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Geographical and Temporal Variability of Ultra-Processed Food Consumption in the Spanish 
Population: Findings from the DRECE Study
Reprinted from: Nutrients 2022, 14, 3223, doi:10.3390/nu14153223 . . . . . . . . . . . . . . . . . . 33

Walkyria O. Paula, Erika S. O. Patriota, Vivian S. S. Gonçalves and Nathalia Pizato 
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Preface

Ultra-processed foods (UPF) are food products that undergo extensive processing and contain

multiple ingredients and additives and often have a long shelf life. They are typically manufactured

through industrial processes and may bear little resemblance to their original whole food ingredients.

In recent years, numerous observational studies have linked the consumption of UPF with poor diet

quality and increased risk of chronic diseases, such as obesity, cardiovascular disease, type 2 diabetes,

and certain types of cancer. However, the evidence still has many limitations and criticisms, both

because of definitional and data collection problems and because general dietary patterns, lifestyle,

and other health behaviors may play a role in the observed associations.

The purpose of this Special Issue was to collect new studies that investigated various aspects

related to UPF, including the development of more specific questionnaires for data collection, the

evaluation of possible differences in consumption in various population groups, the relationship

with markers of health status and possible mechanisms underlying associations between UPF

consumption and health, and the application of the concept of “ultra-processed food” in front-of-pack

labeling. A total of 21 contributions were collected, including 18 original articles, 1 narrative review,

1 systematic review, and 1 meta-analysis. By providing up-to-date assessments of UPF consumption

and health implications, and highlighting some criticisms of the overlap of the NOVA classification

with other types of information provided to consumers, this Special Issue supports the importance of

conducting new research on this topic. To achieve this goal, collaboration among the different parties

involved in the production of these products, research, and consumers is encouraged.

The Guest Editors hope that this volume will be a useful resource for scientists in academia and

industry, the general public, and policy makers. They would also like to thank all of the authors,

the reviewers who contributed to the success of this Special Issue, and the Nutrients team for their

valuable and continued support.

Monica Dinu and Daniela Martini

Editors
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Editorial

Ultra-Processed Foods, Diet Quality and Human Health

Monica Dinu 1,* and Daniela Martini 2,*

1 Department of Experimental and Clinical Medicine, University of Florence, 50134 Florence, Italy
2 Department of Food, Environmental and Nutritional Sciences (DeFENS), University of Milan,

20122 Milan, Italy
* Correspondence: monica.dinu@unifi.it (M.D.); daniela.martini@unimi.it (D.M.)

The increase in the volume of industrially processed products in the global food
supply has coincided with an increasing prevalence of obesity and non-communicable
diseases in many countries, suggesting that ultra-processed foods (UPF) consumption may
be detrimental to human health. However, studies are still limited and underline the need
to better understand the main determinants of their consumption and the mechanisms that
may explain the associations between these products and human health. The Special Issue
“Ultra-Processed Foods, Diet Quality and Human Health” aimed to collect new studies
investigating the relationship between the consumption of UPF, diet quality and human
health, including those aiming to: (i) develop new tools to better determine the rate of
consumption of UPF in the population; (ii) investigate the rate of consumption of UPF
in different subgroups of the population, including subjects following different dietary
patterns; (iii) analyze the relationship between the consumption of UPF and markers
of health status; and (iv) explore possible mechanisms behind associations between the
consumption of processed foods and health.

This Special Issue provides a series of 21 contributions, with 18 original articles,
1 narrative review, 1 systematic review, and 1 meta-analysis. Some of the articles were
devoted to the analysis of the amount of UPF consumed in different populations and over
the years. Romero Ferreiro and colleagues estimated UPF consumption in Spain from
1991 to 2008, finding a 10.8% increase in UPF consumption between 1991 and 2008 [1].
Bertoni Maluf et al. described UPF consumption in adults living in Switzerland, finding
a median UPF energy intake of 587 kcal/day (range 364–885), corresponding to 28.7%
(range 19.9–38.9) of total energy intake [2]. Both studies found higher UPF intake in young
participants and large differences between different geographical areas of countries.

It has been hypothesized that the harmful effects of UPF on human health may be
related to the worse diet quality of subjects with higher UPF intake. In this regard, Dinu
et al. studied UPF consumption in a group of Italian adults, observing a significant inverse
association between adherence to the Mediterranean diet (as assessed by the Medi-Lite
score) and the percentage of UPF in the diet [3]. Similar results were found by Tristan
Asensi et al. who observed an inverse trend between UPF consumption and adherence
to the Mediterranean diet in adults with celiac disease [4]. The association between UPF
consumption and diet was also considered by Nansel and colleagues, who found that UPF
intake during pregnancy and postpartum was inversely related to 8 of 13 component scores
of the 2015 Healthy Eating Index [5]. This suggests that the higher the UPF intake, the
lower the diet quality. Finally, analyzing data on 8688 Italians from the Italian Nutrition &
Health Survey (INHES), Bonaccio et al. observed that late eaters had higher UPF intake
and lower adherence to the Mediterranean diet than early eaters [6]. Overall, these data
seem to suggest that a reduction in UPF intake can also be achieved by promoting the
Mediterranean diet, adherence to which was correlated with a higher quality of life during
the COVID-19 lockdown among Brazilian and Spanish youth aged 3–17 years [7].

Other contributions included in the Special Issue were devoted to exploring the
association between UPF consumption and markers of human health or disease risk. In

Nutrients 2023, 15, 2890. https://doi.org/10.3390/nu15132890 https://www.mdpi.com/journal/nutrients
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particular, the systematic review of Mambrini et al. [8] evaluated the association between
UPF consumption and the incidence of obesity and cardiometabolic risk factors. The
analysis of 17 studies showed substantial agreement in defining UPF consumption as
being associated with the incident risk of general and abdominal obesity. More limited
was the evidence on cardiometabolic risk. The other narrative review [9] summarized the
available evidence on the possible relationship between excessive consumption of UPF
and low-grade inflammation, focusing on nutritional and non-nutritional components
that may explain this relationship. Among different markers of inflammation, Lane and
colleagues focused on high-sensitivity C-reactive protein (hsCRP) by analyzing data from
the Melbourne Collaborative Cohort Study (MCCS), finding that each 100 g increase in
UPF intake was associated with a 4.0% increase in hsCRP concentration [10].

Two studies conducted in China analyzed data from the China Health and Nutrition
Survey 1997–2015. In the first study, the authors observed that the higher the UPF consump-
tion, the higher the incident rates of hypertension, with hazard ratios (HRs) for UPF intake
of 1–49, 50–99, and ≥100 g/day of 1.00 (95% CI: 0.90–1.12), 1.17 (95% CI: 1.04–1.33), and 1.20
(95% CI: 1.06–1.35), respectively, compared with non-consumers [11]. In the second study,
the same authors used the data to assess the association between UPF consumption and
diabetes in Chinese adults. The odds ratios (ORs) of diabetes for people with a mean UPF
consumption of 1–19, 20–49, and ≥50 g/day were 1.21 (95% CI: 0.98, 1.48), 1.49 (95% CI:
1.19, 1.86), and 1.40 (95% CI: 1.08, 1.80), respectively, compared with non-consumers [12].
Diabetes was also considered in a systematic review with meta-analysis that investigated
maternal consumption of UPF and perinatal outcomes [13]. Authors observed that ma-
ternal consumption of UPF-rich diets was associated with an increased risk of gestational
diabetes mellitus and preeclampsia, highlighting the need to reduce UPF consumption
during the gestational period to prevent adverse perinatal outcomes.

Other associations between UPF and detrimental health effects were explored by
Koniecza and coworkers who observed that each 10% daily increment in UPF consumption
in 1 year was associated with higher levels of biomarkers related to non-alcoholic fatty
liver diseases (i.e., non-invasive fatty liver index and hepatic steatosis index) in a cohort
of 5867 older participants with overweight/obesity and metabolic syndrome from the
PREDIMED-Plus trial, following for 1 year [14].

High UPF consumption was also found to be associated with an increased risk of
depression and depressive symptoms. In a sample of 596 young Italian adults, Godos
and colleagues showed that individuals in the highest quartile of UPF consumption were
more likely to have depressive symptoms [15]. As this association became stronger when
adjusted for other confounding factors, including adherence to the Mediterranean diet as a
proxy for diet quality, the authors suggest that dietary components other than nutritional
quality may play a role in the reported association. Similar results were observed in the
Korean population of The Korea National Health and Nutrition Examination Survey, where
9463 subjects were analyzed [16]. However, in a sex-specific stratification, only women
showed a significant association between higher UPF consumption and depression.

The other studies published in this Special Issue focused on different aspects, such as
the overlap between the NOVA classification and other systems. In this regard, Angelino
and colleagues compared the level of processing (assessed by NOVA) and nutritional
quality (assessed by nutritional values, the Nutri-Score and the NutrInform battery) of
breakfast cereals available on the Italian market and found a partial overlap between
the NOVA classification and the systems based on the nutritional quality of foods [17].
Similarly, Grech et al. used data from the 2011–2012 National Nutrition and Physical
Activity Survey, a large cross-sectional study representative of the Australian population, to
compare the NOVA classification system with the Australian Dietary Guidelines (ADG) in
classifying foods as healthy and unhealthy through their effectiveness in predicting energy
overconsumption and body mass index (BMI) [18]. The analysis demonstrated considerable
overlap between the NOVA and ADG classification systems, but some discrepancy emerged
between the system that best identifies foods to avoid in Australia, with many culinary
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ingredients classified as unhealthy in ADG and most international dietary guidelines, but
not in NOVA.

Finally, Krois and colleagues focused on dietitians’ knowledge of the NOVA food
classification system and their attitudes toward the classification of products containing
whole grains [19], while Camargo et al. conducted a descriptive and exploratory analysis of
the healthiness of 823 culinary recipes shared during a 6-month period on popular Brazilian
YouTube® cooking channels, considering the degree of ingredient processing [20]. Only
one study was conducted in animal models, analyzing the effects of Zn supplementation on
the gut microbiota, intestinal barrier, and blood–brain barrier in Wistar rats fed a cafeteria
diet (CAF) rich in UPF [21]. The results showed that chronic consumption of CAF causes
dysbiosis, morphological changes and decreased levels of SCFA in the colon, as well as
increased saturated fatty acids.

The Guest Editors would like to thank all the authors, the reviewers who contributed
to the success of this Special Issue, and the Nutrients team for their valuable and constant
support. By providing up-to-date assessments of UPF consumption and health implications,
but at the same time highlighting some criticisms about the overlap of NOVA classification
with other types of information provided to the consumers, these reports support the
importance of providing new research on this topic. In particular, a better elucidation of
the mechanisms through these products may exert a detrimental effect on human health
and evidence from intervention studies seem to be crucial to better understand if future
public health nutrition policies are needed.

Author Contributions: Conceptualization, M.D. and D.M.; methodology, M.D. and D.M.; writing—
original draft preparation, M.D. and D.M.; writing—review and editing, M.D. and D.M. All authors
have read and agreed to the published version of the manuscript.
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Abstract: Information on the consumption of ultra-processed foods (UPF) in relation to an adherence
to the Mediterranean diet (MD) is limited. Our aim was to assess UPF consumption in a group of
Italian adults and to evaluate the relationship with the MD adherence. A total of 670 participants
(median age: 30 years) were included in the analysis. The consumption of UPF was assessed through
the NOVA Food Frequency Questionnaire (NFFQ). Adherence to the MD was assessed through the
Medi-Lite score. The percentage of UPF in the diet was 16.4% corresponding to 299 g of UPF per day.
These amounts were significantly (p < 0.05) higher in men than in women and came mainly from
ready-to-eat meals or pre-packaged bread, bread alternatives, pizza, frozen potato chips (24.5% of
total UPF intake), pre-packaged biscuits and sweets (20.7%), soft drinks (15.8%), and dairy products
such as flavored yogurt (12%). As to the MD adherence, a significant inverse association between the
Medi-Lite score and the percentage of UPF in the diet (R = −0.35; p < 0.001) was observed. Participants
with a low adherence to the MD had a significantly higher contribution of UPF in the diet (22.2%)
compared to those with a moderate (16.2%) and high (12.6%) adherence. In terms of individual
UPF, the largest difference between low and high MD adherents was observed for pre-packaged
biscuits and sweets, soft and energy drinks, sausages and other reconstituted meat products, and
pre-packaged bread and bread alternatives. These results suggest that public health strategies are
needed to implement more effective actions to promote healthy eating habits in the population.

Keywords: ultra-processed foods; NOVA classification; NFFQ; Mediterranean diet; Medi-Lite

1. Introduction

Ultra-processed foods (UPF) are defined within the NOVA classification system, which
groups foods according to the extent and purpose of industrial processing [1]. They are
“formulations of ingredients, mostly for industrial use only, derived from a series of indus-
trial processes” [2]. Examples of UPF are pre-packaged frozen meals, ready-to-eat meals,
fast food, mass-produced bread, savory snacks, breakfast cereals with added ingredients,
reconstituted meat products, instant soups and noodles, and soft and sweetened beverages.

Available literature suggests that higher UPF consumption is associated with a lower
diet quality, leading to diets high in calories, free sugars, fat, and salt, and low in dietary
fiber [3]. This, in turn, may be associated with a worse cardio—metabolic risk profile
and an increased risk of cardiovascular disease, cerebrovascular disease, depression, and
all-cause mortality, as suggested by a recent meta-analysis by our group [4]. It is also known
that increased UPF intake can replace unprocessed foods and freshly prepared meals and
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dishes [2], which are the basis of traditional dietary patterns recognized to promote long
and healthy lives [5–7].

The Mediterranean diet (MD) is one of the most studied dietary patterns in the scientific
community. Despite its health benefits, widely documented in epidemiological and clinical
studies [8,9], many Mediterranean countries are experiencing a progressive shift away from this
dietary pattern [10]. In this regard, some recent studies have suggested an association between
MD adherence and UPF consumption, but evidence is still limited [11–15]. Furthermore,
available studies have not used specifically validated tools to estimate UPF consumption and
this could potentially lead to a misinterpretation of the associations found [16]. The aim of this
study was to evaluate UPF consumption in a group of Italian adults and to assess the possible
relationship between MD adherence and UPF consumption using validated tools specifically
designed for these purposes.

2. Materials and Methods

2.1. Study Design and Data Collection

A web survey was conducted between January and October 2021. Data were col-
lected anonymously from an online questionnaire prepared on SurveyMonkey (www.
surveymonkey.com, accessed on 11 May 2022) [17], which is a free tool with an easy-
to-use web interface. To enroll as many participants as possible, the questionnaire was
disseminated and shared with a link among personal and non-personal contacts using
advertisements in local media, social media, and on websites. Before starting the ques-
tionnaire, participants were asked to read the project information sheet, which contained
an explanation of the study’s objectives. Then, participants were asked to complete a
brief questionnaire focused on sociodemographic characteristics (age, sex, marital sta-
tus, education level, weight, and height), and two validated questionnaires suitable for
collecting information on UPF consumption and MD adherence. Marital status was cate-
gorized as unmarried/single and married/partner, and education level was categorized
as primary/secondary school, high school, and university. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height in meters for each partici-
pant. Participants were classified as overweight if their BMI ranged between 25–30 kg/m2,
and obese if their BMI was 30 kg/m2 or more. This study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all procedures involving human
subjects were approved by the Ethics Committee of the University of Florence, Florence,
Italy [n 199/2022, protocol 11917]. Informed consent was obtained from all participants.

2.2. NOVA Food Frequency Questionnaire (NFFQ)

The NFFQ is a validated questionnaire specifically designed to estimate food intake
according to NOVA groups in the Italian adult population [18]. The questionnaire includes
94 items divided into nine categories: (1) fruits and nuts; (2) vegetables and legumes;
(3) cereals and tubers; (4) meat and fish; (5) milk, dairy products, and eggs; (6) oils, fats,
and seasonings; (7) sweets and sweeteners; (8) beverages; and (9) other. For each item,
the participant should indicate the frequency of consumption and usual portion size
considering the diet in a typical month over the past 12 months. Answers correspond to
one out of ten options: (1) “never or less than once a month”; (2) “one to three times a
month”’; (3) “once a week”; (4) “twice a week”; (5) “three times a week”; (6) “four times
a week”; (7) “five times a week”; (8) “six times a week”; (9) “every day”; and (10) “if
every day, how many times a day?”. Because all 94 items included in the FFQ were pre-
categorized according to the NOVA classification, each food fell into one of the following
categories: unprocessed and minimally processed food or beverage (MPF); processed
culinary ingredients (PCI); processed food or beverage (PF); and UPF.

When processing the NFFQ data, the amount of food consumed is calculated in grams
per week and in grams per day for each food item and category. Then, the proportion of
MPF, PCI, PF, and UPF in the diet is determined by calculating the weight ratio. As previ-
ously reported, the weight ratio is considered rather than the energy ratio because it allows
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for a better accounting for processed foods that do not provide energy (e.g., artificially
sweetened beverages) and non-nutritional factors related to food processing (e.g., newly
formed contaminants, food additives and alterations in the structure of raw foods) [18].
Finally, because PCI products are not intended to be consumed alone as food, but are
supposed to be used to prepare and season other foods, they are grouped with PF.

2.3. The Medi-Lite Adherence Score

Adherence to MD was assessed through the validated Medi-Lite questionnaire, devel-
oped by Sofi et al. [19]. The questionnaire includes nine domains, based on daily and/or
weekly consumption of fruits, vegetables, cereals, legumes, fish, meat and meat products,
dairy products, alcohol, and olive oil. For fruits, vegetables, cereals, legumes, and fish
(typical foods of MD), two points are given for the highest consumption category, one point
for the medium category and zero points for the lowest category. For olive oil, two points
are given for regular use, one for frequent use, and zero for occasional use. On the other
hand, for meat and meat products and dairy products (foods not typical of MD), two points
are given for the lowest category of consumption, one point for the medium category, and
zero for the highest category. Finally, for alcohol consumption, two points are given for
the medium category, one for the lowest category, and zero for the highest category. The
questionnaire score ranges from 0 to 18, where the highest value corresponds to the highest
adherence to the MD.

2.4. Statistical Analysis

Descriptive statistics were used to analyze and report the data. Results were reported
as mean ± standard deviation (SD), median and range, or geometric mean with 95%
confidence intervals (CIs), as appropriate. Categorical variables were presented in terms
of frequencies and percentages. The Mann—Whitney test was used for comparisons
between women and men, while the Chi—Square test was used to test for proportions.
The correlation between the percentage of UPF in the diet and the Medi-Lite score was
estimated using the Spearman (R) test.

The possible relationship between UPF consumption and MD adherence was analyzed
by grouping the participants according to UPF contribution in the diet (1st tertile ≤ 10%;
2nd tertile = 10–19%; 3rd tertile ≥ 19%), and by MD adherence into low (1st tertile =
Medi-Lite score < 9), moderate (2nd tertile = Medi-Lite score between 9 and 11), and high
(3rd tertile = Medi-Lite score > 11) adherence. Then, a general linear model adjusted for
age, sex, BMI, education level, marital status, and daily food intake was conducted to
compare dietary habits according to the percentage of UPF in the diet, and daily UPF
intake according to the MD adherence. Since these tests assume normal data distribution,
non-distributed data were transformed into logs and further analyses were performed with
the processed data. However, to facilitate interpretation, the log data were again converted
to the original scale (antilog) and presented as geometric means with 95% CIs.

Finally, to evaluate the influence of individual UPF on Medi-Lite score, a linear re-
gression model was performed, and results were expressed as regression coefficient (b)
± SE. The b coefficient estimated in the linear regression analysis indicates the expected
mean change in Medi-Lite score associated with 1-unit change in the independent variables.
p-values < 0.05 were considered statistically significant. The statistical package IBM SPSS
Statistics for Macintosh, version 28.0 (IBM Corp., Armonk, NY, USA) was used.

3. Results

A total of 670 participants (70.4% women) with a mean age of 35.8 years were included
in the analysis. Table 1 reports their socio-demographic characteristics, according to sex.
Overall, the study population was highly educated and more than half of the participants
were single. Compared to men, women had significantly (p < 0.001) lower BMI and lower
prevalence of overweight and obesity (21.1% vs. 40.9%). No significant differences were
observed for education level or marital status.
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Table 1. Characteristics of the study population.

All (n = 670)
Women
(n = 472)

Men
(n = 198)

p-Value

Age, year 35.8 ± 13.4 35.3 ± 13 36.9 ± 14.1 0.160
Body weight, kg 66.5 ± 14.1 61.5 ± 11.7 78.6 ± 11.9 <0.001

BMI, kg/m2 23.2 ± 4 22.6 ± 4.1 24.7 ± 3.3 <0.001
BMI ≥ 25 kg/m2 176 (26.3) 95 (20.1) 81 (40.9) <0.001
Education level

Secondary school 23 (3.4) 15 (3.2) 8 (4) 0.744
High school 289 (43.1) 198 (41.9) 91 (46) 0.384
University 358 (53.4) 259 (54.9) 99 (50) 0.285

Marital status
Single 372 (55.5) 253 (53.6) 119 (60.1) 0.144

Married/partner 256 (38.2) 189 (40) 67 (33.8) 0.155
Divorced/widowed 42 (6.3) 30 (6.4) 12 (6.1) 0.886

Legend: BMI = Body Mass Index. Data are reported as mean ± standard deviation or number and percentage (%),
as appropriate

3.1. Nova Food Frequency Questionnaire (NFFQ)

The percentage of UPF in the diet was 16.4 ± 10.4%, with significantly (p < 0.05) lower
values in women (15.6 ± 10%) than in men (18.2 ± 11.1%). No significant differences
were observed according to BMI, education level, and marital status. In terms of daily
UPF intake, the percentage of UPF in the diet corresponded to 299.0 ± 233.5 g/day in
the total sample, 285.5 ± 231.0 g/day in women, and 331.2 ± 236.7 g/day in men. The
food categories that contributed most to this amount were ready-to-heat meals or pre-
packaged bread, bread alternatives, pizza, and frozen potato chips (24.5% of total UPF
intake), pre-packaged sweets and biscuits (20.7%), soft drinks (15.8%), flavored yogurt
(12.0%), followed by ready-to-eat vegetables and legumes (10.6%), dairy products and
meat substitutes (8%), sausages and other reconstituted meat and fish products (5.8%),
and fats and seasonings (2.5%). The contribution of individual UPF, according to sex, is
reported in Supplementary Table S1. Significant differences between sex were observed for
ready-to-heat pasta/gnocchi, sausages and other reconstituted meat and fish products, and
for alcoholic beverages (e.g., liquor), with higher percentages in men than in women.

Food consumption (g/day) according to the percentage of UPF in the diet is reported
in Table 2. After adjustment for possible confounding factors such as age, sex, and daily
food intake, participants in the highest UPF tertile showed a lower consumption of fruits,
nuts, and vegetables than those in the first tertile, and a higher consumption of cereals
and tubers, fats and seasonings, sweets and sweeteners, beverages, and dairy substitutes.
For meat and fish, the total consumption did not differ significantly between groups, but
subjects in the highest UPF tertile consumed more meat and poultry and less fish and
seafood. A similar trend was observed for beverages, with subjects in the highest UPF
tertile reporting a higher consumption of soft and energy drinks, and subjects in the lowest
UPF tertile reporting a higher consumption of tea and coffee. No significant differences
were observed for milk and dairy products, except for cheese.

3.2. Medi-Lite and UPF Consumption

Regarding MD adherence, the mean Medi-Lite score was 10.3 ± 2.5, with no significant
differences (p = 0.151) between women (10.4 ± 2.4) and men (10 ± 2.6). Correlation analyses
showed a significant inverse association between the Medi-Lite score and percentage of
UPF in the diet (R = −0.35; p < 0.001) (Figure 1), which was confirmed when women
(R = −0.35; p < 0.001) and men (R = −0.36; p < 0.001) were analyzed separately.

8



Nutrients 2022, 14, 2073

Table 2. Food consumption (g/day) according to the percentage of UPF in the diet.

%UPF in the Diet

<10%
n = 222

10–19%
n = 227

>19%
n = 221 p Trend †

Fruits and nuts 275.9 (251.1–302.8) 173.1 (157.9–190) 117.1 (106.6–128.8) * <0.001
Fruits 258.3 (233.9–285.4) 159.0 (144.2–175.4) 104.5 (94.5–115.5) * <0.001

Dried and syrup fruits 3.3 (2.6–4.2) 3.4 (2.7–4.3) 4.2 (3.3–5.3) 0.304
Nuts 9.8 (8.3–11.4) 7.6 (6.5–8.9) 6.5 (5.5–7.7) * 0.002

Vegetables and
legumes

387.2 (353.9–423.3) 298.9 (273.7–326.4) 231.6 (211.7–253.4) * <0.001

Vegetables 360.0 (326.7–396.6) 276.4 (251.4–304.0) 211.0 (191.3–232.8) * <0.001
Legumes 20.4 (17.9–23.3) 20.0 (17.4–23.1) 22.8 (19.6–26.6) 0.432

Cereals and tubers 218.8 (206.2–232.1) 268.0 (252.9–284) 299.2 (281.7–317.3) * <0.001
Grains (e.g., rice, spelt,

barley, wheat) 19.0 (16.9–21.4) 18.3(16.3–20.6) 14.9 (13.1–16.8) * 0.010

Pasta, bread, and pizza 146.5 (136.2–157.4) 183.1 (170.4–196.6) 220.3 (204.8–237.0) * <0.001
Potatoes and tubers 37.6 (33.9–41.8) 49.3 (44.5–54.4) 50.1 (45.2–55.6) * <0.001

Breakfast cereals 9.9 (8.2–12.0) 8.0 (6.7–9.5) 9.0 (7.5–10.7) 0.246

Meat and fish 105.6 (97.9–114) 117.8 (109.3–127) 119.2 (110.4–128.8) 0.054
Meat and poultry 54.6 (49.8–59.8) 69.5 (63.5–76.0) 78.9 (72.1–86.5) * <0.001
Fish and seafood 45.0 (40.8–49.7) 40.7 (36.9–44.8) 33.6 (30.4–37.2) * <0.001

Milk, dairy products,
and eggs

130.7 (115.5–148.0) 138.2 (122.4–156.3) 122.2 (107.8–138.7) 0.389

Milk and milk
beverages (e.g.,
probiotic milk)

74.6 (62.1–89.7) 62.5 (52.2–74.7) 60.7 (50.4–73.0) 0.244

Yogurt 38.2 (32.7–44.7) 42.4 (36.7–49.1) 41.3 (35.3–48.3) 0.620
Cheese 26.3 (23.0–30.0) 32.3 (28.3–36.8) 32.5(28.5–37.1) * 0.040

Eggs 14.7 (13.6–16.0) 14.1 (13.1–15.3) 12.9 (11.8–14.0) * 0.067

Oil, fats, and
seasonings

38.7 (36.6–40.9) 43.8 (41.4–46.2) 51.5 (48.7–54.4) * <0.001

Olive oil and vegetable
oils 25.7 (24.7–26.8) 25.8 (24.8–26.8) 25.2 (24.2–26.2) 0.692

Other fats (e.g., butter,
margarines) 1.3 (1.1–1.5) 1.7 (1.5–1.9) 1.9 (1.7–2.2) * <0.001

Sauces 11.3 (10.0–12.7) 14.1 (12.5–15.8) 21.4 (19.0–24.1) * <0.001

Sweets and
sweeteners

39.7 (35.6–44.2) 66.6 (60.0–74.2) 73.6 (66.0–82.1) * <0.001

Biscuits, cakes, snacks,
and ice-cream 29.4 (26.3–32.9) 50.5 (45.2–56.3) 59.8 (53.4–67) * <0.001

Chocolate, spreads, and
candies 6.9 (5.9–8.1) 9.4 (8.1–11.0) 9.4 (8.0–11.0) * 0.006

Sugar 2.8 (2.1–3.7) 2.4 (1.8–3.1) 3.0 (2.3–3.9) 0.499

Beverages 246.7 (225.0–270.2) 273.7 (250.1–299.5) 308.0 (280.6–337.6) * 0.004
Tea and coffee 139.9 (124.6–157.3) 120.7 (107.4–135.4) 97.7 (86.7–110.1) * <0.001

Fruit and vegetable
juice 42.1 (32.7–54.1) 57.1 (47.0–69.3) 61.1 (51.0–73.3) * 0.057

Soft and energy drinks 27.1 (22.0–33.4) 41.5 (35.7–48.2) 87.1 (76.3–99.4) * <0.001
Alcoholic beverages 54.7 (45.6–65.6) 67.3 (55.8–81.0) 49.1 (40.8–59.1) 0.060

Other 19.1 (14.3–25.6) 31.4 (24.5–40.4) 45.0 (35.2–57.5) * <0.001
Plant-based dairy

substitutes 22.0 (15.4–31.5) 42.3 (31.1–57.5) 49.4 (37.3–65.4) * 0.003

Plant-based meat
substitutes 11.6 (9.2–14.6) 11.9 (10.0–14.2) 10.5 (8.9–12.5) 0.596

Legend: UPF = ultra-processed foods. Data are reported as geometric mean and 95% confidence interval (CI).
† Adjusted for age, sex, BMI, education level, marital status, and total food consumed (g/day). * p < 0.05 for
differences between the 1st and the 3rd tertile adjusted for age, sex, BMI, education level, marital status, and total
dietary intake (g food/day)
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Figure 1. Correlation between Medi-Lite score and the percentage of UPF in the diet. Legend: UPF:
ultra-processed foods.

To better explore the possible relationship between MD adherence and UPF consump-
tion, three adherence groups to MD (low, moderate, and high) were considered, and the
mean percentage of total UPF in these groups was calculated. As showed in Figure 2,
subjects with low MD adherence had a significantly higher contribution of UPF in the diet
(22.2 ± 10.3%) than those with moderate (16.2 ± 9.8%) and high (12.6 ± 9.5%) adherence.
This result was confirmed when women and men were analyzed separately.

Figure 2. Percentage of UPF in the diet according to MD adherence. Legend: MD: Mediterranean
diet; UPF: ultra-processed foods.

Regarding individual UPF, their intake in terms of daily amounts was significantly
higher in subjects with a low MD adherence for most of the items considered, with the
largest differences observed for pre-packaged biscuits and other sweets, soft and energy
drinks, sausages and other reconstituted meat products, and pre-packaged bread and bread
alternatives (Table 3).
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Table 3. UPF intake (g/day) according to the MD adherence.

Adherence to the MD

Low
n = 143

Moderate
n = 325

High
n = 203 p Trend †

Vegetables and legumes UPF 38.2 (30.8–47.6) 43.8 (37.8–50.7) 34.8 (28.5–42.4) 0.167
Ready-to-heat vegetables and

legumes (with added
ingredients)

38.2 (30.8–47.6) 43.8 (37.8–50.7) 34.8 (28.5–42.4) 0.167

Cereals and tubers UPF 70.5 (59.1–84.3) 43.2 (38.7–48.7) 33.5 (28.8–39) * <0.001
Ready-to-heat pasta/gnocchi

dishes 17.9 (14.9–21.6) 17.5 (15.3–19.9) 15.1 (12.5–18.1) 0.363

Pre-packaged breads, buns,
and bread alternatives 18.2 (15.1–22.0) 13.8 (12.2–15.6) 11.9 (10.1–13.9) * 0.004

Pre-packaged pizza, focaccia,
sandwich, and savory pies 33.5 (27.4–41.0) 24.5 (21.2–28.3) 25.6 (20.6–31.8) 0.043

Pre-packaged instant rice,
soups, noodles 13.4 (10.5–17.1) 12.3 (10.3–14.7) 11.8 (9.2–15.0) 0.754

Breakfast cereals and energy
bars (with added sugar) 7.7 (5.9–9.9) 6.5 (5.5–7.6) 6.8 (5.4–8.5) 0.547

Pre-packaged potatoes (e.g.,
frozen potato chips) 17.9 (15.8–20.3) 14.9 (13.6–16.4) 13.9 (12.2–15.9) * 0.022

Meat and fish UPF 21.5 (18.8–24.5) 15.7 (14.3–17.3) 14.9 (13.0–17) * <0.001
Nuggets, sticks, sausages,

burgers, and other
reconstituted meat products

18.9 (16.6–21.5) 13.9 (12.6–15.2) 13.0 (11.4–14.9) * <0.001

Fish nuggets, fish sticks, and
other reconstituted fish

products
7.9 (6.9–9) 8.4 (7.6–9.3) 7.9 (7.0–9.1) 0.626

Milk and dairy products UPF 20.7 (16.3–26.3) 23.4 (19.9–27.5) 18.9 (14.9–26.9) 0.302
Milk beverages (e.g., probiotic

milk with added sugar) 15.8 (11.5–21.9) 22.6 (17.7–28.9) 18.3 (13.4–25.1) 0.205

Fruit or flavored yogurts (e.g.,
vanilla flavored) 25.0 (20.0–31.1) 27.1 (23.5–31.2) 24.3 (19.8–29.8) 0.632

Melted cheese (also used to
stuff sandwich) 3.4 (2.9–4.0) 2.9 (2.5–3.3) 3.2 (2.6–3.8) 0.240

Fats and seasonings UPF 6.7 (5.5–8.1) 5.6 (4.9–6.5) 5.5 (4.6–6.6) 0.309
Margarines and other spreads 0.8 (0.4–1.6) 0.9 (0.5–1.7) 0.9 (0.4–1.6) 0.940
Pre-packaged or instant sauces

(e.g., mayonnaise, ketchup,
meat sauce)

7.0 (5.8–8.6) 5.7 (4.9–6.5) 5.5 (4.6–6.5) 0.138

Sweets and sweeteners UPF 54.6 (46.8–63.7) 35.8 (32.5–39.6) 29.8 (63.7–33.8) * <0.001
Pre-packaged biscuits, cakes,

snacks, and ice-cream 39.4 (33.1–46.9) 25.0 (22.3–28) 21.9 (18.9–25.5) * <0.001

Chocolate, spreads (e.g., nut
spread), and candies 10.2 (8.4–12.4) 8.8 (7.7–10.0) 7.2 (6.1–8.5) * 0.033

Beverages UPF 57.9 (44.6–75.3) 35.3 (29.5–42.1) 25.0 (19.8–31.5) * <0.001
Soft and energy drinks (e.g.,

iced tea, coke) 72.2 (59.0–89.0) 51.4 (44.4–59.4) 45.2 (36.9–55.4) * 0.005

Alcoholic beverages (e.g., rum,
gin, spirits) 5.7 (4.3–7.4) 4.9 (4.1–5.7) 4.8 (4.0–5.8) 0.589

Other UPF 29.3 (19.1–44.8) 27.4 (22.2–33.9) 33.7 (25.3–44.8) 0.527
Plant-based dairy substitutes

(e.g., soy yogurt, tofu) 35.2 (21.3–58.4) 33.7 (26.4–42.9) 49.3 (35.3–68.9) 0.195

Plant-based meat substitutes
(e.g., veggie burger) 11.8 (8.2–16.9) 10.9 (9.2–12.8) 10.1 (8.1–12.8) 0.783

Legend: MD: Mediterranean diet; UPF: ultra-processed foods. Data are reported as geometric mean and 95%
confidence interval (CI). † Adjusted for age, sex, BMI, education level, marital status, and total food consumed
(g/day). * p < 0.05 for differences between low and high adherence to the MD adjusted for age, sex, BMI, education
level, marital status, and total dietary intake (g food/day).
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Finally, to evaluate the possible influence of individual UPF on Medi-Lite score, a
linear regression analysis with the Medi-Lite score as a dependent variable was performed.
As shown in Table 4, sausages and other reconstituted meat products, pre-packaged pizza,
potatoes, biscuits and sweets, and soft and energy drinks were revealed to influence the
Medi-Lite score significantly and negatively after an adjustment for age, sex, BMI, education
level, marital status, and the total food consumed.

Table 4. Linear regression analysis relating UPF intake (g/day) and Medi-Lite score.

