.15, 95%CI 1.36-

2.22) 

Jardim et al. 2021 N=38, of which: 

• 16 prospective cohort 

studies 

• 19 cross-sectional 

studies 

• 3 case-control studies 

Adults UPF intake • obesity (n=17) 

• hypertension (n=9) 

• dyslipidemia (n=4) 

• diabetes (n=5) 

• cardiovascular disease 

(n=2) 

• cancer (n=4) 

• chronic kidney disease 

(n=1) 

• gastrointestinal tract 

disease (n=2) 

• depression (n=1) 

Systematic review 

• Higher UPF consumption was 

positively associated with obesity 

and associated with the 

development of all NCDs, mainly 

hypertension, diabetes and 

dyslipidemia. 

• Only a few studies have 

demonstrated the protective effect 

of natural foods and MPF 

consumption on the occurrence of 

NCDs 



Suksatan et al. 

2022 

N=7 prospective cohort 

studies 

 

Adults UPF intake • All-cause mortality 

(n=6) 

• CVD mortality (n=4) 

• Heart-cause mortality 

(n=2) 

• Cancer mortality (n=2) 

Meta analysis 

UPF associated with increased risk 

of: 

• All-cause mortality (HR: 1.21, 

95%CI 1.13-1.30) 

• CVD mortality (HR: 1.50, 95%CI 

1.37-1.63) 

• Heart-cause mortality (HR: 1.66, 

95%CI 1.50-1.85) 

 

No association observed for cancer 

mortality 

Shekar & Popkin, 

2020 

Policy document, included 

studies not specified  

All ages UPF intake  • Obesity Accumulating evidence link the 

shift from real foods to UPF to 

overweight/obesity. 

CHILDREN & ADOLESCENTS     

Costa et al. 2018 N=26, of which: 

• 15 prospective cohort 

studies  

• 6 cross-sectional studies 

• 5 intervention studies 

Children and 

adolescents 

Intake of: 

• Groups of UPF 

(n=11) 

• Soft drinks/ 

sweetened 

beverages 

(n=12) 

• Other specific 

UPFs (n= 3) 

 

• Body fat Systematic review 

6 of 11 studies found a direct 

association between groups of UPF 

and body fat; 5 studies reported a 

null association 

BMI, Body Mass Index; HR, Hazard ratio; OR, Odds ratio; RR, Relative risk; UPF, Ultra-processed foods; 95%CI, 95% confidence interval 

 



Reference Study design Population Dietary assessment Exposure Outcomes Main results Covariates 

Hall et al. 2019 Randomized 

controlled trial 

Weight-stable healthy 

volunteers  

N=20 

United States 

Direct observation Ultra-processed vs. 

unprocessed diet 

defined by NOVA 

• △ Energy intake

(kcal/day)

• △ Body weight

(kg)

• △ Body fat mass

(kg)

Ultra-processed diet 

led to: 

• Greater energy

intake (508 ± 106

kcal, p=0.0001)

• Weight gain (0.9 ±

0.3 kg, p=0.009)

• Body fat mass

gain (0.4 ± 0.1 kg,

p=0.0015)

N/A 

Beslay et al. 

2020 

Prospective 

cohort study 

Median 

follow-up 4.1 

years 

The NutriNet-Santé 

cohort, France 

Adult volunteers 

from general 

population (mean age 

43.1 at baseline) 

N=110,206 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (% of weight), 

continuous (absolute 

increments of 10%) 

and divided into 

sex-specific 

quintiles 

• △ BMI (kg/m2)

• Incident BMI ≥25

• Incident BMI ≥30

Higher UPF intake 

associated with 

greater increase in 

BMI and risk of 

BMI ≥25 and ≥30. 

Per 10% increment 

in UPF: 

• : 0.02, 95%CI:

0.01, 0.02

• Overweight,

:1.11, 95%CI:

1.08, 1.14

• Obesity, :1.09,

95%CI: 1.05, 1.13

5th vs 1st quintile: 

• BMI, : 0.04,

95%CI: 0.04, 0.05

• Incident BMI ≥25,

HR:1.26, 95%CI:

1.18, 1.35

• Incident BMI ≥30,

HR: 1.15, 95%CI:

1.04, 1.28

Age, sex, educational 

level, smoking status, 

marital status, 

physical activity level, 

energy intake, alcohol 

intake, and number of 

dietary records. 

Further models 

additionally adjusted 

for: 

#1: intakes of sugar, 

sodium, saturated, and 

dietary fiber.  

#2: healthy and 

Western dietary 

pattern. 

#3: consumption of 

fruit, vegetables and 

sugary drinks. 

Konieczna et 

al. 2021 

Prospective 

analysis based 

on RCT 

(lifestyle 

intervention 

for weight 

loss) 

1 year of 

follow-up 

PREDIMED-Plus, 

Spain 

Men and women 

aged 55-75 years 

with overweight/ 

obesity and metabolic 

syndrome  

N=1,485 

FFQ 

UPF defined by 

NOVA 

UPF (% of weight), 

continuous and 

divided into tertiles 

Sex-specific z-

scores of: 

• Visceral fat

• Android-to-gynoid

fat ratio

• Total fat mass

Measured by DXA 

A 10% daily 

increment in UPF 

intake was 

associated with 

greater 

accumulation of:  

• Visceral fat (:

0.09, 95%CI: 0.05,

0.13)

Age, sex, study arm, 

follow-up time, 

educational level, 

marital status, 

smoking habits, type 2 

diabetes, height, 

physical activity, 

sedentary behavior. 

Supplementary table 3: Obesity & BMI



• Android-to-gynoid

fat ratio (: 0.05,

95%CI: 0.00,

0.09)

• Total fat (: 0.09,

95%CI:0.06, 0.13)

3rd vs 1st tertile: 

• Visceral fat (:

0.13, 95%CI: 0.07,

0.19)

• Android-to-gynoid

fat ratio (: 0.11,

95%CI:0.05, 0.16)

• Total fat (: 0.15,

95%CI: 0.11,

0.19)

Sensitivity analyses: 

#1: intake of sodium, 

saturated and trans-fat, 

alcohol, fiber, 

glycemic index, fruit 

and vegetable 

consumption, 

adherence to 

Mediterranean diet. 

