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Introduction: The increase in ultra-processed foods (UPFs) intake has raised concerns about its impact on public health. Prospective observational studies have reported significant associations between higher intake of UPFs and adverse health outcomes. The aim of this study is to determine whether these associations could be confirmed in randomized controlled trials (RCTs).

Methods: We conducted a systematic review to analyze the evidence on the effects of UPFs intake on health. A systematic search was conducted in Medline, Embase, Web of Science, Scopus, LILACS, and CENTRAL up to April 22, 2024. RCTs in English, Spanish, and Portuguese evaluating the health effects of interventions to modify UPFs intake were included. The certainty of evidence was determined using the GRADE methodology.

Results: Three educational intervention studies and one controlled feeding trial were included, evaluating the effect of reducing the consumption of UPFs (455 participants, median follow-up, 12 weeks). No significant effects were observed in 30 out of the 42 outcomes evaluated. The controlled feeding trial in adults with stable weight showed a reduction in energy intake, carbohydrates, and fat (low certainty of evidence), as well as in body weight, total cholesterol, and HDL cholesterol (moderate certainty of evidence). In the educational intervention studies, a reduction in body weight and waist circumference was observed (low certainty of evidence) in women with obesity, as well as improvement in some dimensions of quality of life (very low certainty of evidence). No significant changes were observed in children and adolescents with obesity, while in overweight pregnant women, the consumption of UPFs was not reduced, so the observed benefits could be attributed to other components of the intervention.

Conclusion: Interventions aimed at reducing the consumption of UPFs showed benefits on some anthropometric and dietary intake outcomes, although significant effects were not observed for most of the evaluated outcomes. The limited number and significant methodological limitations of the studies prevent definitive conclusions. Further well-designed and conducted RCTs are needed to understand the effects of UPF consumption on health.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023469984
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1 Introduction

Ultra-processed foods (UPFs) are industrial formulations made from modified and unmodified substances extracted from foods, which include few or no whole foods (1). These products result from intensive industrial processing and contain food additives such as preservatives, emulsifiers, flavorings, bulking agents, among others, which are used to extend the product’s shelf life and improve its sensory qualities (2–7). Most UPFs are characterized by high energy density, being rich in saturated fats, refined starches, free sugars, and salt, and low in dietary fiber, proteins, and micronutrients (4, 6).

Worldwide, the consumption of UPFs has experienced a rapid increase, representing more than half of the daily calories consumed in high-income countries (3, 7, 8). Similarly, in low- and middle-income countries, a sustained growth in the sale of these products and their contribution to energy intake is observed (4, 9). The significant increase in UPFs consumption and their dominant role in food systems has sparked extensive debate about their potential impact on public health and has attracted the interest of numerous researchers worldwide (10–12).

Previous systematic reviews have reported an association between high intake of UPFs and all-cause mortality, as well as with specific adverse outcomes such as cardiovascular diseases, metabolic syndrome, type 2 diabetes, overweight, and certain types of cancer (13). However, the evidence included primarily comes from observational studies, which cannot establish causality relationships and may be susceptible to biases and difficulties in controlling potential confounding factors (14). For this reason, we conducted a systematic review with the aim of analyzing the available scientific evidence from randomized controlled trials on the health effects of UPFs consumption, to improve understanding and establish more robust conclusions about these relationships.



2 Materials and methods

The present systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (see Supplementary Table S1) (15). The study protocol was registered on the PROSPERO platform with the registration number CRD42023469984.


2.1 Literature search

A systematic search was conducted in the Medline (PubMed), Embase, Web of Science, Scopus, LILACS, and CENTRAL databases up to April 22, 2024, with no restriction on publication date. The search strategy was developed using a combination of free-text terms and controlled vocabulary (thesaurus) related to UPFs, such as ‘ultra-processed food’, ‘ultra-processed diet’, ‘ultra-processed meal’, and ‘processed food’, as well as terms related to randomized clinical trials (RCTs), including ‘randomized controlled trial’, ‘controlled clinical trial’, ‘RCT’ and ‘crossover’. The initial search strategies were validated through pilot tests to assess the retrieval of previously identified relevant studies and to adjust the search terms used. To identify additional relevant evidence, the reference lists of included studies were manually reviewed. The complete search strategies are detailed in Supplementary Tables S2–S7.



2.2 Study selection

The records identified in the various information sources were imported into the Zotero reference manager (16) for duplicate removal. Unique records were imported into the Rayyan electronic platform (17), where six authors (AA, GAG, RC, KCQ, CDP, GRL) independently assessed compliance with eligibility criteria through title and abstract screening, followed by confirmation of eligibility of previously selected references through full-text reading. The specific criteria used for these stages are detailed in the following section (2.3 Eligibility criteria). In case of studies not available in full text, attempts were made to access them by personal communication with the authors of the studies. Discrepant decisions were resolved through initial consensus among the evaluators or with the participation of all authors.



2.3 Eligibility criteria

The inclusion criteria were as follows: (a) population: participants of any age and health condition; (b) intervention: all interventions aimed at modifying (increasing or reducing) UPFs consumption, which could include diets or foods provided by the researchers, nutritional counseling, or educational interventions; (c) control: usual consumption of UPFs or with less intensive modification than the intervention group; (d) outcomes: primary or secondary prevention of non-communicable diseases, modification of risk factors for non-communicable diseases, obstetric, prenatal, or perinatal outcomes, adverse events, and quality of life; (e) study design: RCTs. Studies published in abbreviated formats such as editorials or conference abstracts, or written in languages other than English, Spanish, or Portuguese, were excluded.



2.4 Data extraction

Data extraction was independently conducted by six authors (AA, GAG, RC, KCQ, CDP, GRL) using a predefined structured form designed in Microsoft Excel 2016. The data extraction template included information on the first author’s name, year of publication, country, number and characteristics of participants, characteristics of interventions, and summary of results of interest for the review. Discrepant decisions were resolved through initial consensus among the evaluators or with the participation of all authors.



2.5 Data synthesis

Due to the included studies reporting different outcomes and being conducted in different populations, it was not possible to conduct a statistical meta-analysis. Instead, narrative synthesis was employed to integrate and summarize the findings of heterogeneous studies more appropriately. The narrative synthesis was systematically conducted following the recommendations of the Synthesis Without Meta-analysis (SWiM) guidelines (see Supplementary Table S8) (18). Results were planned to be grouped by population type to reduce heterogeneity in the analysis and improve the understanding of potential differences in effect between groups. The results were reported using the original effect measures employed in the studies because only single studies were identified for each population type. The synthesis of overall results used the vote-counting method based on the direction of effect due to inconsistency in the effect measures reported across studies (19). In cases where studies reported results at multiple time points, the longest follow-up period was chosen. The results for each outcome and population type were summarized in evidence profile tables using the GRADEpro tool (20).



2.6 Risk of bias

Two authors (AA, GAG) independently assessed the risk of bias of the included studies using the revised Cochrane Risk of Bias Tool for Randomized Trials (RoB2) (21). This tool assesses five domains: randomization process, deviations from intended interventions, missing outcome data, measurement of the outcome, and selection of the reported result. In each domain, a series of “signaling questions” are provided, and based on the response to these questions, an algorithm provides a proposed judgment on the risk of bias arising from each domain. Thus, each domain was classified as high risk of bias, low risk of bias, or some concerns. Subsequently, the overall risk of bias for each study was calculated, considered high, if at least one domain was rated as high risk; moderate, if at least one domain had some concerns and none was rated as high risk; or low, if all domains were rated as low risk. Discrepancies were resolved through initial consensus between the assessors or with the participation of all authors. No study was excluded based on the risk of bias assessment. The results of the risk of bias assessment were considered in the analysis of evidence certainty, discussed narratively in the text, and considered when formulating the study’s overall conclusions (22).



2.7 Certainty of evidence

The certainty of evidence for each outcome was assessed using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) methodology, employing the GRADEpro GDT tool (23). For randomized controlled trials, initially, high certainty of evidence was considered and then downgraded based on the presence of risk of bias, inconsistency, imprecision, indirectness, and publication bias (24). The certainty of evidence was classified as high, moderate, low, or very low (24). The specific criteria for downgrading the levels of certainty of evidence are detailed in Supplementary Table S9. The initial assessment was conducted by one author (AA) and reviewed by a second author (GAG). Both authors were trained and had extensive experience using the GRADE methodology. Discrepancies were resolved through initial consensus between the assessors or with the participation of all authors.