Medi-Lite Score

Model 1 Model 2 a

ß (SE) p-Value ß (SE) p-Value

Pre-packaged breads, buns,
and bread alternatives −0.035 (0.003) 0.369 - -

Pre-packaged pizza, focaccia,
sandwich, and savory pies −0.116 (0.003) 0.003 −0.156 (0.003) <0.001

Pre-packaged potatoes (e.g.,
frozen potato chips) −0.143 (0.005) <0.001 −0.201 (0.005) <0.001

Nuggets, sticks, sausages,
burgers, and other

reconstituted meat products
−0.204 (0.004) <0.001 −0.243 (0.004) <0.001

Pre-packaged biscuits, cakes,
snacks, and ice-cream −0.089 (0.002) 0.021 −0.149 (0.002) <0.001

Chocolate, spreads (e.g., nut
spread), and candies −0.017 (0.006) 0.669 - -

Soft and energy drinks (e.g.,
iced tea, coke) −0.098 (0.001) 0.011 −0.150 (0.001) <0.001

a Model 2 includes age, sex, BMI, education level, marital status, and total food consumed (g/day) as covariates.

4. Discussion

In this study we used a validated questionnaire to assess UPF consumption in relation
to an adherence to the MD in a group of adult subjects living in the Mediterranean area.
In our study group, we observed that subjects reporting a low adherence to MD were
also those showing a higher consumption of UPF in their diet. In fact, an increased intake
of UPF was associated with a significantly lower intake of some typical products of the
MD such as fruits, vegetables, nuts and fish, and a higher intake of meat, fats, seasonings,
and sugary products. Furthermore, we observed that some UPF, such as sausages and
other reconstituted meat products, pre-packaged pizza, frozen potato chips, industrial
biscuits and sweets, and soft and energy drinks, were shown to influence the adherence
score to MD.

Since Monteiro and colleagues proposed the NOVA classification to identify the level of
food processing [20], several studies have investigated UPF consumption and its effects on
health. A meta-analysis by our group recently reported a significantly increased risk of the
occurrence of major chronic diseases in association with a higher UPF intake [4]. In terms
of daily UPF consumption, a significant increase has been reported worldwide in recent
decades. Data from most of the industrialized countries show a range of percentages from
20–50% of UPF present in the diet of the general population. To date, countries bordering
the Mediterranean Sea have shown a lower UPF consumption in contrast to Western
countries, but the intake of UPF is increasing rapidly, leading to a gradual displacement
of long-established diets. In our sample population, the percentage of UPF in the diet
was 16% of the total energy intake, which corresponded to a daily consumption of almost
300 g of UPF. These values are slightly higher than those reported also in Italy but in
the Southern part by Bonaccio et al., (10% of total energy intake, corresponding to 182
g/day) [13] but substantially lower compared with other countries such as Spain (24%) [21],
France (36%) [22], the United Kingdom (57%) [23], or the United States (58%) [24]. Such a
difference among countries, in particular between Mediterranean and non-Mediterranean

12



Nutrients 2022, 14, 2073

countries, let us to hypothesize that the traditional dietary patterns of the Mediterranean
basin could have influenced the findings.

Currently, a higher adherence to MD is known to reduce the risk of all-cause mortality,
cardiovascular diseases, coronary heart disease, myocardial infarction, overall cancer
incidence, neurodegenerative diseases, and diabetes [8]. In line with the literature [11–15],
the results obtained from this study confirm a significant inverse association between
UPF consumption and adherence to MD, highlighting that higher UPF consumption is
associated with a lower adherence to MD. This could be explained as a nutritional transition
from fresh meals and dishes that are part of the traditional cuisine towards a higher intake
of ready-to consume and hyper-palatable food and beverages products. Indeed, an impact
on the intake of some of the foods known to be the basis of MD was reported due to
the high UPF consumption. Specifically, participants with greater UPF intake reported
a lower intake of fruits, vegetables, nuts, and fish, and a higher intake of cereals, fats,
meat, seasonings, and sweets in their diets, in contrast to participants with a lower UPF
consumption. Similar findings were found in other studies of Mediterranean populations,
such as Spain [11] or France [22]. Furthermore, UPF consumption has not only impacted
eating habits, but also beverage quality, with a higher consumption of soft and energy
beverages and a lower consumption of water, tea, and coffee in participants with a greater
UPF consumption [14,15,22].

To better understand the association between UPF intake and MD adherence in our
study population, we also investigated the possible influence of individual UPF on the
MD adherence score, observing that the consumption of sugary products, processed meats,
soft and energy drinks, and pre-packaged potatoes and pizza negatively influenced the
MD adherence score. Interestingly, most of these foods were major contributors to UPF
consumption in our population and are present in all countries of the world, supporting
the hypothesis of a nutritional transition from traditional diets such as MD to Westernized
dietary patterns due to an increased UPF consumption. There is an urgent need to raise
awareness on the negative health effects of excessive UPF consumption and new public
health strategies to prevent the progressive loss of traditional diets.

The present study has several limitations that deserve discussion. First, the cross-
sectional design does not allow us to establish any cause-effect relationship. Prospective
cohort studies are needed to confirm these preliminary findings. Second, the use of self-
administered online questionnaires may have led to recall bias and misclassification. The
emergency response due to the COVID-19 pandemic did not allow us to conduct another
type of study with a stronger statistical power and less biases. On the other hand, several
strengths are present since a validated questionnaire specifically designed to estimate food
intake according to NOVA classification was used, avoiding the misclassification of foods
into UPF categories. Furthermore, the variables used in the main analyses included the
proportion, by weight, of UPF in the diet. This approach is more appropriate than the use
of energy proportion, as it takes a better account of non-nutritional factors pertaining to
food processing (e.g., neo-formed contaminants, additives, alterations to the structure of
raw foods).

5. Conclusions

In conclusion, in our study population of middle-aged Italian adults we were able
to observe an inverse relation between adherence to MD and UPF consumption. In con-
sidering the over-consumption of UPF as an important risk factor for non-communicable
diseases, overweightness and obesity, our results reinforce the importance of public health
strategies to improve the population’s health by promoting MD and limiting the intake
of UPF, which is also proposed by the World Health Organization (WHO). Examples
of such strategies could be taxation, the regulation of marketing, or the control of food
labeling standards, some of which have already shown good results [25,26]. Moreover,
particular attention should be paid to the consumption of specific UPF (sugary products,
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processed meats, soft and energy beverages, pre-packaged potatoes, and pizza) due to their
association with a low adherence to MD.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14102073/s1, Table S1: Contribution (%) of individual foods
to the total intake of UPF.
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Abstract: NOVA is a food-classification system based on four levels of processing, from minimally
processed to ultra-processed foods (UPFs). Whole-grain-containing commercial breads and ready-
to-eat breakfast cereals are considered ultra-processed within NOVA, despite being considered core
foods in the Australian Dietary Guidelines. These food categories contribute the greatest quantities of
whole grain in the Australian diet, although consumption is less than half of the 48 g/day daily target
intake. Dietitians are key to disseminating messages about nutrition and health; therefore, an accurate
understanding of whole grains and the effects of processing is critical to avoid the unnecessary
exclusion of nutritionally beneficial foods. The aim was to utilise an online structured questionnaire
to investigate dietitians’ attitudes to the promotion of grains and whole grains and understand their
level of knowledge about and attitudes towards NOVA and the classification of specific whole-grain
foods. Whole-grain foods were perceived positively and are regularly promoted in dietetic practice
(n = 150). The dietitians tended not to consider whole-grain breads and ready-to-eat breakfast cereals
as excessively processed, although most generally agreed with the classification system based on
the extent of processing. If dietitians intend to incorporate NOVA and concepts of UPFs in their
counselling advice, the anomalies regarding the categorisation of whole-grain choices and optimum
intakes should be addressed.

Keywords: whole grain; grains; ultra-processed; dietitian; education; NOVA

1. Introduction

Consumers are faced with an ever-increasing array of products available to purchase,
and there is considerable marketing of packaged and convenience foods. Most countries
have developed food-based dietary guidelines to make it easier for consumers to choose
healthier options. However, while it may be easier for consumers to judge the degree of
healthfulness of single-ingredient food items, foods with multiple ingredients may pose a
challenge and necessitate further interpretation [1]. There may be multiple mechanisms
through which individuals make food choices; however, the dietitian’s role in educating and
supporting individuals, groups, and populations to make healthful food choices has become
increasingly important [1]. The responsibility of a dietitian to translate nutrition science
into dietary patterns extends across a spectrum of domains, from individualised advice
and public health settings through to working alongside food industries. Understanding
the determinants that influence dietitians’ perceptions of foods and the impact this has on
practice may be helpful in considering how anomalies in messaging around grain foods
and processing might be managed, such as the classification of whole-grain breads and
cereals as ultra-processed according to the NOVA food-classification system.

An increasingly widespread food-classification system termed NOVA was developed
in Brazil by Monteiro et al. (2016) [2]. The system has been integrated into the Brazilian
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Dietary Guidelines, and directs consumer choice by grouping food products into four main
categories based on their degree of processing [3]. According to recent research, a higher
consumption of ultra-processed foods is associated with a higher risk of developing chronic
diseases, such as cardiovascular disease, type 2 diabetes, and obesity [4]. Monteiro et al. also
argued that the classification of foods by their nutritional composition and origin—as in the
Australian Dietary Guidelines (ADG) [5]—is a lesser indicator of the relationship between
food and health than classification by the extent of food processing [6]. The four categories
are as follows: (1) unprocessed and minimally processed foods, (2) processed culinary
ingredients, (3) processed foods, and (4) ultra-processed foods (UPFs). NOVA researchers
describe UPFs as, typically, energy-dense foods of poor nutritional quality that are low
in dietary fibre and contain excessive amounts of sodium, simple sugars, and saturated
and trans fats [7], and recommended their avoidance [3]. When NOVA and the ADGs are
compared, many of their overall dietary messages are similar; however, discrepancies be-
tween the two systems exist [8]. An analysis of the 2011–12 National Nutrition and Physical
Activity Survey (NNPAS) indicated that 23.5% of core foods (foods that should form the
basis of a healthy diet [9]) were classified as ultra-processed, and 31.2% of discretionary
foods were classified as not ultra-processed [8]. Notably, NOVA categorises core foods, such
as mass-produced packaged breads and buns, as well as ready-to-eat breakfast cereals, as
UPFs; however, discretionary choices, such as butter, cream, sugar, honey, homemade cakes,
and biscuits were not classified within this category [8,10]. This is important, as breads,
bread rolls, and ready-to-eat breakfast cereals are the largest contributors to Australian’s
whole-grain intake [11]. Therefore, to the advice to avoid these foods, as they are classified
as UPFs, is likely to decrease whole-grain consumption. As a study by Monteiro et al. (2019)
states: “Processes and ingredients used to manufacture ultra-processed foods are designed
to create highly profitable (low-cost ingredients, long shelf-life, emphatic branding), conve-
nient (ready-to-consume), hyper-palatable products liable to displace all other NOVA food
groups, notably unprocessed or minimally processed foods” [12]. However, this description
does not consider the nutrient content of the foods, or the related health-outcome research,
and implies that convenient and packaged food products are automatically classified as
ultra-processed without further examination through translational research.

Evidence suggests that consumers’ ability to accurately interpret nutrition information
is poor, particularly in relation to bread choices [13]. This accentuates the responsibility of
dietitians, particularly in public-health and food-industry roles, to advocate for products to
be clearly labelled, and for nutrition information provided to be unambiguous. Dietitians
also have a responsibility to distinguish misconceptions from evidence-based nutrition
and assist consumers in obtaining reliable information to inform their dietary decisions.
Those working in the broader fields of public health or industry also have a responsibility
to advocate for the distribution of health messages and resources that provide accurate and
reliable information. If dietitians are to be viewed as informed and credible sources, then
they are required to have a sound understanding of nutrients, foods, and a range of dietary
concepts, which includes an understanding of food processing, its effects on health, and
the established links with disease for individuals, sub-groups, and populations. Dietitians
can also provide insight into the barriers that consumers may face in implementing dietary
advice; thus, research on dietitians’ understanding is a valuable method to inform health-
promotion strategies and educate health professionals to provide support accordingly.

The Theory of Planned Behaviour (TPB) is a behavioural model that can be applied to
understand and predict an individual’s actions and intentions. In relation to this study, the
TPB suggests that the intent of a dietitian to promote and/or exclude grains, whole grains,
and the NOVA food classification system is influenced by personal attitudes, subjective
normative beliefs, and perceived behavioural control [14]. Subjective normative beliefs
are a key constituent of the TPB, implying that a dietitian’s intent to promote whole
grains may be influenced by the perception of whole-grain promotion by other dietitians
and behaviours that they take to be normative [15]. A study conducted by Chase et al.
(2003), prior to the release of NOVA, identified that subjective normative beliefs were the
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greatest predictors of dietitians’ intent to promote whole-grain foods, since they were
11.9 times more important than attitudes and 2.3 times more important than perceived
behavioural control [14]. Therefore, the aim of this study was to utilise an online structured
questionnaire to investigate dietitians’ attitudes to the promotion of grains and whole
grains and understand the extent of dieticians’ knowledge of and attitudes towards NOVA
and the classification of specific whole-grain foods. A further aim was to examine dietitians’
familiarity with the NOVA food-classification system and their knowledge and attitudes
towards the classification of specific foods within this system, particularly those that contain
whole grains.

2. Materials and Methods

2.1. Survey Design

The Qualtrics XM Platform ™ (Provo, UT, USA) was utilised to distribute an anony-
mous online structured questionnaire [16] targeting dietitians from a number of countries,
including Australia, New Zealand (NZ), Canada, the United States (US), United King-
dom (UK), and South Africa between April 2021 and July 2021. Survey questions were
pilot-tested in consultation with stakeholders, including dietitians, to test construct and
content validity. The final 10 min survey consisted of 41 questions and utilised an open
and closed questionnaire design with free text and multiple-choice responses, Likert scales,
matrix, and rank-order questions (Supplementary Materials File S1). The survey was
divided into four parts: (1) demographic questions, including age, gender, level of edu-
cation, self-reported dietetic credentials, country where dietetics education program was
completed, and main area of dietetic practice (2, 3) advice that survey respondents might
provide in one-on-one consultations, in group sessions, or via media about grain foods
and whole-grain foods (4), and questions related to the NOVA food-classification sys-
tem (Supplementary Materials File S2). The TPB was incorporated into the survey design
and was utilised to propose questions aimed at drawing out the key factors that may
influence dietitians’ perceptions and the integration of grains, whole grains and/or ultra-
processing in their normal practice advice (Supplementary Materials File S2). Questions
were assigned to one or more of the three constituents of the TPB—attitudes, subjective
normative beliefs, and perceived behavioural control—to systematically investigate dieti-
tians’ understanding and perceptions of and attitudes to grains, processing, and the NOVA
food-classification system, how these were influenced, and how this translated into practice
(Supplementary Materials File S2). The attitudes were investigated in questions regarding
the promotion of grains, including sources, which were classified as ultra-processed, specif-
ically aiming to explore whether any particular grain foods were considered excessively
processed, as well as underlying reasons for limiting grain consumption. Subjective nor-
mative beliefs were investigated in questions exploring participants’ perceptions of the
understanding and prioritisation of whole grains by other dietitian colleagues. Perceived
behavioural control was investigated in questions exploring participant confidence and
the frequency with which advice about whole grains and NOVA in practice was provided.
Ethical approval for this study was obtained from the University of Wollongong Human
Research Ethics Committee (HREC), approval number 2021/038.

2.2. Participants

This study employed voluntary-response sampling, including a combination of con-
venience, snowballing, and purposive sampling, as it is a relatively fast and inexpensive
means of response collection. Dietitians within several countries—Australia, NZ, Canada,
US, UK, and South Africa—were recruited to participate in the study. The countries were
chosen based on similar dietetic education systems and, to some extent, similar dietary
patterns. Participant recruitment was achieved in several ways, as follows: online advertise-
ment on Grains & Legumes Nutrition Council (GLNC); social media platforms, including
LinkedIn, Facebook, Twitter, and Instagram; GLNC and Dietitians Australia (DA); and e-
newsletters, including those published by and e-newsletters international dietetic networks,
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such as the organisations, Oldways (US), Dietitian Connection (Australia), and Education
in Nutrition (Australia). To encourage participation, eligible participants were offered the
opportunity to enter their email in a separate survey to be placed into a draw to win one of
six Portion Perfection gift cards at a value of AUD 100 for professional materials. Inclusion
criteria required participants to be over the age of eighteen, a registered dietitian (RD), or
an accredited practising dietitian (APD) with access to the internet and online technologies,
such as a computer or smart phone, to undertake the questionnaire.

2.3. Response Analysis

Participant response data were exported from Qualtrics (Provo, UT, USA) to a Mi-
crosoft Excel™ spreadsheet (Version 16.53, Washington, DC, USA) for data analysis. Using
Microsoft Excel™ (Version 16.53, Washington, DC, USA), descriptive statistics were applied
for analysis of quantitative data. Content analysis was conducted for qualitative data
from free-text responses, in which responses were assigned to reoccurring themes by the
researcher (NK). A summary report of free-text responses was also generated by Qualtrics
(Provo, UT, USA) to assist with the qualitative data analysis.

3. Results

A total of 199 respondents attempted the survey, of which 123 completed the survey in
full and 76 provided partial responses. However, of the 199 respondents, three participants
did not meet the inclusion criteria, as they did not hold appropriate dietetics credentials,
and 46 participants did not respond to the questions beyond those in the demographic
characteristics, which left a total 150 responses included in the analysis (122 full and
28 partial responses).

3.1. Demographics

The number of participants who had completed their dietetics education in Australia
was far greater than the number of participants who completed education elsewhere,
accounting for 68% of the total number of participants (Table 1). Therefore, we compared
Australia to other countries. However, as the initial analysis showed minimal variation in
the responses, no further analysis by country was undertaken. Similarly, the analysis of the
responses by age category indicated minimal variation between the groups, and in limited
instances of dissimilarity, large disparities in the number of participants between age
categories were evident, such as 25–34 years (n = 51) versus 65+ years (n = 8), limiting the
value of the comparisons. The number of participants in each age category was compared
to the age profiles of the current Dietitians Australia members, identifying the greatest
number of dietitians in both instances to be in the 25–34-years category.

Table 1. Demographic characteristics of participants.

Demographic Characteristics Count (%)

Gender
Female 142 (94.7)
Male 6 (4.0)

Prefer not to answer 2 (1.3)
Prefer to self-describe 0 (0)

Age
18–24 19 (12.7)
25–34 51 (34.0)
35–44 31 (20.7)
45–54 25 (16.7)
55–64 16 (10.7)
65+ 8 (5.3)
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Table 1. Cont.

Demographic Characteristics Count (%)

Level of Education
Certificate/diploma 3 (2.0)

Bachelor degree 64 (42.7)
Masters degree 77 (51.3)

Ph.D. 6 (4.0)
Dietetic credential

Accredited practicing dietitian 110 (73.3)
Registered dietitian 35 (23.3)

Qualified dietitian but not registered 3 (2.0)
Other 2 (1.3)

Country dietetics education was completed
Australia 102 (68.0)

New Zealand 5 (3.3)
Canada 3 (2.0)

United States 33 (22.0)
United Kingdom 1 (0.7)

South Africa 4 (2.7)
Other 2 (1.3)

Country currently practising as a dietitian
Australia 110 (73.3)

New Zealand 2 (1.3)
Canada 0 (0.0)

United States 30 (20.0)
United Kingdom 2 (1.3)

South Africa 2 (1.3)
Other 4 (2.7)

Years practised as a dietitian
≤5 years 50 (33.3)

6–10 years 38 (25.3)
11–20 years 24 (16.0)
>20 years 38 (25.3)

Main area of work
Community/public health 31 (20.7)

Food service 3 (2.0)
Academia/education 8 (5.3)

Research 4 (2.7)
Clinical (hospital) 32 (21.3)

Clinical (primary care) 13 (8.7)
Private practice 38 (25.3)

Corporate nutrition 4 (2.7)
Food industry 3 (2.0)

Retail 3 (2.0)
Other 11 (7.3)

3.2. Perceived Value, Attitudes, and Recommendations of Grains, including Whole Grains

Grain foods, specifically whole-grain varieties, were perceived positively by the di-
etitians, and are regularly promoted in advice (Table 2). The participants frequently
recommended whole grains (134/150) and high-fibre grains (114/150). This is in line with
the fact that most of the participants (102/150) encouraged the consumption of grain foods
based on national dietary guidelines, such as the Australian Dietary Guidelines (Table 2).
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Table 2. Dietitian recommendations, sources and frequency of advice related to grains and
whole grains.

Question Response Count (%)

Do you recommend or discuss grain
foods in consultation, groups

sessions or via media messages?

Yes
No

149 (99.3)
1 (0.7)

Are grain foods prioritised in your
advice for general healthy eating?

Yes
No

Other

116 (77.3)
19 (12.7)
15 (10.0)

Do you promote amounts of grain
foods based on National Dietary

Guidelines?

Yes
No

121 (80.7)
29 (19.3)

Do you recommend whole
grain foods?

Yes
No

148 (99.3)
1 (0.7)

Considering your advice on general
healthy eating, how often do you
recommend whole grain foods in

dietetic practice?

Always
Most of the time

About half of the time
Sometimes

Never

74 (49.7)
63 (42.3)
6 (4.0)
6 (4.0)
0 (0.0)

What sources of information do you
most often use for your advice

relating to whole grain food intake? *

National Dietary Guidelines
Government Resources

Resources from professional
organisations

Resources from
non-government

organisations
Other

102 (68.5)
26 (17.5)
82 (55.0)
44 (29.5)
11 (7.4)

* Question allowed respondents to select more than one answer; consequently, values presented are the proportion
of respondents selecting each point.

On the other hand, some dietitians specifically stated they did not recommend refined
or non-whole -grain foods (57/150). When recommending whole-grain foods in practice,
the dietitians most commonly used a specific suggestion (e.g., swap refined ready-to-eat
cereal for oats; swap white for wholemeal/whole-grain bread), promoting the substitution
of refined grains with whole grain varieties. Notably, the specific grain-based foods most
frequently recommended by the dietitians were bread (132/150) and breakfast cereal
(115/150).

Generally, the dietitians were aware of the benefits of whole-grain consumption;
however, some of these benefits were poorly recognised (Table 3). Almost all the dietitians
were familiar with the benefits associated with the high fibre content of whole grains
(144/149), as well as their benefits for blood-glucose control (133/149). However, some
of the benefits of whole grains for cardiovascular health were more poorly recognised
in comparison (Table 3). The prioritisation of whole grains for weight control (81/149)
and their potential for reducing inflammation (62/149) were also less well known. The
participants recognised suitable contraindications of whole grains (e.g., gluten containing
grains in coeliac disease) in some instances (87/149).

When the participants were asked to identify whole-grain sources by responding ‘yes’,
‘no’, or ‘unsure’ to a list of whole-grain- and non-whole-grain-containing foods, the majority
of the responses showed a good knowledge of whole grains (Figure 1). However, the
categorization of some foods showed a poor understanding; for example, some dietitians
(39/124) presumed that quick cook-oats would not be whole-grain and that multi-grain
bread and wheat-bran cereal were whole-grain (95/124 and 98/124, respectively). The
dietitians generally recognised refined foods as non-whole-grain, such as white bread
(116/124).
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Table 3. Dietitians’ understanding of the benefits of whole grains and situations in which they should
be prioritised.

Question Response Count (%)

In your opinion, what are
the nutrition and health
benefits of whole grain

foods? *

High fibre 144 (96.6)

Low GI 120 (80.5)

Improves weight control 104 (69.8)

Improves blood glucose control 133 (89.3)

Reduces insulin resistance 78 (52.4)

Increases HDL-cholesterol 40 (26.9)

Decreases LDL-cholesterol 95 (63.8)

Lowers blood pressure 51 (34.2)

Reduces inflammation 62 (41.6)

Reduces risk of heart disease 102 (68.5)

Management and reduced risk of type 2 diabetes 112 (75.2)

Protective factor against colorectal cancer 119 (79.9)

Other 18 (12.1)

Typically, in what
situations might you
prioritise whole grain

foods in dietetic practice? *

I do not prioritise whole-grain foods in practice 1 (0.7)

In general dietary advice 112 (75.2)

To increase dietary fibre intake 130 (87.3)

For weight control 81 (54.4)

For diabetes management 106 (71.1)

For blood-glucose control 105 (70.5)

For cholesterol management 99 (66.4)

For blood-pressure management 43 (29.9)

Other 8 (5.4)

Are there any reasons why
you would not

recommend whole grain
foods to a

patient/client/group?

Contraindicated 87 (56.9)

No reasons 46 (30.1)

Individual taste preferences 10 (6.5)

Low-carbohydrate diet 5 (3.3)

Other client priorities 2 (1.3)

Weight loss 2 (1.3)
* Question allowed respondents to select more than one answer; consequently values presented are the proportion
of respondents selecting each point.

The majority of the dietitians were confident in providing whole-grain education (with
137/149 scoring 4 or 5, with 5 being the most confident) and agreed (130/142 claimed to
agree or strongly agree) that dietitians are well educated about the importance and benefits
associated with whole-grain-food consumption. In a question assessing the perception
of whole-grain promotion by other dietitians, most of the dietitians (90/142) believed
that other dietitians regularly promote and prioritise the intake of whole-grain foods, and
39/142 believe this occurs ‘somewhat’. The dietitians suggested that whole-grain education
for dietitians could be improved by ‘better resources for clients’ (102/142), ‘CPD/online
learning’ (90/142), ‘better resources from dietary guidelines/national policy’ (70/142), and
‘marketing campaigns’ (41/142).
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Figure 1. Identification of whole-grain- and non-whole-grain-containing foods by dietitians.
*: indicates that the food is whole-grain.

3.3. Perceived Barriers to Whole-Grain Consumption

The dietitians perceived there to be several key barriers to whole-grain intake. Along-
side this, the majority were not confident that the public is well educated on the importance
and benefits associated with whole-grain-food consumption (86/142). Some were ambiva-
lent (43/142), and only thirteen thought the public was well educated. The barriers to
whole-grain consumption cited by the dietitians frequently related to ‘taste’ (83/116) and
‘concerns about carbohydrate intake’ (66/116) (Table 4). When asked which strategies could
help to overcome the barriers to whole-grain consumption, several themes were identified
across the responses, which were most commonly related to education (86/116) (Table 4).
The participants were asked to rank the strategies they had previously used to improve
whole-grain intake (on a scale of 1–6, with 1 being most effective and 6 being the least
effective) (Figure 2). Promotion via the media and the promotion of the health benefits were
perceived as the two most effective strategies. Improved front-of-pack scoring systems and
changes to dietary guidelines were ranked as the least effective.
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Table 4. Perceived barriers to whole-grain intake, and suggested strategies to overcome them.

Question Response Count (%)

In your opinion, what are the
barriers to whole grain food

consumption? *

Taste 83 (71.6)

Concerns about carbohydrate intake 66 (56.9)

Culinary skills (e.g., easy recipes) 65 (56.0)

Time taken to prepare 52 (44.8)

Price 46 (39.7)

Other (please specify) 37 (31.9)

Availability 26 (22.4)

There are no barriers 2 (1.7)

What strategies could help
overcome the barriers to

whole grain consumption?

Education 86 (51.5)

Public-health-promotion messages 31 (18.6)

Food-industry action 24 (14.4)

Improving individual acceptability 22 (13.2)

Using evidence-based practice 2 (1.2)

Not sure 2 (1.2)
* Question allowed respondents to select more than one answer; consequently, values presented are the proportion
of respondents selecting each point.

Figure 2. Dietitians’ responses ranking the effectiveness of previously used whole-grain-promotion
strategies on a scale of 1–6 (1 being most effective, 6 being least effective).

3.4. Knowledge, Attitudes and Use of the NOVA Classification System

Many of the dietitians (75/124) were unfamiliar with the NOVA classification system,
although the majority (116/124) were familiar with the advice to limit the intake of highly
processed/ultra-processed foods. When asked if they incorporated and/or referred to
NOVA or the processing of food in practice, the results were mixed, with 18/124 dietitians
reporting that they ‘’always’ referred to NOVA, 29/124 reporting that they referred to
NOVA ‘most of the time’, 9/124 claiming to do so ‘about half of the time’, 18/124 claiming
to do so ‘sometimes’, and 50/124 claiming to never refer to NOVA in practice. Furthermore,
many of the dietitians (75/124) agreed (agree or strongly agree) with NOVA’s classification
of foods, while 45/124 were ambivalent and 4/124 disagreed. The participants were asked
to elaborate on why they responded in the manner that they did, and a content analysis
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was undertaken to categorise the responses. Many of the reported reasons related to
unfamiliarity with NOVA (45/124), but some also related to support for a food-classification
system based on processing (32/124). Moreover, when dietitians were asked to identify
which grain foods are classified as ultra-processed, most dietitians considered whole grain
foods to not fit into this classification, whereas their refined counterparts were generally
considered to be ultra-processed (Figure 3). For example, wholemeal bread and white
bread were considered as UPFs by 10/124 and 73/124, respectively.

Figure 3. Identification of ultra-processed (NOVA classifications) and non-ultra-processed grain
foods by dietitians. A star indicates that a food is classified as ultra-processed.

The dietitians’ attitudes to and perceptions of whole grains, NOVA, and UPFs were
further explored in a matrix-style question prompting the participants to indicate the ex-
tent to which they agreed or disagreed with the listed statements (Table 5). The majority
(92/123) of the dietitians agreed (agreeing or strongly agreeing) that UPFs should generally
be avoided; however, the whole-grain breads and cereals should not be included in this
classification. Furthermore, 47/123 of the dietitians agreed (agreeing or strongly agreeing)
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that they were less inclined to recommend the avoidance of UPFs, knowing that this classi-
fication may include whole-grain breads and cereals. On the other hand, some dietitians
(30/123) agreed (agreeing or strongly agreeing) that knowledge of the classification of these
grain foods as ultra-processed had negatively affected their perception of these sources
of whole grains, and 16/123 agreed (agreeing or strongly agreeing) that they were less
inclined to recommend these foods in practice.

Table 5. Dietitians’ attitudes to and perceptions of whole grains, NOVA, and UPFs.

Statement Count (%)

Disagree
Neither Agree-Nor

Disagree
Agree Not Sure

I agree with the classification in NOVA for breads
as “ultra-processed foods” if they are packaged

and fortified.
75 (61.0) 16 (13.0) 29 (23.6) 3 (2.4)

I agree with the classification in NOVA for
ready-to-eat breakfast cereals as “ultra-processed

foods” even if they are fortified.
62 (50.4) 23 (18.7) 34 (27.6) 4 (3.3)

Knowing that some whole grain breads and
ready-to-eat cereals are classified as

“ultra-processed foods” has negatively impacted
my perception of these sources of whole grains.

63 (51.2) 28 (22.8) 30 (24.4) 2 (1.6)

I am less inclined to recommend whole grain
breads and ready-to-eat cereals in dietetic

practice knowing that they are classified as
“ultra-processed foods”.

83 (67.5) 21 (17.1) 16 (13.0) 3 (2.4)

I am less inclined to recommend avoidance of
ultra-processed foods knowing that they may
include some whole grain foods (such as some

ready-to-eat cereals and breads).

43 (35.0) 29 (23.6) 47 (38.2) 4 (3.3)

I generally agree to avoid ultra-processed foods
but do not agree that whole grain breads and

cereals should be included in this classification.
10 (8.1) 16 (13.0) 92 (74.8) 5 (4.1)

4. Discussion

Grains, especially whole grains, were perceived positively by the dietitians and were
regularly promoted in their advice. Encouragingly, almost all the dietitians recommended
grain foods in consultation, group sessions and/or through media messages, and, more
specifically, recommended whole-grain varieties over refined-grain options. One quarter of
the dietitians did not prioritise grain foods in advice for general healthy eating, suggesting
that while the majority of the dietitians were aware of the role of grains in a healthy
dietary pattern, others may have prioritised other foods or food groups in their practice.
A study by Chase et al. (2003) reported that dietitians perceive the prioritisation of other
dietary changes, a lack of time, and a lack of resources to use with clients to be barriers to
whole-grain promotion [14]. Furthermore, the majority of the dietitians participating were
confident in their provision of whole-grain education (137/149) and agreed that dietitians
were well educated regarding the importance and benefits associated with whole-grain-
food consumption. This was positive, as the TPB implied that an individual’s perceived
behavioural control, including feelings of self-efficacy, influence the dietitian’s intent to
promote whole grains [17]. As confidence increases, whole-grain promotion is more likely
to occur. The dietitians advised that whole-grain education could be improved for dietitians
through better resources for clients, CPD/online learning, and better resources from dietary
guidelines/national policy, indicating that the dietitians may have perceived the current
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quality of these resources to be insufficient for optimal learning. Future education strategies
for dietitians may benefit from targeting these areas.

The dietitians tended to be aware of and refer to national dietary guidelines (NDG) to
inform whole-grain advice. NDGs are important educational tools, translating the complex
matrix of nutrition science into simple messages that enable consumers to make positive
food choices and form healthy dietary patterns [18]. Country-specific guidelines exist
worldwide, incorporating positive messages about grains, especially whole grains. For
example, the US Dietary Guidelines recommend that ‘at least half of total grains should be
whole grains’, while the UK Dietary Guidelines recommend choosing ‘whole grain or higher
fibre versions with less added fat, salt and sugar’ and, similarly, the ADG recommend
choosing ‘mostly whole grain and/or high cereal fibre varieties’ [5,19,20]. These results
indicated that NDGs are meaningful resources that influence dietitians’ understanding and
recommendations in practice. Interestingly, the participants did not report that any other
wording in the dietary guidelines would specifically further encourage consumer intake of
whole grains and appeared satisfied with the current guidelines.

Generally, the dietitians displayed a good level of knowledge when identifying whole
grains; however, some items were less well understood. For example, many of the dietitians
were able to correctly identify cereals such as raw oats and muesli as whole grains, although
some incorrectly perceived that quick cooking may be a factor that differentiates whole-
grain content. This suggests that dietitians may perceive whole grains that have undergone
any processing, including the addition of other ingredients, to have inferior properties. It is
true that processing may mean a product is not whole grain, but when these components
(bran, germ, and endosperm) are included in the same proportion as the original grain, this
constitutes a whole grain, and includes wholemeal. In this study, the dietitians appeared
to be less informed of the nuanced information relating to what defines a whole grain or
whole-grain food. Correspondingly, a study by Botelho et al. (2018) concluded that the
nutritional quality of a product is associated with the product formulation, rather than
the degree of processing [21]. Furthermore, many dietitians incorrectly presumed that
wheat-bran cereal and multi-grain bread were whole grains. However, it is also notable that
bran cereals are high in cereal fibre, one of the elements of whole grains that confer the most
health effects [22]. Comparatively, a study by Chase et al. (2003) reported that dietitians’
ability to identify whole-grain products were low, with only 60% of dietitians correctly
identifying whole-grain products according to a corresponding sample food label [14]. It
is clear that the dietitians in this survey appeared to have a greater knowledge of what
constitutes a whole-grain food, indicating that whole-grain education for dietitians may
have improved over time.

Although more than half of the dietitians in this survey were unfamiliar with NOVA,
the majority agreed with NOVA’s classification of foods based on the brief statement that
the foods in this system are classified based on the extent of their processing. A study
by Sadler et al. (2022) highlighted the ambiguities associated with concepts of process-
ing, (ultra) processed food, and healthy food [23]. For example, an exploration of health
professionals’ views of processed foods identified tensions between the concept of ‘food
processing’, which was recognised as necessary for food sustainability and security, and
that of ‘processed foods’ which was perceived as less healthy or natural [23]. Whilst the
participants agreed that these are broad concepts that require differentiation, it was high-
lighted that consumers tend to view foods through a dichotomous classification of ‘good’
or ‘bad’, and that when they refer to so-called ‘processed foods’, they do not refer to the
degree to which a food is processed but, rather, to their perception of its healthfulness [23].
Unsurprisingly, the dietitians generally agreed that the more a food is processed, the less
favourable it may be for consumption. In line with this, a recent study demonstrated that a
higher percentage of energy from UPFs was inversely associated with diet quality when
applied to the ADG features of a healthy diet (for example, enjoying a variety of foods from
each of the core food groups) [24]. Consequently, it is likely that as UPF consumption in-
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creases and whole-grain consumption decreases, reinforcing the divergence from concepts
of healthy eating, as defined by the ADG.