#2: number of MetS 

criteria diagnosed at 

inclusion, history of 

overweight or 

medically diagnosed 

prevalence of 

depression. 

Li et al. 2021 Prospective 

cohort study 

China Nutrition and 

Health 

Survey 

Adults aged 20+ 

(mean age at baseline 

43.7) 

N=12,451 

3 day 24-h recall 

UPF defined by 

NOVA 

UPF (g/day), 

divided into 0, 1-19, 

20-49, ≥50 g/day.

• Incident BMI ≥ 25

• Central obesity

(WC ≥90 cm)

Greater UPF intake 

(≥50 vs. 0 g/day) 

associated with 

greater risk of: 

• BMI ≥ 25

(OR:1.45, 95%CI:

1.21–1.74)

• Central obesity

(OR:1.50. 95%CI:

1.29–1.74)

Age, sex, and energy 

intake, income, 

urbanization, 

education, fat intake, 

smoking, alcohol 

drinking, and physical 

activity, dietary 

patterns. 

Mendonca et 

al. 2016 

Prospective 

cohort study 

Median 

follow-up 8.9 

years 

The Seguimiento de 

Navarra Study, Spain 

University graduates 

(mean age 36.7 at 

baseline) 

N=8,451 

Repeated FFQ 

UPF defined by 

NOVA 

UPF (servings/day, 

divided into 

quartile) 

Incident BMI ≥25 Greater UPF intake 

associated with 

greater risk of 

incident BMI ≥25 

(4th vs 1st quartile, 

HR: 1.26; 95%CI: 

1.10, 1.45; P-trend = 

0.001) 

Sex, age, marital 

status, educational 

status, physical 

activity, television 

watching, siesta sleep, 

smoking 

status, snacking 

between meals, 

following a special 

diet at baseline, 

baseline BMI, and 

intake of fruit and 

vegetables 

Sensitivity analyses: 

1. Total E

2. Family history of

obesity



3. >3kg weight gain in

5y before baseline

Rauber et al. 

2021 

Prospective 

Cohort Study 

Median 

follow-up 5 

years 

UK Biobank Study 

N = 22,659 

24h-recall 

UPF defined by 

NOVA 

UPF (% total 

energy), divided into 

quartiles and as a 

continuous measure 

(10% increments) 

• BMI

• WC

• %Body fat (%BF)

• Incident BMI≥30

Greater UPF intake 

associated with 

greater risk of (4th 

vs. 1st quartile): 

• Incident BMI≥30

(HR:1.79, 95%CI:

1.06, 3.03)

• Abdominal obesity

(HR:1.30; 95%CI:

1.14, 1.48)

• A ≥ 5% increase

in BMI (HR:1.31,

95%CI:1.20,

1.43), WC (HR:

1.35, 95%CI: 1.25,

1.45) and %BF

(HR 1.14; 95%CI:

1.03─1.25)

Age, sex, Index of 

Multiple Deprivation, 

current smoking 

status, physical 

activity, sleep duration 

and BMI, WC or BF at 

baseline (according to 

outcome). 

. 

Cordova et al 

2021 

Prospective 

Cohort Study 

5-year follow-

up

European Prospective 

Investigation 

into Cancer and 

Nutrition (EPIC) 

study 

N=348,748 

FFQ (country-

specific) 

UPF defined by 

NOVA 

UPF (g/day), 

continuous (per SD 

= 250g/d) and 

divided into 

quintiles  

• Weight gain

• Incident BMI ≥ 25

• Incident BMI ≥ 30

Greater UPF intake 

associated with:  

• Greater weight

gain (0.12 kg/5

years per SD,

95%CI: 0.09,

0.15).

• Greater risk of

incident BMI ≥ 25

in normal weight

participants (RR:

1.15, 95%CI: 1.11,

1.19, for 5th vs 1st

quintile)

• Greater risk of

incident BMI ≥ 30

in participants

with incident BMI

≥ 25 and <30 at

baseline (RR:

1.16, 95%CI: 1.09,

1.23, for 5th vs 1st

quintile)

Age, sex, 

country/center, BMI at 

baseline, follow-up 

time in years, 

educational level, 

levels of physical 

activity, alcohol intake 

at baseline, smoking 

status at follow-up, 

plausibility of dietary 

energy reporting, the 

modified relative 

Mediterranean diet 

score 



Canhada et al. 

2020 

Prospective 

cohort study 

The Brazilian 

Longitudinal Study 

of Adult Health 

(ELSA-Brasil) 

cohort. 

 

Civil servants of 

Brazilian public 

academic institutions, 

aged 35–74 years 

 

N=11,827 

FFQ 

 

UPF defined by 

NOVA 

UPF intake (% total 

energy), divided into 

quartiles 

• Incident BMI ≥ 25  

• Incident BMI ≥ 30 

among participants 

with BMI 25-29.9 

at baseline 

• Large weight gain 

(1·68 kg/year) 

• Large waist gain 

(2·42 cm/year) 

Greater UPF intake 

associated with (4th 

vs 1st quartile): 

• Incident BMI ≥ 25 

(RR:1.20, 

95%CI:1.03, 1.40) 

• Large weight gain 

(RR:1.27, 95%CI: 

1.07, 1.50) 

• Large waist gain 

(RR:1.33, 95%CI: 

1.12, 1.58) 

 

UPF intake was not 

associated with 

increased risk of 

incident BMI ≥ 30 

among participants 

with BMI ≥ 25 and 

<30 at baseline 

Age, sex, color/race, 

center, income, school 

achievement, smoking, 

physical activity; for 

incident BMI ≥ 25/30 

and weight gain, plus 

baseline BMI; for 

waist gain, plus waist 

circumference at 

baseline. 

 

BMI, Body Mass Index; HR, Hazard ratio; RR, Relative risk; UPF, Ultra-processed foods; WC, Waist circumference, 95%CI, 95% confidence interval 



Reference Study design Population Dietary assessment Exposure Outcomes Main results Covariates 

 

Du et al. 