3 Results

The study selection process is summarized in Figure 1. The literature search identified 1,420 initial records. After removing duplicates, 917 titles and abstracts were reviewed, of which 18 were assessed in full text. Finally, four studies (25–28) met the eligibility criteria and were included in the present systematic review. The reasons for exclusion at full text are detailed in Supplementary Table S10.

[image: Figure 1]

FIGURE 1
 Flow diagram of the study selection process according to PRISMA 2020.



3.1 Characteristics of included studies

Three studies offered educational interventions (26, 27) or personalized nutritional counseling (25) with recommendations to avoid (25, 26) or limit the consumption of UPFs to less than once a week (27), along with additional recommendations on diet and physical activity. One study corresponded to a controlled feeding trial in which researchers provided participants with an ultra-processed diet and an unprocessed diet to be consumed ad libitum in random two-week periods (28). The studies were conducted in Brazil (25, 26), China (27) and the United States (28), and were published between the years 2021 and 2023. The median duration was 12 weeks (range: 4–18 weeks). Three clinical trials employed parallel groups (25–27), while one clinical trial was crossover (28). The studies were conducted in different populations, including overweight pregnant women (25), women with grade I-II obesity (26), children and adolescents with overweight or obesity (27), and adults with stable weight (28) (Tables 1, 2).



TABLE 1 Characteristics of included randomized controlled trials (RCTs).
[image: Table1]



TABLE 2 Main characteristics of the interventions.
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3.2 Summary of findings

A general summary of the findings is presented in Table 3.



TABLE 3 Summary of findings.
[image: Table3]


3.2.1 Overweight pregnant women

A clinical trial (25) assessed the effects of an intervention based on three personalized nutrition counseling sessions, each lasting 30 min, provided by trained nutritionists between the second trimester and weeks 34–36 of gestation. The recommendations included avoiding UPFs consumption, consuming fruits and vegetables daily and engaging in 150 min of physical activity per week. Dietary intake was assessed using food frequency questionnaires, which were not validated for use in pregnant women. The NOVA system was used to classify foods as ultra-processed. However, no actions to ensure the reliability and validity of the assigned classification were mentioned.

The intervention did not produce significant differences in terms of adequate or insufficient gestational weight gain, gestational hypertension, gestational diabetes, premature birth, cesarean delivery, or preeclampsia compared to a control group that received standard nutritional counseling without specific recommendations regarding UPF consumption. A lower likelihood of excessive gestational weight gain was observed in the intervention group when modified intention-to-treat analysis was used, excluding those who did not attend any counseling sessions (OR: 0.56; 95% CI: 0.32 to 0.98; p = 0.04), but not when conventional intention-to-treat analysis was employed (including all randomized women). It is worth mentioning that the proposed intervention did not significantly reduce UPF consumption in the study population (25).



3.2.2 Women with grade I-II obesity

A clinical trial (26) evaluated the effect of a group educational intervention, administered for 90 min every 2 weeks over a 12-week period. The recommendations included avoiding UPFs consumption, prioritize the consumption of natural or minimally processed foods, and limit the intake of fats, salt, and sugar, compared to a control group that received no intervention. Food consumption was assessed using a 24-h recall. The classification of UPFs was developed by a registered nutritionist based on the guidelines from the Brazilian Ministry of Health, which are supported by the NOVA classification system. However, it is not described whether additional strategies were considered to ensure the validity and reliability of the assigned classification.

The authors analyzed changes within each group, without comparing differences between the groups. No changes were observed in systolic or diastolic blood pressure, HDL cholesterol, and triglycerides in either group. A significant reduction in body weight (p < 0.05) and hip circumference (p < 0.001) was observed only in the intervention group, and in waist circumference in both groups (p < 0.05 in the control group and p < 0.001 in the intervention group). Regarding quality of life assessed with the SF-36 questionnaire, no changes were observed in the dimensions of pain, physical aspects, and general health status in either group. Both groups showed significant improvements in vitality and mental health (p < 0.05). Significant changes were observed only in the intervention group for the dimensions of functional capacity, social aspects, and emotional aspects (p < 0.05 for functional capacity and p < 0.01 for the other two dimensions). UPF consumption decreased in both the intervention group and the control group that received no intervention.



3.2.3 Children and adolescents with overweight or obesity

A clinical trial (27) evaluated the effect of two educational interventions with different levels of UPFs reduction. In one of them, participants were instructed to follow an intensive reduction in UPFs consumption (less than one serving per week) without caloric restriction. In the second intervention, participants were asked to reduce frequent UPF consumption and limit calorie intake to between 1,100 and 2,300 Kcal, depending on age. Both educational interventions were provided only once at the beginning of the study and were accompanied by general recommendations to engage in moderately vigorous physical activity for 60 min per day. The classification of UPFs was based on the NOVA system and was carried out by a registered dietitian, although details about the additional procedures followed to ensure the validity and reliability of the assigned classification were not provided. To improve the identification of UPFs by the participants, a list of allowed and prohibited foods, as well as a reference weekly menu model, was provided.

No significant differences were found between the groups in relation to body mass index, fasting glucose, fasting insulin, total cholesterol, triglycerides, serum uric acid, or fat mass. The study did not assess changes in dietary intake or UPF consumption.



3.2.4 Adults with stable weight

A crossover clinical trial (28) provided participants with either ultraprocessed or minimally processed diets in random sequences of two weeks each. Participants were admitted to a clinical research unit for the entire study duration. They were offered three daily meals with instructions to eat as much as they desired for up to 60 min per meal. The selection of foods and beverages for each diet (ultra-processed or minimally processed) was based on the NOVA classification system. However, no details were provided regarding who conducted the selection or the procedures employed to ensure the validity and reliability of the assigned classification.

Energy consumption was significantly higher during the ultra-processed diet (mean difference [MD]: 508 ± 106 kcal/day, p = 0.0001), with a higher intake of carbohydrates (MD: 280 ± 54 kcal/day, p = 0.0001) and fats (MD: 230 ± 53 kcal/day, p = 0.0004), but not of protein. Participants gained 0.9 ± 0.3 kg during the ultra-processed diet (p = 0.009) and lost 0.9 ± 0.3 kg during the unprocessed diet (p = 0.007). Fat mass increased by 0.4 ± 0.1 kg during the ultra-processed diet (p = 0.0015), with no significant changes during the unprocessed diet. No significant differences were observed at the end of each dietary period in glucose, insulin, or glycated hemoglobin. A greater reduction in total cholesterol and HDL was observed after the unprocessed diet period (p = 0.001 and p < 0.0001, respectively), with no differences in LDL cholesterol and triglycerides.




3.3 Risk of bias

All studies had a high risk of bias (Figure 2). Three studies (25–27) reported losses to follow-up exceeding 20% of participants and were considered at high risk of bias due to missing outcome data. Additionally, one study (25) was deemed to have a high risk of bias in the selection of the reported result because the reported primary outcome (excessive gestational weight gain) differed from the planned protocol (adequate gestational weight gain). Moreover, some concerns were identified regarding deviations from the planned interventions in two studies (25, 26), as well as in the randomization process and selection of the reported result in one study (26). These concerns arose due to insufficient information provided in the studies. Finally, the controlled feeding trial (28) presented a high risk of outcome measurement bias due to the lack of blinding of participants, which could have influenced food consumption in each dietary period, and of outcome assessors, which could have influenced outcome assessment.

[image: Figure 2]

FIGURE 2
 Summary of risk of bias.




3.4 Certainty of evidence

The certainty of evidence using the GRADE system was considered very low for the outcomes of interest in the population of overweight pregnant women (25); low or very low in women with obesity (26); moderate in children and adolescents with overweight or obesity (27); and low or moderate in adults with stable weight (28) (Table 3 and Supplementary Tables S11–S14).




4 Discussion

The present systematic review aimed to examine the evidence derived from RCTs regarding the health effects of UPFs consumption. Four studies were identified, reporting a total of 42 distinct outcomes. Reduction in UPFs consumption resulted in improvements in some anthropometric outcomes and others related to dietary intake, although most outcomes evaluated did not show significant effects. The studies included in the review comprised one controlled feeding trial that provided participants with specially designed diets (28) and three studies based on educational interventions (25–27).