Although the dietitians were familiar with the advice to limit the intake of highly
processed/UPFs, it appeared that they demonstrated a knowledge gap in the identification
of whole-grain foods that are classified as ultra-processed. For example, the dietitians in the
survey were mostly unaware that commercial breads, including whole-grain varieties and
ready-to-eat breakfast cereals, were included in the classification of ultra-processed. This
may have been the result of a predilection towards the NOVA food-classification system,
potentially overlooking the anomalies between the benefits of whole-grain consumption
and the processing characteristics defined by NOVA. Generally, the dietitians associated
UPFs with discretionary choices, such as those containing nutrients unfavourable to health,
including added sugars, salt, or saturated fat Where dietitians perceived grain foods
may apply to this category, these tended to be refined varieties, for example white bread,
highlighting that this may be a differentiating factor in the participant’s identification of
UPFs. Whole-grain foods were often considered to not be ultra-processed; for example,
wholemeal bread and muesli were incorrectly identified by the majority of the dietitians as
not ultra-processed, suggesting that dietitians do not associate whole grains with UPFs.
Research has demonstrated that replacing refined grains with whole grains reduces the risk
of cardiometabolic disease [25]. Research has also found nutrient-dense UPFs, including
whole-grain breads and ready-to-eat breakfast cereals, to contribute to greater dietary
quality [26,27], and that the message that they are to be ‘avoided’ may not be appropriate.

While it was encouraging that the majority of the dietitians remained positive towards
sources of whole grains, worryingly, a small number (16/123) became dubious about
advising their consumption, when alerted to the potential for these to be classified as
ultra-processed. Further education may be necessary to guide dietitians in promoting the
avoidance of UPFs, to ensure that they are well informed on the whole-grain-food sources
included in this classification and the consequences of their avoidance. A study assessing
the factors that influence Australian dietitians’ perceptions of packaged foods (n = 117)
reported that alongside ingredients and nutrition composition, the shelf-life and storage of
packaged food items were indicators of product healthfulness, taking into consideration the
potential of a food item to cause food-borne illness [1]. This is notable given that the addition
of additives, which enhance shelf stability, results in the classification of ultra-processed
according to the NOVA food classification system, despite the benefits of additives for
food safety. It is essential that dietitians recognise the factors that influence individual
and population eating practices, such as accessibility, time, income, and skills [28]. For
example, NOVA classifies commercial breads as ultra-processed, but not homemade breads.
However, it is questionable whether it is feasible for individuals to make their own bread,
and whether doing so provides worthwhile nutritional and health benefits compared
with purchasing a commercial loaf. The findings of this study provide the basis for the
reclassification of whole-grain breads and ready-to-eat breakfast cereals within NOVA,
utilising evidence-based health-outcome data to reevaluate the classification rules.

Limitations

The findings of this survey should be considered in light of its limitations. This
study used voluntary response sampling rather than randomised sampling; therefore, it
is unlikely that the results are representative of the dietetic profession as a whole. It is
also possible that the distribution of the survey link via the GLNC social media channels
attracted nutrition professionals that have an interest in or prior knowledge of grains, whole
grains, and the anomalies of the NOVA classification system in relation to whole-grain
foods, as previously mentioned. It is known that some individuals may be inherently
more likely to participate than others; for example, those who respond may have stronger
opinions or be more invested in the subject matter than those who do not, further limiting
the generalisability of the results to the profession as a whole. The small number of
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responses from the participants from selected countries outside of Australia limited the
ability to conduct a statistical analysis to compare differences between countries.

5. Conclusions

Although the findings are not representative of the entire dietetic profession, whole-
grain foods were perceived positively by the dietitians who were included in the survey,
who reported regularly promoting them in their practice. The dietitians appeared confident
in their ability to provide whole-grain education and believed they were well educated
about whole grains. This is important, as dietitians are key health professionals in the
dissemination of messages about nutrition and health and the provision of specific food
advice. The dietitians generally had a good ability to identify whole grains and their
health benefits, although there were some gaps in this knowledge and some errors. Further
education may be required in these areas. The dietitians acknowledged that the public may
not be well educated as to the benefits of whole grains, and they perceived several barriers to
whole-grain consumption. The dietitians believed that improving knowledge of the health
benefits of whole grains and their promotion via the media have been the most effective
methods for their promotion, indicating approaches for future promotional strategies.

The dietitians tended to use NDG to inform their whole-grain advice. However, if
NOVA were to be more widely promoted, given that it classifies whole-grain breads and
ready-to-eat breakfast cereals as ultra-processed, these valuable sources of whole grain
may be discouraged. However, the majority of the dietitians did not consider these sources
as ultra-processed and remained positive towards recommending these foods in dietary
advice. Rather, the dietitians tended to associate UPFs with discretionary foods and foods
containing nutrients that negatively affect health, although they generally considered
a system based on the degree of processing as an effective way to categorise foods. If
dietitians are to refer to and incorporate NOVA and concepts of UPFs in advice, the
anomalies between messages promoting the avoidance of UPFs and messages promoting
whole-grain intake must be addressed.
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Abstract: The consumption of ultra-processed foods (UPFs) has increased in recent decades, world-
wide. Evidence on the negative impacts of food processing on health outcomes has also been steadily
increasing. The aim of this study is to describe changes in consumption patterns of ultra-processed
foods in the Spanish population over time and their geographical variability. Data from four repre-
sentative cohorts of the Spanish population were used (1991–1996–2004–2008). Dietary information
was collected using a validated frequency questionnaire and categorized using the NOVA classifi-
cation. A total increase of 10.8% in UPF consumption between 1991 and 2008 was found in Spain
(p-value < 0.001). The products contributing most to UPF consumption were sugar-sweetened bev-
erages, processed meats, dairy products, and sweets. Those who consumed more ultra-processed
foods were younger (p-value < 0.001) and female (p-value = 0.01). Significant differences between the
different geographical areas of Spain were found. The eastern part of Spain was the area with the
lowest UPF consumption, whereas the north-western part was the area with the highest increase in
UPF consumption. Given the negative effect that the consumption of ultra-processed foods has on
health, it is necessary to implement public health policies to curb this increase in UPF consumption.

Keywords: ultra-processed foods; NOVA classification; geographic variability; dietary patterns

1. Introduction

Non-communicable diseases (NCDs) are the leading causes of disability and death
worldwide and currently account for more than half of the global burden of disease [1,2].
One of the main public health objectives is to prevent and combat the development of
the most prevalent non-communicable chronic diseases (cardiovascular disease, diabetes,
obesity, high blood pressure, chronic respiratory disease, and some types of cancer), which
are largely the result of excessive or unbalanced consumption of certain foods and/or
nutrients [3,4], among other factors. Conventional teaching and practice on nutrition and
health usually focuses on nutrients, or else on specific foods and drinks [5]. However, the
issue of food processing is largely ignored or minimized in food and nutrition, and also in
public health policies. It is now acknowledged that some of these chronic diseases have as
one of their major causes increased consumption of ultra-processed foods [6–8].

Ultra-processed foods (UPF) are industrial formulations performed from substances
derived from food or synthesized in laboratories (dyes, flavorings, and other additives).
These foods generally contain little or no natural foods, have also high amounts of fat, salt,
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or sugar, and low fiber, protein and micronutrients content [9,10]. They are distinguished as
food products of low nutritional quality [11–15]. In this group, a large variety of industrially
processed food products, such as some pastries, savory snacks, reconstituted meat products,
pre-prepared frozen dishes, and soft drinks, among other food items, are included.

Evidence on the relationships between food processing and health outcomes has been
increasing steadily in the last years. UPFs are prevalent in diets worldwide, contributing
from 20% to more than 60% of total energy intake, depending on the country and age
range [16–18]. UPFs account for more than 50% of total daily energy consumption in some
high-income countries, such as the United States [19], the United Kingdom [20], Aus-
tralia [21], and Canada [22]. The consumption of UPF has been associated with unhealthy
dietary patterns [11–13,15,23–28] and with overweight and obesity in studies conducted
in the United States [29], Canada [30], France [31], Brazil [32,33], and in most Latin Ameri-
can [34,35] and European [36] countries. Other recent cohort studies from Spain and France
found relationships between UPF and hypertension [37,38] and cancer [39], respectively.
In addition, some studies reported results on the negative effect of ultra-processed food
consumption on all-cause mortality [40–44].

Globally, between 1990 and 2010, the consumption of unhealthy food items worsened,
with heterogeneity across regions and countries [45]. Among unhealthy foods, consumption
of ultra-processed foods is on the rise [8,34,46] around the world. In Spain, the percentage
of ultra-processed foods of all food purchases almost tripled between 1990 and 2010 (from
11.0% to 31.7%) [47]. In addition, the burden of chronic non-communicable diseases also
increased by approximately 4% between 1990 and 2010 in Spain [48,49], and is estimated to
increase further in the forthcoming years. Several studies report that consumption of ultra-
processed foods in Spain accounts for approximately 24.4% of total energy intake [43,44],
but these studies calculate consumption at a given point in time. There are no previous
reports on the evolution of ultra-processed consumption over time (just about purchases)
and its geographical distribution in Spain. In this context of the growing trends in chronic
diseases, it is important to know the pattern of consumption of these products over time in
order to understand the connection between diet and public health. In addition, factors such
as cultural differences, education, personal tastes and traditions, geographic location, access
to technology, and health and health attitudes are known to influence food availability and
food preferences [50], so it is of particular interest to study the geographical distribution of
food consumption.

The aim of the study was to describe changes in the consumption pattern of ultra-
processed foods in the Spanish population over time (1991–1996–2004–2008), according to
eight geographical regions.

2. Materials and Methods

2.1. Design and Participants

The multicentre population-based study Diet and Risk of Cardiovascular Disease in
Spain (DRECE) was used as a substrate for analysis. DRECE [51] was designed in 1991 to
determine the real situation of the Spanish population with regard to the risk of cardio-
vascular disease (CVD), based on the prevalences of risk factors and their relationships
with dietary habits. DRECE I (1991) was a representative sample of the Spanish population
stratified by age, sex, and geographical areas. After 5 and 12 years, DRECE II (1996) and
DRECE III (2004), two subgroups of the original DRECE cohort, were undertaken. Nearly
20 years after the start of DRECE, the capacity to locate and re-screen cohort participants for
follow-up was reduced and biased to scientifically unprofitable extremes. For this reason, in
2008 the DRECE Institute for Biomedical Studies formulated a new breakthrough strategy
and undertook the DRECE IV study. To this end, a new cohort was recruited, with respect
to the initial distribution in eight geographical regions and the same conditions of DRECE I
to make it a representative sample of the current Spanish population and an extension
of the DRECE project. This study will compare the above mentioned DRECE cohorts.
DRECE I (1991) consists of 4787 persons, DRECE II (1996) consists of 1079 persons, DRECE
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III (2004) consists of 2009 persons, and DRECE IV (2008) consists of 5038 subjects with the
same geographical and population strata design as the initial population. All cohorts have
answered a food frequency questionnaire, designed and validated for epidemiological
studies in the Spanish population [52,53].

2.2. Geographical Areas

The geographical distribution was structured according to the area scheme of the food
consumption panel of the Ministry of Agriculture, Fisheries, and Food (MAPA, acronym in
Spanish) [54], previously described in Gómez Jerique et al. [51], and included the Canary
Islands, north-east, Levante (East), Andalucía (South), central-south, Castilla y León (west),
north-west, and north areas (Figure 1).

Figure 1. Geographical distribution of Spain in eight areas according to the Ministry of Agriculture,
Fisheries, and Food (MAPA).

2.3. Dietary Assessment

The estimation of ultra-processed food consumption was carried out through the data
collected in the dietary questionnaires. The first step in modelling dietary changes was
to classify all foods according to the NOVA classification, developed in Brazil and used
internationally in research [10,55]. The NOVA classification divides foods into four groups
according to their degrees of processing: Group 1, unprocessed/minimally processed foods;
Group 2, processed culinary ingredients; Group 3, processed products; Group 4, all ultra-
processed foods. The full list of the recorded foods in the food frequency questionnaire
and their NOVA classification is shown in supplemental Table S1. The kcal/day consumed
from ultra-processed foods and their percentages of total kcal were then determined.
Respondents with extreme total energy intakes (<200 kcal and > 5000 kcal) were excluded
from the analysis [15]. Those with an extremely low BMIs (BMI < 13) were also excluded.

2.4. Statistical Analysis

All statistical analyses were performed using SAS© software (SAS Institute Inc., Cary,
NC, USA), version 9.4 of the SAS System for Windows. Descriptive data are presented as
mean and standard deviation (SD) for continuous variables, and categorical variables are
expressed as absolute or relative frequencies. Food consumption according to the NOVA
classification in the different cohorts globally and by geographical area was described by
simple correspondence analysis. A ternary diagram represents this relationship [56,57].
A ternary diagram is a triangular graph that visualizes in a two-dimensional way the
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relationships between cohorts (represented by dots in the diagram) and the percentage
of food consumption according to the NOVA classification (represented on each of the
three axes). The study of the change in UPF consumption over time (between the four
different cohorts) was carried out using a multivariate mixed model adjusted for age, sex,
body mass index (BMI), and total energy intake. An unstructured covariance matrix was
used. The intercept was considered a random effect, and the rest of the variables were used
as fixed effects [58]. Comparisons between geographical areas were estimated using the
chi-square test or Fisher’s exact test for categorical variables, and for continuous variables
were estimated using ANOVAs. In each cohort, the consumption of ultra-processed foods
is represented by density maps according to the eight geographical areas. p-values < 0.05
were considered statistically significant.

3. Results

The final sample size included 4679 individuals in DRECE I, 928 individuals in DRECE
II, 1065 individuals in DRECE III, and 4835 individuals in DRECE IV. The demographic
characteristics of the four cohorts are shown in supplemental Table S2. Between 1991
and 2008, there was a general increase in total energy intake (kcal/day) in the Spanish
population (Table 1). Average consumption of ultra-processed foods (NOVA group 4) was
found to be 24.44% of the total energy intake in 1991 (DRECE I), 25.61% in 1996 (DRECE II),
27.48% in 2004 (DRECE III), and 31.09% in 2008 (DRECE IV) (Table 1). UPF consumption
changed over time also in both sexes, from 24.48% in males and 24.39% in females in 1991,
to 31.03% and 31.39%, respectively, in 2008. In addition, the same evolution was observed
according to age group and BMI (Table 1).

Table 1. Food intake according to the NOVA classification over time (DRECE cohorts) and distribution
of ultra-processed food consumption (NOVA 4) by sex, age, and BMI class.

DRECE I 1991 DRECE II 1996 DRECE III 2004 DRECE IV 2008

Total energy intake
(kcal/day)

2024.80 (727.09) 2362.49 (1197) 2373.91 (1068) 2441.01 (948.75)

NOVA classification
(% of energy)

NOVA 1 45.91 (13.33) 47.96 (15.58) 51.47 (14.01) 55.21 (12.13)

NOVA 3+2 29.65 (13.24) 26.43 (15.96) 21.05 (16.48) 13.70 (15.37)

NOVA 4 24.44 (13.95) 25.61 (16.29) 27.48 (19.17) 31.09 (19.24)

UPF consumption (NOVA 4) (% of energy)

By sex

Male 24.48 (13.89) 23.71 (16.76) 26.14 (19.72) 31.03 (17.57)
Female 24.39 (14.01) 27.83 (15.16) 29.01 (15.18) 31.39 (18.47)

By age group

5–24 32.79 (12.83) 31.69 (14.84) 33.72 (14.04) 34.12 (11.48)
25–49 19.81 (11.62) 24.70 (16.63) 26.70 (17.26) 27.91 (21.01)
50–75 16.13 (11.41) 19.39 (19.01) 22.01 (12.29) 25.14 (19.83)

By BMI class

Normal weight 16.96 (11.41) 23.67 (17.30) 22.76 (18.74) 27.93 (19.22)
Overweight 19.99 (12.45) 26.04 (16.15) 25.88 (19.86) 31.77 (18.90)

Obese 28.27 (13.85) 26.11 (15.06) 28.67 (18.67) 33.31 (21.15)
Data is shown as mean (SD).
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The mixed model shows a significant upward trend (all adjusted p-values <0.001)
in the consumption of ultra-processed products over the 17 years of the study, and a
10.79% ± 0.39 increase in the consumption of this type of product in Spain between 1991
and 2008 (Table 2). This increase over time can be seen in the ternary diagram (Figure 2). In
the ternary diagram, for better representation, the NOVA 2 and NOVA 3 groups are shown
together, as NOVA 2 represents a very low percentage of consumption, and it was decided
to unify processed culinary ingredients (NOVA 2) and processed foods (NOVA 3) into
one category. The axes of the diagram correspond to the percentages of foods belonging
to NOVA 1, NOVA 3+2, and NOVA 4 (these percentages are also shown in Table 1). The
points represented in the diagram correspond to the four cohorts (1991, 1996, 2004, and
2008) according to the amounts of products they included from each of the different NOVA
groups. As an example of an interpretation, using the 2008 cohort (DRECE IV), represented
with dashed lines in Figure 2, 31.09% of the food consumed corresponded to ultra-processed
foods (NOVA 4), 13.70% to processed foods (NOVA 3+2), and 55.21% to unprocessed or
minimally processed foods (NOVA 1). This interpretation can be made in the same way for
the rest of the points in the diagram.

As a result of the mixed model, it was also found that participants who consumed
the most UPF had significantly higher intakes of total energy (β = 1.86, p-value < 0.001)
and were mostly female (β = 1.06, p-value = 0.01) (Table 2). In addition, individuals
who consumed more ultra-processed foods were younger (β = −0.15, p-value < 0.001).
UPF consumption in young people remained above 30% at all time points (Table 1). No
association was found between UPF consumption and BMI (β = −0.05, p-value = 0.19)
(Table 2).

Figure 2. Ternary diagram of the average percentage of energy intake from the NOVA classification
by the Spanish population over time.
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Table 2. Mixed model coefficients for UPF consumption over time adjusted for age, sex, BMI, and
total energy intake.

Estimate Standard Error p

Intercept 24.49 1.21 <0.001
Time (Cohorts)
DRECE I 1991 Ref.
DRECE II 1996 5.31 0.62 <0.001
DRECE III 2004 9.63 0.66 <0.001
DRECE IV 2008 10.79 0.39 <0.001

Age (years) −0.15 0.01 <0.001
Sex

Male Ref.
Female 1.06 0.33 0.01

BMI (kg/m2) −0.05 0.04 0.19
Total energy intake (kcal/day) 1.86 0.19 <0.001

AIC:3156 8154 subjects included.

The main food groups contributing to ultra-processed food intake (>10% energy
contribution) were sugar-sweetened beverages (i.e., soft drinks) (18.41%), milkshakes and
juice boxes (17.53%), meat and meat products (16.38%), and dairy products (13.50%) in 1991;
dairy products (i.e., yogurts, ice cream, or Petit Suisse) (17.51%), meat and meat products
(15.06%), and sweets and cookies (11.79%) in 1996; meat and meat products (17.92%), dairy
products (14.01%), and sugar sweetened beverages (13.64%) in 2004; and industrial cakes
and pastries (19.69%), dairy products (17.41%), and sugar sweetened beverages (11.73%)
in 2008.

The geographical study shows that in all cohorts the sample was homogeneous in
terms of age and sex across the eight geographical areas (all p-values > 0.05) (Table 3).
Significant differences in BMI, total energy intake, and ultra-processed food consumption
were found between geographical areas at all time points (Table 3). When studying the
consumption of ultra-processed foods by geographical area, the same trend was observed
in all of them as in Spain as a whole: an increase over time in the consumption of this type
of product (Figure 3). During the 17 years of the study, there was an overall increase in the
consumption of ultra-processed foods of 11% in the north-west and north regions, 10.10%
in the north-east, 9.41% in the west, 8.38% in the east, 6.70% in the Canary Islands, 6.13% in
the south, and 5.20% in the central-south region.

38



N
ut

ri
en

ts
2

0
2

2
,1

4,
32

23

T
a
b

le
3
.

U
lt

ra
-p

ro
ce

ss
ed

fo
od

(N
O

VA
4)

in
ta

ke
an

d
de

m
og

ra
ph

ic
ch

ar
ac

te
ri

st
ic

by
ge

og
ra

ph
ic

al
ar

ea
.

G
e
o

g
ra

p
h

ic
a
l

A
re

a
s

p

D
R

E
C

E
I

1
9
9
1

N
o

rt
h

-W
e
st

N
o

rt
h

N
o

rt
h

-E
a
st

W
e
st

C
e
n

tr
a
l-

S
o

u
th

E
a
st

S
o

u
th

C
a
n

a
ry

Is
la

n
d

s

n
51

4
42

2
68

3
34

1
91

3
55

3
10

75
17

8
A

g
e

(y
e
a
rs

)
30

.0
4

(1
5.

61
)

30
.3

8
(1

5.
59

)
31

.7
4

(1
5.

59
)

30
.2

2
(1

5.
50

)
30

.5
4

(1
5.

73
)

31
.5

7
(1

5.
58

)
29

.8
9

(1
5.

50
)

29
.4

8
(1

6.
04

)
0.

17
5

S
e
x

(m
a
le

)
24

9
(4

8.
44

%
)

20
6

(4
8.

82
%

)
33

1
(4

8.
46

%
)

17
1

(5
0.

15
%

)
44

0
(4

8.
19

%
)

26
3

(4
7.

56
%

)
53

9
(5

0.
14

%
)

89
(5

0.
00

%
)

0.
97

7
B

M
I

(k
g

/m
2
)

24
.4

3
(4

.6
1)

23
.5

3
(4

.4
8)

24
.4

3
(4

.8
3)

23
.6

5
(4

.4
7)

24
.0

5
(5

.1
0)

24
.1

4
(4

.7
3)

24
.7

5
(5

.6
8)

24
.0

9
(5

.6
3)

0.
00

2
T

o
ta

l
e
n

e
rg

y
in

ta
k

e
(k

ca
l/

d
a
y

)
19

96
.4

7
(6

41
.8

4)
19

42
.7

3
(5

93
.4

8)
20

37
.5

5
(7

07
.2

3)
21

52
.0

4
(6

86
.0

1)
20

23
.8

4
(6

93
.9

2)
19

64
.4

4
(8

02
.2

6)
20

40
.1

1
(7

96
.1

1)
21

09
.1

3
(8

46
.2

0)
<0

.0
01

N
O

V
A

cl
a
ss

ifi
ca

ti
o

n
G

R
O

U
P

4
(%

o
f

e
n

e
rg

y
)

24
.4

7
(1

4.
45

)
25

.0
3

(1
2.

95
)

22
.6

5
(1

3.
75

)
24

.6
0

(1
2.

94
)

24
.9

7
(1

4.
00

)
22

.6
4

(1
4.

02
)

25
.1

5
(1

4.
05

)
28

.1
0

(1
5.

16
)

<0
.0

01

D
R

E
C

E
II

1
9
9
6

N
o

rt
h

-W
e
st

N
o

rt
h

N
o

rt
h

-E
a
st

W
e
st

C
e
n

tr
a
l-

S
o

u
th

E
a
st

S
o

u
th

C
a
n

a
ry

Is
la

n
d

s

n
78

12
4

88
83

16
2

12
3

22
3

47
A

g
e

(y
e
a
rs

)
48

.2
9

(1
3.

75
)

46
.0

3
(1

4.
45

)
48

.9
5

(1
3.

64
)

46
.0

5
(1

5.
11

)
47

.9
2

(1
4.

95
)

45
.6

5
(1

5.
35

)
45

.5
3

(1
4.

93
)

44
.2

6
(1

5.
88

)
0.

24
8

S
e
x

(m
a
le

)
51

(6
5.

38
%

)
73

(5
8.

87
%

)
54

(6
1.

36
%

)
51

(6
1.

45
%

)
97

(5
9.

88
%

)
84

(6
8.

29
%

)
13

0
(5

8.
30

%
)

26
(5

5.
32

%
)

0.
41

5
B

M
I

(k
g

/m
2
)

27
.7

9
(3

.7
6)

26
.6

9
(4

.0
3)

28
.6

1
(3

.7
0)

26
.0

8
(4

.0
6)

26
.8

6
(4

.6
8)

27
.2

1
(4

.1
4)

28
.3

6
(5

.4
9)

27
.7

5
(6

.0
2)

<0
.0

01
T

o
ta

l
e
n

e
rg

y
in

ta
k

e
(k

ca
l/

d
a
y

)
24

74
.4

3
(1

06
1)

22
12

.0
4

(7
51

.1
2)

25
76

.6
2

(2
01

6)
23

59
.8

8
(7

69
.1

9)
21

78
.0

5
(8

62
.0

4)
26

25
.6

0
(1

14
9)

24
41

.9
2

(1
45

9)
19

19
.3

9
(7

70
.3

3)
<0

.0
01

N
O

V
A

cl
a
ss

ifi
ca

ti
o

n
G

R
O

U
P

4
(%

o
f

e
n

e
rg

y
)

25
.9

1
(1

5.
78

)
28

.8
7

(1
5.

90
)

25
.5

3
(1

6.
11

)
25

.0
6

(1
7.

82
)

26
.9

5
(1

7.
41

)
21

.8
5

(1
5.

71
)

23
.1

3
(1

5.
28

)
29

.3
3

(1
5.

12
)

0.
01

0

D
R

E
C

E
II

I
2
0
0
4

N
o

rt
h

-W
e
st

N
o

rt
h

N
o

rt
h

-E
a
st

W
e
st

C
e
n

tr
a
l-

S
o

u
th

E
a
st

S
o

u
th

C
a
n

a
ry

Is
la

n
d

s

n
89

13
5

19
2

10
4

17
8

45
25

7
65

A
g

e
(y

e
a
rs

)
44

.1
8

(1
5.

66
)

44
.6

8
(1

5.
13

)
47

.8
0

(1
6.

14
)

44
.9

6
(1

6.
01

)
45

.2
9

(1
7.

18
)

44
.9

3
(1

4.
66

)
44

.1
7

(1
4.

05
)

51
.1

7
(1

5.
40

)
0.

06
1

S
e
x

(m
a
le

)
42

(4
7.

19
%

)
64

(4
7.

41
%

)
86

(4
4.

79
%

)
46

(4
4.

23
%

)
72

(4
0.

45
%

)
21

(4
6.

67
%

)
11

6
(4

5.
14

%
)

28
(4

3.
08

%
)

0.
95

4
B

M
I

(k
g

/m
2
)

28
.5

2
(5

.0
2)

26
.5

9
(4

.7
2)

27
.8

0
(5

.3
6)

26
.7

0
(4

.7
4)

26
.3

4
(4

.5
9)

28
.2

3
(5

.1
1)

28
.3

8
(5

.8
5)

28
.4

0
(4

.9
1)

<0
.0

01
T

o
ta

l
e
n

e
rg

y
in

ta
k

e
(k

ca
l/

d
a
y

)
22

86
.1

5
(1

08
0)

25
80

.8
5

(1
35

3)
24

85
.8

1
(1

10
9)

24
08

.2
6

(9
69

.9
1)

25
18

.2
3

(1
25

4)
23

68
.0

7
(7

71
.3

6)
21

14
.9

2
(7

56
.7

7)
23

11
.5

6
(9

06
.8

3)
0.

00
2

N
O

V
A

cl
a
ss

ifi
ca

ti
o

n
G

R
O

U
P

4
(%

o
f

e
n

e
rg

y
)

34
.1

3
(1

8.
02

)
35

.3
4

(1
5.

59
)

32
.4

8
(1

2.
55

)
34

.6
7

(1
4.

78
)

29
.9

9
(1

9.
68

)
25

.7
1

(1
1.

57
)

25
.8

5
(1

3.
51

)
34

.4
2

(1
2.

85
)

<0
.0

01

39



N
ut

ri
en

ts
2

0
2

2
,1

4,
32

23

T
a
b

le
3
.

C
on

t.

G
e
o

g
ra

p
h

ic
a
l

A
re

a
s

p

D
R

E
C

E
IV

2
0
0
8

N
o

rt
h

-W
e
st

N
o

rt
h

N
o

rt
h

-E
a
st

W
e
st

C
e
n

tr
a
l-

S
o

u
th

E
a
st

S
o

u
th

C
a
n

a
ry

Is
la

n
d

s

n
56

2
37

0
83

3
37

3
10

37
54

8
92

2
19

0

A
g

e
(y

e
a
rs

)
44

.0
6

(1
4.

91
)

45
.5

8
(1

5.
13

)
43

.5
1

(1
4.

32
)

43
.2

8
(1

4.
45

)
43

.8
1

(1
4.

70
)

44
.5

8
(1

5.
32

)
42

.8
8

(1
4.

21
)

42
.1

4
(1

4.
25

)
0.

06
7

S
e
x

(m
a
le

)
25

1
(4

4.
66

%
)

17
6

(4
7.

57
%

)
40

4
(4

8.
50

%
)

18
0

(4
8.

26
%

)
46

9
(4

5.
23

%
)

27
1

(4
9.

45
%

)
41

1
(4

4.
58

%
)

95
(5

0.
00

%
)

0.
37

2
B

M
I

(k
g

/m
2
)

26
.2

6
(4

.1
3)

24
.6

7
(3

.8
2)

25
.3

0
(4

.2
3)

26
.8

8
(3

.9
1)

25
.1

7
(4

.1
3)

24
.8

4
(3

.9
6)

26
.6

0
(4

.4
6)

25
.8

7
(4

.5
4)

0.
00

7
T

o
ta

l
e
n

e
rg

y
in

ta
k

e
(k

ca
l/

d
a
y

)
24

00
.2

5
(9

10
.0

8)
23

82
.5

3
(9

59
.1

7)
23

86
.6

5
(9

85
.8

8)
24

90
.6

3
(8

55
.3

3)
24

53
.1

7
(8

60
.9

9)
24

32
.0

2
(1

02
1)

24
91

.6
7

(1
00

3)
25

30
.2

2
(1

00
1)

0.
00

5

N
O

V
A

cl
a
ss

ifi
ca

ti
o

n
G

R
O

U
P

4
(%

o
f

e
n

e
rg

y
)

35
.4

7
(1

6.
94

)
36

.0
2

(1
8.

33
)

32
.7

5
(1

9.
76

)
34

.0
1

(1
7.

48
)

30
.1

7
(1

7.
14

)
31

.0
3

(1
7.

60
)

31
.2

8
(1

8.
33

)
34

.8
0

(1
6.

12
)

<0
.0

01

D
at

a
is

sh
ow

n
as

m
ea

n
(S

D
)o

r
n

(%
).

40



Nutrients 2022, 14, 3223

Figure 3. Ternary diagram of the average percentage of energy intake in the NOVA classification over
time by geographical area of Spain.

In 1991, the region with the highest consumption of ultra-processed foods was the
Canary Islands, and in 2008 it was the northern region. As can be seen in Figure 4, the
region with the lowest consumption of ultra-processed foods was the east, which was the
region with the lowest consumption in 1991 (22.64%), 1996 (21.85%), and 2004 (25.75%), and
had the second lowest in 2008 (31.03%). The Canary Islands was the region with the highest
consumption of ultra-processed foods in 1991 (28.10%) and 1996 (29.33%), and then the
northern region was the region with the highest consumption of ultra-processed foods in
2004 (35.34%) and 2008 (36.03%). The central-south region went from having intermediate
consumption in the early years to becoming the region with the lowest consumption of
ultra-processed foods in 2008, at 30.17%. The southern region started as one of the regions
with the highest consumption of ultra-processed foods in 1991, and ended up as one of
the regions with lower consumption compared to the rest. The western and north-western
regions started with intermediate consumption but were among the regions with the highest
consumption in 2004 and 2008, respectively. The north-east region retained intermediate
consumption values compared to the rest of the regions consistently (Figure 4).
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Figure 4. Geographical distribution of ultra-processed food consumption in Spain over time.

4. Discussion

About one third of daily energy intake was found to be provided by ultra-processed
foods (UPF) in the Spanish population. Estimates of UPF purchases calculated from national
household budget surveys (conducted in Europe between 1991 and 2008) showed that
the average household availability of UPF ranged from 10% of total purchased dietary
energy in Portugal to 50% in the UK [36]. In Spain, UPFs were found to contribute about
24–31% to total dietary energy (between 1991 and 2008), which is slightly higher than the
average usual proportion of daily energy intake from UPFs (26.4%) found in this study.
However, food consumption surveys often provide more details on the foods consumed
compared to household budget surveys, which are based on purchases. When looking at
published consumption data rather than household budget survey data, Spain is shown to
be a country with a low consumption of ultra-processed foods compared to other countries,
such as Canada (48%) [11], the United States (57.9%) [19], the United Kingdom (56.8%) [20],
Belgium (about 33%) [28], and France (35.9%) [31]. These differences may be due to the fact
that the data published in other countries correspond to different periods of time. They
also could be due to the Mediterranean diet, which is characterized by high consumption
of plant-based foods and fresh fruits, low consumption of red meat and other processed
foods, the use of olive oil as the main source of fat, and a moderate intake of wine during
meals [59]. In addition, other Mediterranean countries, such as Italy, also have lower UPF
consumption (18%) [60].

On the other hand, a negative shift in the pattern of food consumption was found.
UPF consumption has increased over time across the country. An increase of 10.79% in
UPF consumption was found between 1991 and 2008 in Spain, from 1 in 4 foods being
ultra-processed in 1991 to 1 in 3 in 2008, which is in line with the previously reported
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increase in UPF purchases between 1990 and 2010 in Spanish households [47]. As the
nutrition literature increasingly recognizes ultra-processed foods (UPF) to be unhealthy,
the diet in Spain can be considered increasingly unhealthy. This supports the evidence
that between 1990 and 2010, diets based on unhealthy items worsened worldwide [45].
This trend has also been shown in other countries, such as Belgium [28], Sweden [61], the
United Kingdom [20], and the United States [62]. This increase also parallels the growing
burden in Spain and worldwide of non-communicable diseases [48,49], of which excessive
consumption of ultra-processed foods is known to be one of the main causes [8,63]. The
exact reasons for this increase in UPF consumption are not known, but may include the
increased availability and accessibility of such products, as they are highly palatable and
inexpensive, increased consumption of prepared foods outside the home over the past few
decades, and aggressive and unregulated advertising of convenience foods, which may
promote overconsumption [46,64]. The main groups of UPFs consumed in Spain were sugar-
sweetened beverages; processed meats; dairy products; and sweets, biscuits, and cakes.
These data are in line with those provided by the European household budget surveys
(conducted between 1991 and 2008), where the most purchased UPFs were packaged
breads, cakes, sweets and cookies, meat products, and sugar-sweetened beverages [36].
This also agrees with the most consumed UPFs in the United Kingdom, Belgium, Canada,
and the United States [20,28,65]. It is worth noting that the consumption of processed
meats decreased between 1991 and 2008 in Spain, from 16.38% to less than 10%, and
the consumption of sugar-sweetened beverages from 18.41% to 11.73%. On the other
hand, consumption of processed dairy products increased from 13.50% to 17.41%, and
consumption of sweets from less than 10% to 19.69%. Similar results were found in young
people in the United States between 1999 and 2018, where there was also a decrease in
the consumption of sugar-sweetened beverages and an increase in the consumption of
sweets [62]; and also in Sweden where there was a slight decrease in consumption of
sugar-sweetened beverages between 2002 and 2010 [61]. This highlights the types of ultra-
processed products for which there is most need to reduce consumption in the population
and to implement policies to reduce their sales. Some countries, such as Uruguay [66] and
Brazil [67], already include the concept of UPFs in food guidelines; and other countries,
such as Mexico [68] and Hungary [69], have taken actions to limit the marketing of UPFs
through taxation. Such policies do not exist in Spain and should start to be implemented in
view of the evidence of the growing consumption of UPFs.

Young people consume the highest proportion of ultra-processed foods in their diets
in the Spanish population, consistently—above 30%. Other studies, such as those from
Belgium [28], the United States [70], Canada [11], Colombia [71], and Chile [26], have also
found that children consume the highest amounts of UPF compared to other age groups.
Given that young people are the highest consumers of UPFs, it could be beneficial to
implement health policies targeting this population stratum in order to raise awareness of
healthy food consumption. Higher UPF consumption was associated with higher BMI in
other studies [29,30,32,36,61,72,73], but no such association was detected in Spain. Females
consumed more UPF than males; this may be influenced by gender differences in food
choices. Females appear to exhibit more stress-related eating behaviors [74], which may
lead to higher UPF consumption.