2021 

Prospective cohort 

study 

Median follow-up 

27 years 

Atherosclerosis Risk 

in Communities 

study, USA 

Aged 45-65 

N=13,548 

FFQ 

UPF defined by 

NOVA 

UPF (servings/day), 

divided into 

quartiles 

Incident coronary 

artery disease 

(CAD) 

Greater UPF intake 

associated with 

greater risk of 

incident CAD (4th vs 

1st quartile, HR: 

1.19; 95%CI: 1.05, 

1.35) 

Age, sex, total 

energy intake, race, 

study center, 

education, smoking, 

drinking status, 

physical activity. 

Juul et al. 

2021 

Prospective cohort 

study 

Mean follow-up 

18.0 years (CVD) 

and 

20.0 years 

(mortality) 

The Framingham 

Offspring Cohort, 

United States 

Adults >25 years 

N=3003 

FFQ (NOVA) UPF (energy 

adjusted 

servings/day) 

Incident: 

• Hard CVD

• Hard CHD

• Overall CVD

CVD mortality 

Each additional 

daily serving of UPF 

was associated with: 

• 7% increased risk

of hard CVD (HR:

1.07, 95%CI: 1.03,

1.12)

• 9% increased risk

of hard CHD (HR:

1.09, 95%CI: 1.04,

1.15)

• 5% increased risk

of overall CVD

(HR: 1.05, 95%CI:

1.02, 1.08)

• 9% increased risk

of CVD mortality

(1.09, 95%CI:

1.02, 1.16)

Age, sex, 

education, 

smoking status, 

alcohol intake, 

physical activity. 

Sensitivity analyses: 

Additionally 

adjustement for  

#1. Total energy 

intake 

#2. Diet quality 

#3. Waist 

circumference 

#4. BMI 

Srour et al. 

2019 A 

Prospective cohort 

study 

Mean follow-up 5.2 

years 

The NutriNet-Santé 

cohort, France 

Adult volunteers 

from general 

population 

N=105,159 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (% of weight) 

• Continuous

(increments of

10%)

• Quartiles

Incident: 

• CVD

• CHD

• Cerebrovascular

disease

Higher UPF intake 

was associated with 

increased risk of 

CVD, CHD and 

cerebrovascular 

disease. 

Per absolute 

increment of 10% 

UPF: 

• CVD, HR: 1.12,

95%CI: 1.05, 1.20

• CHD, HR: 1.13,

95%CI: 1.02, 1.24

• Cerebrovascular

disease, HR: 1.11,

95%CI: 1.01, 1.21

Age, sex, BMI, 

physical activity, 

smoking, alcohol 

intake, energy 

intake, family 

history of CVD, 

education level.  

All associations 

remained significant 

when also adjusting 

for  

#1. Saturated fat, 

sugar and sodium, 

healthy dietary 

pattern 

Supplementary table 4: CVD Incidence & Mortality



Quartile 4 vs 1: 

• CVD, HR: 1.23,

95%CI: 1.04, 1.45;

p-trend=0.02

• CHD, HR: 1.20,

95%CI: 0.93, 1.53;

p-trend=0.07

• Cerebrovascular

disease, HR:1.24,

95%CI:1.00, 1.53;

p-trend=0.1

#2. Sugary products, 

red and processed 

meat, salty snacks, 

beverages, and fats 

and sauces. 

#3. Baseline 

type 2 diabetes, 

dyslipidemia, 

hypertension, and 

hypertriglyceridemi

a and treatments for 

these conditions. 

Zhong et 

al. 2021 

Prospective Cohort 

Study 

Mean follow-up of 

13,5 years 

The Prostate, Lung, 

Colorectal, and 

Ovarian Cancer 

Screening Trial, 

USA 

N=91,891 

FFQ 

UPF defined by 

NOVA 

UPF (energy 

adjusted 

servings/day), 

divided into 

quintiles 

CVD mortality Greater UPF intake 

(5th vs 1st quintile) 

associated with 

increased risk of:  

• CVD mortality

(HR: 1.50; 95%

CI: 1.36,1.64, p-

trend<0.001)

• Heart disease

mortality (HR:

1.68; 95% CI:

1.50, 1.87, p-

trend<0.001)

Greater effect on 

CVD mortality and 

heart disease 

mortality in women 

compared to men 

(P-interaction 

<0.001). 

No association 

observed for 

Cerebrovascular 

disease mortality. 

Age, sex, race, 

educational level, 

marital status, study 

center, aspirin use, 

history of 

hypertension, 

history of diabetes, 

smoking, alcohol 

consumption, BMI, 

physical activity 

level, total energy 

intake 

Bonaccio 

et al. 2021 

Prospective Cohort 

Study 

Median follow-up: 

8.2 years 

Moli-sani Study 

(2005–2010, Italy) 

N=22,475 

FFQ 

UPF defined by 

NOVA 

UPF (%g/day, 

divided into 

quartiles) 

• CVD Mortality

• Cerebrovascular

disease mortality

Greater UPF intake 

(4th vs 1st quartile) 

associated with 

increased risk of: 

• CVD mortality

(HR: 1.58; 95%CI:

1.23, 2.03),

Sex, age, energy 

intake, educational 

level, housing 

tenure, smoking, 

leisure-time physical 

activity, BMI, 

history of cancer, 



• Cerebrovascular 

disease mortality  

(HR: 1.52; 95% 

CI: 1.10, 2.09) 

 

CVD, diabetes, 

hypertension, 

hyperlipidemia, 

residence, 

Mediterranean Diet 

Score. 

Kim et al. 

2019 

Prospective cohort 

study: 

 

Median follow-up of 

19 years 

The Third National 

Health and Nutrition 

Examination Survey 

(NHANES III), 

United States 

 

 

Representative 

sample of non-

institutionalized 

adult population 

 

N=11,898 

FFQ 

 

UPF defined by 

NOVA 

UPF (frequency of 

intake, divided in 

quartiles) 

CVD mortality UPF intake not 

associated with 

CVD mortality (4th 

vs 1st quartile, 

HR:1.10, 95%CI: 

0.74, 1.67 for; p-

trend = 0.86) 

Age, sex, race/ 

ethnicity, total 

energy intake, 

poverty level, 

education level, 

smoking status, 

physical activity, 

and alcohol intake. 