With regard to studies based on educational interventions, it is important that they can achieve an effective reduction in UPFs consumption to attribute their results to such interventions. However, only two of these studies evaluated final changes in UPFs intake (25, 26). In one study, the proposed educational intervention failed to reduce UPFs consumption (25), while in the remaining study, the control group that did not receive any intervention showed a reduction in UPFs intake similar to the intervention group (26). Hence, in both studies, the observed benefits could be attributed to other dietary and physical activity components included in the interventions.

The low adherence to dietary recommendations is a common issue that can affect 30–50% of participants in clinical trials, particularly in long-term interventions or those employing strict elimination diets (29–31). In the study conducted by Sartorelli et al., participants were from areas of high social vulnerability, which, according to the authors, could have limited their access to a healthy diet (25). There is evidence that the consumption of UPFs is usually higher in disadvantaged populations due to greater availability, access, and lower cost (5, 32). In fact, according to the study by Hall (28), the weekly cost to prepare a diet of 2000 Kcal/day consisting of ultra-processed foods was US$ 106, compared to US$ 151 for an unprocessed diet. Therefore, it has been suggested that policies to reduce UPF intake take into account the most vulnerable groups to avoid deepening economic, health, and social inequalities (33). Strategies have been proposed, such as including these groups in food assistance programs to improve access to natural and minimally processed foods (2), as well as reformulating UPFs. However, this latter approach has been criticized by those who argue that it could legitimize and encourage the consumption of these types of products (34).

On the other hand, studies based on educational interventions recorded significant dropout rates. In two studies, dropouts reached between 20 and 40% of participants (25, 26), while in the remaining study, although only 10% dropouts were reported, these were five times more frequent in the control group (27). High rates of overall or differential dropout represent a significant concern in dietary clinical trials (31). Although they are often observed in long-term interventions, dropouts exceeding 50% have been reported even in dietary interventions of only 12 weeks (35). This situation can lead to missing data, biases, loss of statistical power, and compromise the integrity of the randomization process, compromising the validity of the results and their conclusions (31, 35).

To reduce dropout rates, several strategies have been proposed, such as increasing participant recruitment; including a run-in period that allows participants to assess the required commitment and researchers to identify those with low motivation, poor commitment, or limited availability; offering a flexible nutritional intervention as much as possible; maintaining regular contact with participants to monitor compliance, provide counseling, and strengthen the relationship with researchers; highlighting the benefits and positive aspects of their participation in the study; and offering financial incentives (36–38).

In contrast to the high dropouts rates observed in trials based on educational interventions, the controlled feeding trial conducted by Hall et al. (28) did not register any dropouts. In these types of studies, participants do not face obstacles related to the acquisition and preparation of food, which could favor their retention in the study and ensure compliance with the dietary intervention protocol (39). Although these types of studies allow hypotheses to be tested under highly controlled conditions (40), they may present limitations related to sample size, study duration, and the resources required to carry them out. Controlled feeding trials are costly, as they require highly trained and certified personnel, equipment for food preservation and storage, special facilities, laboratory capabilities to analyze the nutritional composition of diets, objective tests to determine daily energy needs, access to nutritional biomarkers or monitoring devices, transportation and logistics, in addition to the cost of food supply (around US$30 per participant per day) (40, 41).

Furthermore, these studies are usually of short duration not only due to costs but also because participants face a substantial burden that translates into significant changes in their daily routines and lifestyle, making adherence more difficult over longer periods (40, 42). Additionally, this type of study often enrolls highly motivated individuals who may have very different characteristics from the general population (42). Finally, sample sizes tend to be small, around 5–25 participants, as larger sample sizes may require multiple study sites and increase associated costs (41).

In the controlled feeding trial by Hall et al. (28), the researchers designed two different diets in the percentage of calories derived from UPFs, but similar in total calories, energy density, macronutrients, total fiber, sugars, and sodium. Some methodological aspects to consider include differences between the diets in the content of added sugar, insoluble fiber, saturated fat, and the omega 3:6 ratio that could interfere with the observed results (14). Additionally, equivalence in total fiber content was achieved by including dissolved fiber supplements in beverages in the ultra-processed diet, which could have a lesser impact on satiety (28). There was also no adaptation period employed to control for initial exposure (40), nor an elimination period to avoid carry-over effects from previous interventions (43). However, in a secondary analysis of the same study, no carry-over effects on energy intake, weight, or body composition were identified (44).

It’s also important note that all studies included in the review employed the NOVA system (not an acronym) to classify foods as ultra-processed. This system, first proposed in 2009, has been widely used in academic publications and national and international dietary guidelines (45). However, its use has not been without controversy. A primary point of contention relates to the value it could add to existing classification systems based on diet quality or nutrient profile (46, 47). Opponents argue that the association between UPFs and adverse health outcomes could be explained solely by an unfavorable nutritional profile (32). However, a review of prospective studies showed that the majority of associations between UPFs and health-related outcomes remained significant and unchanged in magnitude after adjustment for diet quality, suggesting that increased consumption of UPFs could produce negative effects independent of their nutritional composition (48).

It is also argued that the category of UPFs encompasses a wide variety of products and ingredients that could have different effects on health (1, 32). For example, one study demonstrated that excluding foods with more than 25% whole grains from the classification of UPFs did not alter the association between UPFs and cardiometabolic risk factors (49). Additionally, certain foods such as dark chocolate or yogurt, predominantly considered as UPFs, have been associated with cardiovascular and cognitive health benefits, as well as a reduced risk of diabetes and colorectal cancer (50–53). It is important to note that the health risks of these foods likely differ from other types of UPFs, such as sugary beverages or processed meats, thus necessitating a more precise differentiation of health effects among different types of UPFs (46).

On the other hand, some authors argue that the NOVA system is based on a descriptive classification approach that can lead to ambiguity, difficulties in interpretation, and produce imprecise and inconsistent judgments among evaluators (33, 54). A study conducted in France, where food and nutrition specialists were asked to assign foods to NOVA categories, revealed low overall consistency among evaluators (55). Conversely, a study conducted in the United States found an 88.3% agreement level among evaluators, although the authors argue that this precision may not be sufficient to draw appropriate inferences about UPF consumption from a single evaluator (56). Additional studies are required to identify strategies to improve consistency in assignments among different evaluators when using the NOVA system. This could enhance the reliability of conclusions drawn from studies employing this classification, as well as their ability to guide public health policies and inform consumers (55).

Similarly, it’s important to note that the causal mechanisms linking UPF consumption to disease risk are not yet fully understood (32). One proposed mechanism links UPFs to a general deterioration in diet quality due to excessive amounts of calories, added sugars, refined grains, unhealthy fats, and sodium present in their composition, as well as the potential to displace or substitute healthy unprocessed or minimally processed foods (32, 46). However, it has also been suggested that UPFs could be harmful to health due to the level of industrial processing they undergo.

For example, the extrusion and retrogradation of starch affect the availability of carbohydrates, while particle size and viscosity influence glycemic response, whose postprandial level can impact appetite and fat storage in the liver and skeletal muscle, which is associated with the development of insulin resistance (47, 57). Furthermore, ultra-processing modifies the texture of foods, making them softer and easier to consume, promoting continuous and unconscious eating behaviors (46), and a faster energy intake that affects satiety, transit time, digestibility, and nutrient bioavailability (2, 33). These relationships could be due to inadequate signaling of satiety sensations to the brain, the release of hormones that regulate hunger and satiety, and a shorter gastric emptying time that increases the speed at which nutrients are released and absorbed in the body (58, 59).

UPFs can also influence homeostatic mechanisms of body weight regulation (33) and create an intestinal environment conducive to the proliferation of microorganisms that promote inflammatory diseases (46). Additionally, industrial processing can generate potentially toxic compounds, such as furans, heterocyclic amines, polycyclic aromatic hydrocarbons, acrolein, advanced glycation end products, industrial trans fatty acids, and acrylamide, associated with an increased risk of chronic diseases (32, 46). These risks have been attributed to increased inflammatory mechanisms, alteration of intestinal barrier function, changes in the microbiota, among others (60–62). Lastly, UPFs often have an extended shelf life, which could facilitate the migration of contaminants from their packaging, such as phthalates, bisphenols, mineral oils, and microplastics (32). These substances can increase the risk of cardiovascular diseases, obesity, insulin resistance, type 2 diabetes and cancer by altering normal hormonal activity and activating nuclear receptors such as PPAR α, β y γ, and the retinoid X receptor, which control various aspects of energy metabolism, inflammation, and cellular homeostasis (63, 64).