Consumption of ultra-processed foods is high in all regions of Spain (21–36%). It is
notorious that factors such as palatability and the high commercialization of these foods
contribute to their presence in the eating habits of all families [75]. In addition, all regions
saw a progressive increase in the consumption of this type of food (5.2–11%) during the
17 years of the study, similar to the overall increase in Spain. The Canary Islands is one
of the regions with higher relative consumption of ultra-processed foods, which is in
agreement with the dietary pattern found in other studies on this region, in which it has
been characterized by high intakes of fats and carbohydrates (present at high levels in UPFs)
with respect to other regions of Spain [76]. The north, north-west, and west regions showed
worsening in their dietary patterns, being the regions with the highest increases in UPF
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consumption over time, and reaching the highest percentages of intake in 2008 (36%, 35.5%,
and 34% of total intake, respectively) together with the Canary Islands. This may be due to
the high carbohydrate and high fat consumption patterns of these regions, whose citizens
have also been reported to have high HDL lipid profiles [76]. The eastern region remained
over time one of the regions with the lowest consumption of UPFs, probably because it is
geographically located on the Mediterranean coast and may be more deeply linked to the
culture and traditions of a quality Mediterranean diet [77]. This has been evidenced by
recent studies finding an inverse association between UPF consumption and adherence to
the Mediterranean diet [78]. The north-east region retained average consumption over time,
probably also due to its adherence to the Mediterranean diet because of its geographical
position. Particularly, the southern and north-central regions are characterized by improved
consumption patterns compared to the rest of the regions, being the regions with the lowest
increases in UPF consumption over time. This is reflected in the micronutrient patterns
of these regions, where low carbohydrate and protein intake and a low HDL lipid profile
are reported [76]. The geographical variability found in UPF consumption in Spain has
some consistency with the economic data provided by the National Statistics Institute
(INE) [79]. The regions with the highest consumption of UPF in 2008 were those with the
lowest growth in per capita household income in the 2000s. Along the same lines, the
southern and central areas had the highest growth in per capita household income and the
lowest growth in UPF consumption.

All these results reinforce the increase in the consumption of ultra-processed foods
over the last few decades and the need for health policies that take into account the degree
of food processing to address the increasing intake of UPFs.

There are several strengths to this study. The use of a large, nationally representative
sample of the Spanish population maximizes generalizability. The testing of the same
hypothesis both cross-sectionally and over time lends credibility to our results. Self-reported
dietary intake data are less biased than purchasing data, as all meals consumed are included,
including those consumed away from home, which are more likely to be ultra-processed.
However, the study also has some limitations. Although the NOVA classification has
been questioned sometimes, it is simple and clear to apply; no better alternative has yet
been proposed. The food frequency questionnaire was not designed to collect data on
consumption of UPFs according to the NOVA classification. Each food item was classified
into its most likely NOVA group, but we cannot rule out misclassification of some foods.
Finally, to minimize information bias, validated procedures were used, and subjects with
inconsistent intake data were excluded. Finally, future studies in this field of research could
consider including more qualitative data.

5. Conclusions

There has been an increase in UPF consumption over time in Spain, namely, of ap-
proximately 10.8% between 1991 and 2008. About 21–36% of the average daily energy
intake is provided by UPFs, with differences depending on the geographical area. The
products contributing most to UPF consumption are sugar-sweetened beverages, processed
meats, dairy products, and sweets. Young people and females have the highest intakes of
ultra-processed foods. No correlation was found between UPF consumption and BMI. The
eastern part of Spain is the area with the lowest UPF consumption, and the north-western
part of Spain is the area with the highest increase in UPF consumption. Given the robust
scientific evidence associating UPF consumption with various adverse health outcomes,
realistic public health policies are needed to limit the availability, affordability, and market-
ing of UPFs. In addition, raising awareness through educational programs that promote
healthier food environments to individuals of all socio-demographic and socio-economic
categories, but especially to the youngest, would be useful to prevent further increases in
UPF consumption in Spain.

44



Nutrients 2022, 14, 3223

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14153223/s1. Table S1: Classification of items of the food
frequency questionnaires according to degree of processing (NOVA classification). Table S2: Demo-
graphic characteristics of the DRECE cohorts.

Author Contributions: Conceptualization, D.L.P. and C.R.F.; methodology, D.L.P. and C.R.F.; soft-
ware, C.R.F.; validation, D.L.P. and C.R.F.; formal analysis, C.R.F.; investigation, C.R.F. and P.C.N.;
resources, D.L.P.; data curation, C.R.F.; writing—original draft preparation, C.R.F.; writing—review
and editing, C.R.F., P.C.N., D.L.P. and A.G.d.l.C.; visualization, A.G.d.l.C.; supervision, D.L.P. and
A.G.d.l.C.; project administration, P.C.N. and A.G.d.l.C.; funding acquisition, A.G.d.l.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by Instituto de Salud Carlos III, grant numbers FIS 03/0014 and
FIS 08/90643; and by Fundación MMA de Investigación biomédica, grant number P-MMA2004/19
and P-MMA2008/88.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Hospital Universitario 12 de Octubre on
5 November 2010 (ref. 10/292).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Additional data are available from the corresponding author on rea-
sonable request.

Acknowledgments: The authors thank all collaborators for their involvement in the DRECE study.
The authors report no conflict of interest.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1. Mendis, S.; Davis, S.; Norrving, B. Organizational Update: The World Health Organization Global Status Report on Noncommu-
nicable Diseases 2014; One More Landmark Step in the Combat against Stroke and Vascular Disease. Stroke 2015, 46, e121–e122.
[CrossRef] [PubMed]

2. United Nations Political Declaration of the High-Level Meeting of the General Assembly on the Prevention and Control of
Non-Communicable Diseases 2011. Available online: https://digitallibrary.un.org/record/710899/ (accessed on 28 May 2022).

3. Cena, H.; Calder, P.C. Defining a Healthy Diet: Evidence for the Role of Contemporary Dietary Patterns in Health and Disease.
Nutrients 2020, 12, 334. [CrossRef] [PubMed]

4. Hawkes, C. Food Policies for Healthy Populations and Healthy Economies. BMJ 2012, 344, e2801. [CrossRef]
5. Monteiro, C.A. Nutrition and Health. The Issue Is Not Food, nor Nutrients, so Much as Processing. Public Health Nutr. 2009, 12,

729–731. [CrossRef]
6. World Health Organization. Diet, Nutrition, and the Prevention of Chronic Diseases: Report of a WHO-FAO Expert Consultation; [Joint

WHO-FAO Expert Consultation on Diet, Nutrition, and the Prevention of Chronic Diseases, 2002, Geneva, Switzerland]; WHO
Technical Report Series; World Health Organization: Geneva, Switzerland, 2003; ISBN 978-92-4-120916-8.

7. Wiseman, M.; Cannon, G.; Butrum, R.; Martin, G.; Higginbotham, S.; Jones, C.; Fletcher, M. Policy and Action for Cancer Prevention.
Food, Nutrition and Physical Activity: A Global Perspective; World Cancer Research Fund/American Institute for Cancer Research:
London, UK, 2009.

8. Stuckler, D.; McKee, M.; Ebrahim, S.; Basu, S. Manufacturing Epidemics: The Role of Global Producers in Increased Consumption
of Unhealthy Commodities Including Processed Foods, Alcohol, and Tobacco. PLoS Med. 2012, 9, e1001235. [CrossRef] [PubMed]

9. Monteiro, C.A.; Cannon, G.; Levy, R.; Moubarac, J.-C.; Jaime, P.; Martins, A.P.; Canella, D.; Louzada, M.; Parra, D. NOVA. The Star
Shines Bright. World Nutr. 2016, 7, 28–38.

10. Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, J.-C.; Louzada, M.L.; Rauber, F.; Khandpur, N.; Cediel, G.; Neri, D.; Martinez-
Steele, E.; et al. Ultra-Processed Foods: What They Are and How to Identify Them. Public Health Nutr. 2019, 22, 936–941.
[CrossRef] [PubMed]

11. Moubarac, J.-C.; Batal, M.; Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A. Consumption of Ultra-Processed Foods Predicts
Diet Quality in Canada. Appetite 2017, 108, 512–520. [CrossRef]

12. Martínez Steele, E.; Popkin, B.M.; Swinburn, B.; Monteiro, C.A. The Share of Ultra-Processed Foods and the Overall Nutritional
Quality of Diets in the US: Evidence from a Nationally Representative Cross-Sectional Study. Popul. Health Metr. 2017, 15, 6.
[CrossRef]

45



Nutrients 2022, 14, 3223

13. da Costa Louzada, M.L.; Ricardo, C.Z.; Steele, E.M.; Levy, R.B.; Cannon, G.; Monteiro, C.A. The Share of Ultra-Processed Foods
Determines the Overall Nutritional Quality of Diets in Brazil. Public Health Nutr. 2018, 21, 94–102. [CrossRef]

14. Marrón-Ponce, J.A.; Flores, M.; Cediel, G.; Monteiro, C.A.; Batis, C. Associations between Consumption of Ultra-Processed Foods
and Intake of Nutrients Related to Chronic Non-Communicable Diseases in Mexico. J. Acad. Nutr. Diet. 2019, 119, 1852–1865.
[CrossRef] [PubMed]

15. Parra, D.C.; da Costa-Louzada, M.L.; Moubarac, J.-C.; Bertazzi-Levy, R.; Khandpur, N.; Cediel, G.; Monteiro, C.A. Association
between Ultra-Processed Food Consumption and the Nutrient Profile of the Colombian Diet in 2005. Salud Publica Mex. 2019, 61,
147–154. [CrossRef] [PubMed]

16. Elizabeth, L.; Machado, P.; Zinöcker, M.; Baker, P.; Lawrence, M. Ultra-Processed Foods and Health Outcomes: A Narrative
Review. Nutrients 2020, 12, 1955. [CrossRef] [PubMed]

17. Kelly, B.; Jacoby, E. Public Health Nutrition Special Issue on Ultra-Processed Foods. Public Health Nutr. 2018, 21, 1–4. [CrossRef]
[PubMed]

18. Casas, R. Moving towards a Healthier Dietary Pattern Free of Ultra-Processed Foods. Nutrients 2022, 14, 118. [CrossRef]
19. Martínez Steele, E.; Baraldi, L.G.; da Costa Louzada, M.L.; Moubarac, J.-C.; Mozaffarian, D.; Monteiro, C.A. Ultra-Processed

Foods and Added Sugars in the US Diet: Evidence from a Nationally Representative Cross-Sectional Study. BMJ Open 2016,
6, e009892. [CrossRef]

20. Rauber, F.; da Costa Louzada, M.L.; Steele, E.M.; Millett, C.; Monteiro, C.A.; Levy, R.B. Ultra-Processed Food Consumption and
Chronic Non-Communicable Diseases-Related Dietary Nutrient Profile in the UK (2008–2014). Nutrients 2018, 10, 587. [CrossRef]

21. Moodie, R.; Stuckler, D.; Monteiro, C.; Sheron, N.; Neal, B.; Thamarangsi, T.; Lincoln, P.; Casswell, S.; Lancet NCD Action Group.
Profits and Pandemics: Prevention of Harmful Effects of Tobacco, Alcohol, and Ultra-Processed Food and Drink Industries. Lancet
2013, 381, 670–679. [CrossRef]

22. Moubarac, J.-C.; Martins, A.P.B.; Claro, R.M.; Levy, R.B.; Cannon, G.; Monteiro, C.A. Consumption of Ultra-Processed Foods and
Likely Impact on Human Health. Evidence from Canada. Public Health Nutr. 2013, 16, 2240–2248. [CrossRef]

23. Adams, J.; White, M. Characterisation of UK Diets According to Degree of Food Processing and Associations with Socio-
Demographics and Obesity: Cross-Sectional Analysis of UK National Diet and Nutrition Survey (2008–12). Int. J. Behav. Nutr.
Phys. Act. 2015, 12, 160. [CrossRef]

24. Batal, M.; Johnson-Down, L.; Moubarac, J.-C.; Ing, A.; Fediuk, K.; Sadik, T.; Tikhonov, C.; Chan, L.; Willows, N. Quantifying
Associations of the Dietary Share of Ultra-Processed Foods with Overall Diet Quality in First Nations Peoples in the Canadian
Provinces of British Columbia, Alberta, Manitoba and Ontario. Public Health Nutr. 2018, 21, 103–113. [CrossRef] [PubMed]

25. Bielemann, R.M.; Motta, J.V.S.; Minten, G.C.; Horta, B.L.; Gigante, D.P. Consumption of Ultra-Processed Foods and Their Impact
on the Diet of Young Adults. Rev. Saude Publica 2015, 49, 28. [CrossRef]

26. Cediel, G.; Reyes, M.; da Costa Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A.; Corvalán, C.; Uauy, R. Ultra-Processed Foods
and Added Sugars in the Chilean Diet (2010). Public Health Nutr. 2018, 21, 125–133. [CrossRef] [PubMed]

27. Cornwell, B.; Villamor, E.; Mora-Plazas, M.; Marin, C.; Monteiro, C.A.; Baylin, A. Processed and Ultra-Processed Foods Are
Associated with Lower-Quality Nutrient Profiles in Children from Colombia. Public Health Nutr. 2018, 21, 142–147. [CrossRef]
[PubMed]

28. Vandevijvere, S.; De Ridder, K.; Fiolet, T.; Bel, S.; Tafforeau, J. Consumption of Ultra-Processed Food Products and Diet Quality
among Children, Adolescents and Adults in Belgium. Eur. J. Nutr. 2019, 58, 3267–3278. [CrossRef] [PubMed]

29. Juul, F.; Martinez-Steele, E.; Parekh, N.; Monteiro, C.A.; Chang, V.W. Ultra-Processed Food Consumption and Excess Weight
among US Adults. Br. J. Nutr. 2018, 120, 90–100. [CrossRef]

30. Nardocci, M.; Leclerc, B.-S.; Louzada, M.-L.; Monteiro, C.A.; Batal, M.; Moubarac, J.-C. Consumption of Ultra-Processed Foods
and Obesity in Canada. Can. J. Public Health 2019, 110, 4–14. [CrossRef]

31. Julia, C.; Martinez, L.; Allès, B.; Touvier, M.; Hercberg, S.; Méjean, C.; Kesse-Guyot, E. Contribution of Ultra-Processed Foods in
the Diet of Adults from the French NutriNet-Santé Study. Public Health Nutr. 2018, 21, 27–37. [CrossRef]

32. da Costa Louzada, M.L.; Baraldi, L.G.; Steele, E.M.; Martins, A.P.B.; Canella, D.S.; Moubarac, J.-C.; Levy, R.B.; Cannon, G.; Afshin,
A.; Imamura, F.; et al. Consumption of Ultra-Processed Foods and Obesity in Brazilian Adolescents and Adults. Prev. Med. 2015,
81, 9–15. [CrossRef]

33. Canella, D.S.; Levy, R.B.; Martins, A.P.B.; Claro, R.M.; Moubarac, J.-C.; Baraldi, L.G.; Cannon, G.; Monteiro, C.A. Ultra-Processed
Food Products and Obesity in Brazilian Households (2008–2009). PLoS ONE 2014, 9, e92752. [CrossRef]

34. Pan American Health Organization. Ultra-Processed Food and Drink Products in Latin America: Trends, Impact on Obesity,
Policy Implications. Available online: https://iris.paho.org/handle/10665.2/7699 (accessed on 19 November 2020).

35. Neri, D.; Steele, E.M.; Khandpur, N.; Cediel, G.; Zapata, M.E.; Rauber, F.; Marrón-Ponce, J.A.; Machado, P.; da Costa Louzada, M.L.;
Andrade, G.C.; et al. Ultraprocessed Food Consumption and Dietary Nutrient Profiles Associated with Obesity: A Multicountry
Study of Children and Adolescents. Obes. Rev. 2022, 23 (Suppl. 1), e13387. [CrossRef] [PubMed]

36. Monteiro, C.A.; Moubarac, J.C.; Levy, R.B.; Canella, D.S.; da Costa Louzada, M.L.; Cannon, G. Household Availability of
Ultra-Processed Foods and Obesity in Nineteen European Countries. Public Health Nutr. 2018, 21, 18–26. [CrossRef] [PubMed]

37. de Deus Mendonça, R.; Lopes, A.C.S.; Pimenta, A.M.; Gea, A.; Martinez-Gonzalez, M.A.; Bes-Rastrollo, M. Ultra-Processed Food
Consumption and the Incidence of Hypertension in a Mediterranean Cohort: The Seguimiento Universidad de Navarra Project.
Am. J. Hypertens. 2017, 30, 358–366. [CrossRef] [PubMed]

46



Nutrients 2022, 14, 3223

38. Martinez-Perez, C.; San-Cristobal, R.; Guallar-Castillon, P.; Martínez-González, M.Á.; Salas-Salvadó, J.; Corella, D.; Castañer, O.;
Martinez, J.A.; Alonso-Gómez, Á.M.; Wärnberg, J.; et al. Use of Different Food Classification Systems to Assess the Association
between Ultra-Processed Food Consumption and Cardiometabolic Health in an Elderly Population with Metabolic Syndrome
(PREDIMED-Plus Cohort). Nutrients 2021, 13, 2471. [CrossRef] [PubMed]

39. Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Allès, B.; Méjean, C.; Deschasaux, M.; Fassier, P.; Latino-Martel, P.; Beslay, M.; et al.
Consumption of Ultra-Processed Foods and Cancer Risk: Results from NutriNet-Santé Prospective Cohort. BMJ 2018, 360, k322.
[CrossRef]

40. Kim, H.; Hu, E.A.; Rebholz, C.M. Ultra-Processed Food Intake and Mortality in the USA: Results from the Third National Health
and Nutrition Examination Survey (NHANES III, 1988–1994). Public Health Nutr. 2019, 22, 1777–1785. [CrossRef]

41. Bonaccio, M.; Di Castelnuovo, A.; Costanzo, S.; De Curtis, A.; Persichillo, M.; Sofi, F.; Cerletti, C.; Donati, M.B.; de Gaetano, G.;
Iacoviello, L. Ultra-Processed Food Consumption Is Associated with Increased Risk of All-Cause and Cardiovascular Mortality in
the Moli-Sani Study. Am. J. Clin. Nutr. 2021, 113, 446–455. [CrossRef]

42. Rico-Campà, A.; Martínez-González, M.A.; Alvarez-Alvarez, I.; de Deus Mendonça, R.; de la Fuente-Arrillaga, C.; Gómez-Donoso,
C.; Bes-Rastrollo, M. Association between Consumption of Ultra-Processed Foods and All Cause Mortality: SUN Prospective
Cohort Study. BMJ 2019, 365, l1949. [CrossRef]

43. Blanco-Rojo, R.; Sandoval-Insausti, H.; López-Garcia, E.; Graciani, A.; Ordovás, J.M.; Banegas, J.R.; Rodríguez-Artalejo, F.;
Guallar-Castillón, P. Consumption of Ultra-Processed Foods and Mortality: A National Prospective Cohort in Spain. Mayo Clin.
Proc. 2019, 94, 2178–2188. [CrossRef]

44. Romero Ferreiro, C.; Martín-Arriscado Arroba, C.; Cancelas Navia, P.; Lora Pablos, D.; Gómez de la Cámara, A. Ultra-Processed
Food Intake and All-Cause Mortality: DRECE Cohort Study. Public Health Nutr. 2021, 25, 1854–1863. [CrossRef]

45. Imamura, F.; Micha, R.; Khatibzadeh, S.; Fahimi, S.; Shi, P.; Powles, J.; Mozaffarian, D. Dietary Quality among Men and Women in
187 Countries in 1990 and 2010: A Systematic Assessment. Lancet Glob. Health 2015, 3, e132–e142. [CrossRef]

46. Monteiro, C.A.; Moubarac, J.-C.; Cannon, G.; Ng, S.W.; Popkin, B. Ultra-Processed Products Are Becoming Dominant in the
Global Food System. Obes Rev. 2013, 14 (Suppl. 2), 21–28. [CrossRef] [PubMed]

47. Latasa, P.; da Coasta Louzada, M.L.; Martinez Steele, E.; Monteiro, C.A. Added Sugars and Ultra-Processed Foods in Spanish
Households (1990–2010). Eur. J. Clin. Nutr. 2018, 72, 1404–1412. [CrossRef] [PubMed]

48. Haro, J.M.; Tyrovolas, S.; Garin, N.; Diaz-Torne, C.; Carmona, L.; Sanchez-Riera, L.; Perez-Ruiz, F.; Murray, C.J. The Burden of
Disease in Spain: Results from the Global Burden of Disease Study 2010. BMC Med. 2014, 12, 236. [CrossRef]

49. Shojaei, E.; Rexachs, D.; Wong, A.; Epelde, F.; Luque, E. A Method for Projections of the Emergency Department Behaviour by
Non-Communicable Diseases From 2019 to 2039. IEEE J. Biomed. Health Inform. 2020, 24, 2490–2498. [CrossRef]

50. Trichopoulou, A.; Naska, A.; Costacou, T.; DAFNE III Group. Disparities in Food Habits across Europe. Proc. Nutr. Soc. 2002, 61,
553–558. [CrossRef]

51. Gómez-Jerique, J.A.; Rubio Herrera, M.A.; Gómez De La Cámara, A.; Gutiérrez Fuentes, J.A. Diet and Cardiovascular Risk in
Spain Study (DRECE) Capítulo 2. El proyecto DRECE. Med. Clin. 2011, 12, 3–5.

52. Martin-Moreno, J.M.; Boyle, P.; Gorgojo, L.; Maisonneuve, P.; Fernandez-Rodriguez, J.C.; Salvini, S.; Willett, W.C. Development
and Validation of a Food Frequency Questionnaire in Spain. Int. J. Epidemiol. 1993, 22, 512–519. [CrossRef]

53. Rodríguez, I.T.; Ballart, J.F.; Pastor, G.C.; Jordà, E.B.; Val, V.A. Validation of a short questionnaire on frequency of dietary intake:
Reproducibility and validity. Nutr. Hosp. 2008, 23, 242–252.

54. Panel de Consumo Alimentario. Available online: https://www.mapa.gob.es/es/alimentacion/temas/consumo-tendencias/
panel-de-consumo-alimentario/ (accessed on 17 November 2021).

55. Monteiro, C.A.; Cannon, G.; Moubarac, J.-C.; Levy, R.B.; Louzada, M.L.C.; Jaime, P.C. The UN Decade of Nutrition, the NOVA
Food Classification and the Trouble with Ultra-Processing. Public Health Nutr. 2018, 21, 5–17. [CrossRef]

56. Greenacre, M.J. La Práctica del Análisis de Correspondencias; Fundación BBVA: Barcelona, Spain, 2008; ISBN 978-84-96515-71-0.
57. Romero Ferreiro, C.; Lora Pablos, D.; Gómez de la Cámara, A. Two Dimensions of Nutritional Value: Nutri-Score and NOVA.

Nutrients 2021, 13, 2783. [CrossRef] [PubMed]
58. Hedeker, D.; Gibbons, R.D. Longitudinal Data Analysis; Wiley-Interscience: Hoboken, NJ, USA, 2006; p. 337, ISBN 978-0-471-42027-9.
59. Willett, W.C.; Sacks, F.; Trichopoulou, A.; Drescher, G.; Ferro-Luzzi, A.; Helsing, E.; Trichopoulos, D. Mediterranean Diet Pyramid:

A Cultural Model for Healthy Eating. Am. J. Clin. Nutr. 1995, 61, 1402S–1406S. [CrossRef] [PubMed]
60. Bonaccio, M.; Costanzo, S.; Di Castelnuovo, A.; Persichillo, M.; Magnacca, S.; De Curtis, A.; Cerletti, C.; Donati, M.B.; de

Gaetano, G.; Iacoviello, L.; et al. Ultra-Processed Food Intake and All-Cause and Cause-Specific Mortality in Individuals with
Cardiovascular Disease: The Moli-Sani Study. Eur. Heart J. 2022, 43, 213–224. [CrossRef] [PubMed]

61. Juul, F.; Hemmingsson, E. Trends in Consumption of Ultra-Processed Foods and Obesity in Sweden between 1960 and 2010.
Public Health Nutr. 2015, 18, 3096–3107. [CrossRef] [PubMed]

62. Wang, L.; Martínez Steele, E.; Du, M.; Pomeranz, J.L.; O’Connor, L.E.; Herrick, K.A.; Luo, H.; Zhang, X.; Mozaffarian, D.; Zhang,
F.F. Trends in Consumption of Ultraprocessed Foods Among US Youths Aged 2–19 Years, 1999–2018. JAMA 2021, 326, 519–530.
[CrossRef]

63. de Araújo, T.P.; de Moraes, M.M.; Magalhães, V.; Afonso, C.; Santos, C.; Rodrigues, S.S.P. Ultra-Processed Food Availability and
Noncommunicable Diseases: A Systematic Review. Int. J. Environ. Res. Public Health 2021, 18, 7382. [CrossRef]

47



Nutrients 2022, 14, 3223

64. Boyland, E.J.; Nolan, S.; Kelly, B.; Tudur-Smith, C.; Jones, A.; Halford, J.C.; Robinson, E. Advertising as a Cue to Consume:
A Systematic Review and Meta-Analysis of the Effects of Acute Exposure to Unhealthy Food and Nonalcoholic Beverage
Advertising on Intake in Children and Adults. Am. J. Clin. Nutr 2016, 103, 519–533. [CrossRef]

65. Marti, A. Ultra-Processed Foods Are Not “Real Food” but Really Affect Your Health. Nutrients 2019, 11, 1902. [CrossRef]
66. Oxandabarat, A. OPS/OMS Uruguay—Guía Alimentaria para la Población Uruguaya | OPS/OMS. Available online:

https://www3.paho.org/uru/index.php?option=com_content&view=article&id=1375:guia-alimentaria-para-la-poblacion-
uruguaya&Itemid=451 (accessed on 30 June 2022).

67. Monteiro, C.A.; Cannon, G.; Moubarac, J.-C.; Martins, A.P.B.; Martins, C.A.; Garzillo, J.; Canella, D.S.; Baraldi, L.G.; Barciotte, M.;
Louzada, M.L. da C.; et al. Dietary Guidelines to Nourish Humanity and the Planet in the Twenty-First Century. A Blueprint
from Brazil. Public Health Nutr. 2015, 18, 2311–2322. [CrossRef]

68. Mauricio, H.-F.; Batis, C.; Rivera, J.A.; Colchero, M.A. Reduction in Purchases of Energy-Dense Nutrient-Poor Foods in Mexico
Associated with the Introduction of a Tax in 2014. Prev. Med. 2019, 118, 16–22. [CrossRef]

69. Bíró, A. Did the Junk Food Tax Make the Hungarians Eat Healthier? Food Policy 2015, 54, 107–115. [CrossRef]
70. Baraldi, L.G.; Martinez Steele, E.; Canella, D.S.; Monteiro, C.A. Consumption of Ultra-Processed Foods and Associated Sociode-

mographic Factors in the USA between 2007 and 2012: Evidence from a Nationally Representative Cross-Sectional Study. BMJ
Open 2018, 8, e020574. [CrossRef] [PubMed]

71. Khandpur, N.; Cediel, G.; Obando, D.A.; Jaime, P.C.; Parra, D.C. Factores sociodemográficos asociados al consumo de alimentos
ultraprocesados en Colombia. Rev. Saúde Pública 2020, 54. [CrossRef]

72. de Deus Mendonça, R.; Pimenta, A.M.; Gea, A.; de la Fuente-Arrillaga, C.; Martinez-Gonzalez, M.A.; Lopes, A.C.S.; Bes-Rastrollo,
M. Ultraprocessed Food Consumption and Risk of Overweight and Obesity: The University of Navarra Follow-Up (SUN) Cohort
Study. Am. J. Clin. Nutr. 2016, 104, 1433–1440. [CrossRef] [PubMed]

73. Beslay, M.; Srour, B.; Méjean, C.; Allès, B.; Fiolet, T.; Debras, C.; Chazelas, E.; Deschasaux, M.; Wendeu-Foyet, M.G.; Hercberg, S.;
et al. Ultra-Processed Food Intake in Association with BMI Change and Risk of Overweight and Obesity: A Prospective Analysis
of the French NutriNet-Santé Cohort. PLoS Med. 2020, 17, e1003256. [CrossRef] [PubMed]

74. Pestoni, G.; Habib, L.; Reber, E.; Rohrmann, S.; Staub, K.; Stanga, Z.; Faeh, D. Ultraprocessed Food Consumption Is Strongly and
Dose-Dependently Associated with Excess Body Weight in Swiss Women. Obesity 2021, 29, 601–609. [CrossRef] [PubMed]

75. Chandon, P.; Wansink, B. Does Food Marketing Need to Make Us Fat? A Review and Solutions. Nutr. Rev. 2012, 70, 571–593.
[CrossRef]

76. Gómez de la Cámara, A.; De Andrés Esteban, E.; Urrútia Cuchí, G.; Calderón Sandubete, E.; Rubio Herrera, M.Á.; Menéndez
Orenga, M.; Lora Pablos, D. Variability of Nutrients Intake, Lipid Profile and Cardiovascular Mortality among Geographical
Areas in Spain: The DRECE Study. Geospat. Health 2017, 12, 524. [CrossRef]

77. Moreiras-Varela, O. The Mediterranean Diet in Spain. Eur. J. Clin. Nutr. 1989, 43 (Suppl. 2), 83–87.
78. Dinu, M.; Tristan Asensi, M.; Pagliai, G.; Lotti, S.; Martini, D.; Colombini, B.; Sofi, F. Consumption of Ultra-Processed Foods Is

Inversely Associated with Adherence to the Mediterranean Diet: A Cross-Sectional Study. Nutrients 2022, 14, 2073. [CrossRef]
79. Instituto Nacional de Estadística. (National Statistics Institute). Available online: https://www.ine.es/dynt3/inebase/index.

htm?padre=1928&capsel=1928 (accessed on 30 June 2022).

48



Citation: Paula, W.O.; Patriota, E.S.O.;

Gonçalves, V.S.S.; Pizato, N. Maternal

Consumption of Ultra-Processed

Foods-Rich Diet and Perinatal

Outcomes: A Systematic Review and

Meta-Analysis. Nutrients 2022, 14,

3242. https://doi.org/10.3390/

nu14153242

Academic Editors: Bruce W. Hollis,

Daniela Martini and Monica Dinu

Received: 2 July 2022

Accepted: 1 August 2022

Published: 8 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Systematic Review

Maternal Consumption of Ultra-Processed Foods-Rich Diet and
Perinatal Outcomes: A Systematic Review and Meta-Analysis

Walkyria O. Paula 1, Erika S. O. Patriota 1, Vivian S. S. Gonçalves 2 and Nathalia Pizato 1,*

1 Graduate Program in Human Nutrition, Faculty of Health Sciences, University of Brasilia,
Brasilia 70910-900, Brazil

2 Graduate Program in Public Health, Faculty of Health Sciences, University of Brasilia,
Brasilia 70910-900, Brazil

* Correspondence: pizatonat@unb.br

Abstract: The consumption of ultra-processed food (UPF)-rich diets represents a potential threat to
human health. Considering maternal diet adequacy during pregnancy is a major determinant for
perinatal health outcomes, this study aimed to systematically review and meta-analyze studies inves-
tigating the association between maternal consumption of a UPF-rich diet and perinatal outcomes.
Conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines, five electronic databases and gray literature using Google Scholar and ProQuest
Dissertations and Theses Global were searched up to 31 May 2022. No restrictions were applied on
language and publication date. Two reviewers independently conducted the study selection and data
extraction process. Meta-analysis was conducted according to the random-effects model. In total, 61
studies were included in the systematic review and the overall population comprised 698,803 women
from all gestational trimesters. Meta-analysis of cohort studies showed that maternal consumption of
UPF-rich diets was associated with an increased risk of gestational diabetes mellitus (odds ratio (OR):
1.48; 95% confidence interval (CI): 1.17, 1.87) and preeclampsia (OR: 1.28; 95% CI: 1.15, 1.42). Neonatal
outcomes showed no association. The overall GRADE quality of the evidence for the associations
was very low. The findings highlight the need to monitor and reduce UPF consumption, specifically
during the gestational period, as a strategy to prevent adverse perinatal outcomes.

Keywords: maternal diet; NOVA classification; perinatal outcomes

1. Introduction

Significant metabolic and physiological changes occur during pregnancy, to support
fetal growth and development [1]. Maternal diet quality is a major determinant for peri-
natal outcomes including hypertensive disorders, gestational diabetes, low birth weight,
large gestational age, and preterm birth [2]. Furthermore, inadequate diet quality during
pregnancy is associated with chronic diseases in later life such as type 2 diabetes mellitus,
obesity, hypertension, and cardiovascular disorders [3].

Additionally to the evidence of the relationship between maternal diet quality and
perinatal outcomes, several studies have reported high consumption of unhealthy and
ultra-processed foods (UPFs) by pregnant women indicating a generally worse quality
of diet [4–7].

The NOVA food classification system has been applied worldwide to evaluate the
impact of modern industrial food systems on human diet and health according to the nature,
extent, and purpose of food processing [8]. NOVA categorizes foods according to the degree
of processing: in natura or minimally processed, processed culinary ingredients, processed
food, and UPFs. UPFs are defined as industrial formulations manufactured from processed
substances extracted or refined from whole foods. They are typically energy-dense products,
with high amounts of sugar, fat, and salt, and low in dietary fiber, protein, vitamins, and
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minerals. UPFs also include industrial ingredients, such as hydrogenated fat, protein
isolates, and additives such as colors, flavors, artificial sweeteners, and emulsifiers [9].
Some examples include products such as fast foods, cereal bars, cakes, ice cream, pizza,
sausages, and soft drinks [10].

UPF intake is considered a hallmark of the Western diet and other unhealthy eating
patterns such as the Prudent diet, characterized by a high intake of energy-dense and
processed food, and rich in industrialized food-like products that are typically made
with low-quality ingredients and deliver little nutritional value [11]. UPFs have become
increasingly prevalent in the food supply system globally since they are designed to be
attractive, palatable, cheap, and convenient products [12]. They account for more than 50%
of the energy intake in developed countries such as the USA [13] and the UK [14] and are
widely prominent in the diets of populations in lower-middle-income countries [15,16].
A recent meta-analysis of nationally representative samples showed an inverse linear
relation between UPFs and less-processed foods when considered in relation to other food
groups. The study also indicated that the increase in UPF intake was correlated with
an increase in nutrients such as free sugars, total fats, and saturated fats, as well as a
decrease in fiber, protein, potassium, zinc, and magnesium, and vitamins A, C, D, E, B3
and B12 [17]. Considering that during pregnancy women need a higher amount of the
majority of nutrients to achieve optimal fetal growth and birth weight, varied diets and
increased nutrient intake are needed to cope with the extra demand. Associations between
maternal UPF consumption and perinatal outcomes have been investigated during the
past years, however the findings are limited and inconsistent. Some studies have reported
a significant association between consumption of UPF-rich diets during pregnancy and
excessive gestational weight gain (GWG) [4,18], higher gestational diabetes mellitus (GDM)
risk [19], hypertensive disorders of pregnancy (HDP) such as preeclampsia [20], low birth
weight (LBW) [21] and preterm birth [22], while others have shown no association [7,23].

Previous systematic reviews have explored the association between maternal dietary
patterns and maternal or infant outcomes [24–26]. However, these studies did not consider
the degree of food processing, which has become an important aspect of diet quality [10].

A recent systematic review [27] reported that the highest UPF consumption negatively
impacts nutrition and disease development indicators in pregnant, lactating women and
children. However, a meta-analysis of the results was not conducted, and no other dietary
patterns characterized by high UPF consumption were explored during the pregnancy period.

Since the pregnancy period is considered a window of opportunity to improve dietary
intake which is considered a modifiable risk factor [28], a better understanding of maternal
UPF consumption effects on perinatal outcomes is crucial to promoting mother and infant
health. Thus, this study aimed to determine the association between UPF-rich diet con-
sumption by pregnant women and perinatal (maternal and neonatal) outcomes through a
comprehensive systematic review with meta-analysis. The hypothesis was that a higher
intake of UPF-rich diet during pregnancy is associated with adverse perinatal outcomes.