 

CVD RISK FACTORS 

Mendonça 

et al. 2017 

Prospective Cohort 

Study 

 

Mean follow-up of 

9.1 years 

The Seguimiento 

Universidad de 

Navarra study, 

Spain 

 

University graduates 

free of hypertension 

at baseline 

 

N=14,790 

FFQ 

 

UPF defined by 

NOVA 

UPF (energy 

adjusted 

servings/day, 

divided into tertiles) 

Incident 

hypertension 

Higher intake of 

UPF associated with 

higher risk of 

incident 

hypertension (3rd vs 

1st tertile, HR:1.21, 

95% CI: 1.06, 1.37; 

p-trend = 0.004) 

Sex, age, physical 

activity, hours of 

TV watching, 

baseline body mass 

index, smoking 

status, use of 

analgesics, 

following a 

special diet at 

baseline, family 

history of 

hypertension, 

hypercholesterolemi

a, alcohol 

consumption, total 

energy intake, olive 

oil intake, and 

consumption of 

fruits and 

vegetables. 

 

Additional 

adjustment for 

weight gain during 

follow-up and 

sodium intake did 



not meaningfully 

alter the association. 

Scaranni 

et al. 2021 

Prospective Cohort 

Study 

4 years of follow-up 

The Brazilian 

Longitudinal Study 

of Adult Health 

(ELSA-Brasil), 

Brazil 

Civil servants of 

Brazilian public 

academic 

institutions aged 

35-74 years at

baseline

N=8,754 

FFQ 

UPF defined by 

NOVA 

UPF (%kcal, 

divided into tertiles) 
• Incident

hypertension

• △ Systolic blood

pressure

• △ Diastolic blood

pressure

Greater UPF intake 

associated with 

increased risk of 

incident 

hypertension (3rd vs. 

1st tertile, OR = 

1.23, 95% CI: 1.06-

1.44) 

UPF intake not 

associated with 

incident 

hypertension when 

controlling for BMI 

UPF intake not 

associated with 

changes in diastolic 

and systolic blood 

pressure over time. 

Age, sex, color or 

race, education, time 

since baseline, 

physical activity, 

smoking, alcohol 

consumption, 

sodium intake, total 

daily energy intake. 

Additionally 

adjusted for BMI 

Monge et 

al 2021 

Prospective cohort 

study 

Median follow-up of 

2.2 years 

Mexican Teachers’ 

Cohort 

Disease-free women 

aged ≥25 years at 

baseline 

N=64,934 

FFQ 

UPF defined by 

NOVA 

Proportion (%) of 

energy from total 

UPF, categorized 

into: (≤20, 21–25, 

26–35, 36–45, >45 

%) 

Incident 

hypertension (self-

reported) 

UPF intake not 

associated with risk 

of incident 

hypertension (IRR: 

0.98, 95%CI: 0.84, 

1.14 for >45 vs. 

≤20%kcal from 

UPF, p-trend: 0.57). 

Indigenous, internet 

access, insurance, 

family history of 

hypertension, 

menopausal status,  

Smoking, physical 

activity, total energy 

intake, multivitamin 

intake. 

Duan et al. 

2022 

Prospective cohort 

study 

Median follow-up of 

41 months 

Lifelines cohort 

study, the 

Netherlands 

35–70 years 

N=70,421 

FFQ 

UPF defined by 

NOVA 

UPF (% of weight), 

continuous and 

divided into 

quartiles 

Incident type 2 

diabetes 

Greater UPF intake 

associated with 

higher risk of 

developing type 2 

diabetes  

• per 10% increment

in UPF; OR: 1.25

95%CI 1.16, 1.34

• 4th vs 1st quartile:

OR: 1.80, 95%CI:

1.47, 2.20

Associations slightly 

attenuated but still 

Age, sex, Lifelines 

diet score, total 

energy intake, and 

alcohol intake, 

smoking status, 

educational level, 

non-occupational 

moderate-to-

vigorous physical 

activity level, and 

TV watching time. 

Additionally 

adjusted for BMI. 



significant when 

adjusting for BMI 

Levy et al. 

2021 

Prospective cohort 

study 

 

Median follow-up 

5.4 years 

UK Biobank 

 

Aged 40-69 at 

recruitment 

 

N=21,730 

24-h dietary recall 

 

UPF defined by 

NOVA 

UPF (% of weight), 

continuous and  

divided into 

quartiles 

Incident type 2 

diabetes  

Greater UPF intake 

associated with 

greater risk of 

incident type 2 

diabetes: 

• Per 10% 

increment in UPF: 

HR: 1.12, 95%CI: 

1.04, 1.20. 

• 4th vs 1st quartile: 

HR:1.44, 95%CI: 

1.04, 2.02, p-trend 

< 0.028. 

Age, family history 

of T2D, 

stratification by sex 

and ethnicity, Index 

of Multiple 

Deprivation, 

physical activity, 

current smoking 

status, total energy 

intake, baseline 

BMI. 

Srour et al. 

2019 B  

Prospective cohort 

study 

 

Mean follow-up 6.0 

years 

 

The NutriNet-Santé 

cohort, France 

 

Adult volunteers 

from general 

population  

 

N=104,707 

Repeated 24-h 

recalls  

 

UPF defined by 

NOVA 

UPF (% of weight) Incident type 2 

diabetes 

Greater intake of 

UPF associated with 

a greater risk of 

incident type 2 

diabetes (HR: 1.15, 

95%CI: 1.06, 1.25 

per absolute 

increment of 10% 

UPF) 

Age, sex, education, 

BMI physical 

activity, smoking, 

alcohol, number of 

24h recalls, energy 

intake without 

alcohol, family 

history of diabetes, 

diet quality. 