Although numerous mechanisms beyond their nutritional content have been proposed to explain the relationship between UPFs and adverse health effects, these mechanisms have not been fully elucidated (32, 47). Currently, there is no single plausible explanation for a common effect of all UPFs on the various health effects reported in the literature (65). Therefore, further research is needed to better understand how UPFs relate to these adverse outcomes (66).

In our knowledge, this is the first systematic review that evaluates the effects of UPF consumption based on evidence from randomized clinical trials. Previously, numerous reviews analyzed the health effects of UPF consumption based on evidence from observational studies. However, reviews of observational studies have limitations, such as the inclusion of studies that use different methods to assess UPF intake (67), different models for adjusting covariates (67, 68), heterogeneous doses of intake between higher and lower exposure groups (1, 68), different classification systems and reference units (1, 46), as well as variable follow-up periods (69). Therefore, considering the growing importance of UPFs in shaping global nutrition policies and guidelines, high-quality clinical trials are needed to overcome these limitations and define causality mechanisms that cannot be solely inferred from observational studies (33).

However, it is important to consider that designing long-term clinical trials of dietary interventions is not always feasible or ethical, especially when seeking to demonstrate the effect of interventions with potential risks, such as diets high in UPFs (32, 67). Therefore, it is more feasible to expect short-term trials that evaluate their impact on intermediate outcomes (67). These intermediate outcomes correspond to surrogate markers, such as changes in physiologic measures, that can infer or predict clinically relevant outcomes for patients, such as death or quality of life (70, 71). Although these outcomes are widely used in clinical trials, their validity requires demonstrating a strong association with the final outcomes they aim to substitute (70). However, for many intermediate outcomes, there are considerable doubts about their correlation with final outcomes (70). For example, reducing the intake of saturated fats has a favorable impact on lipid profile and anthropometric measures, although it has not demonstrated a clear association with cardiovascular mortality (72).

In this context, demonstrating causality represents a significant challenge, for which triangulation has been proposed as the best approach based on integrating evidence from multiple study designs, such as short-term trials, mechanistic studies, and well-conducted large-scale epidemiological observational studies (47, 73–75). Corroborating different types of evidence can yield more robust dietary guidelines and better inform causal inference on complex issues that cannot be directly studied (47).

Our review had several strengths, among which we can highlight being the first review aimed at examining the association between UPF consumption and health-related outcomes based on RCT evidence. Additionally, we conducted a comprehensive literature search, analyzed a wide variety of outcomes in diverse populations, and adhered to strict methodological standards such as the guidelines established by the PRISMA statement and the SWiM guidelines to ensure transparent reporting, the methodological guidelines provided by the Cochrane Collaboration for conducting systematic reviews of interventions, and the GRADE system to evaluate of the certainty of evidence.

GRADE is a system adopted by over 120 organizations worldwide, which provides a framework for systematic and transparent evaluation of evidence certainty, including an explicit record of judgments made (23, 76). However, some weaknesses have been pointed out, such as variability in judgments obtained by different evaluators (77). Taking this into consideration, the assessment was conducted by two authors trained and experienced in using the GRADE methodology, as this approach has been shown to enhance result reliability (78). Furthermore, it has been suggested that GRADE may not fully align with the specific requirements of nutrition research, which has prompted the development of alternative systems based on adaptations to GRADE (79), although further investigation is still required to validate their effectiveness.

We must also acknowledge some limitations. We were unable to synthesize the findings through meta-analysis due to the heterogeneity in the characteristics of the included studies (80, 81), and, instead, we employed a narrative synthesis. It is estimated that between 32 to 56% of systematic reviews used this type of synthesis (18, 80). Nonetheless, its use may face issues related to insufficient reporting of the methods employed and their limitations, which could affect the validity of the review findings (18, 81). To minimize these risks, we followed the recommendations of the Synthesis Without Meta-analysis (SWiM) guidelines (18). However, the limited number of studies and the differences in the characteristics of the populations prevented us from conducting subgroup analysis or limit the analysis to studies with lower risk of bias, which would have allowed for a deeper investigation into the sources of heterogeneity of the observed effects (19).

On the other hand, one of the main methodological deficiencies in systematic reviews on UPFs has been the lack of an explicit approach to the risk of bias in primary studies during evidence synthesis (82). Although in our review, we employed GRADE to incorporate the risk of bias into evidence synthesis, discussing the potential effect of deviations from intended interventions and the lack of outcome data, and considering these limitations in the overall study conclusions, we were unable to implement other strategies, such as sensitivity analysis (22), due to the limited number of studies and the different populations in which they were conducted.

Finally, we must also consider the limitations of the primary studies include in our review. In three out of the four included studies, participants only received educational interventions with recommendations to reduce UPFs consumption. In these studies, ensuring effective reduction of UPFs consumption is required for the observed health effects to be attributable to such interventions. However, we observed low adherence and high dropout rates. All these factors, coupled with the limited number of studies, short follow-up periods, high risk of bias, and a generally low or very low certainty of evidence, make it difficult to draw definitive conclusions about the true effect of UPFs on health.



5 Policy implications and future research

Around the world, various institutions, including the World Health Organization, have recommended reducing or avoiding the intake of UPFs (67). Some countries already include this recommendation as part of their dietary guidelines or have implemented strategies to reduce their consumption, such as the use of nutritional warning labels, selective taxes, marketing restrictions, or bans in schools (67). However, these recommendations are primarily based on results from prospective observational studies with methodological limitations and not designed to establish causal mechanisms (33). This reliance on observational study results to support nutritional recommendations is common (29) and often reflects the difficulty of developing long-term dietary clinical trials (32, 67). In fact, our review identified only four clinical trials, of which only one directly evaluated the effects of consuming a UPF-based diet, although in a small number of participants, with a short follow-up period and based on intermediate outcomes.

Consequently, the available evidence to date cannot establish a clear causal link between the degree of food processing and adverse health outcomes. Despite the undeniable fact that certain elements commonly present in UPFs, such as salt or sugar, contribute to the development of various chronic diseases (83), the added value of classifying foods based on their industrial processing compared to traditional nutrient-based systems remains an unresolved controversy.

From the perspective of health and nutrition policies, it is necessary for governments to promote measures to encourage the consumption of healthy natural or minimally processed foods, making them more available, valued, and affordable (83). Likewise, it should be recognized that UPFs play a central role in food systems and can be drivers of diet quality in contexts where nutrient-rich foods are scarce or have limited access (33, 83). In this sense, policies to limit UPF consumption should be accompanied by strategies that minimize any negative impact on the food security of vulnerable groups (33), including regulations to facilitate the reformulation of UPFs, especially those aimed at replacing processed, refined, and reconstituted ingredients with intact or minimally processed ingredients (83). Finally, considering that non-communicable diseases are of a multifactorial nature, health, and nutrition policies must be based on comprehensive approaches that address both dietary factors and other social, economic, and environmental determinants, as well as evaluate the impact of the strategies adopted (84).

From a research perspective, establishing the causal mechanisms that link UPFs to adverse health outcomes will require well-designed prospective studies that overcome current methodological limitations, mechanistic studies that identify the specific attributes involved in the pathogenesis of the disease, and a greater number of dietary clinical trials with more participants and longer follow-up periods (67, 83). Similarly, studies aimed at improving the accuracy and consistency of the NOVA system, the most widely used classification system to identify UPFs, will allow for a more reliable and functional system (4, 33). Finally, studies are needed to understand the differences between the various types of UPFs and their effects on human health (4, 33, 67).