2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement for reporting systematic
reviews [29] and its protocol was registered on the International Prospective Register of
Systematic Reviews (PROSPERO) under registry number CRD42021257210. The PECOS
acronym (Population, Exposure, Comparison, Outcome, and Study design) was used to
elaborate the guiding research question as follows: “Is consumption of a UPF-rich diet during
pregnancy associated with adverse perinatal outcomes?” (Supplementary Materials Table S1).

2.1. Eligibility Criteria

This review included observational studies (cross-sectional, longitudinal, case-control)
that reported a measure of association (relative risk, odds ratio, or β-coefficients with
confidence interval) between UPF-rich diet consumption and perinatal outcomes. For
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this review, we considered it UPF-rich diet consumption when the evaluated food, diet,
or dietary pattern included at least one food from the UPF group defined by the NOVA
Food Classification System [9], such as fast foods, junk foods, processed meats, soft drinks,
confectionaries, pizzas, hamburgers, candies and sweets, sweetened beverages and cookies.
Diet patterns described as unhealthy dietary patterns compared to healthy patterns, and
Western and Prudent diet patterns which are characterized by a higher intake of red and
processed meats, beverages sweetened with sugar, sweets, desserts, industrialized food-
like products, and refined grains with a high intake of energy-dense and processed foods,
were also considered as a proxy for high UPF intake. No date of publication or language
restriction was applied.

Studies including pregnant women with pre-existing diseases, animal studies, letters
to editors, reviews, personal opinions, reviews, book chapters, editorials, congress abstracts,
or any publication without primary data were excluded. Studies that evaluated individual
nutrient or diet scores and studies without the required data being available even after at
least two attempts to contact the authors by e-mail were also excluded.

2.2. Information Sources and Search Strategy

A systematic literature search was performed on 10 June 2021, and updated on
31 May 2022, using the following databases: Medline, Embase, Scopus, Web of Science,
and Lilacs (BVS). Furthermore, a gray literature search was also performed using ProQuest
Dissertations and Theses Global and Google Scholar (limited to the first 200 most relevant
results). The reference lists of selected articles were hand-searched to identify additional
relevant publications.

The search strategy was comprised of free text words and identified terms in Med-
ical Subject Headings and Health Sciences Descriptors for participants, exposure, and
outcomes. The following terms and words combinations were searched: (pregnancy OR
pregnancies OR gestation OR “pregnant women” OR “pregnant woman” OR maternal
OR antenatal) AND (ultraprocessed food OR “ultra-processed food” OR “industrialized
food” OR “processed food” OR “ready-to-eat meal” OR “ready-to-eat food” OR “ready-
prepared food” OR “salty food” OR “high-fat diet” OR “highly processed foods” OR
“refined food” OR “fast food” OR “junk food” OR “sugar-sweetened beverages” OR
“soft drink” OR “unhealthy eating” OR “unhealthy diet” OR “poor diet” OR “processed
meat”) AND (“perinatal outcome” OR “pregnancy outcome” OR “pregnancy complica-
tions” OR “gestational weight gain” OR “pregnancy weight gain” OR “birth outcomes”
OR “birth weight” OR “neonatal weight” OR “newborn weight” OR “birth size” OR
“pregnancy-induced hypertension” OR “hypertensive disorders” OR “gestational diabetes”
OR “glycemic outcomes” OR “premature birth” OR “preterm birth” OR “fetal growth”).
The search strategy quality was assessed by an investigator with experience in systematic
reviews and expertise in the subject in accordance with the Peer Review of Electronic Search
Strategies (PRESS) checklist [30]. The full search strategy for each database is available in
Supplementary Materials Table S2.

2.3. Study Selection

The selection process for the review was independently conducted by two reviewers
(WOP and ESOP) in two steps. First, the titles and abstracts of all retrieved articles were
screened, according to the eligibility criteria. Then, the selected potentially eligible studies
were submitted for full-text analysis. Articles that met the eligibility criteria were included
in the review. Disagreements were resolved by consensus. Duplicates were identified and
removed using the reference management tool Mendeley Desktop (version 1.19.8). The
Rayyan QCRI software (Qatar Computing Research Institute®, Doha, Qatar) was used for
the screening of articles.
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2.4. Data Extraction

Data extraction was carried out by one author and cross-checking of all information
was performed by a second author using a standardized spreadsheet. The following data
were extracted from the original selected articles: authors and year of publication, data
collection year, follow-up time, year of publication, study design, the country in which the
study was conducted, sample size, age of participants, gestational age, denomination and
composition of dietary components, dietary assessment methods, main outcomes, outcome
measures, measures of effect size with confidence interval (CI), details of adjustment for
confounding factors, and study funding/support information. When multiple estimates
were reported, the results with adjustment for the highest number of confounders were
used. When necessary, the respective study authors were contacted to retrieve additional
information. At least two attempts were made to request missing or additional information.

2.5. Appraisal of Methodological Quality

Two investigators (W.O.P and E.S.O.P.) independently assessed the methodological
quality of each included study using the Joanna Briggs Institute Critical Appraisal tools
according to each study design (cohort, cross-sectional, and case-control) [31]. The tool
consists of questions answered as “yes”, “no”, “unclear”, or “not applicable”. In this
study, the risk of bias was considered low when all items were answered “yes” or “not
applicable”; If the response to any item was “no” or “unclear”, a high risk of bias was
expected. Disagreements were resolved by consensus. The analysis of the relative frequency
of each investigated domain was presented and no scores were assigned.

2.6. Summary Measures and Data Analysis

The primary outcomes were the associations between UPF-rich diet consumption and
maternal (GWG, GDM, or HDP) and neonatal (LBW, large for gestational age (LGA), or
preterm birth) outcomes along with the respective 95% confidence intervals (CI).

Meta-analysis was conducted when at least three studies provided data for a given
outcome. In order to minimize heterogeneity, the meta-analysis included only prospective
cohort studies, since it is the most adequate approach to assess associations. The overall
associations were analyzed using the DerSimonian and Laird random-effects models. Based
on data availability, the odds ratio (OR) and 95% CI were measured for maternal (GWG,
GDM, or HDP) and neonatal (LBW, large for gestational age (LGA), or preterm birth)
outcomes. If studies reported a measure of relative risk (RR), it was converted to OR using
the proposed methods of Zhang and Yu [32]. Studies that report the coefficient (β) of
the regression were analyzed separately. Statistical heterogeneity between studies was
measured using the I-Square (I2). Heterogeneity was considered important if I2 values were
higher than 40% [33]. Data analysis was performed using Stata software (StataCorp. 2019.
Stata Statistical Software: Release 16.1. College Station, TX, USA: StataCorp LLC). When
eligible studies did not report data in a form that could be included in the meta-analysis,
they were included in the systematic review and qualitatively analyzed. Cross-sectional
and case-control studies were also narratively summarized. Publication bias analyses were
performed when at least ten studies were available for an outcome measure using Egger’s
test with a 5% significance level and funnel plot visual inspection [33].

2.7. Quality of Meta-Evidence

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system was used to evaluate the certainty of the evidence for each exposure–outcome
association based on the major domains of study limitations. The quality of evidence was
downgraded based on five criteria: risk of bias, inconsistency of results, indirectness of
evidence, imprecision, and publication bias when it was assessed [34].
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3. Results

3.1. Selection of Studies

The flow chart of the study selection process is presented in Figure 1. The database
search retrieved 11,089 articles. After the removal of duplicates, 4.918 article titles and
abstracts were screened. Of these, 151 full-text articles were further assessed for eligibility
and, finally, 61 studies [4,18–22,35–89] met the inclusion criteria and were included in this
systematic review. The complete list of reasons for the exclusion of articles is presented in
Supplementary Materials Table S3.

Figure 1. Flowchart of the study selection process. Adapted from PRISMA.

3.2. Study Characteristics

The articles were published between 2006 [57] and 2022 [89]. The sample ranged
from 45 [4] to 94.062 [48] with 698.803 pregnant women evaluated in total. The in-
cluded studies were conducted in Africa [50,51], Asia [19,35–49], America [4,18,52–65,89],
Europe [20,21,66–86] and Oceania [22,87,88]. Forty-seven of the studies had a cohort de-
sign [4,18–20,36,40,42,44,46,48–60,62,63,66–79,81–88], nine were cross-sectional [22,43,45,
47,61,64,65,80,89] and five case-control [21,35,37,38,41]. Maternal mean age ranged from
24 ± 8 [37] a 37 ± 4 years old [67] and gestational week from ≤6 [19] to 37 [64] in baseline.
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Regarding the exposure to UPF-rich diet consumption, seventeen articles assessed
Western Diet Pattern (characterized by the presence of unhealthy foods such as savory
and sweet snacks, cakes, cookies, desserts, refined grains, processed meats, fast foods,
confectionaries and soft drinks) [20,35–41,51,57,62,67,68,71,80,83,85]; the intake of sweet-
ened beverages was explored in twelve articles [46,49,52,56,64,70,72,73,75,78,79,82]; and
specific manufactured food groups including UPF were analyzed in twelve
articles [4,18,22,43,44,55,59,60,76,81,89]. In addition, studies also reported maternal con-
sumption of junk foods [50,87], processed meats [65,69], snacks [61,84], industrial
sweets [21,58,65], fast foods [19,42,50,54,66,74,77], “unhealthy food pattern” [45,86,88],
“high salt pattern” [35], and ready-to-eat food [48].

Regarding to maternal outcomes, GWG was investigated in thirteen
articles [4,18,36,42,51,58,64,67,77,81,84,89,90]; fifteen explored the association between mater-
nal consumption and GDM [19,38,41,42,49,56,57,61,62,64,69,71,72,74,78]; and eight reported
HDP, including maternal hypertension [20,35,39,52] and preeclampsia [20,37,39,45,75,76].
Two articles explored depressive symptoms during pregnancy [46,88]. Neonatal out-
comes included LBW, investigated in eleven articles [21,40,43,44,47,48,53,65,73,80,86]; LGA,
investigated in eight articles [47,50,54,66,68,73,82,87]; birth length, explored in four arti-
cles [48,54,60,86]; one publication reporting body mass index (BMI)/age at birth [59]; five
reporting preterm birth [22,48,55,83,85]; and offspring congenital heart defects, examined
in two publications [70,79].

3.3. Results of Individual Studies

A summary of the characteristics and main results of each study is presented in Table 1.
Regarding the cohort studies evaluating GWG, higher odds ratios of excessive GWG

were associated with snack dietary pattern (OR: 1.01; 95% CI:1.004, 1.032) [84], UPF dietary
patterns such as margarine, sugar, and chips (OR: 1.45; 95% CI: 1.06, 1.99) [81], and Western
dietary pattern (OR: 4.04; 95% CI: 1.07, 15.24) [36]. Gomes et al. [18] showed that each 1%
increase in energy intake from UPF was associated with a mean increase of 4.17 g in weekly
gestational weight (95% CI: 0.5, 7.79). Other studies also presented an increase in GWG rate
associated with a UPF-rich diet consumption. Rohatgi et al. found that each one percent
increase in energy intake from UPF was associated with 1.33 kg increase in total GWG
(CI: 0.3, 2.4) [4]. Similarly, Maugeri et al. showed that a Western diet consumption was
associated with an increase of 1217 kg in total GWG (p = 0.013) [67]. A UPF rich-diet was
also associated with a slight increase of 0,029 kg (β: 0.029; 95% CI: 0.012, 0,049) [42] and
0,01 kg (β: 0.010; SE: 0.003; p = 0.004) in weekly GWG [77]. Conversely, Hirko et al. [58]
observed that intake of added sugar (including soft drinks, sugary fruit-flavored drinks,
candies and cookies, cakes, pies, or brownies) was associated with a slight reduction in the
likelihood of excessive GWG (OR: 0.91; 95% CI: 0.84, 0.99).

Lamyian et al. [19] observed greater chances of developing GDM among pregnant
women with higher consumption of fast foods (OR: 2.12; 95% CI: 1.12, 5.43). Six cohort
studies also identified an association between the consumption of UPF and a higher risk of
GDM [56,57,69,71,74,78]. Three studies [49,62,71] found no significant association.

A Brazilian cohort [52] identified an association between soft drink consumption and
hypertension during pregnancy (RR: 1.45; 95% CI: 1.16, 1.82). Ikem et al. [20] showed
that higher consumption of the Western dietary pattern increased the odds of gestational
hypertension by 18% (OR: 1.18; 95% CI: 1.05, 1.33). On the other hand, Hajianfar et al. [39]
observed that consumption of the Western pattern was associated with lower chances of
systolic (OR: 0.13, 95% CI: 0.04, 0.42) and diastolic (OR: 0.08; 95% CI: 0.01, 0.67) hypertension.
Our results present a positive association between UPF consumption and preeclampsia
observed in four cohort studies [20,39,75,76].
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Depressive symptoms during pregnancy were also investigated in two cohort stud-
ies. Ker et al. [46] reported that increased consumption of sugar-sweetened beverages
was associated with higher depression scores (β = 0.25; 95% CI: 0.04, 0.45). Likewise,
Baskin et al. [88] found a positive association between an “unhealthy” diet (characterized
by the intake of UPF and unhealthy foods such as condiments, sweets and desserts, refined
grains, high-energy drinks, fast foods, hot chips, high-fat dairy, fruit juice, and red meats)
and increased depressive symptoms during gestation (β = 0.19; 95% CI: 0.04, 0.34).

Regarding neonatal outcomes, Hajianfar et al. [40] and Okubo et al. [44] reported that
pregnant women with the highest consumption of UPF were 5.51 (95% CI: 1.82,16.66) and
5.24 (95% CI 1.1, 24.4) times more likely to have children with LBW (<2.5 kg), respectively.

A positive association between maternal UPF consumption and higher birth weight
was observed in one cohort [21] whereas no association was observed in four
studies [48,53,63,73]. Maternal fast food [54,66] and soft drink [82] intake were associ-
ated with LGA birth. Moreover, Grundt et al. [73] observed an inverse association between
soft drink consumption and LGA risk.

Two cohorts reported higher odds of preterm birth. Martin et al. [55] and
Rasmussen et al. [83] reported that UPF consumption during pregnancy increased preterm
birth odds by 53% (OR: 1.53; 95% CI: 1.02, 2.30) and 30% (OR: 1.30; 95% CI: 1.13, 1.49), respec-
tively. In opposition to these results, two cohort studies found no significant association [48,85].

Alves-Santos et al. [54] found that fast food consumption was associated with higher
odds of birth length > 90th percentile (OR: 4.81; 95% CI: 1.77, 13.07). Teixeira et al. [60]
observed that women who consumed more “snacks, sandwiches, sweets and soft drinks”
were significantly more likely to deliver SGA (birth weight and birth length <10th percentile)
babies (RR: 1.92; 95% CI: 1.08, 3.39). Mikes et al. [86] showed that higher consumption of
unhealthy foods (confectionary, fried, and processed meats) was associated with lower
birth length: (β = −0.10 cm; 95% CI: −0.19, −0.01). One study explored BMI-for-age z score
at birth and reported a decrease of 20.41 standard deviations (SD) (95% CI: 20.79, 20.03)
associated with a diet characterized by a high intake of white bread, red and processed
meat, French fries, fried chicken, and vitamin C–rich drinks [59]. Finally, two studies
reported a positive association between maternal soft drink intake during pregnancy and
higher odds of CHD [70,79].

Selected cross-sectional studies (n = 9) examined the association between maternal UPF
consumption and perinatal outcomes. No significant association was observed for excessive
GWG [64,89], GDM risk [61,64], preeclampsia [45] and LGA [47]. Three studies [43,47,65]
reported a positive association between the consumption of UPF and LBW, while one
study [80] (n = 303) showed no significant association. A positive association was also
observed for preterm birth (OR: 1.54; 95% CI: 1.10, 2.15) [22].

Of the five included case-control studies, one study observed that higher maternal
adherence to Western diet patterns during pregnancy was associated with higher odds of
GDM risk (OR: 1.68; 95% CI: 1.04, 2.72) [41]. On the other hand, Asadi et al. did not find
such an association [38]. A positive association was observed between higher consumption
of UPF and higher systolic blood pressure (r = 0.110, p < 0.05) [35], preeclampsia (OR: 5.99;
95% CI: 3.41, 10.53) [37] and LBW (OR: 2.7; 95% CI: 1.42, 5.13) [21].

3.4. Risk of Bias within Individual Studies

The frequency of the items assessed as an indicator of the risk of bias in studies
is illustrated according to the study design in Figure 2. Of 47 cohort studies, 24 (51%)
were considered at low risk of bias [18–20,36,39,40,44,49–51,54,60,66,67,69–75,79,82,83].
Two indicators were accomplished in all studies: “confounding factors identified” and
“strategies to deal with confounding factors stated”. Most studies were at high risk of bias
due to not presenting the strategies to address incomplete follow-up, which is considered a
potential source of bias [4,42,52,53,56,59,63,68,76,78,85–87]. Most of cross-sectional studies
(77.7%) were at low risk of bias [22,43,45,61,64,65,80]. Two studies presented a high risk of
bias. One article [89] did not use a reliable method to measure the assessed outcome; the
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other one [47] did not accomplish two of the evaluated parameters: “criteria for inclusion
in the sample clearly defined” and “outcomes measured validly and reliably”. Three case-
control studies (60%) were classified as having a low risk of bias [37,38,41] and two studies
presented a high risk of bias due to not reporting the exposure period [21] and statistical
analysis [35] clearly. The complete appraisal of the methodological quality of each article is
described in Supplementary Materials (Tables S4–S6).

 

Figure 2. Risk of bias of the included articles according to study design.
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3.5. Meta-Analysis of Maternal UPF-Rich Diet Consumption and Maternal Outcomes
3.5.1. Gestational Weight Gain

Five articles were pooled in the meta-analysis, including 4.576 subjects, but no as-
sociation was found between maternal UPF-rich diet consumption and excessive GWG
[(OR: 1.04; 95% CI: 0.92, 1.17) I2 = 75.22%] [36,51,58,81,84]. This association was also ex-
plored using β coefficient in five articles, including 4.384 pregnant women [4,18,42,67,77],
but no significant association between UPF-rich diet consumption and GWG was found
[(β = 0.02; 95% CI: −0.02, 0,06) I2 = 80.63%].

3.5.2. Gestational Diabetes Mellitus

Ten cohort studies assessed the association between maternal UPF-rich diet con-
sumption and GDM including 42.477 pregnant women [19,49,56,57,62,69,71,72,74,78]. The
meta-analysis showed that higher consumption of diets rich in UPF significantly increased
odds of GDM by 48% [(OR: 1.48; 95% CI: 1.17, 1.87) I2 = 82.70%] (Figure 3). Publication
bias analysis by the funnel plot inspection (Supplementary Figure S1) showed asymmetry
among the studies, which was confirmed by Egger test (p = 0.001).

Figure 3. Meta-analysis of ultra-processed food rich diet vs gestational diabetes mellitus.

3.5.3. Hypertensive Disorders of Pregnancy

No significant associations were observed between UPF-rich diet consumption and the
odds of hypertension during pregnancy of three cohort studies, with 58.701 subjects [20,39,52]
[(OR: 0.94; 95% CI: 0.52, 1.70) I2 = 88.80%].

On the other hand, the consumption of UPF-rich diets was found to be associated with
28% higher odds of preeclampsia in four cohort studies [20,39,75,76] involving 112.307 sub-
jects [(OR: 1.28; 95% CI: 1.15, 1.42) I2 = 0.00%] (Figure 4).

Figure 4. Meta-analysis of ultra-processed food rich diet vs. preeclampsia.
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3.6. Meta-Analysis of Maternal UPF-Rich Diet Consumption and Neonatal Outcomes
3.6.1. Low Birth Weight

Five eligible cohort studies that provided an estimate of the association between
maternal UPF-rich diet consumption and LBW were included in the meta-
analysis [40,44,48,53,73], involving 146.617 subjects. However, no significant association
was presented [(OR: 1.08; 95% CI: 0.90, 1.30) I2 = 74.59%].

3.6.2. Large for Gestational Age

Three eligible cohort studies (n = 52.468) investigated the association between ma-
ternal UPF-rich diet consumption and LGA. [54,66,73]. Meta-analysis results revealed no
significant association between UPF-rich diet consumption and odds of LGA [(OR: 2.10;
95% CI: 0.71, 6,25) I2 = 84.61%].

3.6.3. Preterm Birth

The meta-analysis showed no significant association [(OR: 1.13; 95% CI: 0.97, 1.32)
I2 = 76.25%] regarding the association between four cohort studies (n= 233.308) which
evaluated the UPF-rich diet consumption and the odds of preterm birth. E [48,55,83,85].

3.7. Certainty of Evidence

The GRADE assessment was moderate for maternal UPF-rich diet consumption and
preeclampsia (⊕⊕⊕�) and very low (⊕���) for GWG, GDM, LBW, LGA, and preterm
birth (Table 2).

Table 2. GRADE evidence profile for maternal UPF consumption and perinatal outcomes.

Outcomes
Studies (n,

References)
Risk of Bias Inconsistency a Indirectness b Imprecision c Publication Bias Certainty

Maternal Outcomes

Excessive
Gestational

Weight Gain

5
[36,51,58,81,84] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

Gestational
Weight Gain

5
[4,18,42,67,77] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

Gestational
Diabetes
Mellitus

10
[19,49,56,57,62,
69,71,72,74,78]

Not serious Serious Not serious Not serious strongly
suspected e

⊕���
Very low

Gestational
Hypertension

3
[20,39,52] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

Preeclampsia 4
[20,39,75,76] Not serious Not serious Not serious Not serious Not

assessed d
⊕⊕⊕�

Moderate

Neonatal Outcomes

Low Birth
Weight

5
[40,44,48,53,73] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

Large for
Gestational Age

3
[54,66,73] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

Preterm Birth 4
[48,55,83,85] Not serious Serious Not serious Not serious Not

assessed d
⊕���

Very low

a Downgrade 1 level if I2 was 50% to 75%, and 2 levels if I2 was 75% to 100%. b No downgrade for indirectness
because all studies directly measure the outcomes. c No downgrade for imprecision because of >2000 participants
for each outcome. d No downgrade for publication bias, as publication bias could not be assessed due to lack
of power for assessing funnel plot asymmetry and small study effects (<10 cohorts included in meta-analysis).
e Downgrade 1 level for publication bias (p < 0.05).

4. Discussion

The present systematic review highlights the role of the maternal diet, including the
consequences of UPF-rich diet consumption on perinatal adverse outcomes.

There is growing evidence that high consumption of UPFs is indicative of low diet
quality and associated with a higher risk of coronary heart disease, cancer, cerebrovascular
and metabolic diseases, hypertension, worse cardiometabolic risk profile, and a higher risk
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of all-cause mortality in adult and older populations [91–93]. Regarding the pregnancy
period, a recent systematic review [27] indicated that high UPF consumption in pregnancy,
lactation, and infancy had negative repercussions on health in general but no meta-analysis
was performed. To our knowledge, this is the first study with meta-analysis to assess the
effect of UPF-rich diet consumption, through unhealthy dietary patterns, Western foods
and UPF intake, by pregnant women and perinatal outcomes, and is the most up-to-date
and comprehensive systematic review on this topic.

The significant association found between higher maternal consumption of UPF-rich
diets and higher risk of GDM is corroborated by previous studies. A meta-analysis of
cohort studies showed that the Western dietary pattern, determined by high intakes of red
and processed meat, fried foods, and refined grains, could increase the risk of GDM [94].
Quan et al. also showed that consumption of fast food had a positive association with
higher GDM risk [95]. Furthermore, diets presenting high amount of UPFs are frequently
rich in sugars and refined grains products, recognized risk factors for GDM [15], endorsing
the results of this meta-analysis. In contrast to our results, Kibret et al. [96] found no
association between the Western diet pattern and GDM, which may be due to the inclusion
of studies assessing UPF-rich dietary patterns as well as soft drinks intake and processed
meats alone in the present GDM meta-analysis.

Another interesting finding was a significant association between UPF-rich diets con-
sumption and preeclampsia. A previous recent study with meta-analysis investigated the
effects of maternal dietary patterns on pregnancy and reported that maternal adherence to
an unhealthy diet was associated with 23% higher odds of HDP, including preeclampsia [97].
Another study also found a significant association between higher adherence to a Western
dietary pattern, an unhealthy diet pattern characterized by a high amount of UPF such
as processed meat, soft drinks, and refined foods, and increased risk of preeclampsia [98],
corroborating our results.

Although the causes of preeclampsia are multifactorial, some risk factors are associated
with the development of HDP, such as women experiencing their first pregnancy, twin
pregnancy, chronic hypertension, GDM, maternal obesity, and maternal age over 35 years.
In addition, healthy lifestyle habits before and during pregnancy can influence the severity
of the outcomes [99]. UPFs are rich in sodium, free or added sugars, saturated and trans
fats, high energy density, and low in fiber, potassium, and micronutrients [15]. In this
context, maternal diet quality has clinical significance given the established association of
preeclampsia with maternal and fetal complications such as maternal mortality, perinatal
deaths, preterm birth, and intrauterine growth restriction. Moreover, pregnant women
affected by HDP have a higher risk of cardiovascular disease in later life, regardless of
other risk factors [100,101].

Despite the lack of significant association between UPF-rich diets consumption and ex-
cessive GWG, evidence indicates that GWG is significantly correlated with maternal energy in-
take [102–104]. A recent systematic review reported that dietary patterns with ultra-processed
components rich in fat and sugars presented an association with higher GWG [89]. Sartorelli
et al. [23] also showed that women classified into the highest tertile of UPFs intake had a three
times higher chance of obesity when compared to women with the lowest intake of these foods.
Thus, monitoring this trend in pregnant women should be an important healthcare concern
objective since excessive GWG is associated with greater chances of hypertensive disorders,
cesarean delivery, and LGA newborns [105–107], and a strong predictor of postpartum weight
retention, contributing to obesity in later life [108,109].

The development of GDM and preeclampsia could be related to the low nutritional
quality of the UFP-rich diet. The low quality of carbohydrates found in UPFs may impair
glycemic control [110], especially from the second trimester when anti-insulin hormones,
such as estrogens, progesterone, and chorionic somatomammotropin, act by decreasing
the power of insulin action, making more glucose available in the bloodstream [111]. The
risk of pregnancy complications such as preeclampsia has been linked with maternal
oxidative stress in the middle of pregnancy [112]. The findings of a multicenter study
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showed that oxidative stress could be reduced by sufficient intakes of fruit, vegetables,
and vitamin C [113], and Pistollato et al. (2015) reported a lower likelihood of pregnancy-
induced hypertension or preeclampsia when the diet pattern comprised intake of plant-
derived foodstuffs and vegetables [114]. Thus, higher UPFs intake may impact and reduce
consumption of antioxidants and foment oxidative stress status during pregnancy.

Regarding neonatal outcomes, the present meta-analysis showed no association be-
tween maternal UPF-rich diet consumption and neonatal birth outcomes such as birth
weight and preterm birth. Endorsing our results, a study with a meta-analysis conducted
by Abdollahi et al. [97] showed no association between an unhealthy pattern and birth
weight. Kibret et al. [96] also found that a dietary pattern rich in UPF, a Western dietary
pattern, did not increase the odds of preterm birth, corroborating our findings.

Nonetheless, the importance of maternal diet in early pregnancy for neonatal health is
well documented. Birth weight is an important parameter for assessing newborn health
conditions and development, and also is used as one of the basic indicators in the global
reference list of the World Health Organization (WHO) [115]. In a meta-analysis conducted
with observational studies, Chia et al. [26] reported that unhealthy dietary patterns, charac-
terized by high intakes of refined grains, processed meat, and foods high in saturated fat or
sugar, were associated with lower birth weight and a trend towards a higher risk of preterm
birth. The study of Rohatgi et al. [4] reported that higher maternal UPF consumption was
associated with increased adiposity in the neonate. Taken together, the evidence suggests
that maternal diet quality, including UPF consumption, might affect neonatal health.

The etiology of preterm birth is still not well understood, and most cases do not
have clear determinants. Some studies reported greater chances of preterm birth observed
in pregnant women with high consumption of highly processed foods high in fat and
sugar, while the consumption of a healthy diet, rich in fruits, vegetables, and whole grains,
appeared to significantly reduce the risk [22,55,83]. Moreover, a meta-analysis of nine
cohort studies indicated that higher adherence to a healthy dietary pattern significantly
decreased the odds of preterm birth [96].

The results of the present study indicate important public health implications, since
higher UPF consumption may worsen perinatal health outcomes. The positive associa-
tion between UPF-rich diet consumption and GDM and preeclampsia suggests that the
consumption of diets rich in UPFs, such as those with high factor loadings for fast foods,
junk foods, processed meats, soft drinks, pizzas, hamburgers, candies and sweets, should
be discouraged during pregnancy whereas increasing the proportion of in natura and
minimally processed food in the diet should be reinforced. Furthermore, prioritizing a
healthy lifestyle, which considers adequate food intake, regular physical exercise, regular
sleep, and adequate gestational weight gain is mandatory for this population group. This
study provides insights to guide policies on pregnancy healthcare as well as nutritional
interventions in prenatal services. Further studies with robust methodological quality, such
as larger samples and using a more accurate dietary assessment instrument, are needed to
clarify the findings on this topic.

The NOVA food categorization classifies foods and beverages “according to the extent
and purpose of industrial processing” and defines UPF as “formulations of ingredients,
most of exclusive industrial use, that result from a series of industrial processes” (hence
“ultra-processed”) [10]. Considering that unhealthy dietary patterns, such as Western and
Prudent diets, are characterized by a high consumption of UPF, we speculate that our results
provide an effort to measure the UPF consumption association with perinatal outcomes,
since diet is a modifiable risk factor. This study has several strengths. To date, this is the first
study conducted with a meta-analysis on the topic. A comprehensive search strategy was
carried out using a robust and appropriate methodology according to Cochrane Handbook
and PRISMA guidelines. Moreover, many subjects were included for each pooled outcome,
increasing the generalizability of the results. In addition, the methodological quality of the
included studies was assessed independently, and the GRADE system was used to assess
the certainty of the evidence of each exposure–outcome association. Despite the few studies
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in the pregnancy group specifically evaluating UPFs intake, out of the 61 studies included
in the review, 83% found a significant association between UPF-rich diets consumption and
adverse health outcomes. These data demonstrate the important impact on public health in
the maternal and child group and may support future nutritional recommendations for
these populations.

Some limitations are also noteworthy. First, the study did not exclusively evaluate
UPF consumption, but we speculate that unhealthy and Western dietary patterns may be
considered as a proxy for UPF intake. Second, applied dietary assessments of the included
studies were not specifically designed for the NOVA classification system. Third, high
heterogeneity between studies was observed in many analyses considering the nature of
the observational nutritional studies. This is expected because of the diverse characteristics
of subjects, the different dietary approaches, and the variance between outcome assessment
methods. Fourth, the lack of significant results in perinatal outcomes may be due to the
small number of included articles for each outcome, thus it was not possible to perform
subgroups analysis to seek the source of heterogeneity. Lastly, publication bias was ob-
served, so, studies that had negative results might not have been submitted for publication
and were not included.

Finally, maternal nutrition for successful pregnancy outcomes cannot be addressed
during pregnancy alone. A varied diet rich in protein sources, fruit, and vegetables
should be consumed by women who intend to become pregnant and during pregnancy
as a component of prenatal care. The results presented here suggest that nutritional
recommendations should focus not only on foods and nutrients amounts but also on the
degree of food processing.

5. Conclusions

This study indicates a positive association between maternal UPF-rich diet consump-
tion during pregnancy and increased risk of developing gestational diabetes mellitus and
preeclampsia. These findings corroborate the adverse effects of consumption of diets rich
in UPF during pregnancy and highlight the need to monitor and reduce UPF-rich diet
consumption specifically during the gestational period, as a strategy to prevent adverse
perinatal outcomes.
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Abstract: Background: Few studies have examined associations between ultra-processed food intake
and biomarkers of inflammation, and inconsistent results have been reported in the small number of
studies that do exist. As such, further investigation is required. Methods: Cross-sectional baseline data
from the Melbourne Collaborative Cohort Study (MCCS) were analysed (n = 2018). We applied the
NOVA food classification system to data from a food frequency questionnaire (FFQ) to determine ultra-
processed food intake (g/day). The outcome was high-sensitivity C-reactive protein concentration
(hsCRP; mg/L). We fitted unadjusted and adjusted linear regression analyses, with sociodemographic
characteristics and lifestyle- and health-related behaviours as covariates. Supplementary analyses
further adjusted for body mass index (kg/m2). Sex was assessed as a possible effect modifier.
Ultra-processed food intake was modelled as 100 g increments and the magnitude of associations
expressed as estimated relative change in hsCRP concentration with accompanying 95% confidence
intervals (95%CIs). Results: After adjustment, every 100 g increase in ultra-processed food intake was
associated with a 4.0% increase in hsCRP concentration (95%CIs: 2.1–5.9%, p < 0.001). Supplementary
analyses showed that part of this association was independent of body mass index (estimated relative
change in hsCRP: 2.5%; 95%CIs: 0.8–4.3%, p = 0.004). No interaction was observed between sex and
ultra-processed food intake. Conclusion: Higher ultra-processed food intake was cross-sectionally
associated with elevated hsCRP, which appeared to occur independent of body mass index. Future
prospective and intervention studies are necessary to confirm directionality and whether the observed
association is causal.

Keywords: ultra-processed food; NOVA; diet; inflammation; high-sensitivity C-reactive protein;
non-communicable diseases; cross-sectional
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1. Introduction

Nutrition science has long sought to understand the effects of diet on human health.
This has largely been done by classifying foods based on their nutrient composition. The im-
pacts on health of individual macro- and micro-nutrients as well as kilojoules have typically
been considered independent of different foods and food group sources [1]. Excess intakes
of sugar, salt, saturated fat, and kilojoules have been previously linked with increased
risk of cardiometabolic conditions [2–4]. Such research has been beneficial for understand-
ing nutritional physiology and has subsequently informed dietary recommendations [5].
However, this nutrient-centric perspective does not capture the effect of complex food
matrices. A food matrix is characterised as the molecular interactions between nutrient and
non-nutrient components of food [6]. Indeed, emerging experimental [7] and epidemiologi-
cal [8–10] evidence implicates the extent to which a food has been processed (or undergone
food matrix alterations) as a risk factor for chronic non-communicable diseases, morbidity,
and mortality.

The NOVA (name, not acronym) food classification system was recently developed
to allow for the categorisation of food items based on their level of processing: from
unprocessed or minimally processed food, processed culinary ingredients, processed food,
to extensively processed food termed “ultra-processed” [11]. Ultra-processed foods, are
defined by NOVA as industrial formulations created from compounds extracted, derived,
or synthesised from food or food substrates. Ultra-processed foods also typically contain
five or more ingredients including artificial food additives (e.g., colours, texturising agents,
and olfactory and taste enhancers) and are commonly inexpensive, virtually imperishable,
easily consumed, and highly palatable [12]. Time-series country-level sales data from 2006
to 2019 show a substantial growth in the types and quantities of ultra-processed foods sold
worldwide, with projected increases to 2024 [13,14]. This suggests a transition away from
non-ultra-processed food and toward a more processed global diet [13,14].

Chronic low-grade inflammation, marked by the presence of elevated inflammatory
cytokines, is both a driver of chronic diseases and a characteristic of an established diseased
state [15]. These diseases include cancers [16], cardiometabolic conditions [17], and mental
disorders [18,19]. The shared link between chronic low-grade inflammation and diseased
states exists despite the different organs and systems involved in their onset, prognosis,
and morbidity [20]. Hence, better understanding and addressing possible drivers of
inflammation is of significant public health interest. However, little data are available that
have directly linked ultra-processed food intake to inflammation.