Llavero-

Valero et 

al. 2021 

Prospective cohort 

study 

 

Median follow-up 

12 years 

Seguimiento 

Universidad 

de Navarra (SUN) 

Study 

 

University-

graduates  

 

N=20,060 

FFQ 

 

UPF defined by 

NOVA 

UPF (energy-

adjusted grams/day), 

divided into tertiles 

Incident type 2 

diabetes 

Greater intake of 

UPF (3rd vs 1st 

tertile) associated 

with a greater risk of 

incident type 2 

diabetes (HR: 1.53, 

95%CI: 1.06, 2.22, 

p-trend: 0.024). 

 

Additional 

adjustment for 

adherence to the 

Mediterranean diet 

did not alter the 

results.  

Age, sex, BMI, 

educational level, 

family history of 

diabetes, smoking 

status, snacking, 8-

item active + 

sedentary lifestyle 

score, following a 

special diet at 

baseline. 

 

Additional 

adjustment for 

adherence to the 

Mediterranean diet. 

Donat-

Vargas et 

al. 2021 

Prospective cohort 

study 

 

5-7 years of follow-

up 

 

 

Seniors-Study on 

Nutrition and 

Cardiovascular 

Risk in Spain 

(ENRICA) cohort 

 

Dietary history 

interview 

 

UPF defined by 

NOVA 

UPF (% of energy) • Hypertri-

glyceridemia 

• Low HDL 

• High LDL 

Greater intake of 

UPF (3rd vs 1st 

tertile) associated 

with greater odds of:  

• Incident hypertri-

glyceridemia (OR: 

2.66, 95%CI: 1.20, 

Age, sex, total 

energy intake, 

education,  

marital status, 

smoking status, 

BMI, physical 



>60 years at

baseline

N=1,082 

5.90, P-trend = 

0.011)  

• Incident low HDL

(OR: 2.23, 95%

CI: 1.22, 4.05; P-

trend = 0.012).

UPF consumption 

not associated with 

high LDL levels. 

activity, alcohol 

consumption, fiber 

intake, number of 

medications,  

number of chronic 

conditions, intake of 

minimally processed 

foods.  

BMI, Body Mass Index; HDL, High-density lipoprotein; HR, Hazard ratio; LDL, Low-density lipoprotein; OR, Odds ratio; RR, Relative risk; UPF, Ultra-processed foods; WC, 

Waist circumference, 95%CI, 95% confidence interval 



Reference Study design Population Dietary 

assessment 

Exposure Outcomes Main results Confounders 

adjusted for 

DEPRESSION 

Adjibade et al. 

2019 

Prospective cohort 

study 

Mean follow-up 5.4 

years 

The NutriNet-Santé 

cohort, France 

Adult volunteers 

from general 

population (mean 

age 47.3 at 

baseline) 

N=26,730 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (% of weight), 

continuous and 

divided into 

quartiles 

Depressive 

symptoms at ≥2 

years after baseline 

Greater UPF intake 

associated with 

greater risk of 

incident depressive 

symptoms: 

• A 10% increase

in UPF associated

with a 21%

higher risk of

depressive

symptoms (HR:

1.21, 95%CI:

0.15, 0.27)

• 4th vs 1st quartile:

HR:1.30, 95%CI:

1.15, 1.47

Additional 

adjustment for 

‘Healthy’ and 

‘Western’ dietary 

pattern and intakes 

of lipids, sodium, 

and carbohydrates 

did not alter the 

associations. 

Age, sex, BMI, 

marital status, 

educational level, 

occupational 

categories, monthly 

household income, 

residential area, 

energy intake 

without alcohol, 

number of 24 h 

records, inclusion 

month, smoking 

status, alcohol 

consumption, and 

physical activity. 

Additional 

adjustment for 

‘Healthy’ and 

‘Western’ dietary 

pattern and intakes 

of lipids, sodium, 

and carbohydrates. 

Gómez-Donoso 

et al. 2020 

Prospective cohort 

study 

Median follow-up 

10.3 years 

The Seguimiento 

de Navarra Study, 

Spain 

University 

graduates (mean 

age 36.7 at 

baseline) 

N=14,907 

Repeated FFQ 

UPF defined by 

NOVA 

UPF (energy 

adjusted g/day), 

divided into 

quartiles 

Diagnosis of 

depression (self-

reported) ≥2 years 

after baseline 

Greater UPF intake 

associated with 

greater risk of 

incident depression 

diagnosis (HR:1.33, 

95%CI:1.07, 1.64 

for 4th vs 1st 

quartile; p trend = 

0.004) 

Sex, BMI, physical 

activity, smoking 

status, marital 

status, living alone, 

employment status, 

working hours per 

week, health-

related career, 

education, total 

energy intake, 

adherence to the 

Mediterranean diet, 

and baseline self-

perception of 

competitiveness, 

anxiety, and 

dependence levels. 

Supplementary table 5: Other chronic diseases



CANCER 

Fiolet et al. 

2018 

Prospective cohort 

study 

Mean follow-up 5.0 

years  

The NutriNet-Santé 

cohort, France 

Adult volunteers 

from general 

population (mean 

age 42.8 at 

baseline, 78% 

females) 

N=104,980 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (% of weight) • All cancers

• Prostate cancer

• Colorectal cancer

• Breast cancer

Greater UPF intake 

associated with 

higher risk of: 

• Overall cancer

(HR:1.12,

95%CI: 1.06,

1.18 for a 10%

increment in

UPF)

• Breast cancer

(HR: 1.11, 95%

CI: 1.02, 1.22 for

a 10% increment

in UPF).

No statistically 

significant 

association 

observed for 

prostate cancer or 

colorectal cancer. 

Additional 

adjustment for 

intake of fat, 

sodium, and 

carbohydrates and 

Western dietary 

pattern did not alter 

the results. 

Age, sex, BMI, 

height, physical 

activity, smoking, 

number of 24-hour 

dietary records, 

alcohol intake, 

energy intake, 

family history of 

cancer, educational. 