6 Conclusion

Our findings show that interventions aimed at reducing the consumption of UPFs had beneficial effects on some anthropometric and dietary intake outcomes, although no significant effect was observed for most of the evaluated outcomes. However, due to the limited number of studies and significant methodological limitations identified, we cannot draw definitive conclusions. Further well-designed clinical trials are needed to enhance our understanding of the relationship between UPF consumption and health outcomes to promote effective policies.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

AA: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. GA-G: Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. RC: Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. KC-Q: Conceptualization, Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. CD-P: Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. GR-L: Data curation, Formal analysis, Investigation, Writing – original draft, Writing – review & editing. CL: Conceptualization, Funding acquisition, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The present study was supported by the Center for the Promotion of Healthy Habits of the Instituto de Investigación Nutricional, Lima, Peru.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1421728/full#supplementary-material



References

 1. Vitale, M, Costabile, G, Testa, R, D’Abbronzo, G, Nettore, IC, Macchia, PE , et al. Ultra-processed foods and human health: a systematic review and Meta-analysis of prospective cohort studies. Adv Nutr. (2024) 15:100121. doi: 10.1016/j.advnut.2023.09.009 

 2. Wang, Z, Lu, C, Cui, L, Fenfen, E, Shang, W, Wang, Z , et al. Consumption of ultra-processed foods and multiple health outcomes: an umbrella study of meta-analyses. Food Chem. (2024) 434:137460. doi: 10.1016/j.foodchem.2023.137460 

 3. Mambrini, SP, Menichetti, F, Ravella, S, Pellizzari, M, De Amicis, R, Foppiani, A , et al. Ultra-processed food consumption and incidence of obesity and Cardiometabolic risk factors in adults: a systematic review of prospective studies. Nutrients. (2023) 15:2583. doi: 10.3390/nu15112583 

 4. Monteiro, CA, Cannon, G, Levy, RB, Moubarac, J-C, Louzada, ML, Rauber, F , et al. Ultra-processed foods: what they are and how to identify them. Public Health Nutr. (2019) 22:936–41. doi: 10.1017/S1368980018003762 

 5. Dicken, SJ, Qamar, S, and Batterham, RL. Who consumes ultra-processed food? A systematic review of sociodemographic determinants of ultra-processed food consumption from nationally representative samples. Nutr Res Rev. (2023):1–41. doi: 10.1017/S0954422423000240 

 6. Guo, L, Li, F, Tang, G, Yang, B, Yu, N, Guo, F , et al. Association of ultra-processed foods consumption with risk of cardio-cerebrovascular disease: a systematic review and meta-analysis of cohort studies. Nutr Metab Cardiovasc Dis. (2023) 33:2076–88. doi: 10.1016/j.numecd.2023.07.005 

 7. Henney, AE, Gillespie, CS, Alam, U, Hydes, TJ, Mackay, CE, and Cuthbertson, DJ. High intake of ultra-processed food is associated with dementia in adults: a systematic review and meta-analysis of observational studies. J Neurol. (2023) 271:198–210. doi: 10.1007/s00415-023-12033-1 

 8. Shu, L, Huang, Y, Si, C, Zhu, Q, Zheng, P, and Zhang, X. Association between ultra-processed food intake and risk of colorectal cancer: a systematic review and meta-analysis. Front Nutr. (2023) 10:1170992. doi: 10.3389/fnut.2023.1170992 

 9. Moodie, R, Bennett, E, Kwong, EJL, Santos, TM, Pratiwi, L, Williams, J , et al. Ultra-processed profits: the political economy of countering the global spread of ultra-processed foods - a synthesis review on the market and political practices of transnational food corporations and strategic public health responses. Int J Health Policy Manag. (2021) 10:968–82. doi: 10.34172/ijhpm.2021.45 

 10. Almarshad, MI, Algonaiman, R, Alharbi, HF, Almujaydil, MS, and Barakat, H. Relationship between ultra-processed food consumption and risk of diabetes mellitus: a Mini-review. Nutrients. (2022) 14:2366. doi: 10.3390/nu14122366 

 11. Wood, B, Robinson, E, Baker, P, Paraje, G, Mialon, M, van Tulleken, C , et al. What is the purpose of ultra-processed food? An exploratory analysis of the financialisation of ultra-processed food corporations and implications for public health. Glob Health. (2023) 19:85. doi: 10.1186/s12992-023-00990-1 

 12. Monteiro, CA, Moubarac, J-C, Cannon, G, Ng, SW, and Popkin, B. Ultra-processed products are becoming dominant in the global food system. Obes Rev. (2013) 14:21–8. doi: 10.1111/obr.12107 

 13. Zhang, Y, and Giovannucci, EL. Ultra-processed foods and health: a comprehensive review. Crit Rev Food Sci Nutr. (2023) 63:10836–48. doi: 10.1080/10408398.2022.2084359 

 14. Astrup, A, and Monteiro, CA. Does the concept of “ultra-processed foods” help inform dietary guidelines, beyond conventional classification systems? NO. Am J Clin Nutr. (2022) 116:1482–8. doi: 10.1093/ajcn/nqac123

 15. Page, MJ, Moher, D, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. BMJ. (2021) 372:n160. doi: 10.1136/bmj.n160 

 16. Ahmed, KKM, and Al Dhubaib, BE. Zotero: a bibliographic assistant to researcher. J Pharmacol Pharmacother. (2011) 2:304–5. doi: 10.4103/0976-500X.85940 

 17. Ouzzani, M, Hammady, H, Fedorowicz, Z, and Elmagarmid, A. Rayyan-a web and mobile app for systematic reviews. Syst Rev. (2016) 5:210. doi: 10.1186/s13643-016-0384-4 

 18. Campbell, M, McKenzie, JE, Sowden, A, Katikireddi, SV, Brennan, SE, Ellis, S , et al. Synthesis without meta-analysis (SWiM) in systematic reviews: reporting guideline. BMJ. (2020) 368:l6890. doi: 10.1136/bmj.l6890 

 19. McKenzie, JE, and Brennan, SE. Synthesizing and presenting findings using other methods In: JPT Higgins, J Thomas, J Chandler, M Cumpston, T Li, and MJ Page, editors. Cochrane handbook for systematic reviews of interventions. Oxford, UK: John Wiley & Sons, Ltd (2019). 321–47.

 20. Guyatt, G, Oxman, AD, Akl, EA, Kunz, R, Vist, G, Brozek, J , et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. (2011) 64:383–94. doi: 10.1016/j.jclinepi.2010.04.026 

 21. Sterne, JAC, Savović, J, Page, MJ, Elbers, RG, Blencowe, NS, Boutron, I , et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:l4898. doi: 10.1136/bmj.l4898

 22. Katikireddi, SV, Egan, M, and Petticrew, M. How do systematic reviews incorporate risk of bias assessments into the synthesis of evidence? A methodological study. J Epidemiol Community Health. (2015) 69:189–95. doi: 10.1136/jech-2014-204711 

 23. Guyatt, GH, Oxman, AD, Vist, GE, Kunz, R, Falck-Ytter, Y, Alonso-Coello, P , et al. GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. BMJ. (2008) 336:924–6. doi: 10.1136/bmj.39489.470347.AD 

 24. Shao, S-C, Kuo, L-T, Huang, Y-T, Lai, P-C, and Chi, C-C. Using grading of recommendations assessment, development, and evaluation (GRADE) to rate the certainty of evidence of study outcomes from systematic reviews: a quick tutorial. Dermatol Sin. (2023) 41:3–7. doi: 10.4103/ds.DS-D-22-00154

 25. Sartorelli, DS, Crivellenti, LC, Baroni, NF, de Andrade Miranda, DEG, da Silva, SI, Carvalho, MR , et al. Effectiveness of a minimally processed food-based nutritional counselling intervention on weight gain in overweight pregnant women: a randomized controlled trial. Eur J Nutr. (2023) 62:443–54. doi: 10.1007/s00394-022-02995-9 

 26. Giacomello, L, Bordignon, S, Salm, D, Donatello, N, Belmonte, LA, Bobinski, F , et al. Effects of the application of a food processing-based classification system in obese women: a randomized controlled pilot study. Nutr Health. (2023):2601060231153947. doi: 10.1177/02601060231153947 

 27. Chen, F, Huang, K, Long, Q, Ma, M, Zhang, T, Dong, G , et al. Comparative dietary effectiveness of a modified government-recommended diet with avoidance of ultra-processed foods on weight and metabolic management in children and adolescents: an open-label, randomized study. Asia Pac J Clin Nutr. (2022) 31:282–93. doi: 10.6133/apjcn.202206_31(2).0014 

 28. Hall, KD, Ayuketah, A, Brychta, R, Cai, H, Cassimatis, T, Chen, KY , et al. Ultra-processed diets cause excess calorie intake and weight gain: an inpatient randomized controlled trial of ad libitum food intake. Cell Metab. (2020) 32:690. doi: 10.1016/j.cmet.2020.08.014

 29. Johnston, BC, Seivenpiper, JL, Vernooij, RWM, de Souza, RJ, Jenkins, DJA, Zeraatkar, D , et al. The philosophy of evidence-based principles and practice in nutrition. Mayo Clin Proc Innov Qual Outcomes. (2019) 3:189–99. doi: 10.1016/j.mayocpiqo.2019.02.005 