In the three epidemiological studies that do exist [21–23], inconsistent results have
been observed. These included sex- and cohort-specific differences within and between
studies [21,22] as well as associations of ultra-processed food with some inflammatory
biomarkers but not others [23]. Importantly, each of these three studies included samples
from Brazil, where the concept of avoiding ultra-processed food has received recognition in
official dietary guidelines since 2014 [24], and where consumption of ultra-processed food is
estimated to be lower than higher-income countries [11,14]. Thus, there is a need for further
investigation of the association between ultra-processed food intake and inflammation in
other regions, particularly in settings where the substitution of non-ultra-processed foods
for those that are ultra-processed is increasingly common. The current study aimed to
address this gap by using data from the Melbourne Collaborative Cohort Study (MCCS) to
investigate cross-sectional associations between ultra-processed food intake and plasma
concentrations of the inflammatory cytokine, high-sensitivity C-reactive protein (hsCRP).

2. Methods

A full description of methods for data collection in the MCCS was published else-
where [25]. In brief, the MCCS is a study that aimed to assess prospective associations
between diet and lifestyle and chronic non-communicable diseases [25]. Between 1990
and 1994 (baseline), 41,513 people (24,469 women) aged between 27 and 76 (99% 40–69)
years were recruited from the Melbourne metropolitan area, with migrants from Southern
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Europe included and deliberately recruited to expand the span of diet and lifestyle expo-
sures. At baseline, participants completed surveys and anthropometric measurements, and
blood samples were collected. A case-cohort sub-study was undertaken to provide a more
economical design within which to perform assays on blood samples collected at baseline
(as part of the original MCCS project) and analyse associations of various molecules in the
stored plasma with selected disease outcomes; cases were included in the case-cohort if
they were identified as having the outcome of interest by 30 June 2002. High-sensitivity
C-reactive protein as a biomarker of inflammation was measured in incident cardiovascular
death cases together with a random sample (sub-cohort) of all participants in the MCCS.

The current cross-sectional study thus comprised a sample of participants from the
case-cohort sub-study for whom valid baseline dietary data and plasma hsCRP measure-
ments were available (see Figure 1). We excluded participants who had missing hsCRP
data (n = 161), total energy intake (kJ/day) below the 1st and above the 99th percentiles
(n = 40), or hsCRP concentration above the 99th percentile (n = 23). Two thousand and
eighteen participants remained for analysis, including both the cardiovascular disease
death group as cases (n = 567) and the random sample of all participants from the origi-
nal MCCS project as the sub-cohort (n = 1451). Cardiovascular disease death cases were
identified from notifications to the Victorian Registry of Births, Deaths and Marriages,
and the Australian National Death Index (codes 390–459 and I00–I99 of the International
Classification of Diseases, ICD-9 and ICD-10, respectively).

Figure 1. Flow-chart of participant selection. MCCS—Melbourne Collaborative Cohort Study,
hsCRP—high-sensitivity C-reactive protein.
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The current study was reported in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement and checklist for cross-
sectional studies [25]. The current study was prospectively registered with Open Science
Framework (OSF) registry (registration DOI: 10.17605/OSF.IO/EHFXD) and was approved
for exemption from ethical review in accordance with the National Statement on Ethical
Conduct in Human Research (2007, updated 2018) Section 5.1.22 by the Deakin University
Human Research Ethics Committee (project number: 2020-413, received 18th of November
2020). The study protocol for the original MCCS project was approved by the Cancer
Council Victoria’s Human Research Ethics Committee (project number: IEC 9001, received
23rd of August 1990). Participants provided written consent to participate including
researcher access to their medical records [26].

2.1. Exposure: Dietary Assessment

At baseline of the original MCCS project, participants attended clinics where dietary
data were collected using a self-administered 121-item food frequency questionnaire (FFQ)
specifically developed for use in this multiethnic cohort [27]. This FFQ was based on
weighed food records in 810 Melbournians of similar demographics to the cohort [27]. For
this study, all FFQ food items were classified according to the NOVA food classification sys-
tem as ultra-processed foods and non-ultra-processed foods by two experts with Australian
food and dietary intake knowledge. Examples of NOVA’s classification of ultra-processed
food (NOVA group 4) include soft drinks, sweet or savoury packaged snacks, confectionery,
packaged breads and buns, margarine, reconstituted meat products, and pre-prepared
frozen or shelf-stable dishes. Examples of NOVA’s classification of non-ultra-processed
food include unprocessed or minimally processed foods (NOVA group 1) such as rice and
other cereals, meat, fish, milk, eggs, fruit, roots and tubers, vegetables, and nuts and seeds;
processed culinary ingredients (NOVA group 2) such as sugar, plant oils, and butter; and
processed foods (NOVA group 3) such as processed breads and cheese, canned fruit and
fish, and salted and smoked meats. More information regarding the NOVA food classifi-
cation system can be found elsewhere (1). When it was not possible to discriminate, (e.g.,
food items such as ‘bread’, ‘pasta or noodles’, ‘low fat cheese’, ‘yoghurt’, and ‘fruit juice’),
cross-sectional data from the National Nutrition Survey 1995–1996 (data not published)
and Australian National Nutrition and Physical Activity Survey (NNPAS) 2011–2012 were
used for comparison and decision making [28].

As per previous research [27,29,30], the mean daily contribution of ultra-processed
foods to intake of total energy (kJ) and weight (g) was calculated by transforming frequen-
cies into grams based on sex-specific portion sizes of each food multiplied by the daily
equivalent frequency. Energy was estimated based on the Nutrient Data Table for Use in
Australia 1995 (NUTTAB 95). The NUTTAB 95 is a food composition database that contains
information for 1800 foods and beverages available in Australia [31].

2.2. Outcome: Inflammatory Cytokine Assessment

Blood samples were also collected at baseline. Venous blood samples were drawn in
lithium-heparin tubes, and plasma was subsequently stored at −180 ◦C (liquid nitrogen)
until assayed as part of the case-cohort sub-study. HsCRP concentration expressed as mg/L
was measured by a high-sensitivity immunonephelometric assay. The assay was a Dade
Behring nephelometric assay done on a BNII Nehphelometric Analyser, Dade-Behring
Diagnostics, Lane Cove, NSW, Australia.

2.3. Assessment of Covariates

Potential covariates were identified based on previous literature [7,21,32–35] and
included in a directed acyclic graph to map hypothesised causal relationships between
all relevant variables (Supplementary Materials Figure S1). These covariates were as-
sessed through a structured interview that was administered at baseline providing data on
sociodemographic characteristics and lifestyle- and health-related factors.
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In particular, the sociodemographic characteristics included: age (continuous), sex
(men and women), country of birth (Australia/New Zealand, United Kingdom/Malta,
Italy, and Greece), marital status (married, de facto, single, divorced, separated, and
widow), highest level of education (primary school, high/technical school, and tertiary
degree or diploma) and Socio-Economic Indexes for Areas (SEIFA)—Index of Relative
Socio-Economic Disadvantage [36]. SEIFA scores are recorded by the Australian Bureau of
Statistics and refer to the relative socioeconomic advantage and disadvantage of defined
geographical areas such as postal code [37] (we divided these scores into quintiles, with the
lowest and highest representing the greatest and least disadvantaged, respectively).

The lifestyle- and health-related factors included: smoking status (never smoked,
current smoker, and former smoker), leisure time physical activity over the last 6 months (a
score was calculated ranging from 0–16 based on the frequency of walking and less vigorous
and vigorous activity multiplied by two, which was then divided into categories, namely:
0 (none), >0 and <4 (low), ≥4 and <6 (moderate), and ≥6 (high) [32,34]), and alcohol intake
using beverage-specific quantity frequency questions (lifetime abstainers, ex-drinkers, and
current drinkers (further categorised as up to 19, 20–29, 30–39, and 40+ g/day)) [26,32,33].
Height and weight were measured, and body mass index was calculated as kg/m2 [26].
These sociodemographic characteristics and lifestyle- and health-related variables were
used as covariates.

2.4. Statistical Analyses

An inverse probability weighting method was applied to address the case-cohort
design and adjust for the possibility of oversampling cases versus participants from the
sub-cohort [26]. Characteristics of participants were summarised using mean and standard
deviation (SD) or median and interquartile range (IQR) for continuous variables and
frequency and percentage for categorical variables.

Linear regression analysis was used to examine associations between the consumption
of ultra-processed food and hsCRP concentration. We aimed to better account for ultra-
processed formulations that did not provide energy or were low in energy (e.g., artificially
sweetened beverages) as per [38–40]. Thus, the total weight of ultra-processed foods in
grams per day (g/day) was adjusted for energy using Willet’s residual method [41] and
used to model our exposure in 100 g increments. We chose 100 g increments to aid in
reporting and interpretation. We assessed our outcome variable, hsCRP concentration,
continuously; however, because the variance of residuals for hsCRP concentration was not
homogeneous along all of the fitted values, hsCRP was log (to base e) transformed; the
exponentiated coefficients represent the percent change from the geometric mean (anti-log).
There were no zero values for hsCRP concentration. We verified the assumptions for a
linear model with graphical and statistical tests of the associations between ultra-processed
food intake and hsCRP concentration as well as between the fitted values and residuals.
We further added the exposure value squared in the model to assess whether there was
curvature in the association between ultra-processed food intake and hsCRP concentration.
We used locally weighted scatterplot smoothing (LOWESS) models to examine whether
there was a threshold for the association between ultra-processed food intake and hsCRP
concentration. We also tested with graphical and statistical tests the normality of residuals
and homoscedasticity (homogeneity of variance). We used the variance inflation factor to
assess collinearity between the potential confounders included in our models. Lastly, to
allow for comparison with the three previously published ultra-processed inflammation
studies [21–23], and given that the assumptions associated with a linear model were not
violated, we used linear models. The estimated relative change in hsCRP concentration
(mg/L) for each energy-adjusted 100 g increase in ultra-processed food consumption was
thus calculated along with robust standard 95% confidence intervals (95%CIs) and p-values.
We also estimated the variance explained (Pseudo-R2) in hsCRP by ultra-processed food
consumption via the Cragg-Uhler method [42].
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Four different sequential models were fitted: energy-adjusted ultra-processed food as
the exposure variable and otherwise unadjusted (model 1), additionally adjusted for so-
ciodemographic characteristics (model 2), and a fully adjusted model that further controlled
for lifestyle- and health-related behaviours (model 3). Since previous studies have high-
lighted body mass index as a potential mediator in the association between ultra-processed
food consumption and inflammation [7,21], supplementary analyses were performed by
additionally adjusting for body mass index (model 4). It is important to highlight here
that we were interested in assessing the “total effect” of ultra-processed food consumption
on hsCRP concentration. As such, and given that body mass index was a prespecified
mediator, we assessed its possible impact as part of our supplementary analyses (model
4). However, given the cross-sectional nature of our study, we refrained from referring to
and did not formally test for mediation [43]. Because body mass index did not qualify as a
confounder (see [44]), model 3 was considered the main model. Other studies have also
reported differences between sexes in the association between ultra-processed food con-
sumption and inflammation [21,22]. We thus undertook further supplementary analyses to
(a) stratify by sex and (b) assess the potential effect modification of sex with ultra-processed
food consumption. To explore sex as a possible effect modifier, we added interaction terms
between sex and ultra-processed food consumption into the main effects model.

To ensure the sampling methods did not affect the results, sensitivity analyses were per-
formed across all models with the following exclusions: (1) people with hsCRP > 10 mg/L
(n = 122), which may indicate acute inflammation [45], although these values can also
be seen in cases of chronic inflammation [46]; and (2) cases defined by cardiovascular
disease mortality (n = 567). We conducted further sensitivity analyses on our main model
3 by excluding people with history of non-communicable diseases, such as hypertension
(n = 555), stroke (n = 44), heart attack (n = 129), cancer (n = 166), diabetes mellitus (n = 100),
and body mass index ≥30 (n = 520).

Lastly, we conducted post hoc analyses by fitting a logistic regression on our main
model 3 (adjusted for sociodemographic characteristics and lifestyle- and health-related
behaviours) to assess associations between each energy-adjusted 100 g increase in ultra-
processed food consumption and the odds of hsCRP at or above 3 mg/L, which is consid-
ered a risk factor for cardiovascular events [45].

The analyses were undertaken using R version 3.6.3 (R Development Core Team,
Vienna, Austria) [47].

3. Results

The current study included 1261 men and 757 women. Table 1 shows the sociode-
mographic and lifestyle characteristics of participants. The mean age of participants was
57 years. Most people reported that they were married or in a de facto relationship (75.6%)
as well as reporting their country of birth as Australia or New Zealand (64.2%). Approxi-
mately one quarter of participants were in the top quintile of SEFIA (least disadvantaged;
25.1%) and reported that they had either some study towards or had completed a tertiary
degree or diploma (24.0%). Less than a fifth of participants reported that they were current
smokers (14.2%) and over one fifth (21.7%) reported that they had engaged in high physical
activity over the last six months. Most participants (40.8%) had an average alcohol intake
of less than 19 (g/day). The mean body mass index for all participants was 27.8 (kg/m2),
and the mean proportion of ultra-processed food in the overall diet by weight and energy
was 26% (g/day) and 40% (kJ/day), respectively. In terms of ultra-processed food intake in
absolute weight and energy, the median was 364.4 (g/day) and 2975.1 (kJ/day), respectively.
The median hsCRP concentration for participants was 1.6 (mg/L).
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Table 1. Descriptive characteristics of the study population.

n Total = 2018

n for cardiovascular death cases Total = 632

n for sub-cohort (random sample of all MCCS participants) Total = 1386
Age (years)—mean (SD) 57.0 (8.8)

Women 757 (37.5%)
Married/de facto 1431 (75.6%)

(In)complete tertiary degree or diploma a 485 (24.0%)
Top quintile of SEIFA b index (Q5: least disadvantaged) 504 (25.1%)

Born in Australia/New Zealand 1296 (64.2%)
Current smoker 287 (14.2%)

High physical activity score c (≥6) 438 (21.7%)
Alcohol intake of up to 19 g/day 801 (40.8%)

Body mass index (kg/m2)—mean (SD) 27.8 (4.7)
Proportion (%) of ultra-processed food (g/day)—mean (SD) 26.0 (11.4)
Proportion (%) of ultra-processed food (kJ/day)—mean (SD) 40.0 (13.0)

Total ultra-processed food (g/day)—median (interquartile range: Q1, Q3) 364 (248, 518)
Total ultra-processed food (kJ/day)—median (interquartile range: Q1, Q3) 2975 (2091, 4244)

hsCRP concentration (mg/L)—median (interquartile range: Q1, Q3) 1.6 (0.8, 3.6)
a (In)complete tertiary degree or diploma referred to participants who had some study towards a tertiary degree
or diploma as well as participants who had completed a tertiary degree or diploma. b SEIFA Socio-Economic
Indexes for Areas [37]. c Ordinal score based on frequency of walking plus frequency of less vigorous activity
plus twice the frequency of vigorous activity, and ranging from 0 to 16 [32,34]. MCCS—Melbourne Collaborative
Cohort Study, hsCRP—high-sensitivity C-reactive protein, SD—standard deviation.

Table 2 details the results of the multivariable adjusted models. In model 1, every
100 g increase in ultra-processed food intake was associated with a 3.6% increase in hsCRP
concentration (95%CIs: 1.7–5.5%, p < 0.001). After accounting for sociodemographic char-
acteristics and lifestyle- and health-related behaviours in the main multivariable analysis
(model 3), the association remained robust (expected relative change in hsCRP: 4.0%;
95%CIs: 2.1–5.9%, p < 0.001). The supplementary analyses including all participants and
further adjustment for body mass index are also shown in Table 2 (model 4). Part of the
association between ultra-processed food intake and hsCRP concentration was independent
of body mass index, where every 100 g increase in ultra-processed food intake was associ-
ated with a 2.5% increase in hsCRP concentration (95%CIs: 0.8–4.3%, p = 0.004). Results
remained relatively stable in our sensitivity analyses that excluded people with hsCRP con-
centrations above 10 mg/L, cardiovascular disease mortality and history of cardiovascular
diseases, cancer, diabetes mellitus, and body mass index ≥30 (see Supplementary Materials
Tables S1 and S2).
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Table 2. Cross-sectional associations between ultra-processed food intake and hsCRP concentration
(MCCS, 1990–1994).

Main Analyses

Variable n
Estimated Relative Change in hsCRP Concentration (mg/L) for
Each Energy-Adjusted 100 (g) Increase in Ultra-Processed Food

Intake (95%CIs)
p-Value R2

Model 1 a 2018 3.6% (1.7–5.5%) <0.001 6%
Model 2 b 1899 4.2% (2.3–6.0%) <0.001 11.3%
*Model 3 c 1852 4.0% (2.1–5.9%) <0.001 15.1%

**Model 4 d 1850 2.5% (0.8–4.3%) 0.004 27.7%

Regressions performed with hsCRP on a logarithmic scale. a Model 1 = unadjusted. b Model 2 = additionally
adjusted for sociodemographic characteristics: sex (men and women), age (continuous), education ((in)complete
tertiary degree or diploma, completed high/technical school, (in)complete high/technical school, completed
primary school, and (in)complete primary school), country of birth (Australia/New Zealand/Other, United
Kingdom/Malta, Italy, and Greece), marital status (married, de facto, divorced, separated, and widow), and SEIFA
quintiles (Q1–Q5). Change to n due missing values for confounders marital status and SEIFA quintiles. c *Model 3
= main model additionally adjusted for lifestyle- and health-related behaviours: smoking status (never smoked,
current smoker, and former smoker), physical activity over the last 6 months (0 (none), >0 and <4 (low), ≥4 and <6
(moderate), and ≥6 (high)), and alcohol intake (g/day) (lifetime abstainers, ex-drinkers, and up to 19, 20–29, 30–39,
and 40+). Change to n due missing values for confounder alcohol intake. d **Model 4 = supplementary analyses
additionally adjusted for body mass index (kg/m2). Change to n due missing values for confounders alcohol
intake and body mass index. SEIFA—Socio-Economic Indexes for Areas, 95%CIs—95% confidence intervals.

There was no evidence of sex interactions (all p-values > 0.05 and estimates of in-
teraction range: 0.0–2.6%). The supplementary analyses stratified by sex are shown in
Supplementary Materials Table S3. After accounting for potential confounders in our
main model 3, every 100 g increase in ultra-processed food intake was associated with an
increase in hsCRP concentration in both men (estimated relative change in hsCRP: 3.5%;
95%CIs: 1.3–5.7%, p = 0.002) and women (estimated relative change in hsCRP: 5.5%; 95%CIs:
0.5–10.5%, p = 0.032). However, after further adjustment for body mass index (model 4),
the association remained robust in men only (estimated relative change in hsCRP for men:
2.8%; 95%CIs: 0.7–4.9%, p = 0.010 versus women: 2.4%, 95%CIs: −2.1–6.8%, p = 0.296).
Post hoc analyses on our main model 3 showed that each 100 g increase in ultra-processed
food consumption was associated with 1.08-fold increased odds of hsCRP concentration at
or above 3 mg/L after adjusting for sociodemographic characteristics and lifestyle- and
health-related behaviours (odds ratio: 1.080; 95%CIs: 1.034–1.128, p < 0.001).

4. Discussion

This study aimed to examine whether greater ultra-processed food intake was associ-
ated with higher hsCRP concentration in a sample of Australian adults. We found evidence
of this association, and at least part of this association was independent of body mass index.

Three epidemiological studies have previously tested associations between ultra-
processed food consumption and biomarkers of inflammation [21–23]. Overall associations
with men and women combined were not tested in two of these ultra-processed food-
inflammation studies [21,22]. This makes it challenging to compare these studies’ results
with the main results from our study. However, our results are partly consistent with
another that assessed overall associations in male and female adolescents aged from 17
to 18 years [23]. That study demonstrated direct cross-sectional associations between
the consumption of ultra-processed food and concentration of the inflammatory cytokine,
interleukin-8 [23]. It also showed that participants with the highest intake of ultra-processed
food had increased concentrations of leptin and C-reactive protein compared to participants
with the lowest intake, but these associations were less certain given the 95% confidence
intervals that crossed zero in both the unadjusted and fully adjusted linear models [23].
These less certain findings, particularly regarding C-reactive protein, may be partly ex-
plained by the included sample of adolescents who were exclusively from public schools in
a lower socio-economic region of Brazil [23]. The authors of that study noted that these
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sociodemographic characteristics have been associated with lower consumption of ultra-
processed food, with generalisability issues and underestimated effect estimates remaining
possible [23]. Indeed, ultra-processed food contributed 26% to total daily energy intake in
that Brazilian sample of adolescents compared to 40% in our sample.

While sex was not a significant effect modifier in our study, we conducted sex-stratified
supplementary analyses to allow for comparison with previous literature [21,22]. One pre-
vious study reported direct prospective associations between the intake of ultra-processed
food and interleukin-6 concentrations across two separate cohorts, with one cohort show-
ing an association in women only and the other showing an association in men only [22].
Adiposity did not appear to explain these cohort- and sex-specific findings [22]. Results for
the men-only analysis in our study support the data from the second cohort [22], where we
also found associations between higher ultra-processed food intake and elevated hsCRP
concentration across all models, including additional adjustment for body mass index.

In contrast, for the women in our study, observed associations were not independent
of body mass index. These findings are somewhat concordant with another previous ultra-
processed food-inflammation study [21], which reported direct cross-sectional associations
between ultra-processed food intake and high-sensitivity C-reactive protein in women
only and that appeared to be explained by body mass index [21]. These findings suggest
that in women, adiposity is a possible intermediate on the causal pathway from ultra-
processed food consumption to inflammation. This notion may be explained by the greater
accumulation of adiposity, on average, in women compared to men; associations between
body mass index and C-reactive protein concentration are suggested to be stronger for
women than men [48]. However, cross-sectional studies do not allow for formal tests
of mediation [43], and this notion requires further investigation in prospective analyses.
However, it is important to reiterate that testing for effect modification by sex in our study
showed no evidence of interaction. Given the underrepresentation of women compared to
men in our study (37.5%), it is possible that we may not have had adequate power to detect
this interaction. Further investigation with more appropriately designed studies is needed.

Our study is consistent with recent systematic reviews and meta-analyses [8–10] show-
ing direct associations between intake of ultra-processed food and the prevalence and
incidence of common chronic non-communicable diseases, morbidity, and mortality, all
of which include inflammation as part of their pathophysiology [49]. Our results are also
consistent with a recent systematic review of observational studies and broader whole
of diet or dietary pattern analyses [50]. Not unlike the NOVA food classification system,
dietary patterns expand beyond isolated nutrients and account for the fact that foods are
consumed in complex combinations [50]. This systematic review reported that indices
and scores used to assess the inflammatory potential of diets (e.g., Dietary Inflammatory
Index) were directly and cross-sectionally associated with inflammatory biomarkers, in-
cluding C-reactive protein, interleukin-6, tumour necrosis factor-α, and fibrinogen [50].
Pro-inflammatory dietary patterns were characterised by, for example, excess consumption
of kilojoule-dense Western-style foods, including red and processed meats, sweets, desserts,
fried foods, and refined grains [51]. Similarly, diet scores measuring adherence to healthy
or Mediterranean-style diets—rich in fruits, vegetables, fatty fish, poultry, extra virgin olive
oil, and whole grains—appeared to be inversely associated with inflammatory biomarkers
in cross-sectional analyses [50]. In terms of experimental evidence, our results are also
consistent with an earlier meta-analysis of intervention studies showing that Mediterranean
diets higher in unprocessed or minimally processed foods were anti-inflammatory [52].

A potential role of the gut microbiota in the link between ultra-processed food intake
and inflammation was hypothesised [53]. Preliminary theory posits that extensive food pro-
cessing leading to the degradation of cell walls within food and acellular compounds (i.e.,
deconstruction of the food matrix and nutrients not contained within cells, respectively [54])
may impact abnormal absorption and signalling from the gastrointestinal tract as well as
its interactions with gastrointestinal microbiota [53–55]. Both may in turn promote microbe
encroachment on the gastrointestinal wall and a cascade of inflammatory processes [53].
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Though not extensively demonstrated in humans, several pre-clinical rodent studies have
indicated an effect of advanced glycation end-products (AGEs) formed during the ther-
mal treatment of food products [56,57] and artificial additives common to ultra-processed
food (e.g., carboxymethylcellulose [58,59], polysorbate-80 [59,60], saccharin [61], and su-
cralose [62]) on the gut microbiota composition and activity together with host physiology
including pro-inflammatory states. One recent randomised controlled-feeding study in
humans reported a detrimental effect of the emulsifier carboxymethylcellulose on the gut
microbiota and metabolome, with the authors of that study surmising that carboxymethyl-
cellulose may be contributing to an array of chronic inflammatory diseases [63]. This
emerging evidence is certainly suggestive and warrants further investigation to determine
the precise features of ultra-processed food that elicit their unhealthful effects.

4.1. Limitations and Future Research

Our results should be interpreted with consideration of the following limitations.
First, the possible temporality of these associations cannot be established from this single
cross-sectional study, and residual confounding cannot be excluded. However, our results
were unchanged after adjusting for common confounders and after various sensitivity
analyses, which showed that the associations remained relatively stable with or without
the inclusion of people with markedly elevated hsCRP concentration. Sensitivity analyses
also highlighted that our sampling methods may not have biased results given the stability
of effect estimates no matter whether we included cases defined by cardiovascular disease
mortality (which occurred after data and sample collection) or participants with a history
of non-communicable diseases, such as cardiovascular diseases, cancer, diabetes mellitus,
and body mass index ≥30 at baseline.

Second, although the FFQ was not specifically designed to identify ultra-processed
food, there is some evidence in certain populations (e.g., New Zealand children [64] and
adults from Italy [65] and Mexico [66]) that FFQs have acceptable validity to assess food
consumption based on the NOVA food classification system. FFQs have also been re-
ported as the most frequently used dietary data collection tool in reviews investigating
ultra-processed food–chronic disease relationships [8]. Nonetheless, some degree of mis-
classification bias may exist.

Lastly, while the FFQ dietary data used to investigate ultra-processed food intake in
the current study were captured over 20 years ago, this may not limit the generalisability
of our results since both the participant characteristics and level of ultra-processed food
consumption reported in the current study are comparable to current estimates globally.
As specified in Table 1, ultra-processed food contributed 40% of total energy intake, which
is consistent with the most recent analysis of ultra-processed food intake in a nationally
representative sample of Australians taken from the National Nutrition and Physical
Activity Survey (2011–2012) [28], where ultra-processed food contributed 42% of total
energy. This is also comparable with other estimates from Western countries such as
Canada (42%), the United Kingdom (54%), and the United States (56%) [8].

4.2. Implications

Historically, and as previously noted, nutrition research has focused on the effect of
dietary intakes of energy and macro- and micro-nutrients on human physiology and health,
including inflammatory processes together with the mechanistic link between inflammation
and chronic diseases. The relevance and novelty of the NOVA food classification system
becomes prominent, however, when considering emerging evidence for differential health
outcomes that depend on the extent and level of food processing [67–70]. Indeed, NOVA
largely ignores the nutrient profiles of ultra-processed food, instead focusing on the extent
and purpose of food processing [11]. One tightly controlled randomised trial in humans
that specifically applied the NOVA food classification system in its design [7] demonstrated
a causal effect of an ultra-processed versus unprocessed diet on increased energy intake as
well as adiposity (both of which have been associated with pro-inflammatory states [71]).
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While this landmark study targeted different metabolic outcomes, it also showed a within-
group reduction from baseline to endpoint in hsCRP concentration when participants were
allocated to the unprocessed diet [7]. It also underscored the futility of focusing only on
nutrient composition given that the two diets were matched for presented energy, sugar,
fat, fibre, and macronutrients [7].

Given the association between ultra-processed food intake and morbidity and mortal-
ity [8], there were recent calls urging countries to adopt policy interventions that limit the
production, distribution, and dietary intake of ultra-processed food [72]. The importance
of our study includes its potential generalisability to other Anglo-European populations
and ability to inform and encourage future research investigating the possible biologi-
cal mechanisms of action involved in the observed associations between consumption of
ultra-processed food, chronic non-communicable diseases, and all-cause mortality.

5. Conclusions

The current study showed a cross-sectional association between higher ultra-processed
food intake and elevated hsCRP as a biomarker of inflammation. Part of the association
between consumption of ultra-processed food and hsCRP was independent of body mass
index. Further prospective and experimental studies in humans are needed to examine
whether this association is causal. Such information will be key to appropriate health
messages in the future.
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Ultra-Processed Foods as Ingredients of Culinary Recipes
Shared on Popular Brazilian YouTube Cooking Channels
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Abstract: Social media platforms are readily accessible sources of information about cooking, an
activity deemed crucial for the improvement of a population’s diet. Previous research focused on the
healthiness of the content shared on websites and blogs, but not on social media such as YouTube®.
This paper analysed the healthiness of 823 culinary recipes retrieved from 755 videos shared during a
six-month period on ten popular Brazilian YouTube® cooking channels. Recipes were categorized
by type of preparation. To assess recipes’ healthiness, ingredients were classified according to
the extension and purpose of industrial processing, in order to identify the use of ultra-processed
foods. Additionally, a validated framework developed from criteria established in both editions of
the Dietary Guidelines for the Brazilian Population was employed. Recipes for cakes and baked
goods, puddings, snacks and homemade fast foods, which were among the most frequently posted,
contained the lowest proportion of unprocessed/minimally processed ingredients and the highest
proportion of ultra-processed ingredients. Recipes containing whole cereals, fruits, legumes, nuts,
and seeds were scarce. Results indicate that users should be critical about the quality of recipes
shared on YouTube® videos, also indicating a need for strategies aimed at informing individuals on
how to choose healthier recipes or adapt them to become healthier.

Keywords: social media; social network site; Internet; cookery channels; recipe quality; cooking
instruction; ultra-processed foods

1. Introduction

Public health initiatives from many countries encourage home cooking as a health-
promoting strategy [1]. This is also true for both editions of the Dietary Guidelines for the
Brazilian Population [2,3], which adopt distinct but complementary approaches for the
promotion of healthy eating. The first edition of the Guidelines valued the act of eating at
home and provided information on how to prepare food in a healthy way. Its directives
were based on the intake of adequate amounts of foods, classified into food groups, to
prevent nutritional deficiencies and chronic non-communicable diseases [2].

Aside from stressing the importance of home cooking, the Dietary Guidelines for the
Brazilian Population published in 2015 focused on categorizing foods according to the
extension and purpose of industrial processing [3]. Individuals should base their diets
on unprocessed/minimally-processed foods (U/MP) and avoid ingesting ultra-processed
foods (UP) as much as possible [3]. UP foods are formulations of ingredients that are
usually nutritionally unbalanced, being rich in fats and sugars while poor in fibre and
micronutrients [3]. Carbonated soft drinks, packaged snacks, mass-produced breads,
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margarines, candies, cake mixes, and many ready-to-heat frozen products (pies, pizza,
sausages, burgers) are examples of UP foods [3,4].

High consumption of UP foods has been associated with chronic non-communicable
diseases and all-cause mortality [5–7]. Conversely, cooking at home more often has been as-
sociated with a lower risk of developing chronic non-communicable diseases [8,9], possibly
as a result of a better diet quality [9,10] due to the use of fresh ingredients. A pattern of
healthy cooking practices, where individuals can confidently cook several meals using fresh
foods and natural seasonings, and use healthier cooking techniques, was inversely associ-
ated with ultra-processed food consumption [11]. A diet composed mostly of U/MP foods,
however, can only be achieved if individuals master a certain number of cooking skills [3].

Informal cooking education happens through culinary socialization over the course of
a person’s life, a process in which individuals acquire patterns of practices and perceptions
related to cooking, from socializing agents [12]. The first culinary socializing agents are
family members; later in life, different agents start to influence cooking practices, such
as friends, partners, cookbooks, culinary television programs, and more recently, the
Internet [9,13–15]. Individuals report favouring Internet searches and digital sources
when looking for recipes, instead of printed sources such as books, for the convenience of
being ‘at hand’ [13].

Brazilians spend an average of 3.5 h daily on the Internet [16], mainly accessing social
media [17]. Social media platforms have become accessible sources of information regarding
cooking-related matters—people use Facebook®, Instagram®, Pinterest® and YouTube® to
share and search for recipes, and to find meal suggestions and inspiration [13,18–20].

YouTube® was created in 2005 and works as a video sharing platform, which is accessi-
ble via personal computers or smartphones through an Internet browser or application [21].
On the platform’s homepage, an algorithm suggests videos based on visualization history
and the popularity of the content, among other information. Users can also actively search
for videos using keywords or browsing channels. A user can interact with a video by
watching it, liking, sharing with others, and/or publicly commenting, all of which are
important social media features [22–24].

Previous research mentions that YouTube® is one of many people’s favourite ways to
learn how to cook [20]. Understandably, when compared to just text and images, recipes
shared through video technology can favour user engagement, increase the motivation to
cook, and reduce the perception of time, skills, and cost barriers [25]. Video recipes also
potentially assist with the development of new skills, increase the pleasure of cooking,
provide real-time assurance during the cooking process, help people remember the steps,
and improve the understanding of the process [26]. In Brazil, YouTube® is the most popular
social media platform among individuals aged between 16 and 64 years [16].

Accessing the Internet to search for recipes, learn how to cook, and develop cooking
skills is recommended by the Dietary Guidelines for the Brazilian Population [3], but the
healthiness of recipes obviously depends on the ingredients and preparation methods em-
ployed [11]. In this sense, exploring the sources of knowledge and inspiration to cook is as
key as getting people to cook more often. As tools that guide the preparation of dishes [27],
culinary recipes can potentially promote health if aligned with recommendations for healthy
eating, expanding and encouraging individuals’ decision-making autonomy regarding
the adoption of healthy eating practices [2,18]. However, in the context of social media,
content can be produced and shared by anyone, including lay people not qualified to give
nutritional advice or create content that promotes healthy eating.

Previous studies assessed the healthiness of Internet recipes on websites and blogs
(which are not social media), and concluded that users tend to interact more often with
the least healthy recipes [28]. Authors concluded that even recipes tagged as ‘healthy’ are
often quite unhealthy [28,29]. We identified only one paper on the healthiness of culinary
recipes on social media, which used Pinterest® as a data source [30]. The paper reported
that recipes using seafood or vegetables as main ingredients had fewer calories, sodium,
sugar, and cholesterol than meat- or poultry-based recipes. However, the study’s sample
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was small due to the adoption of many exclusion criteria [30]. No research investigating
the healthiness of culinary recipes shared on other social media was found.

To address this gap, this descriptive and exploratory study analyses the healthiness of
culinary recipes shared on popular YouTube® cooking channels from Brazil, using both
national dietary guidelines as references. We adopted complementary approaches to assess
recipes’ healthiness, the first being the analysis of recipes’ ingredients according to the
extension and purpose of industrial processing, an important and widely used approach
to categorize foods. Subsequently, a specially designed qualitative framework was used
to characterize recipes according to cooking method, and by the presence of healthy or
unhealthy ingredients. We believe this study has the potential to inform the design of public
health initiatives that guide individuals and inform dietitians on how to select and critically
evaluate sources of cooking information, and improve the quality of homecooked meals.

2. Materials and Methods

Considering the scarcity of literature on the research topic, a pilot study was carried out
to inform the data collection protocol, which included aspects of various channels’ eligibility
criteria and database layout, introduced different video characterization variables, validated
recipes’ assessment method, and determined the data collection period, taking into account
the temporal feasibility of the study and the amount of content to be analysed [31].

2.1. Selection of YouTube® Cooking Channels

Cooking channels were purposely selected by taking into consideration that popularity
(number of subscribers) can promote a greater reach and be a proxy for users’ preference.
Channels were selected according to the number of subscribers in February 2020 using
The YouTube Channel Crawler page (https://www.channelcrawler.com/, accessed on
10 February 2020), which classifies channels according to criteria established by the re-
searcher (in this study: category, language, country of origin, and number of subscribers).
During the pilot study, it was observed that cooking channels belonged to the ‘How to and
Style’ category on YouTube®, thus, all channels of the platform within that category were
accessed in decreasing order of subscribers to identify which ones best fit the eligibility
criteria. The ten biggest channels which (1) presented audio-visual content in Portuguese
and were Brazilian based; (2) were a cooking channel; (3) posted culinary videos at least
once a week; and (4) were not an advertising channel or reproduced television cooking
programs were selected (Figure 1).