Breast cancer 

analyses were 

additionally 

adjusted for 

number of 

biological children, 

menopausal status 

at baseline,  

hormonal treatment 

for menopause at 

baseline and oral 

contraception use at 

baseline.  

Additional 

adjustment for 

intake of fat, 

sodium, and 

carbohydrates and 

Western dietary 

pattern. 

FRAILTY 

Sandoval-

Insausti et al. 

2020 

Prospective cohort 

study 

Mean follow-up 3.5 

years 

Seniors-ENRICA 

Cohort Study, 

Spain 

Adults >59 years 

N=1,822 

Diet history 

UPF defined by 

NOVA 

UPF (% of energy, 

divided in 

quartiles) 

Frailty Greater UPF intake 

associated with 

higher risk of 

incident frailty (4th 

vs 1st quartile, OR: 

3.67, 95%CI: 2.00, 

6.73; p-trend 

<0.001) 

Sex, age, education, 

marital status, 

smoking, former-

drinker status, 

chronic respiratory 

disease, coronary 

disease, stroke, 

osteoarthritis/ 

arthritis, cancer, 

depression, 



requiring treatment 

and number 

of medications 

used. 

INFLAMMATORY BOWEL DISEASE 

Vasseur et al. 

2021 

Prospective cohort 

study 

Mean follow-up 2.3 

years  

The NutriNet-Santé 

cohort, France 

Adult volunteers 

from general 

population (mean 

age 42.8 at 

baseline) 

N=105,832 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (% of weight, 

divided in tertiles) 

Inflammatory 

bowel disease 

UPF intake not 

associated with 

inflammatory 

bowel disease 

Age, sex, income, 

education, marital 

status, residence, 

BMI, physical 

activity, smoking, 

hormonal 

contraception, 

number of 24-hour 

dietary records, 

energy intake. 

Narula et al. 

2021 

Prospective cohort 

study 

Median follow-up 

9.7 years 

The Prospective 

Urban Rural 

Epidemiology 

(PURE) cohort 

Adults aged 35-70 

years in 21 low-, 

middle-, and high-

income countries  

N=116,087 

FFQ 

UPF defined by 

NOVA 

UPF intake, 

categorized as: <1 

serving/day, 1-4 

servings/day, or ≥5 

servings/day 

Inflammatory 

bowel disease 

Higher intake of 

UPF associated 

with higher risk of 

incident IBD (HR: 

1.82, 95%CI: 1.22, 

2.72 for ≥5 

servings/day and 

HR: 1.67, 95%CI: 

1.18, 2.37 for 1-4 

servings/day, vs. <1 

serving/day, resp., 

p-trend=0.006).

Age, sex, 

geographical 

region, education, 

alcohol intake, 

smoking, BMI, 

total energy intake, 

location. 

OTHER DISEASES 

Zhang et al. 

2021 

Prospective cohort 

study 

Mean follow-up 4.2 

years 

Tianjin Chronic 

Low-grade 

Systemic 

Inflammation and 

Health cohort 

study, China 

Adults aged 18-90 

years  

N=18,444 

FFQ 

UPF defined by 

NOVA 

UPF (g/day) Hyperuricemia Greater UPF intake 

associated with 

higher risk of  

hyperuricemia (4th 

vs. 1st quartile, 

HR:1.16, 95%CI: 

1.05, 1.28, p-trend 

= 0.02) 

Sex, age, BMI, 

smoking, alcohol 

consumption, 

education, 

employment, 

household income, 

physical activity, 

family history of 

disease (CVD, 

hypertension, 

hyperlipidemia, 

and diabetes), 

depressive 



symptoms, 

metabolic 

syndrome, 

hypertension, 

hyperlipidemia, 

diabetes, total 

energy intake, 

dietary patterns, 

baseline serum uric 

acid and glomerular 

filtration rate. 

Rey-García et 

al. 2021 

Prospective cohort 

study 

Seniors-ENRICA-1 

cohort, Spain 

Adults>59y 

N=1,312 

Dietary history 

(DH-ENRICA) 

UPF defined by 

NOVA 

UPF (%energy and 

g/day/kg body 

weight, divided into 

tertiles) 

Renal 

function decline 

Greater UPF intake 

associated with 

higher risk of renal 

function decline: 

• 3rd vs 1st tertile

of %energy, OR:

1.74, 95%CI:

1.14, 2.66, p-

trend = 0.026

• 3rd vs 1st tertile

of g/kg/day,

OR:1.62, 95%CI:

1.06, 2.49, p-

trend = 0.043

Sex, age, total 

energy intake, 

education, 

smoking, former-

drinker status, 

physical activity, 

time spent 

watching TV, fiber 

intake, number of 

chronic conditions, 

number of 

medications 

used per day, 

hypertension, 

diabetes, hyper-

cholesterolemia, 

BMI. 

BMI, Body mass index; CVD, Cardiovascular disease; HR, hazard ratio; OR, odds ratio; UPF, Ultra-processed food; 95%CI: 95% confidence intervals 



Reference Study design Population Dietary assessment Exposure Outcomes Main results Covariates 

Rohatgi et al. 

2017 

Prospective 

cohort study 

Pregnant 

women 

(N=45) and 

their infants, 

United 

States 

FFQ 3rd trimester 

UPF intake 

(% of energy) 

Mother: 

Gestational 

weight gain, 

triglycerides, 

fasting 

insulin/glucose, 

c-reactive

protein, free

fatty acids

Infant: 

thigh skinfold, 

subscapular 

skinfold, total 

body adiposity, 

fasting 

insulin/glucose, 

c-reactive

protein, free

fatty acids

Greater UPF 

intake associated 

with greater:  

• Gestational

weight gain

(=1.3, 95%CI:

0.3, 2.4)

• Infant thigh

skinfold (=0.3,

95%CI:

0.005,0.4)

• Infant

subscapular

skinfold (=0.1,

95%CI: 0.02,

0.3)

• Infant total

body adiposity

(=0.6, 95%CI:

0.04, 1.2)

UPF intake not 

associated with 

maternal 

triglycerides or 

maternal/infant 

fasting 

insulin/glucose, c-

reactive protein, 

free fatty acids 

Maternal 

outcomes: age, 

race, weight 

status, SES, total 

energy and fat 

intake, physical 

activity. 