 30. Schwingshackl, L, Balduzzi, S, Beyerbach, J, Bröckelmann, N, Werner, SS, Zähringer, J , et al. Evaluating agreement between bodies of evidence from randomised controlled trials and cohort studies in nutrition research: meta-epidemiological study. BMJ. (2021) 374:n1864. doi: 10.1136/bmj.n1864 

 31. Mirmiran, P, Bahadoran, Z, and Gaeini, Z. Common limitations and challenges of dietary clinical trials for translation into clinical practices. Int J Endocrinol Metab. (2021) 19:e108170. doi: 10.5812/ijem.108170 

 32. Touvier, M, da Costa Louzada, ML, Mozaffarian, D, Baker, P, Juul, F, and Srour, B. Ultra-processed foods and cardiometabolic health: public health policies to reduce consumption cannot wait. BMJ. (2023) 383:e075294. doi: 10.1136/bmj-2023-075294 

 33. Dicken, SJ, and Batterham, RL. Ultra-processed food and obesity: what is the evidence? Curr Nutr Rep. (2024) 13:23–38. doi: 10.1007/s13668-024-00517-z 

 34. McClements, DJ. Designing healthier and more sustainable ultraprocessed foods. Compr Rev Food Sci Food Saf. (2024) 23:e13331. doi: 10.1111/1541-4337.13331 

 35. Vorland, CJ, Brown, AW, Dawson, JA, Dickinson, SL, Golzarri-Arroyo, L, Hannon, BA , et al. Errors in the implementation, analysis, and reporting of randomization within obesity and nutrition research: a guide to their avoidance. Int J Obes. (2021) 45:2335–46. doi: 10.1038/s41366-021-00909-z 

 36. Werts, SJ, Lavelle, SA, Crane, TE, and Thomson, CA. Recruitment and retention strategies used in dietary randomized controlled interventions with Cancer survivors: a systematic review. Cancers. (2023) 15:4366. doi: 10.3390/cancers15174366 

 37. Landers, PS, and Landers, TL. Survival analysis of dropout patterns in dieting clinical trials. J Am Diet Assoc. (2004) 104:1586–8. doi: 10.1016/j.jada.2004.07.030 

 38. Crichton, GE, Howe, PRC, Buckley, JD, Coates, AM, Murphy, KJ, and Bryan, J. Long-term dietary intervention trials: critical issues and challenges. Trials. (2012) 13:111. doi: 10.1186/1745-6215-13-111 

 39. Hall, DM, and Most, MM. Dietary adherence in well-controlled feeding studies. J Am Diet Assoc. (2005) 105:1285–8. doi: 10.1016/j.jada.2005.05.009

 40. Davy, KP, and Davy, BM. Advances in nutrition science and integrative physiology: insights from controlled feeding studies. Front Physiol. (2019) 10:1341. doi: 10.3389/fphys.2019.01341 

 41. Most, MM, Ershow, AG, and Clevidence, BA. An overview of methodologies, proficiencies, and training resources for controlled feeding studies. J Am Diet Assoc. (2003) 103:729–35. doi: 10.1053/jada.2003.50132 

 42. Vitolins, MZ, and Case, TL. What makes nutrition research so difficult to conduct and interpret? Diabetes Spectr. (2020) 33:113–7. doi: 10.2337/ds19-0077 

 43. Harris, JE, and Raynor, HA. Crossover designs in nutrition and dietetics research. J Acad Nutr Diet. (2017) 117:1023–30. doi: 10.1016/j.jand.2017.03.017

 44. Sciarrillo, CM, Guo, J, Hengist, A, Darcey, VL, and Hall, KD. Diet order affects energy balance in randomized crossover feeding studies that vary in macronutrients but not ultra-processing. medRxiv. (2023). doi: 10.1101/2023.10.03.23296501

 45. Monteiro, CA, Cannon, G, Moubarac, J-C, Levy, RB, Louzada, MLC, and Jaime, PC. The UN decade of nutrition, the NOVA food classification and the trouble with ultra-processing. Public Health Nutr. (2018) 21:5–17. doi: 10.1017/S1368980017000234 

 46. Lv, J-L, Wei, Y-F, Sun, J-N, Shi, Y-C, Liu, F-H, Sun, M-H , et al. Ultra-processed food consumption and metabolic disease risk: an umbrella review of systematic reviews with meta-analyses of observational studies. Front Nutr. (2024) 11:1306310. doi: 10.3389/fnut.2024.1306310 

 47. O’Connor, LE, Higgins, KA, Smiljanec, K, Bergia, R, Brown, AW, Baer, D , et al. Perspective: a research roadmap about ultra-processed foods and human health for the United States food system: proceedings from an interdisciplinary, multi-stakeholder workshop. Adv Nutr. (2023) 14:1255–69. doi: 10.1016/j.advnut.2023.09.005 

 48. Dicken, SJ, and Batterham, RL. The role of diet quality in mediating the association between ultra-processed food intake, obesity and health-related outcomes: a review of prospective cohort studies. Nutrients. (2021) 14:23. doi: 10.3390/nu14010023 

 49. Price, EJ, Du, M, McKeown, NM, Batterham, MJ, and Beck, EJ. Excluding whole grain-containing foods from the Nova ultraprocessed food category: a cross-sectional analysis of the impact on associations with cardiometabolic risk measures. Am J Clin Nutr. (2024) 119:1133–42. doi: 10.1016/j.ajcnut.2024.02.017 

 50. Ditchfield, C, Kushida, MM, Mazalli, MR, and Sobral, PJA. Can chocolate be classified as an ultra-processed food? A short review on processing and health aspects to help answer this question. Food Secur. (2023) 12:3070. doi: 10.3390/foods12163070 

 51. Shateri, Z, Kooshki, A, Hormoznejad, R, Hosseini, SA, Mousavi, R, and Foroumandi, E. Effects of chocolate on cognitive function in healthy adults: a systematic review and meta-analysis on clinical trials. Phytother Res. (2023) 37:3688–97. doi: 10.1002/ptr.7896 

 52. Amoah, I, Lim, JJ, Osei, EO, Arthur, M, Tawiah, P, Oduro, IN , et al. Effect of cocoa beverage and dark chocolate consumption on blood pressure in those with Normal and elevated blood pressure: a systematic review and Meta-analysis. Food Secur. (2022) 11:1962. doi: 10.3390/foods11131962 

 53. Giosuè, A, Calabrese, I, Riccardi, G, Vaccaro, O, and Vitale, M. Consumption of different animal-based foods and risk of type 2 diabetes: an umbrella review of meta-analyses of prospective studies. Diabetes Res Clin Pract. (2022) 191:110071. doi: 10.1016/j.diabres.2022.110071 

 54. Sadler, CR, Grassby, T, Hart, K, Raats, M, Sokolović, M, and Timotijevic, L. Processed food classification: conceptualisation and challenges. Trends Food Sci Technol. (2021) 112:149–62. doi: 10.1016/j.tifs.2021.02.059

 55. Braesco, V, Souchon, I, Sauvant, P, Haurogné, T, Maillot, M, Féart, C , et al. Ultra-processed foods: how functional is the NOVA system? Eur J Clin Nutr. (2022) 76:1245–53. doi: 10.1038/s41430-022-01099-1 

 56. Sneed, NM, Ukwuani, S, Sommer, EC, Samuels, LR, Truesdale, KP, Matheson, D , et al. Reliability and validity of assigning ultraprocessed food categories to 24-h dietary recall data. Am J Clin Nutr. (2023) 117:182–90. doi: 10.1016/j.ajcnut.2022.10.016 

 57. Blaak, EE, Antoine, J-M, Benton, D, Björck, I, Bozzetto, L, Brouns, F , et al. Impact of postprandial glycaemia on health and prevention of disease. Obes Rev. (2012) 13:923–84. doi: 10.1111/j.1467-789X.2012.01011.x 

 58. Lasschuijt, M, Camps, G, Mars, M, Siebelink, E, de Graaf, K, and Bolhuis, D. Speed limits: the effects of industrial food processing and food texture on daily energy intake and eating behaviour in healthy adults. Eur J Nutr. (2023) 62:2949–62. doi: 10.1007/s00394-023-03202-z 

 59. Forde, CG, and Bolhuis, D. Interrelations between food form, texture, and matrix influence energy intake and metabolic responses. Curr Nutr Rep. (2022) 11:124–32. doi: 10.1007/s13668-022-00413-4 