With the aim of having a high number of videos to be analysed during data collection,
it was established that channels that posted videos less than once a week would not be
included. The pilot study also revealed that some channels which were among the most
popular in terms of number of subscribers had suddenly stopped producing content in the
weeks preceding the selection of channels. They were not included to avoid the possibility
of not having enough content to analyse in the following months. Another reason for
adopting this criterion was to try to standardize the number of videos per channel. Novelty
was another important factor, as channels need not only to attract, but also maintain users’
interest and engagement with content [23].

Eighty-two channels were excluded from the sample because they were not cooking
channels, five were excluded because they did not post videos with the desired frequency,
and one was excluded for being an advertising channel.

The included channels were mostly presented by women (n = 7), two by men, and
one by a couple; none of them were popularly known chefs or food celebrities. Sub-
scribers ranged from 514 thousand to 4.25 million; channels’ time of existence ranged from
4 to 9 years, and posting frequency varied from 2 to 7 videos per week.
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Figure 1. Brazilian YouTube® Cooking channels’ selection flowchart, February 2020.

2.2. Selection of Recipes

A sample of 823 recipes presented in 755 videos (104 h and 21 min in total) posted
during a six-month period (from February to August 2020) on ten different cooking channels
was selected. Considering that this is a recent field of study and there is no specific
recommendation in the literature for how long data collection on YouTube® should take
place, the pilot study also informed the choice of an appropriate data collection period.
With the pilot study, we were able to project that a 6-month data collection period would
capture a high number of videos from each channel, carefully accounting for at least three
seasons of the year. At the same time, the amount of content collected would meet the
temporal and operational feasibility criteria of the study.

All videos with recipes posted within the period were watched in full (first author)
to determine if they contained all the ingredients needed, as well as the preparation
method. A total of 106 videos were excluded from analysis because they did not meet the
eligibility criteria: (1) were recorded live transmissions (n = 35), (2) presented a festive
recipe (Easter n = 20; Mother’s day or father’s day n = 6; Valentine’s day = 4; June festivities
in Brazil n = 12; Channel’s subscribers milestone celebration n = 4; total n = 46), (3) were
sponsored by the food industry (n = 9), (4) were a repost (n = 7), (5) presented recipes linked
to the COVID-19 pandemic (with connotations of treatment for the virus, for improving
immunity or with tips for food sales during the period of social isolation; n = 9).

Reasons for not including recorded live transmissions were: (1) during the pilot study,
we observed that those kinds of videos were usually presented as ‘extra’ content and
were produced by only four of the ten channels. They were not included for the sake of
standardization (type and number of videos per channel). (2) ‘Live’ transmissions lasted
more than one hour each, as the recipe-related content was diluted among various other
content during the video. This affected both the practical relevance of the recipe and the
temporal feasibility of the research.

2.3. Data Collection

Weekly, from February to August 2020, each selected channel was accessed via computer
and all videos posted during the previous week were registered. A database in Microsoft Excel
2016® was created to include the following information for each video: title, access link, ID
provided by YouTube®, video description, date of posting, date of access, duration in seconds,
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number of likes, dislikes, and views. To obtain the number of comments posted by users in each
video, a command line application was developed in Python 3.0 (third author). Using the public
and free Google Data application programming interface (API) service® as the data source, the
application generated automated reports from the video ID and the period determined by the
researcher (freely available at https://bitbucket.org/amcamargo/healthy-recipe-youtube-br.git,
last accessed on 11 August 2020).

Next, the first author watched each video to register the ingredients and the cooking
method in the database. If further details about ingredients were needed, the researcher
consulted the recipe’s ingredient list provided in the video description, or, in case of
industrialized products, the packaging, when information was clearly visible on screen.
Steps or ingredients mentioned by the youtuber as ‘optional’ and not shown in the video
were not assessed.

2.4. Data Analysis
2.4.1. Videos’ Characteristics

Variables assessed to characterize the videos were duration in minutes, day of the
week of posting, and interaction measures including popularity as daily views in the first
week, approval as daily likes and dislikes in the first week, direct interaction of users with
content through daily comments in the first week, and total comments in the first week and
in the first month after the video was posted.

To classify the recipe into a category (e.g., salad, pudding, etc.) a content analysis
was carried out based on the video’s title, description, and list of ingredients used. This
analysis was manually organized in Microsoft Excel 2016® by determining the degree of
similarity of the words and phrases used and the characteristics of the recipes, starting at
coding recipes’ names in videos’ titles (first author). After coding, data was categorized
until strong or terminal categories appeared [32].

2.4.2. Recipes’ Healthiness

Recipes had their ingredients classified according to the extension and purpose of
industrial processing, as unprocessed/minimally processed (U/MP), processed culinary
ingredient (PCI), processed (P), or ultra-processed (UP) (first author) [3,4,33]. Ingredients
that did not have their preparation described in the recipe but are available for purchase
as an industrialized version were classified as P or UP (e.g., sweetened condensed milk,
mayonnaise), according to the predominant characteristic of products available in Brazilian
retail outlets. Whenever agreement about the extension and purpose of industrial process-
ing was not achieved, a conservative criterion was applied, meaning that a lower extension
of processing was adopted for the ingredient [34]. Ingredients used twice in the same recipe
counted as one (e.g., sugar used in a cake’s batter and icing).

Subsequently, the Qualitative Framework for the Assessment of Culinary Recipes’
Healthiness [31] was applied to evaluate recipes’ cooking methods and presence of key
healthy and unhealthy ingredients (first author). The framework was specifically developed
and validated to assess culinary recipes’ healthiness, and was based on recommendations
for healthy eating retrieved from both Dietary Guidelines for the Brazilian Population [2,3].

2.4.3. Data Treatment

To ensure data quality control, the second author independently analysed 10% of the
recipes from the dataset. Weighted kappa of agreement between raters for the assessment of
ingredients’ extension and purpose of industrial processing was 0.96, and ranged between 0.90
and 1.00 (kappa and weighted kappa) for the application of the Qualitative Framework for
the Assessment of Culinary Recipes’ Healthiness, indicating almost perfect agreement in both
analyses [35]. Content analysis for the categorization of recipes was firstly discussed between
the first two authors, and divergences were resolved with the participation of the last author.
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2.4.4. Statistical Analysis

Qualitative dichotomous and polytomous variables are presented in absolute and
relative frequencies. Quantitative variables are presented as median and interquartile range
(IQR), considering the non-normality in data distribution when assessed by Shapiro–Wilk
test, histogram, kurtosis value, and mean/median proximity.

Variables of videos’ characteristics and recipes’ healthiness among the categories of recipes
were compared. Also, as data collection took place mostly during a social distancing period due
to the COVID-19 pandemic, when searches for recipes online increased [36], we also checked for
differences in videos’ interaction measures (popularity, approval, interaction through comments),
and recipes’ healthiness in the periods preceding (n = 141) vs. during social isolation (n = 614)
(which, in Brazil, started around 15 March). Mann–Whitney and Kruskall–Wallis tests were used
for quantitative variables. For qualitative variables, Pearson’s chi-square test was employed.
Stata 13.0® (StataCorp LLC, College Station, TX, USA) was used for analysis and a post-hoc
power analysis was applied on G*power 3.1.9.2 whenever necessary, considering a two-tailed
test. An alpha of 0.05 was established as the significance level for all analyses.

3. Results

3.1. Videos’ Characteristics

The videos’ durations ranged from 45 s to 27.33 min (n = 755). The number of daily
likes in the first week was superior to daily dislikes. The option of liking or disliking a
video was not enabled by the youtubers for all videos (only n = 611), therefore, even if users
wanted to give a particular video a thumbs-up or down, they could not. Direct interaction
through comments was concentrated in the first week after the videos were posted, as
the median of total comments in the first month was close to the median in the first week.
Sunday was the day of the week with the lowest number of videos posted, nevertheless,
the distribution of videos was similar among the other days (Table 1).

Table 1. Videos’ characterization variables (n = 755).

Variable Median (IQR)

Duration (minutes) 7.8 (5.1; 10.8)
Popularity

Daily views in the first week (n) 5194 (2094; 10,827)
Approval

Daily likes in the first week (n) 995 (322; 1805) 1

Daily dislikes in the first week (n) 12 (3; 23) 1

Direct interaction of users
Daily comments in the first week (n) 37 (14; 68)
Total comments in the first week (n) 150 (61; 272)

Total comments in the first month (n) 161 (67; 291)
Day of posting % (n)

Monday 18 (136)
Tuesday 14 (103)

Wednesday 18 (138)
Thursday 16 (118)

Friday 15 (113)
Saturday 13 (97)
Sunday 6 (50)

Footnote: 1 n = 611 videos.

The only observed difference between videos collected in the period preceding vs.
during social isolation was in the total of comments in the first week, which was higher
during the social isolation period (median = 154, IQR = 64; 280) than before the pandemic
(median = 140; IQR = 47; 234) (Mann–Whitney’s p = 0.04, power = 0.19).

More than two thirds of all recipes (68.1%) comprised preparations from only four
categories, namely: meat or egg main dishes; cakes and baked goods; snacks and home-
made fast foods; and puddings (Table 2). The sixteen different categories of recipes had
comparable video characteristics (all Kruskall–Wallis p > 0.10; χ2 = 91.19, p = 0.445). The
frequency of categories observed in the period preceding vs. during social isolation was
statistically the same (χ2 = 18.25; p = 0.07).
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3.2. Recipes’ Healthiness

Of the total 7814 ingredients analysed, the majority were U/MP (54.3%, n = 4242) and
PCI (23.6%, n = 1844). Ingredients classified as P (8.6%, n = 676) and UP (13.5%, n = 1052)
were less frequent. The categories of recipes differed in terms of the ingredients’ distinct
extension and purpose of industrial processing (χ2 = 859.22; p < 0.001). As Table 2 shows,
in many categories, less than half of the ingredients were U/MP, i.e., cakes and baked
goods, snacks and homemade fast foods, puddings, breads, sweet and savoury spreads,
and pâtés. The ten most frequent U/MP ingredients in the sample were, in decreasing
order: water, eggs, onion, all-purpose flour, garlic, milk, black pepper, oregano, spring
onions, and tomatoes. Some of the categories with the lowest frequency of U/MP foods
also had the highest frequencies of UP foods in the sample, i.e., puddings, cakes and
baked goods, snacks and homemade fast foods, sauces, sweet and savoury spreads, and
pâtés. The ten most frequent UP ingredients in the sample were, in decreasing order: UHT
cream, sweetened condensed milk, Brazilian cheese spread, margarine, ham, industrialized
tomato sauce, spicy sausage, vanilla essence, industrialized seasoning mix, and semi-sweet
chocolate. The frequency of ingredients with distinct extension and purpose of industrial
processing observed in the period preceding vs. during social isolation was not statistically
different (χ2 = 0.68; p = 0.877).

Application of the Qualitative Framework for the Assessment of Culinary Recipes’
Healthiness (Table 3) identified positive and negative aspects of the recipes. Positively,
most recipes that mentioned some type of fat as an ingredient did not suggest the use
of margarine (88.4%, n = 518). Mentions of tomato sauce with herbs (bottled or freshly
made) were more frequent than exclusive mentions of white sauce with mayonnaise or
cheese (69.6%, n = 131). Exclusive use of industrialized seasonings (1.5%, n = 7) and of
frying as a cooking method (7.9%, n = 60) was also not frequently mentioned. On the other
hand, the presence of whole cereals, breads and/or pasta, either exclusively or mixed with
refined cereals was low in the recipes (7.1%, n = 34), as well as were the presence of fruits
(13.7%, n = 111), legumes (4.5%, n = 37), and nuts and seeds (3.5%, n = 28). The categories
that presented the most evenly distributed positive and negative criteria were types of
meats, presence of foods with high sugar concentration, and presence of vegetables. All
results from the framework analysis were statistically the same regarding the period of
data collection (preceding vs. during social distancing; all 0.01 < χ2 > 4.73 and p > 0.07).

Table 3. Recipes’ healthiness according to the Qualitative Framework for the Assessment of Culinary
Recipes’ Healthiness.

Category Description of Components Criteria % (n)

Foods with high
starch content

Exclusive presence of whole cereals, breads and/or pasta + 5.0 (24)
Mixed presence of whole and refined cereals, breads and/or pasta + 2.1 (10)

Exclusive presence of refined cereals, breads and/or pasta − 92.9 (446)

Fruits, vegetables
and legumes

Presence of vegetables + 43.3 (353)
Absence of vegetables − 56.6 (460)

Presence of legumes + 4.5 (37)
Absence of legumes − 95.5 (776)

Presence of fresh, frozen or dried fruits + 13.7 (111)
Absence of fresh, frozen or dried fruits − 86.3 (700)

Nuts and seeds
Presence of nuts and seeds + 3.5 (28)
Absence of nuts and seeds − 96.5 (784)
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Table 3. Cont.

Category Description of Components Criteria % (n)

Meats and eggs

Exclusive presence of lean cuts of meat, poultry cuts without
skin, fish, seafood and/or eggs + 32.9 (109)

Mixed presence of lean cuts of meat, poultry cuts without skin,
fish, seafood and/or eggs and non-lean cuts of meat, poultry

cuts with skin and/or processed meats
+ 19.6 (65)

Exclusive presence of non-lean cuts of meat, poultry cuts with
skin and/or processed meats − 47.4 (157)

Fats
Exclusive use of vegetable oils, butter and/or lard in

place of margarine + 88.4 (518)

Presence of margarine − 11.6 (68)

Sauces
Exclusive presence of tomato sauce with herbs + 52.1 (98)

Mixed presence of tomato sauce with herbs and white sauce,
with mayonnaise or cheese + 17.5 (33)

Exclusive presence of white sauce, with mayonnaise or cheese − 30.3 (57)

Seasonings

Exclusive presence of olive oil, lemon and/or fresh
or dried herbs + 68.9 (333)

Mixed presence of olive oil, lemon and/or fresh or dried herbs,
and industrialized spices, sauces and/or broths + 29.6 (143)

Exclusive presence of industrialized spices,
sauces and/or broths − 1.5 (7)

Sugars Presence of foods with high sugar concentration − 41.8 (338)
Absence of foods with high sugar concentration + 58.2 (470)

Cooking method

Use of steam, cooking in water without or with little fat,
stewing, roasting, broiling, sautéing + 92.1 (696)

Use of steam, cooking in water without or with little fat,
stewing, roasting, broiling, sautéing—and/or frying − 7.9 (60)

Footnote: Fruits, vegetables, and legumes; nuts and seeds, and sugars categories are mandatorily assessed in all
recipes. The remaining categories are assessed only when applicable. Criteria: + and − indicate recommended
and not recommended components for healthy recipes, respectively [31].

4. Discussion

This study analysed the healthiness of recipes shared on popular YouTube® cooking
channels from Brazil using the Dietary Guidelines for the Brazilian Populationas references.
Recipes posted during a six-month period were retrieved and categorized into sixteen
different groups. The most frequently posted recipes were of meat/egg-based main dishes;
cakes/baked goods; snacks/homemade fast foods; and puddings. This means that recipes
for salads and side dishes, which usually contain vegetables, fruits, and legumes, were
shared less often than recipes with animal sources of protein, all-purpose flour, fats, and
sugar as the main ingredients. This result is not favourable from a health standpoint, as
individuals are possibly being led to prepare fewer recipes with fruits, vegetables, and
legumes, which are linked to a lower risk of chronic non-communicable diseases, and are
largely present in most healthy eating patterns [37,38]. Interestingly, the study by Trattner
and Elsweiler (2017) identified different results—in their study, which evaluated content
from a recipes’ website, the category ‘fruits and vegetables’ was much more prevalent
than ‘main dishes,’ ‘meat and poultry,’ ‘desserts,’ and ‘salads.’ This disparity may be
attributed to differences in the process of categorizing recipes, as in food blogs [29,39]
and websites [28], recipes are usually pre-categorized, while we conducted our own cat-
egorization. Because YouTube® is a multi-content platform not specifically focused on
recipes, our recipe categories were qualitatively and inductively generated from recipes’
titles, descriptions, and ingredients. Additionally, several studies only assessed specific
categories of recipes [28–30,39], since their aim was not to have an overall picture of what
is shared.
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Another possible explanation for the low prevalence of fruit- and vegetable-based
recipes in our sample may be that content producers expect users to interact with the
postings through comments and shares, as interaction is fundamental for a channel’s
engagement and sustainability [23]. It has been reported by previous studies on a recipes’
website [28] and on Pinterest® [30] that interaction is more frequent with posts of highly
palatable recipes. In our study conducted on YouTube®, every culinary preparation had
statistically equal measures of interaction (popularity, approval, and direct interaction
through comments), possibly due to differences between the profiles of users from recipe
websites [28] and even between different social media apps [30]. YouTube®, as a video
platform, enables a kind of interaction that gives users a feeling of being connected not
only to a video, but to a person who shares their beliefs and interests. This feature can
promote a certain measure of social bonding in which people feel connected with one
another and start following the channel for further communication. For user-created
content such as the videos analysed, a sense of community is fundamental; so it is possible
that subscribers give the same attention to a recipe, regardless of whether it is a salad or
a cake, in order to provide support through constancy of viewership and interaction [21].
The reasoning behind youtubers’ choices of categories of recipes for cooking videos, the
channels’ features that promote connection with users, as well as subscribers’ motivations
for interaction with content, deserve to be further explored in future research. Nevertheless,
health professionals should be aware that, in order to expose individuals to more recipes
based on vegetables, fruits, and legumes (such as salads and side dishes), active searching
is preferable to just following content from popular cooking channels. Nutritionists and
other health professionals can also search for cooking channels whose content is more in
line with the healthy eating recommendations of national guidelines to suggest to patients.

Recipes’ ingredients were mainly U/MP foods and PCI, so one can argue that from
a wide perspective, the recipes could lead individuals to cook recipes that are aligned
with the recommendations of the Dietary Guidelines for the Brazilian Population [3].
Nevertheless, this is not true when different categories of culinary recipes are considered.
Some categories of recipes had lower frequencies of U/MP foods as ingredients, and a
few of them had, in addition to this, higher frequencies of the UP foods in the sample
(more than 10%)—i.e., puddings, cakes and baked goods, snacks and homemade fast foods,
sauces, sweet and savoury spreads, and pâtés. This result is cause for concern, as some
of these were among the most frequently posted recipes. To cook healthily, the Dietary
Guidelines for the Brazilian Population recommends the avoidance of UP foods [3], as high
consumption of UP foods has been associated with chronic non-communicable diseases
and all-cause mortality [5–7]. UP food consumption has been associated with a poor dietary
intake (excess calories from free sugars and unhealthy saturated fats, poor in fibre, and an
intake of many micronutrients) [40]. Additionally, recent research shows that the majority
of the associations between UP food consumption, obesity, and health-related outcomes
can be attributed to UP foods on their own, regardless of diet quality or pattern [41].

The presence of UP ingredients in the recipes may be explained by their convenience
appeal [4,33]. It is rather common for UP foods to replace U/MP foods in recipes (e.g.,
sausage vs. U/MP meat seasoned with spices and herbs). Generations have learned to
cook using recipes combining UP and U/MP foods through teaching investments by the
food industry (leaflets, books, courses, recipes on packaging) [42]. Nowadays, the ongoing
increase of options of UP foods and of social media marketing play an important incen-
tivizing role [43]. We observed with our framework analysis (Table 3) that the mixed use
of industrialized seasonings with fresh or dried herbs and spices was frequent, indicating
an attachment to this type of UP product. To mitigate this effect, strategies involving the
promotion of healthy eating through cooking (such as workshops, intervention programs,
creation of content for social media, health professionals’ advice, etc.) need to consider
that people must be taught how to identify UP foods so they can choose recipes in which
they are not included. People must also be taught how to substitute UP foods for healthier
ingredients, so they can use U/MP foods practically when cooking. For instance, instead
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of relying on UP foods as seasoning in puddings, snacks, and homemade fast foods as
observed in this sample of recipes, one can substitute such ingredients for fruit zest and
juices, fresh or dried herbs, and spices. Another valuable strategy is to rescue and promote
the sharing of traditional recipes that do not contain UP foods as ingredients.

While the majority of recipes were healthy with respect to avoiding the use of mar-
garine, avoiding frying, and opting for sauces with lower fat content, other aspects such
as incorporating whole cereals, fruits, legumes, nuts, and seeds in preparation were not
frequently present. Considering that social media platforms such as YouTube® reach a wide
audience, this finding reinforces the need to not only encourage people to look for recipes
online [3], but also to teach them how to choose or adapt these recipes by evaluating their
healthiness. One strategy is to use the same medium to do this, as video technology can
help individuals overcome barriers to cook and incorporate healthier foods in recipes [44],
while reducing the perception of barriers to cook with vegetables [25]. We are aware that,
for some recipes, whole cereals, fruits, legumes, nuts, and seeds may not be all traditionally
present (e.g., a basic homemade bread), but different ‘improved’ versions of recipes can be
proposed and shared. As a matter of fact, many channels assessed in this study adapted
recipes to keep producing new content weekly. As a practical implication, we argue that
many categories of recipes can be adapted to become healthier—for examples and sug-
gestions, see [31]. Members of academia, health professionals, and social media content
creators can also work together and establish partnerships to promote healthier content on
the Internet.

Limitations and Strong Points

The adoption of a conservative criterion for classifying ingredients by the extension
and purpose of industrial processing may have led to an underestimation of the number of
UP ingredients. Nevertheless, this approach mirrors how information reaches users—they
also do not necessarily have access to information on labels when watching videos.

Data collection took place during months of social isolation due to the COVID-19
pandemic, when searches for recipes online increased [36]. This was handled by avoiding
the inclusion of videos linked to the COVID-19 pandemic in the sample. Our post-hoc
analysis found an underpowered difference in the number of comments in the first week
after videos were posted (power = 0.19) [45]; no change in the categories of recipes shared,
nor in their healthiness compared to videos from before the pandemic.

YouTube® channels’ popularity oscillates constantly. To handle this, we repeated the
channel selection step at the end of data collection, and verified that they remained as
the ten most popular in the period, despite some outperforming others in the number
of subscribers.

As the number of views is validated by YouTube®’s own algorithms, a view might
not indicate a user who has watched the content in its entirety. Content approval (likes
and dislikes) also does not indicate whether or not an individual fully watched the content
before giving a positive or negative rating. Although views made by computer pro-
grams rather than by humans are not counted [46], those interaction measures should be
cautiously interpreted [47].

In the context of television cooking shows, some researchers argue that the consump-
tion of this content is unlikely to impact habitual dietary intake, because entertainment
and leisure are the main reasons people watch those programs [48,49]. Notwithstanding,
social media, through its networked nature, provides an additional layer of complexity
not experienced by those earlier media scholars [47]. Through observation, people indeed
acquire behaviours, knowledge, values, and skills, including those related to cooking [50].

We understand that it is not possible within the confines of the present study to account
for variations in the reproduction of recipes at home, such as instances when people do not
follow all the steps, or when ingredients are exchanged, which may result in a different
assessment of their healthiness.
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As positive points, we highlight the investigation of culinary recipes posted in the
most used social media in Brazil, by adults [16]; the rigorous quality control; the long
period of data collection throughout three seasons of the year, and, therefore, the large
sample size. Recipes were also very diverse in terms of categories, video duration, and
days of posting, probably reaching different types of audiences. Additionally, collecting
measures of interaction (views, comments, likes, and dislikes) reinforces the wide reach
that this type of content has. Finally, using a validated framework for the assessment of
recipes’ healthiness, we were able to deliver a more specific picture of the research problem.

5. Conclusions

This study provides a comprehensive overview of the healthiness of culinary recipes
shared on a social media platform, one of the favoured avenues for the search of cooking-
related content. On a professional practice and health promotion note, although it is
praiseworthy that people are cooking and sharing their knowledge on platforms such as
YouTube®, users and subscribers to popular cooking channels should be aware that most
recipes are based on ingredients such as meats, eggs, all-purpose flour, fats and sugar, and
only a few have whole cereals, fruits, legumes, nuts, and seeds. Recipes for puddings, cakes
and baked goods, snacks and homemade fast foods, sauces, sweet and savoury spreads,
and pâtés had, in addition to low numbers of U/MP food ingredients, higher numbers of
UP foods as ingredients. Our findings can inform health professionals and policymakers
on how to promote healthier culinary recipes, how to interact with content creators, and
how to advise individuals about the quality of the recipes shared on YouTube® videos, and
hence, can help them choose healthier recipes or teach them how to modify the recipes
into healthier versions. Future research exploring how users from different populational
groups interact with culinary content on distinct social media platforms will be relevant for
advancing this field of study.
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Abstract: Zinc (Zn) plays an important role in metabolic homeostasis and may modulate neurological
impairment related to obesity. The present study aimed to evaluate the effect of Zn supplementation
on the intestinal microbiota, fatty acid profile, and neurofunctional parameters in obese male Wistar
rats. Rats were fed a cafeteria diet (CAF), composed of ultra-processed and highly caloric and
palatable foods, for 20 weeks to induce obesity. From week 16, Zn supplementation was started
(10 mg/kg/day). At the end of the experiment, we evaluated the colon morphology, composition
of gut microbiota, intestinal fatty acids, integrity of the intestinal barrier and blood–brain barrier
(BBB), and neuroplasticity markers in the cerebral cortex and hippocampus. Obese rats showed
dysbiosis, morphological changes, short-chain fatty acid (SCFA) reduction, and increased saturated
fatty acids in the colon. BBB may also be compromised in CAF-fed animals, as claudin-5 expression
is reduced in the cerebral cortex. In addition, synaptophysin was decreased in the hippocampus,
which may affect synaptic function. Our findings showed that Zn could not protect obese animals
from intestinal dysbiosis. However, an increase in acetate levels was observed, which suggests a
partial beneficial effect of Zn. Thus, Zn supplementation may not be sufficient to protect from obesity-
related dysfunctions.

Keywords: obesity; cafeteria diet (CAF); inflammation; gut microbiota; short-chain fatty acid (SCFA);
zinc (Zn)

1. Introduction

Zinc (Zn) is a mineral widely distributed throughout the human body in small con-
centrations, and is involved in several biochemical and enzymatic processes [1–3]. It is
an enzymatic cofactor for several enzymes that regulate the metabolism of carbohydrates,
proteins, and lipids [1,3]. In addition, it exerts beneficial effects on immune function and
inflammatory response, and contributes to barrier integrity and cognitive processing [2–7].
Moreover, it has already been established that obesity can affect the distribution of Zn in
the body, reducing its systemic availability in obese individuals [8,9]. Previous studies have
shown that Zn supplementation may improve anthropometric measurements and reduce
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inflammatory markers, insulin resistance, oxidative stress, and obesity-related neuroin-
flammation. Thus, Zn supplementation reduces metabolic dysfunction and may decrease
neurological impairment related to obesity [10–12].

The consumption of processed energy-dense food, combined with overeating, urban-
ization, and a sedentary lifestyle in modern Western societies, is likely a major contribu-
tor to the obesity epidemic [13–15]. Obesity is associated with low-grade inflammation
characterized by an increased production of proinflammatory cytokines, such as tumor
necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) [16–18]. As a
result of this inflammatory state, this complex and multifactorial disease is implicated in
a higher prevalence of metabolic disorders, such as type 2 diabetes, cardio-metabolic dis-
ease, non-alcoholic liver disease, and also dysbiosis of the gut microbiota and neurological
impairment [15,19].

Another consequence of low-grade systemic inflammation is the disruption of the
intestinal epithelial barrier and blood–brain barrier (BBB), which leads to neuroinflam-
mation [20,21]. The BBB comprises a tight junction complex and is assembled by several
proteins, such as transmembrane, cytoplasmic attachment, and cytoskeleton proteins that
form epithelial barriers [22,23]. Zonula occludens-1 (ZO-1), claudin-5, and occludin are
recognized as markers of the integrity of the BBB due to their critical role in maintaining
the integrity of tight junctions [24,25].

In addition to BBB dysfunction and neuroinflammation, neuroplasticity might be
affected following inflammatory conditions, such as obesity. Brain-derived neurotrophic
factor (BDNF) is a protein of the neurotrophin family that is essential for neuronal devel-
opment, maintenance, survival, cognitive function, and synaptic plasticity. In addition, it
is considered a key regulator of synaptic transmission, mainly in the hippocampus and
neocortex [6,26]. Synaptophysin is a protein present in presynaptic vesicles. It participates
in synaptic formation and neurotransmitter release. Additionally, it is used as a marker
of synapsis distribution and density [27–29]. Thus, in the present study, we investigated
BDNF and synaptophysin to assess whether consuming ultra-processed and hypercaloric
food might affect neuroplasticity.

Regarding gut microbiota, there is a high variability of microorganisms in their compo-
sition depending on dietary habits [30,31]. Additionally, several diseases can be associated
with a certain microbiota profile [32–34]. Previous studies have indicated that obesity is
linked to disruptions in the gut microbiota composition, creating an imbalance in the micro-
bial ecosystem defined as dysbiosis [35–37]. In addition, in healthy conditions, commensal
anaerobic colonic bacteria produce functional metabolites by highly fermentable dietary
fibers and resistant starch that benefit their host [38]. Short-chain fatty acids (SCFA) are
functional metabolites represented mainly by acetate, butyrate, and propionate. These
metabolites promote intestinal epithelium integrity, regulate immune function, modulate
neurotransmission, and appear involved in neuroimmunoendocrine regulation [39,40].
Unbalanced SCFA concentrations due to consuming a Western diet can lead to dysbiosis.
Subsequently, this leads to an increased intestinal permeability and induces low-grade
systemic inflammation [19,41].

Although Zn’s role in decreasing inflammation and improving cognition is already
described, its effect on reversing the harmful consequences of consuming ultra-processed
foods on microbiota composition and neuroplasticity is still unclear. The main aim of this
study was to investigate the effects of Zn supplementation on the intestinal microbiota,
intestinal barrier, and BBB in Wistar rats fed with a cafeteria diet (CAF). The CAF mimics the
foods consumed by Western civilization by exposing the animals to highly palatable energy-
dense foods with a high content of saturated fat and refined sugars and a large amount
of food additives [42,43]. This model elicits obesity-related disorders, such as dysbiosis,
leaky gut, metabolic disorders, low-grade systemic inflammation, neuroinflammation, and
behavioral dysfunction in rodents [42,44]. As expected, the chronic consumption of the
CAF for 20 weeks increased body weight, as shown in a previous study [10]. Thus, the
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present work also aimed to evaluate Zn’s ability to reverse the mentioned harmful effects
of obesity, since its supplementation started after obesity had already been developed.

2. Materials and Methods

2.1. Animals

Male three-month-old Wistar rats were obtained from the facility of the Federal Uni-
versity of Health Sciences of Porto Alegre (UFCSPA). Only male rats were used to avoid
hormonal fluctuation and a possible impact on the results of the study. During the period of
diet administration, one or two animals were housed per cage in a temperature-controlled
environment (21 ◦C ± 2 ◦C) under a 12 h light/dark cycle and with ad libitum diet and
water. The study was approved by the Institutional Animal Care and Use Committee of
UFCSPA under the protocol number 570/18. All research procedures were designed to
minimize the number of animals and suffering.

2.2. Experimental Groups and Diet

Twenty-eight animals were divided into four groups (n = 7/group), namely: (i) the
control group (CT); (ii) control group + zinc (CT Zn); (iii) the cafeteria group (CAF), and
(iv) the cafeteria + zinc group (CAF Zn). Standard chow (CT) or cafeteria (CAF, high fat
and high calorie) diets were administered for 20 weeks. The cafeteria diet consisted of the
alternating offer of three menus per week, containing bacon mortadella (Perdigão®, Itajaí,
Brazil), strawberry-flavored biscuits (Isabela®, Bento Gonçalves, Brazil), chocolate biscuits
(Isabela®, Bento Gonçalves, Brazil), pizza-flavored hot crackers (Parati®, São Lourenço do
Oeste, Brazil), white chocolate (Harald®, Santana de Parnaíba, Brazil), orange-flavored
soda (Sukita®, Sapucaia do Sul, Brazil), sausages (Alibem®, Porto Alegre, Brazil) offered
concomitantly with ad libitum standard chow, and water. The alternation between cafe-
teria diet menus was performed every two days in order to maintain novelty. This diet’s
average energy supply was 4.5 Kcal/g (42% carbohydrates, 16% proteins, 42% lipids).
The standard diet consisted of the standard chow Nuvilab CR-1 provided by the animal
facility of UFCSPA (Nuvital®, Colombo, Brazil), which had an average energy supply of
3.4 Kcal/g (63% carbohydrates, 26% proteins, 11% lipids). The total energy content of
the CAF was calculated based on manufacturer’s information. Leftovers were evaluated,
and food consumption was calculated at the end of the experiment. The average en-
ergy consumption of CT groups was 771.5 Kcal/day, while CAF groups consumed 963
Kcal/day [10].

2.3. Zn Treatment

Chelated zinc bisglycinate (Deconto Farma®, Porto Alegre, Brazil) was administered at
a dose of 10 mg/Kg/day by gavage for 4 weeks from the 16th week of the diets. Gavage was
performed daily between 2 and 3 pm, during the light cycle. Animals that did not receive
zinc supplementation were also subjected to gavage with vehicle solution (water, 0.5 mL
per animal). Animals were weighed weekly to determine weight gain. It should be noted
that the treatment with zinc was started after obesity had already been induced. Zn content
in the liver and cerebellum was determined by flame atomic absorption spectrometry
(model AA 7000F; Shimadzu, Kyoto, Japan) equipped with a hollow cathode lamp and a
deuterium lamp as a background corrector, and dosage was previously published [10].

2.4. Tissue, Blood and Feces Collection

At the end of the experimental period of 20 weeks, the animals were euthanized by
decapitation without anesthesia. After that, feces were collected directly from the proximal
colon. The proximal portion of the colon and brain were also collected. The brain was
dissected out and the hippocampus and cerebral cortex were stored at −80 ◦C for further
homogenization and analysis.
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2.5. Histological Analysis

Histology of the proximal colon was performed for the general morphological analysis.
Three to five animals per group were used for histology. For this, the tissue was fixed in
paraformaldehyde, posteriorly embedded in a paraffin block, and cut transversely to a
thickness of 4 μm. After this, the sections were stained with hematoxylin and eosin (HE).
The slides were then analyzed under an EVOS microscope (EVOS Cell Imaging Systems,
Thermo Fisher Scientific, Waltham, MA, USA). At least six measurements were taken per
animal at 10× magnification. The crypt depth was measured using ImageJ software, and
the size was normalized to a 500 μm scale [45].

2.6. Next-Generation Sequencing 16s rRNA

Stool samples were collected in sterile tubes and immediately stored at −20 ◦C. We
also used samples from CT and CAF groups provided from a previous experiment using
the same diet protocol, and the sample size was 8 animals for these groups. The genomic
material of microbial DNA was obtained from approximately 200 mg of a fecal sample
with a specific extraction kit (Microbiome DNA Purification kit, Invitrogen®, Waltham, MA,
USA) following the manufacturer’s instructions. After DNA extraction, the quantification
of the DNA of each sample was performed by a NanoDrop spectrophotometer (Shimadzu,
Japan). The libraries were prepared from an average of 5 to 10 μg of genomic material.

The hypervariable V3-V4 region from the 16S ribosomal RNA (rRNA) gene was ampli-
fied through PCR using genomic DNA (approximately 50 ng per reaction) and the following
primer pair: 515F (5′-GTGCCAGCMGCCGCGGTAA-3′) and 806R (5′-GGACTACHVGGGT
WTCTAAT-3′). In order to pool different samples in the same reaction, the primer-fusion
method and each sample had a distinct barcode attached to the corresponding PCR prod-
uct. The amplification was performed using Platinum™ PCR SuperMix High Fidelity
(Invitrogen®, Waltham, MA, USA). The products were verified through electrophoresis in
an agarose gel, purified with the AMPure XP PCR Purification Kit (Cat# A63881, Beckman
Coulter Inc. Life Sciences, Indianapolis, IN, USA), quantified using Qubit™ dsDNA HS
Assay Kit (Invitrogen®, Waltham, MA, USA) and subjected to emulsion PCR using the Ion
PGM™ Hi-Q™ View OT2 Kit (Cat# A29900, Thermo Fisher Scientific, Waltham, MA, USA).
Afterwards, the resulting enriched beads were sequenced in a next-generation sequencing
(NGS) machine (Ion Torrent PGM™, Life Technologies, Carlsbad, CA, USA) using the
Ion PGM™ Hi-Q™ View Sequencing Kit (Cat# A30044, Thermo Fisher Scientific, Waltham,
MA, USA).