Infant outcomes: 

gestational age, 

maternal age, 

race, weight 

status, SES, total 

energy and fat 

intake and 

physical activity. 

Gomes et al. 

2021 

Prospective 

cohort study 

Pregnant 

women from 

São Paulo, 

Brazil 

N=259 

24-h recall

UPF defined by 

NOVA 

Pregnancy 

UPF intake 

(% of energy) 

Weight gain 

(g) within

trimester

A 1% point 

increase in UPF 

was associated 

with a 4.17g (95 

% CI 0.55, 7.79) 

increase in 

weekly GWG 

Education, 

parity, skin 

color, pre-

gestational BMI 

Supplementary table 6:  Pregnancy & neonatal outcomes



during the 3rd 

trimester. 

No association in 

the 2nd trimester. 

Leone et al. 2021 Prospective 

cohort study 

Seguimiento 

Universidad 

de Navarra 

(SUN) 

Study, Spain 

University-

graduates 

N=3,730 

women 

FFQ Pre-

pregnancy 

UPF intake 

(frequency of 

consumption, 

divided into 

tertiles) 

Gestational 

diabetes 

No association in 

overall sample. 

In age-stratified 

analyses,  

UPF intake was 

associated with 

higher risk of GD 

in women aged 

30+ y (OR:2.05, 

95%CI: 1.03, 

4.07) but not in 

younger women.  

Age, BMI, 

education, 

smoking status, 

physical 

activity, family 

history of 

diabetes, 

recruitment year, 

time between 

recruitment and 

the first 

pregnancy 

or GDM, 

number of 

pregnancies 

during follow-

up, parity, 

multiple 

pregnancies, 

time spent 

watching TV, 

hypertension, 

following a 

nutritional 

therapy and 

energy intake  



Borge et al. 2021 Prospective 

cohort study 

Registry data 

8 years of 

follow-up 

The Mother, 

Father and 

Child 

Cohort 

Study, 

Norway 

Mothers & 

their 

children 

N=37,787 

(symptoms 

analysis) 

N= 77,768 

(diagnosis 

analysis) 

FFQ 

UPF defined by 

NOVA 

UPF index 

during 

pregnancy (% 

of energy) 

ADHD 

symptoms at 8 

years (reported 

by mothers) 

ADHD 

diagnoses at 8 

years (from 

registry) 

Higher UPF index 

in pregnancy was 

associated 

increased ADHD 

symptoms score 

at age 8 years 

(AME: 0.25, 

95%CI: 0.13, 

0.38)  

Maternal UPF 

index in 

pregnancy was 

not associated 

with the child’s 

relative risk of 

ADHD diagnosis 

at age 8 years 

(AME:1.07, 

95%CI: 0.90, 

1.08) 

Maternal pre-

pregnancy BMI, 

maternal 

education, 

smoking and 

alcohol intake 

during 

pregnancy, 

maternal 

symptoms of 

depression and 

ADHD, 

maternal age, 

parity, child sex, 

child diet and 

childbirth 

quarter. 

ADHD, Attention Deficit Hyperactivity Disorder; AME, Average marginal effect; BMI, Body Mass Index; OR, Odds ratio; 95%CI, 

95% Confidence interval. 



Reference Study design Population Dietary 

assessment 

Exposure Outcomes Main results Confounders 

adjusted for 

EXCESS WEIGHT, WEIGHT GAIN & ADIPOSITY 

Costa et al. 

2019 

Prospective secondary 

analyses based on a 

RCT (dietary 

counseling on 

breastfeeding and 

dietary practices) 

4 years of follow-up 

Mothers and 

children from 

a low-income 

population, 

Brazil 

N=307 

Repeated 24-h 

recalls (2) at age 4 

and 8 years  

UPF defined by 

NOVA 

UPF (% of 

energy) 
• △ BMI

(kg/m2)

• △ WC (cm)

• △ Waist to

height ratio

(cm)

• △ Skinfold

sum (mm)

A 10% absolute 

increase in 

energy 

consumption 

from UPF at age 

four was 

associated to a 

0.7 cm greater 

increase in WC 

between age 4 

and age 8 

(97%CI: 0.1-

0.13). 

No significant 

association for 

BMI, waist to 

height ratio nor 

sum of 

skinfolds. 

Sex, group 

status in the 

early phase 

(intervention 

and control), 

maternal pre-

pregnancy BMI, 

birth weight, 

breastfeeding, 

family income, 

maternal 

education, total 

screen time. 

Chang et al. 

2021 

Prospective cohort 

study 

Children were 

followed up from 7 to 

24 years of age 

Median follow up 

10.2 years 

Avon 

Longitudinal 

Study of 

Parents and 

Children 

(ALSPAC) 

N=9025 

Food diaries (3 

days) 

UPF defined by 

NOVA 

UPF (% of 

weight, 

divided into 

quintiles) 

Trajectories of 

adiposity 

outcomes: 

BMI, fat mass 

index (FMI), 

total fat %, lean 

mass index 

(LMI), weight, 

WC 

UPF intake 

associated with 

greater annual 

increase (5th vs 

1st quintile): 

• BMI, β: 0.06

(95%CI, 0.04-

0.08)

• FMI, β: 0.03,

(95%CI, 0.01-

0.05)

• Weight, β:

0.20 95%CI,

0.11-0.28

Sex, race, birth 

weight, physical 

activity,  

Index of 

Multiple 

Deprivation, 

mother’s pre-

pregnancy BMI, 

marital status, 

highest 

educational 

attainment, 

socioeconomic 

status, and 

child’s total 

Supplementary table 7: Children & youth



• WC, β: 0.17

(95% CI:

0.11-0.22)

UPF not 

associated with 

total fat % or 

LMI. 

energy intake at 

baseline. 

Costa et al. 