 60. Tristan Asensi, M, Napoletano, A, Sofi, F, and Dinu, M. Low-grade inflammation and ultra-processed foods consumption: a review. Nutrients. (2023) 15:1546. doi: 10.3390/nu15061546 

 61. Partridge, D, Lloyd, KA, Rhodes, JM, Walker, AW, Johnstone, AM, and Campbell, BJ. Food additives: assessing the impact of exposure to permitted emulsifiers on bowel and metabolic health - introducing the FADiets study. Nutr Bull. (2019) 44:329–49. doi: 10.1111/nbu.12408 

 62. Paula Neto, HA, Ausina, P, Gomez, LS, Leandro, JGB, Zancan, P, and Sola-Penna, M. Effects of food additives on immune cells as contributors to body weight gain and immune-mediated metabolic dysregulation. Front Immunol. (2017) 8:1478. doi: 10.3389/fimmu.2017.01478 

 63. Kannan, K, and Vimalkumar, K. A review of human exposure to microplastics and insights into microplastics as Obesogens. Front Endocrinol. (2021) 12:724989. doi: 10.3389/fendo.2021.724989 

 64. Tumu, K, Vorst, K, and Curtzwiler, G. Endocrine modulating chemicals in food packaging: a review of phthalates and bisphenols. Compr Rev Food Sci Food Saf. (2023) 22:1337–59. doi: 10.1111/1541-4337.13113 

 65. Forde, CG. Processing the evidence to evaluate mechanisms, costs and future solutions. Nutr Bull. (2023) 48:157–9. doi: 10.1111/nbu.12623 

 66. Tobias, DK, and Hall, KD. Eliminate or reformulate ultra-processed foods? Biological mechanisms matter. Cell Metab. (2021) 33:2314–5. doi: 10.1016/j.cmet.2021.10.005

 67. Lane, MM, Gamage, E, Du, S, Ashtree, DN, McGuinness, AJ, Gauci, S , et al. Ultra-processed food exposure and adverse health outcomes: umbrella review of epidemiological meta-analyses. BMJ. (2024) 384:e077310. doi: 10.1136/bmj-2023-077310 

 68. Qu, Y, Hu, W, Huang, J, Tan, B, Ma, F, Xing, C , et al. Ultra-processed food consumption and risk of cardiovascular events: a systematic review and dose-response meta-analysis. EClinicalMedicine. (2024) 69:102484. doi: 10.1016/j.eclinm.2024.102484 

 69. Xiao, B, Huang, J, Chen, L, Lin, Y, Luo, J, Chen, H , et al. Ultra-processed food consumption and the risk of incident chronic kidney disease: a systematic review and meta-analysis of cohort studies. Ren Fail. (2024) 46:2306224. doi: 10.1080/0886022X.2024.2306224 

 70. Heneghan, C, Goldacre, B, and Mahtani, KR. Why clinical trial outcomes fail to translate into benefits for patients. Trials. (2017) 18:122. doi: 10.1186/s13063-017-1870-2 

 71. Jonas, DE, Ferrari, RM, Wines, RC, Vuong, KT, Cotter, A, and Harris, RP. Evaluating evidence on intermediate outcomes: considerations for groups making healthcare recommendations. Am J Prev Med. (2018) 54:S38–52. doi: 10.1016/j.amepre.2017.08.033

 72. Hooper, L, Martin, N, Jimoh OF, Kirk, C, Foster, E, and Abdelhamid, AS. Reduction in saturated fat intake for cardiovascular disease. Cochrane Database Syst Rev. (2020) 2020:CD011737. doi: 10.1002/14651858.CD011737.pub3 

 73. Williams, CM. Mechanistic evidence underpinning dietary policy: bringing the jigsaw pieces together? Proc Nutr Soc. (2023) 82:219–26. doi: 10.1017/S0029665122002750

 74. Vandenbroucke, JP, Broadbent, A, and Pearce, N. Causality and causal inference in epidemiology: the need for a pluralistic approach. Int J Epidemiol. (2016) 45:1776–86. doi: 10.1093/ije/dyv341 

 75. Satija, A, Stampfer, MJ, Rimm, EB, Willett, W, and Hu, FB. Perspective: are large, simple trials the solution for nutrition research? Adv Nutr. (2018) 9:378–87. doi: 10.1093/advances/nmy030 

 76. Halawa, N. Evidence-based medicine: the conundrum of grading systems. Consult Pharm. (2014) 29:536–46. doi: 10.4140/TCP.n.2014.536

 77. Hartling, L, Fernandes, RM, Seida, J, Vandermeer, B, and Dryden, DM. From the trenches: a cross-sectional study applying the GRADE tool in systematic reviews of healthcare interventions. PLoS One. (2012) 7:e34697. doi: 10.1371/journal.pone.0034697 

 78. Mustafa, RA, Santesso, N, Brozek, J, Akl, EA, Walter, SD, Norman, G , et al. The GRADE approach is reproducible in assessing the quality of evidence of quantitative evidence syntheses. J Clin Epidemiol. (2013) 66:736–742.e5. doi: 10.1016/j.jclinepi.2013.02.004 

 79. Schwingshackl, L, Knüppel, S, Schwedhelm, C, Hoffmann, G, Missbach, B, Stelmach-Mardas, M , et al. Perspective: NutriGrade: a scoring system to assess and judge the Meta-evidence of randomized controlled trials and cohort studies in nutrition research. Adv Nutr. (2016) 7:994–1004. doi: 10.3945/an.116.013052 

 80. Cumpston, MS, Brennan, SE, Ryan, R, and McKenzie, JE. Synthesis methods other than meta-analysis were commonly used but seldom specified: survey of systematic reviews. J Clin Epidemiol. (2023) 156:42–52. doi: 10.1016/j.jclinepi.2023.02.003

 81. Campbell, M, Katikireddi, SV, Sowden, A, and Thomson, H. Lack of transparency in reporting narrative synthesis of quantitative data: a methodological assessment of systematic reviews. J Clin Epidemiol. (2019) 105:1–9. doi: 10.1016/j.jclinepi.2018.08.019 

 82. Wang, Z, Wang, Y, Shang, W, Liu, W, Lu, C, Huang, J , et al. Reporting quality and risk of bias of systematic reviews of ultra-processed foods: a methodological study. Eur J Clin Nutr. (2024) 78:171–9. doi: 10.1038/s41430-023-01383-8 

 83. Nees, S, Lutsiv, T, and Thompson, HJ. Ultra-processed foods-dietary foe or potential ally? Nutrients. (2024) 16:1013. doi: 10.3390/nu16071013 

 84. Gassner, L, Zechmeister-Koss, I, and Reinsperger, I. National Strategies for preventing and managing non-communicable diseases in selected countries. Front Public Health. (2022) 10:838051. doi: 10.3389/fpubh.2022.838051 


Copyright
 © 2024 Aramburu, Alvarado-Gamarra, Cornejo, Curi-Quinto, Díaz-Parra, Rojas-Limache and Lanata. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1421728-t003.jpg
Description of the

interventions

Overweight pregnant women (25)

Outcome

Effects of the intervention

GRADE evidence*

Excessive gestational weight gain Reduction® 000
Very low
Adequate gestational weight gain Noeffect ©000
Very low
. Insuficient gestational weight gain Noeffect ©000
Intervention: Very low
Nutritional counselling (avoid UPFs +
¢ ’ ) ®000
gestational weight gain + intake of fruitsand ~ Gestational hypertension No effect Voo
ylow
vegetables + physical activity)
Control: . . [lelele]
ntrol: Gestational diabetes mellitus Noeffect bt
Regular nutritional counseling (without fery ow
recommendations on UPFs). PN Noeffect ©000
Very low
Caesarean delivery No effect ©000
Very low
Preeclampsia No effect ©000
Very low
‘Women with grade I-11 obesity (26)
Systolic blood pressure No effect ©000
Very low
Diastolic blood pressure Noeffect 000
Very low
HDL cholesterol Noeffect 00
Low
Triglycerides No effect ©©00
Low
Body weight Reduction” 900
Low
Hip circumference Reduction® 900
Low
Interventions Waist circumference Undlear S?OO
Educational intervention (avoid UPFs + other
. y ®000
dietary recommendations) Quality of life - Domain: pain Noeffect
Very low
Control:
No intervention Quality of life - Domain: physical aspects ~ No effect ©000
Very low
Quality of ife - Domain: general health S000
No effect
status Very low
Quality of life - Domain: vitality Uncleart ©000
Very low
Quality of life - Domain: mental health Unclear ©000
Very low
Quality of life - Domain: functional capacity ~ Improvement® ©000
Very low
Quality of life - Domain: social aspects Improvement” ©000
Very low
Quality of life - Domain: emotional ®000
Improvement®
aspects Very low
Children and adolescents with overweight or obesity ()
Body mass index No effect ©OO0
Moderate
Intervention: Fasting glucose No effect SOO0
Moderate
Educational intervention (avoid UPFs: <1
serving/weck + no caloric estriction + Fastng tasolin Nb effect SOO0
‘moderate reduction of starchy foods + Moderate
hysical activity)
Physicalactiviy Total cholesterol No effect SOO0
Control: Moderate
Educational intervention (reduction of UPFs
i Triglycerides Noeffect ©000
+ caloric restriction + reducing frequent Moderate
consumption of sugar-sweetened beverages +
[cTe)
physical activity) Serum uric acid Noeffect
Moderate
Fat mass percentage Noeffect 0980
Moderate
Weight-stable adults (25)
Energy intake Reduction 9S00
Low
Carbohydrate intake Reduction ©600
Low
Fat intake Reduction 9S00
Low
Protein intake No effect 9S00
Low
Body weight Reduction ©O00
" Moderate
Intervention:
Ultra-processed diet ad libitum (breakfast, — o ettt SDDO
lunch, and dinner). Energy from UPFs: 81.3% Moderate
Control: OODO
Unprocessed diet ad libitum (breakfast, tnsulin Noeffect Moderate
lunch, and dinner). Energy from UPFs: 0%
Glycated hemoglobin No effect SO0
Moderate
Total cholesterol Reduction SOO0
Moderate
HDL cholesterol Reduction SOO0
Moderate
LDL cholesterol No effect SOO0
Moderate
Triglycerides No effect SOO0
Moderate

“For further details, please refer to Supplementary Tables S11-514.

“The intervention did not reduce the intake of UPFs, so the benefits would be attributable to other components of the intervention.
Significant reduction or improvement in the intervention group, with no changes in the control group. Results were not compared betueen the groups.
Significant reduction in both the intervention group and the control group. Results were not compared betuween the groups.






OPS/images/fnut-11-1421728-t001.jpg
Author, Type of RCT Country  Setting n

year (registry)
(reference)

Sartorelli (25) Parallel(RBR- Brazil Outpatient | 335
2w9bhe)
Giacomello (26) | Parallel Brazil Outpatient 40

(Not reported)

Chen (27) Parallel China Outpatient 60
(ChiCTR190002174)
Hall (25) Cross-over United States | Hospital 20

(NCT03407053)

“Two consecutive dietary periods of 2 weeks each.

Duration
(weeks)

~18*

12

P

Population

Overweight pregnant women

Age (median): 27 y
Gestational age (median):
weeks

BMI, kg/m? (median): 1G:
272/ €G:269

Race/ethnicity: mulatto (IG:

53% | CG: 53.9%)

Women with grade I-IT
obesity

CG:3475y

BMI kg/m? (mean): 1G: 35.3

|CG:34.1
Racefethnicity: caucasian
(IG: 80% | CG: 75%)
Children and adolescents
with overweight or obesity
Age (mean): 108y

BMI kg/m* (mean): 27.0
‘Women: 29.6%
Weight-stable adults

Age (mean): 312y

BMI kg/m’ (mean): 27.0
‘Women: 50%

Follow-up between week 16 or earlier and weeks 34-36 of gestation. BMI, body mass index; CG, control group; IG, intervention group; ; years old.

Type of
intervention

Nutritional Public

counselling

Educational

intervention

Educational Public.

intervention

Diets provided by

the researchers
Public

Funding





OPS/images/fnut-11-1421728-t002.jpg
Author, year (reference)

Sartorelli (2

Giacomello (26)

Chen (27)

Hall (28)

Intervention

No.

ial/end): 169/124

Three 30-min sessions offered between the second trimester and weeks 34-36 of

gestation, delivered by trained nutritionists.

Recommendation on UPFs: avoid

Other recommendations: adequate weight gain, dai

vegetables, 150 min/week of physical activity

Covintervention: routine prenatal care.

 (initial/end): 20/14

Educational intervention, expository dialogue type. Five biweekly 90-min group

meetings offered over a three-month period.

Recommendation on UPFs: avoid

Other recommendations: natural or minimally processed foods as the basis of

intake of fruits and

the diet; use of oils, fats, salt, and sugar in small amounts; limit the use of

processed foods.

No. (initial/end): 30/29

Educational intervention: one session delivered by a registered nut

providing printed material on allowed and forbidden foods, a reference weekly

onist,

menu model, and telephone support every 3weeks, for 12 weeks.

Recommendation on UPFs: <1 serving/week

Other recommendations: no caloric restriction, moderate reduction of starchy

foods, 60 min/day of moderately vigorous physical activity.

No. (initial/end): 20/20

Participants were randomly assigned to receive two interventions (ultra-

processed and unprocessed diets) in a random sequence, each lasting 2weeks.

‘The researchers provided three main meals (breakfast, lunch, and dinner) along

with snacks available throughout the day.

Participants were instructed to consume as much as they desired (ad libitum)

during each mealtime for 60 min.
Ultra-processed diet period
Energy from UPFs: 81.3%

Control

No.

Vend): 166/143
Nutritional counseling as part of routine
prenatal care: one session focused on
assessing nutritional status, healthy weight

gain, detection of potential nutritional

deficiencies, and clarification of
misconceptions, delivered by nurses.
Recommendation on UPFs: none

Co-intervention: routine prenatal care.

l/end): 20/10

No intervention.

Delivery method similar to that of the
intervention group.

Recommendation on UPFs: reducing
firequent consumption (except packaged
breads, steamed buns and dumplings).

ns: intake of 1,100 to

calories (by age), reducing

Other recommend:
2,300

frequent consumption of sugar-sweetened

beverages, 60min/day of moderately

vigorous physical act

Unprocessed diet period
Energy from UPFs: 0%

Diet designed to provide the same calories,
energy density, macronutrients, sugar,
sodium, and fiber as the UPF diet.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Ultra-processed foods consumption and health-related outcomes: a systematic review of randomized controlled trials



		1 Introduction



		2 Materials and methods



		2.1 Literature search



		2.2 Study selection



		2.3 Eligibility criteria



		2.4 Data extraction



		2.5 Data synthesis



		2.6 Risk of bias



		2.7 Certainty of evidence









		3 Results



		3.1 Characteristics of included studies



		3.2 Summary of findings



		3.2.1 Overweight pregnant women



		3.2.2 Women with grade I-II obesity



		3.2.3 Children and adolescents with overweight or obesity



		3.2.4 Adults with stable weight









		3.3 Risk of bias



		3.4 Certainty of evidence









		4 Discussion



		5 Policy implications and future research



		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-11-1421728-g001.jpg
Records identified from
databases (n=1420)

Records removed
before screening

Records identified
from

Included

Different design (n=3)
Wrong outcomes (n=2)
Wrong intervention

(=9)

=
- Medline (n=246) Duplicate records Review of
g Embase (n=278) removed (n=503) references from
2 Scopus (n=153) included studies /
2 Web of Science (1=498) other systematic
Central (n=218) reviews (n=0)
LILACS (n=27)
Records screened Records excluded
(n=917) (n=899)
Reports sought for | 5| Reportsnot retrieved Reports sought for Reports not
retrieval (n=18) (n=0) retrieval (n=0) retrieved (n=0)
o
2 i
g
§ Reports assessed for Reports excluded Reports assessed Reports excluded
2 eligibility (n=18)  [—¥| (n=14) for eligibility (n=0) 0=0)

Studies included in
review (n=4)






OPS/images/fnut-11-1421728-g002.jpg
e intended interventions

tion process

ssing outcome data

Sartorelli 2023

Chen 2022

. . . Selection of the reported result

® O | O | veosurementoine oucome
e

=

L J

Giacomello 2023 .
4

=
[ J
]
[ J
[ 4

Hall 2019 .

@ vLowrisk (1 Someconcems (@) High risk





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Ultra-processed foods
consumption and health-related
outcomes: a systematic review of

randomized controlled trials












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