2021 

Prospective cohort 

study 

Pelotas-Brazil 

2004 Birth 

Cohort 

N=3,454 

FFQ 

UPF defined by 

NOVA 

UPF (g/day) Change in fat 

mass index 

(FMI) from 6y 

to 11y of age 

Greater UPF 

intake 

associated with 

greater increase 

in FMI (per 

100g/day 

increment, 

β:0.14, 95%CI: 

0.13, 0.15). 

Adjustment for 

total energy 

intake 

attenuated 

association, but 

it remained 

statistically 

significant 

(β:0.05, 95%CI: 

0.04, 0.06). 

Skin color, 

maternal age 

and schooling, 

birthweight, 

sex, screen time, 

energy intake/ 

expenditure 

ratio, grams 

from other food 

sources than 

UPF 

Additional 

adjustment for 

total energy 

intake. 

Vedovato et al. 

2021 

Prospective cohort 

study 

Follow-up: 6 years 

(from age 4 to 10) 

Generation 

XXI, Portugal 

N=1,175 

Portuguese 

Children’s Eating 

Behavior 

Questionnaire 

(P-CEBQ) 

UPF defined by 

NOVA 

UPF 

(%kcal/d) 

BMI z-score UPF at 4 years 

significantly 

associated with 

BMI z-score at 

age 10 (β: 

0.028, 95%CI: 

0.006, 0.051) 

UPF at 7 years 

not associated 

with BMI z-

score at age 10. 

Maternal age, 

education and 

BMI before 

pregnancy and 

child exclusive 

breast-feeding 

for the first 6 

months, practice 

of physical 

exercise and 



daily screen 

time and BMI z-

score at 4y.  

CARDIOVASCULAR RISK FACTORS 

Costa et al. 

2019 

Prospective 

secondary analyses 

based on an RCT 

(dietary counseling 

on breastfeeding and 

dietary practices) 

4 years of follow-up 

Children from a 

low-income 

population 

N=307 

Brazil 

Repeated 24-h 

recalls (2) at age 

4 and 8 years  

UPF defined by 

NOVA 

UPF 

(%kcal) at 

age 4 

Parameters at 

age 8: 

• Glucose

(mmol/l)

• Insulin

(uU/ml)

• HOMA-IR

UPF intake at 

age 4 years not 

associated with 

glucose, insulin 

or HOMA-IR at 

age 8. 

Sex, group 

status in the 

early phase 

(intervention 

and control), 

maternal pre-

pregnancy 

BMI, birth 

weight, 

breastfeeding, 

family 

income, 

maternal 

education, 

total screen 

time. 

Leffa et al. 

2020 

Prospective 

secondary analyses 

based on an RCT 

(dietary counseling 

on breastfeeding and 

dietary practices) 

3 years of follow-up 

Children from a 

low-income 

population, 

Brazil 

N=308 

Repeated 24-h 

recalls 

UPF defined by 

NOVA 

UPF (%kcal 

divided into 

tertiles) 

• Total

cholesterol

• HDL-

cholesterol

• Triglycerides

Higher UPF 

intake at age 3 

years was 

associated with 

higher levels of 

total cholesterol 

and triglycerides 

at age 6 years. 

Per absolute 

increment of 

10% UPF: 

• Total

cholesterol, β:

0.07 mmol/l,

95%CI: 0.00,

0.14

• Triglycerides,

β: 0.04 mmol/l,

Sex, group 

status in the 

early phase 

(intervention 

and control), 

family 

income, 

maternal pre-

pregnancy 

BMI, child 

birth weight, 

BMI z-scores 

at 3 years, 

intakes of 

total energy 

and total fat 

at age 3 

years. 



95%CI: 0.01, 

0.07 

3rd vs 1st tertile: 

• Total

cholesterol β:

0.22 mmol/l;

95%CI: 0.04,

0.9

• Triglycerides

β:0.11 mmol/l,

95%CI: 0.01,

0.20)

UPF intake at 

age 3 years not 

associated with 

HDL-cholesterol 

at age 6 years.  

Rauber et al. 

2015 

Prospective 

secondary analyses 

based on an RCT 

(dietary counseling 

on breastfeeding and 

dietary practices) 

4 years of follow-up 

Children from a 

low-income 

population, 

Brazil 

N=345 

Repeated 24h-

recalls 

UPF defined by 

NOVA 

UPF 

(%kcal) 
• △ Total

cholesterol

• △ LDL-

cholesterol

• △ HDL-

cholesterol

• △ nHDL-

cholesterol

• △ Tri-

glycerides

Greater UPF 

intake at age 3-4 

years associated 

with higher 

increase in and 

total cholesterol 

(β:0.430; p = 

0.046) and LDL 

cholesterol 

(β:0.369; p = 

0.047) from age 

3-4 to 7-8 years.

UPF intake at 3-

4 years was not 

associated with 

HDL-cholesterol, 

nHDL 

cholesterol or 

Sex, group 

status in the 

early phase 

(intervention 

and control), 

birth weight, 

family 

income, 

maternal 

education, 

and BMI for- 

age z-scores 

and total 

energy intake 

at 7-8 years 



triglycerides at 

age 7-8 years. 

ASTHMA 

Machado 

Azeredo et al. 

2020 

Prospective cohort 

study 

5 years of follow-up 

The 2004 

Pelotas Birth 

Cohort Study, 

Brazil 

Children (6 

years old at 

baseline) 

N=2,190 

FFQ 

UPF defined by 

NOVA 

UPF intake 

(% of 

energy, 

divided in 

quintiles) 

• Wheeze

• Asthma

• Severe asthma

There was no 

association 

between UPF 

intake at 6 years 

and wheeze, 

asthma or 

severe asthma at 

age 11 

Intake 

adjustments, 

total energy 

intake, family 

income, 

maternal 

education, 

maternal age, 

maternal skin 

color, parity, 

smoking during 

pregnancy, 

maternal 

asthma, child´s 

sex, parental 

smoking. 

BMI, Body Mass Index; HDL, High-density lipoprotein; nHDL, Non-high-density lipoprotein; LDL, Low-density lipoprotein; UPF, Ultra-processed foods; WC, 

Waist circumference, 95%CI, 95% confidence interval 