The 16S rRNA reads generated by high-throughput sequencing were submitted to a
quality control analysis that retained sequences with a minimum length of 100 base pairs
and trimmed the sequences to remove low-quality bases to obtain a minimum Phred score
of 30 using PRINSEQ [46]. The remaining sequences were dereplicated and sorted by
decreasing read abundance and filtered to exclude singletons using USEARCH v7.0.1090.
Clusters were assembled using a minimum identity of 99% and chimeras were removed
using the Ribosomal Database Project (RDP) reference database [47].

The taxonomic assignment was obtained using QIIME v1.7 [48]. Operational taxo-
nomical units (OTUs) were selected based on 97% sequence similarity and taxonomic data
were obtained using a classification algorithm with the 97% OTUs version of GreenGenes
13.8 [49]. Diversity index was calculated utilizing the vegan:ecological diversity package
in R.

2.7. Determination of Fatty Acid Profile

The levels of saturated fatty acid (SFA) and SCFA were measured in the large intes-
tine of the animals. The determination of SFA was performed by gas chromatography
coupled to mass spectrometry (GC-MS). For this, 100 mg of intestinal tissue samples
were homogenized in 1 mL of deionized water. After that, an aliquot of 50 μL of the
homogenate was used for the extraction of the fatty acids with the addition of 950 μL of a
chloroform/methanol (2:1, v/v) solution and one drop of concentrated hydrochloric acid

108



Nutrients 2022, 14, 3921

(HCl) was added to a plastic tubes, forming a single liquid phase. Subsequently, 200 μL
of deionized water was added, promoting a separation between the chloroform phase
(rich in lipids) and the methanol/aqueous phase. The samples were decanted for 5 min at
room temperature. Then, the entire fraction containing chloroform was collected, dried
under nitrogen flow at room temperature, and stored at −20 ◦C. Thereafter, the samples
were finally resuspended in 30 μL of methanol and 2 μL aliquots and then injected into an
analytical system consisting of a gas chromatograph model GC-2010 A PLUS coupled to the
QP-2010 Ultra mass spectrometer (Shimadzu, Japan) adapted from G. DEMERS et al. [50].
The spectrometer was operated in scan mode (50–700 m/z) and the results obtained were
verified by comparing the findings with those described in the mass spectral reference
library of the National Institute of Standards and Technology (NIST).

The determination of SCFA in the large intestine was performed by liquid chromatog-
raphy with tandem mass spectrometry (LC-MS/MS), according to a protocol developed
in-house. For this, 50 μL of the homogenate, 20 μL NaOH (2 M) and 175 μL of HCl
(2 M) were added to plastic tubes followed by vortexing for 30 s. The samples were then
centrifuged for 6 min at 12,000× g. After that, an aliquot of 175 μL of the supernatant was
collected and transferred to a glass vial. In order to promote fatty acid derivatization, 25 μL
of 2,4-Dinitrophenylhydrazine (DNPH) was added. The flask was closed and incubated
for 30 min at 40 ◦C. Then, 100 μL of the mixture was transferred to a vial and 100 μL of
acetonitrile was added. Thereafter, an aliquot of 10 μL was injected into the analytical
system equipment. The LC-MS/MS equipment consisted of a chromatographic system
Nexera UFLC (Shimadzu, Japan) equipped with two binary pumps (LC-30AD), a column
oven (CTO-30A), a diode array absorbance detector (SPD-M20A), and an automatic injector
(SIL-30AMP) coupled with a quadrupole mass spectrometer model LCMS-8045 (Shimadzu,
Japan). The results obtained were processed and evaluated using LabSolutions software
(Shimadzu, Japan).

2.8. Western Blotting

The protein expression of ZO-1, claudin-5, BDNF, and synaptophysin was analyzed
in the cerebral cortex, hippocampus and proximal colon. Tissues were processed and
homogenized in a lysis buffer, and then samples were centrifuged for 10 min at 8000 rpm.
After the protein quantification by Bradford protein assay, Laemmli buffer was mixed
with 30 μg of proteins and heated at 90 ◦C for 2 min. Proteins were loaded and separated
by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) gel and later
transferred to nitrocellulose membranes using a transfer system with semi-dry equipment
(mini Trans-blot Electrophoretic Transfer Cell, BioRad, Hercules, CA, USA) at 110 V for
1–2 h. Membranes were incubated with 8% powdered milk in saline Tris buffer containing
0.1% tween 20 (T-TBS) for 90 min in order to block nonspecific binding. Membranes were
incubated overnight (at 4 ◦C) with the primary antibody. Primary antibodies to TLR-4
(1:500, Cat# sc-293072, Santa Cruz Biotechnology®, Dallas, TX, USA), ZO-1 (1:500, Cat# 61-
7300, Invitrogen®, Waltham, MA, USA), claudin-5 (1:1000, Cat# ABT45, Merk®, Kenilworth,
NJ, USA), BDNF (1:1000, Cat# BS-4989R, Thermo Fisher Scientific, Waltham, MA, USA),
and synaptophysin (1:500, Cat# MA5-14532, Thermo Fisher Scientific, Waltham, MA, USA)
were used. Then, the membranes were incubated with secondary anti-mouse (Cat# A9044,
Sigma-Aldrich, St. Louis, MI, USA) or anti-rabbit (Cat# AP132P, Merk, Kenilworth, NJ,
USA) antibodies for 2 h at room temperature. All incubations were performed under
constant agitation, and between each incubation membranes were washed with T-TBS. A
chemiluminescence reaction was performed to detect the labeled proteins and the images
were obtained using the ChemiDoc MP photodocumenter (Bio-rad Laboratories, Hercules,
CA, USA). The results of each membrane were relative to the values found by incubating
them with the primary antibody anti-β-actin (1:500, Cat# sc-47778 horseradish peroxidase,
Santa Cruz Biotechnology®, Dallas, TX, USA) or with nonspecific bands [51]. To avoid
inter-assay variations, samples from all experimental groups were processed in parallel.
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2.9. Statistical Analysis

Data are expressed as the mean and standard error of the mean (SEM). Two-way
analysis of variance (ANOVA) was performed. The main factors were diet (CT or CAF)
and supplementation (vehicle or zinc). The Bonferroni test was used for post hoc analysis.
The value of p < 0.05 was considered as indicative of statistical significance. All analyses
were performed using the GraphPad Prism® 9.0 program (San Diego, CA, USA).

3. Results

3.1. Colon Morphology

The analysis of the crypt depth of the colon is shown in Figure 1. Crypt depth was
lower in CAF-fed animals when compared with CT-fed animals (diet effect: F1,146 = 20.11,
p < 0.0001). Zn supplementation did not exert any effect on crypt depth measurements.

Figure 1. Crypt depth measurement in the proximal portion of the colon of control (CT) and cafeteria
diet (CAF)-fed rats. (A) Crypt depth was reduced following CAF. (B) Representative images of each
group of the colon stained with hematoxylin and eosin. The dashed lines indicate crypt length. Scale
bar: 200 μm. The text box indicates significant differences shown by two-way ANOVA regarding
the effects of the diet (CT and CT + Zn vs. CAF and CAF + Zn) and Zn treatment (CT and CAF vs.
CT + Zn and CAF + Zn). n = 3–5 animals/group, 10 measurements per animal.
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3.2. Composition of the Gut Microbiota

We performed the next-generation sequencing of the V4 16S rRNA region for the
taxonomic identification of intestinal bacterial composition. The heatmap (Figure 2A)
shows the number of reads of the main phyla and genera. Significant differences regarding
diet and Zn supplementation (two-way ANOVA main effects) and the multiple comparisons
(post hoc Bonferroni test) are described below.

Akkermansia 

Bifidobacterium

Lactobacillus

Blautia 

Clostridium

Figure 2. Composition of the gut microbiota of control (CT) and cafeteria diet (CAF)-fed animals.
(A) Heatmap shows the phylum and genera levels of the main bacterial community found in the
fecal samples of the intestinal colon. The range of colors, from green to lilac, indicates the abundance
of each phylum or genera per group. (B) Chao1 diversity index. The text box indicates significant
differences shown by two-way ANOVA regarding the effects of the diet (CT and CT + Zn vs. CAF
and CAF + Zn). n = 4–8 animals/group.

111



Nutrients 2022, 14, 3921

We found a decrease in the Firmicutes phylum in CAF-fed rats (diet effect, F1,9 = 13.55,
p = 0.0016). Additionally, the post hoc test showed a significant decrease in Firmicutes
bacteria in CAF + Zn compared to the CAF group (p = 0.0307). On the other hand, Bac-
teroidetes phylum was significantly increased following CAF (diet effect, F1,16 = 40.83,
p < 0.0001), but it also showed a Zn supplementation effect (F1,16 = 5.596, p = 0.0310) and
an interaction between diet and Zn (F1,16 = 7.121, p = 0.0168). The Bonferroni post hoc
test also showed an increase in CAF + Zn compared to the CAF group (p = 0.0079). These
findings show that Zn supplementation was able to decrease the abundance of Firmicutes
bacteria while increasing Bacteroidetes phylum in CAF + Zn group. There was no differ-
ence in the abundance of Actinobacteria phylum among the groups. The Proteobacteria
phylum showed an interaction between diet and Zn (F1,17 = 5.991, p = 0.0255), a diet
effect (F1,17 = 65.03, p < 0.0001), and a Zn effect (F1,17 = 5.838, p = 0.0272). Additionally,
CAF + Zn showed a significantly higher abundance of Proteobacteria when compared to
the CAF group (p = 0.0101). These findings show, once again, that Zn supplementation was
able to increase the abundance of Proteobacteria phylum only in CAF-fed rats.

Regarding the genus taxonomic level, we analyzed the Akkermansia, Bifidobacterium,
Blautia, Clostridium and Lactobacillus. There was an increase in the abundance of Akkermansia
(diet effect, F1, 18 = 6.520, p = 0.0200) and Blautia (diet effect, F1,18 = 36.07, p < 0.0001)
in CAF-fed rats, with no effect of Zn supplementation for either genus. Concerning
Lactobacillus, we found an interaction between diet and Zn (F1,17 = 6.583, p = 0.0201), diet
effect (F1,17 = 37.34, p < 0.0001) and Zn effect (F1,17 = 13.80, p = 0.0017). A significant
decrease was also observed in Lactobacillus abundance in CT + Zn compared to the CT
group (p = 0.0008). These findings show that Zn supplementation was able to reduce the
abundance of Lactobacillus only in lean rats. There was no difference in the abundance of
Bifidobacterium and Clostridium genera among the groups.

The diversity of the gut microbiota based on the Chao1 index (Figure 2B) was also
analyzed, which showed a reduction in the CAF-fed groups (diet effect, F1,20 = 19.66,
p = 0.0003) with no effect of Zn supplementation.

3.3. SCFA, MCFA, LCFA and VLCFA Profile in the Intestine

The determination of SCFA in the intestine is shown in Figure 3. The acetate concen-
tration (Figure 3A) showed an interaction between diet and Zn (F1,19 = 4.819, p = 0.0408)
and a Zn supplementation effect (F1,19 = 4.753, p = 0.0420). In the post hoc comparisons,
an increase in acetate levels was observed in the CAF + Zn group compared to CAF group
(p = 0.0188). These findings demonstrate that Zn supplementation in obese rats could return
the acetate concentration to the level of the lean animals. However, there was a diet effect
(F1,19 = 5.238, p = 0.0337) in butyrate levels (Figure 3B) which was decreased in CAF-fed
rats with no effect of Zn supplementation. We noticed no difference in the concentration
of propionate (Figure 3C) and isobutyrate (Figure 3D) among the groups. The valerate
concentration (Figure 3E) increased in Zn-supplemented rats (Zn effect, F1,21 = 4.754,
p = 0.0407), with no effect of diet. Furthermore, we found a decreased concentration of
isovalerate (Figure 3F) (diet effect, F1,23 = 6.526, p = 0.0177) in CAF-fed rats, with no effect
of Zn supplementation.

The determination of medium-chain fatty acid (MCFA), long-chain fatty acid (LCFA)
and very long-chain fatty acid (VLCFA) concentration in the intestinal tissue (μg/mg)
is shown in Table 1. Regarding the MCFAs, we analyzed the concentration of caprylic,
decanoic, octanoic, lauric, and undecanoic acids. There was an increase in decanoic (diet
effect, F1,23 = 8.969, p = 0.0065), octanoic (diet effect, F1,23 = 5.175, p = 0.0326) and lauric
(diet effect, F1,23 = 11.49, p = 0.0025) fatty acids in CAF-fed rats, with no effect of Zn
supplementation. The undecanoic fatty acid showed an interaction effect between diet
and Zn (F1,23 = 5.716, p = 0.0254); in this case, post hoc analysis showed that the CT + Zn
group was higher than the CT group (p = 0.0285). Additionally, we observed a decreased
concentration of caprylic acid (diet effect, F1,22 = 4.387, p = 0.0479) in CAF-fed rats, with no
effect of Zn supplementation. Moreover, we determined the concentration of the LCFAs
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such as elaidic, heptadecanoic, linoleic, myristic, myristoleic, palmitic, pentadecanoic,
stearic, and tridecanoic. Similarly to the findings of the MCFAs, we noticed an increase
in the concentration of elaidic (diet effect, F1,23 = 34.12, p < 0.0001), linoleic (diet effect,
F1,23 = 14.46, p = 0.0009), myristic (diet effect, F1,23 = 32.76, p < 0.0001), palmitic (diet effect,
F1,19 = 10.15, p = 0.0049), and stearic (diet effect, F1,21 = 6.600, p = 0.0179) acids in response
to CAF, with no effect of Zn. Additionally, the myristoleic acid showed an interaction effect
between diet and Zn (F1,20 = 6.217, p = 0.0215). There was no difference in the concentration
of heptadecanoic, pentadecanoic, and tridecanoic acids among the groups. As for VLCFA,
we analyzed the concentration of behenic, heneicosanoic, lignoceric, and tricosanoic acids.
Again, an increase in behenic (diet effect, F1,23 = 26.61, p < 0.0001) and heneicosanoic (diet
effect, F1,23 = 13.62, p = 0.0012) acids was observed in CAF-fed animals, with no effect
of Zn supplementation. No differences were seen in the concentration of lignoceric and
tricosanoic acids among the groups.

Figure 3. Short-chain fatty acid (SCFA) concentration in the proximal portion of the colon of control
(CT) and cafeteria diet (CAF)-fed rats. (A) Acetate, (B) butyrate, (C) propionate, (D) isobutyrate,
(E) valerate, and (F) isovalerate levels. The text box indicates significant differences shown by two-way
ANOVA regarding the effects of diet (CT and CT + Zn vs. CAF and CAF + Zn), Zn supplementation
(CT and CAF vs. CT + Zn and CAF + Zn), and the interaction between diet and Zn supplementation.
Multiple comparisons were performed by Bonferroni post hoc test and significant differences are
shown by the asterisk (* p < 0.05). n = 4–7 animals/group.
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Table 1. Medium-chain fatty acid (MCFA), long-chain fatty acid (LCFA) and very long-chain fatty
acid (VLCFA) concentrations in the proximal portion of the colon (μg/mg).

Fatty Acid Classification CT CT + Zn CAF CAF + Zn

Two-Way ANOVA Results

Interaction
Diet

Effect
Zn

Effect

Bonferroni’s
Post Hoc

Test

MCFA (6–12 carbons)
Caprylic Saturated 9.36 ± 4.14 5.78 ± 1.00 3.36 ± 0.93 3.67 ± 0.90 0.0479
Decanoic Saturated 0.32 ± 0.03 0.23 ± 0.04 0.65 ± 0.17 0.51 ± 0.10 ns 0.0065 ns ns
Octanoic Saturated 0.11 ± 0.03 0.09 ± 0.03 0.29 ± 0.08 0.19 ± 0.09 ns 0.0326 ns ns

Lauric Saturated 1.86 ± 0.31 1.44 ± 0.36 8.207 ± 2.05 5.72 ± 2.54 ns 0.0025 ns ns
Undecanoic Saturated 19.35 ± 3.12 11.07 ± 2.25 16.99 ± 1.42 19.49 ± 1.62 0.0254 ns ns CT vs. CT +

Zn (0.0285)
LCFA (13–21 carbons)

Elaidic Unsaturated
trans fatty acid 61.41 ± 13.43 48.10 ± 15.02 244.9 ± 40.66 223.6 ± 44.51 ns 0.0001 ns ns

Heptadecanoic Saturated 3.71 ± 0.91 3.73 ± 0.99 3.82 ± 0.93 3.38 ± 1.24 ns ns ns ns
Linoleic Unsaturated 110.7 ± 18.36 76.81 ± 23.58 458.9 ± 114.2 322.6 ± 109.3 ns 0.0009 ns ns
Myristic Saturated 2.37 ± 0.85 2.50 ± 0.89 8.48 ± 0.89 5.77 ± 0.47 ns 0.0001 ns ns
Palmitic Saturated 28.83 ± 7.76 39.78 ± 9.52 47.52 ± 9.32 86.56 ± 27.04 ns 0.0049 ns ns

Pentadecanoic Saturated 14.21 ± 2.05 13.43 ± 1.07 18.61 ± 5.09 12.84 ± 1.22 ns ns ns ns
Stearic Saturated 59.69 ± 11.16 60.76 ± 10.34 34.22 ± 5.74 39.11 ± 4.99 ns 0.0179 ns ns

Myristoleic Unsaturated 29.96 ± 7.17 33.63 ± 7.39 52.10 ± 7.96 40.38 ± 10.15 0.0215 ns ns ns
Tridecanoic Saturated 6.96 ± 1.52 4.98 ± 0.48 5.90 ± 1.03 5.65 ± 0.97 ns ns ns ns

VLCFA (≥22 carbons)
Behenic Saturated 31.91 ± 7.10 32,14 ± 7.29 122.0 ± 33.77 182.6 ± 32.56 ns 0.0001 ns ns

Tricosanoic Saturated 25.90 ± 6.64 23.64 ± 3.88 43.57 ± 13.66 38.23 ± 13.53 ns ns ns ns
Heneicosanoic Saturated 11.31 ± 2.75 6.23 ± 2.05 27.86 ± 5.99 19.42 ± 4.10 ns 0.0012 ns ns

Lignoceric Saturated 12.68 ± 5.60 33.14 ± 7.72 19.64 ± 7.05 16.92 ± 5.35 ns ns ns ns

Values are expressed as mean ± SEM. p values are described when significant differences were found.
ns (non-significant); CT (control diet); CAF (cafeteria diet); Zn (zinc). n = 5/7 animals/group.

3.4. Blood–Brain Barrier (BBB) and Intestinal Barrier Integrity Components

The protein expressions of ZO-1 and claudin-5 in the cerebral cortex, hippocampus,
and proximal portion of the intestinal colon are shown in Figure 4. There was no difference
in the ZO-1 expression in the cerebral cortex (Figure 4A), hippocampus (Figure 4C), or
intestinal colon (Figure 4E) among the groups. However, there was a decrease in claudin-
5 protein expression in the cerebral cortex (Figure 4B) of CAF-fed animals (diet effect,
F1,17 = 11.16, p = 0.0039), with no effect of Zn supplementation. Intriguingly, we also
observed a diet effect (F1,17 = 6.889, p = 0.0178) in claudin-5 expression in the intestinal
colon (Figure 4F) which was increased in CAF-fed rats, with no effect of Zn supplementation.
Claudin-5 did not change among groups in the hippocampus (Figure 4D).

3.5. Synaptic and Neuroplasticity Markers

The protein expressions of synaptophysin and brain-derived neurotrophic factor
(BDNF) in the cerebral cortex and hippocampus are shown in Figure 5. We found no
difference in the protein expression of synaptophysin (Figure 5A) in the cerebral cortex
among the groups. However, there was a lower expression of synaptophysin in the
hippocampus (Figure 5B) of CAF-fed animals (diet effect, F1,18 = 16.69, p = 0.0007), with no
effect of Zn supplementation. Moreover, BDNF expression in the hippocampus (Figure 5C)
did not change among the groups.
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Figure 4. Protein expression of zonula occludens 1 (ZO-1) and claudin-5 in cerebral cortex (A,B),
hippocampus (C,D), and proximal portion of the intestinal colon (E,F) in control (CT) and cafeteria
diet (CAF)-fed rats. Representative bands of each group are shown on the top of the graphs. β-actin
or nonspecific bands were used as a loading control. The text box indicates significant differences
shown by two-way ANOVA regarding effects of the diet (CT and CT + Zn vs. CAF and CAF + Zn).
n = 4–7 animals/group.
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Figure 5. Protein expression of synaptophysin and brain-derived neurotrophic factor (BDNF) in the
cerebral cortex (A) and hippocampus (B,C) of control (CT) and cafeteria diet (CAF)-fed rats. Repre-
sentative bands of each group are shown on the top of the graphs. β-actin or nonspecific bands were
used as a loading control. The text box indicates significant differences shown by two-way ANOVA
regarding the effects of diet (CT and CT + Zn vs. CAF and CAF + Zn). n = 4–7 animals/group.

4. Discussion

We have previously shown that Zn supplementation could decrease metabolic dys-
function and neuroinflammation and improve memory in obese rats fed with a CAF [10].
Here, we showed that Zn changed the microbiota composition but did not enhance its
diversity in obese animals. Additionally, Zn was able to increase acetate levels in obese
rats. On the other hand, Zn did not affect the intestinal or cerebral barriers’ integrity or the
expression of neuroplasticity markers, such as synaptophysin and BDNF. Thus, we show
that when obesity is severe, as in the CAF experimental model, the effects of Zn supple-
mentation may not be as beneficial as in other populations, such as normal body weight or
even overweight people. These findings might help to delimit the recommendation of Zn
supplementation to these groups.

There are some controversial findings regarding intestinal morphology in diet-induced
obesity (DIO) models. Some studies reported an increase in the crypt depth or villi height
in obesity [52–54]. Zhou and collaborators found this result in the duodenum and jejunum
but found no differences in the colons of mice [55]. It was also demonstrated that titanium
dioxide, a coloring food additive, alters the functional absorption of nutrients by decreasing
the number of microvilli and, consequently, reducing absorptive area. In addition, the
same study showed that titanium dioxide significantly decreased zinc transport [56]. Our
findings showed that chronic ingestion of the CAF exerts a decrease in the crypt depth of
the colon in adult rats, with no effect of Zn supplementation. These findings may be related
to the food additives present in the CAF.
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In the present study, we also found that the CAF modulated the intestinal microbiota
composition and induced changes on its profile. Although there is a lack of definition of a
“healthy microbiota” due to the high variability of microorganisms among the microbiota
composition, there are some patterns at taxonomic levels of phyla in all vertebrates [57,58].
In fact, several diseases are associated with a certain microbiota profile [32–34].

We demonstrated that CAF induced a decrease in Firmicutes and an increase in
Bacteroidetes phyla abundance. In obese rats, Zn decreased Firmicutes while increasing
Bacteroidetes. There is some divergence among studies regarding the abundance of these
phyla. Although some reports demonstrated an increase in Firmicutes and a decrease in
Bacteroidetes in obesity [42,59,60], others showed the opposite, or no difference in either
phylum [44,61]. However, the divergence in the literature may be related to different diet
protocols. It has already been shown that diet composition, including macronutrient and
micronutrient distribution, or even the presence of food additives, can modulate the gut
microbiota profile [42,62,63]. Furthermore, non-nutritive sweeteners, including acesulfame
potassium, saccharin, and sucralose, exert a strong bacteriostatic effect. The consumption
of these sweeteners can selectively inhibit the survival taxa of some bacterial populations,
consequently changing gut microbiota homeostasis [64]. Since CAF consists of several ultra-
processed foods and some of them have in their composition these sweeteners, it could
have influenced our findings. In addition, the increase in the abundance of Bacteroidetes by
Zn supplementation in CAF-fed rats seems interesting since it consists of several bacteria
involved with SCFA production [30]. Additionally, the higher proportion of Firmicutes
phyla in obese rodents fed with a Western diet may be associated with an increase in the
abundance of Clostridium ramosum, which has been linked to metabolic syndrome [65].
Therefore, based on these findings, a protective effect of Zn supplementation could be
suggested in CAF-fed rats.

Furthermore, we found an increase in the abundance of Proteobacteria phylum fol-
lowed by CAF. Interestingly, obese animals that received Zn had an even higher abundance
of this phylum. It is suggested that the increase in Proteobacteria is associated with an
imbalance of the gut microbiota. Hence, it is a potential marker for dysbiosis [66]. It has
already been reported that the increased colonization of Proteobacteria is associated with a
high-fat diet (HFD) in both human and rodent models [60,67,68].

Among the analyzed genera, we found a decrease in the abundance of Lactobacillus
following CAF and Zn supplementation, but Zn diminished Lactobacillus only in lean
animals. Lactobacillus are beneficial bacteria with health-promoting properties which have
been reported as contributors to host metabolism [68,69]. Akkermansia is a member of the
Verrucomicrobia phylum that corroborates the maintenance of metabolic homeostasis. It
increases goblet cell density, stimulates mucin production, and improves intestinal barrier
integrity [70,71]. Indeed, studies have described the health-promoting effects of Akkermansia
on energy metabolism and metabolic functions such as insulin sensitivity, dyslipidemia,
and even cognition [72–74]. Interestingly, at the same time that Akkermansia improves mucin
production, it appears to be also involved in mucin degradation [66,75]. Akkermansia is
highly responsive to diet change. Previous DIO studies reported a higher prevalence of this
genus [73,76] or even a decrease in its abundance [73,77]. Here, we observed an increase
in Akkermansia abundance following CAF. Thus, the mechanisms related to alterations
in the Akkermansia population warrant further investigation. As for Blautia genera, we
found an increase in its abundance following CAF. This finding is in accordance with
previous studies on obesogenic diets both in humans and rodents [78,79]. Again, while
some studies reported deleterious effects linked with a higher abundance of Blautia [80,81],
others reported beneficial effects [82].

Concerning the diversity taxa, it is consistently described that higher diversity char-
acterizes healthy gut microbiota [58,83]. Indeed, lower microbiota richness is associated
with an obesogenic diet in both humans and animals [42,79]. We found a reduction in
alpha diversity in CAF-fed rats, in accordance with other studies [42,44,84]. However, we
did not find an effect of Zn supplementation in this analysis. Previous studies showed
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the divergent effects of Zn on microbiota diversity. While some demonstrated that Zn
supplementation tends to decrease overall bacterial richness [85], others showed that low
dietary Zn supplementation had no effect [86]. In summary, our results suggest that Zn
supplementation impacts bacterial communities by supporting or restricting the growth of
selected taxa, corroborating with previous studies [75,85]. However, CAF is composed of
several industrialized foods, and our study does not provide evidence of the impact of a
particular diet component on the microbiota, which is a limitation. Future studies should
address this point.

SCFA are microbiota metabolites that modulate several host functions. Butyrate
interferes in host metabolism and immunity by regulating satiety [87,88], exerting an
anti-inflammatory role [32,89], maintaining epithelial integrity in the intestine [39], and
also providing an energy source for colonocytes [89]. Our findings showed a decrease
in butyrate levels in CAF-fed animals, with no effect of Zn supplementation. The lower
concentration of butyrate is in accordance with the decreased abundance of the Firmicutes
phylum since butyrate-producing species belong to this phylum [62,90].

Acetate represents the most abundant SCFA in the body, being found in higher con-
centrations in blood and peripheral tissues [88,91]. It is a metabolite synthesized by the
phylum Bacteroidetes, and is essential for the growth of several bacteria [62]. Acetate is
the main SCFA synthesized by intestinal bacteria and exerts an important effect on the
body’s energy regulation [58,92]. Our findings demonstrated a significantly lower acetate
concentration in the CAF group compared to the CAF + Zn group. Hence, Zn supplemen-
tation was capable of reestablishing the acetate concentration in CAF + Zn animals. Once
again, a higher concentration of acetate is in accordance with the enhanced abundance of
Bacteroidetes phylum observed in CAF + Zn rats. A previous pre-clinical study reported
an increase in the presence of Gram-negative facultative anaerobic bacteria and the colonic
concentration of SCFAs followed by Zn supplementation [93,94]. We also showed lower
concentrations of isovalerate following CAF and an increase in valerate concentration in
rats supplemented with Zn. A beneficial effect of valerate in intestinal epithelial integrity
and an improvement in gastrointestinal function are reported [95]. Thus, Zn may exert a
beneficial role by increasing valerate and acetate levels.

Regarding the concentration of SFAs in the colon, we observed an increase in several
MCFAs, LCFAs, and VLCFAs following the CAF. The undecanoic and myristoleic fatty acids
showed an interaction effect between diet and Zn supplementation. It has already been
established that Zn is involved in several biochemical and enzymatic processes. Addition-
ally, it is a part of desaturases and elongases and appears to influence the fatty acid profile.
Changes in the amount of saturated fatty acids have already been reported following Zn
supplementation [96]. Overall, we expected a higher concentration of these fatty acids due
to CAF composition, characterized by a high saturated fatty acid content. Our findings are
in accordance with previous studies concerning the quality and amount of dietary fat that
modulates the gut microbiota composition and impacts metabolic health [97,98]. Moreover,
it has already been reported that a high intake of dietary saturated fatty acids contributes to
the establishment of low-grade systemic inflammation and enhances the risk of developing
obesity and cancer-related diseases, and even impacts the onset of Alzheimer’s and other
dementias [78,99].

In addition, SFAs act as non-microbial agonists of TLR-4, sharing a common mecha-
nism of action with lipopolysaccharide (LPS), a constituent of intestinal bacteria related to
endotoxemia [100]. Moreover, it was demonstrated that saturated fatty acids stimulate the
nuclear transcription factor kappa B (NF-κB) pathway in a TLR-4-dependent manner, lead-
ing to an increase in pro-inflammatory cytokine synthesis such as IL-6 and TNF-α [96,101].
Among the analyzed fatty acids in the present study, palmitate and stearate are the main
representatives of saturated fatty acids in the human organism, and were both increased in
CAF-fed rats [96].

The excessive consumption of SFAs has several consequences on the intestinal gut
microbiota, including the dysbiosis and dysfunction of the gut barrier, enhancing the
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proinflammatory state [13,31]. Here, we analyzed the protein expression of ZO-1 and
claudin-5 in the cerebral cortex, hippocampus, and intestine. There was no change in
ZO-1 expression in these three regions. Mice that received an HFD for 14 weeks showed a
decrease in the protein expression of claudin-5 and occludin in the frontal cortex, while
ZO-1 was not affected by diet [102]. Regarding the claudin-5 protein expression in the
hippocampus, we did not find differences between the groups. However, our findings
showed a decrease in claudin-5 protein expression in the cerebral cortex of CAF-fed animals,
with no effect of Zn supplementation. Intriguingly, we also observed an effect of diet in
the claudin-5 expression in the intestine, which was increased in CAF-fed rats, with no
effect of Zn supplementation. It has already been reported that the composition and
distribution of epithelial claudins vary spatially along the length of the intestine. In
intestinal inflammatory disorders, there is an overexpression of claudin-1, -2, and -18,
simultaneously, with the downregulation of claudin-3, -4, -5, -7, -8, and -12. Such changes
can modify epithelial barrier function and mucosal homeostasis [24,25]. Thus, we speculate
that the damage caused by CAF may alter the expression of other proteins, such as occludins
or other claudins, which were not investigated here. Claudin-5 may increase to compensate
for other alterations in the tight junction complex. Although we found no effect of Zn
supplementation on the expression of the tight junction proteins, it has already been
described that Zn may have a protective effect on the intestinal barrier. The mechanisms
are not fully elucidated, but zinc-mediated protection seems to be due to the stimulation
of GPR39, a zinc-sensing receptor involved in barrier regulation [103]. Furthermore, Zn
significantly enhanced the barrier function in an in vitro model [104].

The central nervous system is another important target of the harmful effects of obesity.
It has already been described that there is a reciprocal interaction between gut microbiota
and the central nervous system. This bidirectional communication, known as the gut–
brain axis, is regulated via immune and neuroendocrine signals [105–107]. Several studies
have reported the association between gut microbiota dysbiosis and neurologic disorders,
such as cognitive impairments, Alzheimer’s disease [99], Parkinson’s disease [108], autism
spectrum [109], and mood disorders [110]. Thus, we evaluated the effect of CAF on synap-
tophysin and BDNF as markers of neuroplasticity to further investigate the relationship
between gut and brain in obesity.

Although the mechanisms are not fully elucidated, it appears that Zn implicates in the
modulation of neurotrophic signaling [111–113]. In this study, we did not find differences
in BDNF expression in the hippocampus. However, studies in rodents reported that Zn
supplementation could increase the expression of BDNF in the hippocampus and prevent
cognitive impairment. Additionally, it seems that the effectiveness of Zn supplementation
in increasing BDNF in obese mice was dose-dependent [114,115]. We have previously
shown that Zn diminished neuroinflammation and improved memory in obese rats. Thus,
this mechanism of neuroprotection may be related to the reduction of inflammation without
affecting BDNF expression. On the other hand, Zn supplementation in obese individuals
increased the serum concentration of BDNF [116]. However, studies in humans have
a limitation due to the circulating BDNF not necessarily reflecting its availability and
concentration in encephalic structures [117,118].

We also evaluated synaptophysin as a marker of neuroplasticity. Although changes
in synaptophysin expression in the cerebral cortex were not seen, the CAF reduced its
expression in the hippocampus. A decreased synaptophysin expression in the hippocampus
of rodents with an obesity-induced cognitive deficit has already been reported [119]. Cai
and collaborators demonstrated that hyperglycemia and hyperlipidemia induced by obesity
might enhance the hippocampal endoplasmic reticulum stress and impair the expression
of BDNF and synaptophysin, consequently leading to memory and learning dysfunction
in rats [120]. However, it was previously shown that a low dose of Zn was efficient in
increasing synaptophysin following a high-fat diet in mice [115].
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5. Conclusions

In summary, we showed that the chronic consumption of the CAF causes dysbiosis,
morphological change, and a decrease in SCFA levels in the colon, along with increased sat-
urated fatty acids. The BBB may also be compromised in CAF-fed animals since claudin-5
expression is reduced in the cerebral cortex. Additionally, synaptophysin was decreased
in the hippocampus, which might affect synaptic function. Zinc supplementation did not
protect from dysbiosis. However, it increased acetate levels, which suggests a partial bene-
ficial effect of Zn. In the brain, Zn did not show a neuroprotective role in the present study.
Nevertheless, in accordance with previous studies, we have demonstrated a beneficial role
of Zn in neuroinflammation and cognitive function in obesity. Thus, the consumption of
ultra-processed foods, as provided by the CAF, causes severe obesity. In this condition, Zn
might not be sufficient to protect or revert obesity-related dysfunctions such as dysbiosis.
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Abstract: Low diet quality during pregnancy and postpartum is associated with numerous adverse
maternal and infant health outcomes. This study examined relations of ultra-processed food intake
with diet quality during pregnancy and postpartum. Using data from 24-h recalls, ultra-processed
food intake was operationalized as percent energy intake from NOVA-classified ultra-processed
foods; diet quality was measured using Healthy Eating Index 2015 (HEI) total and component
scores. Pearson correlations examined associations of ultra-processed food intake with HEI total and
component scores, and food group intake was compared across four levels of ultra-processed food
intake. On average, ultra-processed food comprised 52.6 ± 15.1% (mean ± SD) of energy intake in
pregnancy and 50.6 ± 16.6% in postpartum. Ultra-processed food intake was inversely correlated with
HEI total and 8 of 13 component scores. Compared to participants with the highest ultra-processed
food intake (≥60% energy), those with the lowest ultra-processed food intake (<40% energy) had
a 17.6-point higher HEI total score and consumed 2–3 times more fruit, vegetables, and seafood
and plant proteins, and 11/2 times more total protein. Additionally, they consumed 2/3 as much
refined grains and 1/2 as much added sugar. Greater ultra-processed food intake was associated
with lower diet quality across most HEI components. Reducing ultra-processed food intake may
broadly improve adherence to dietary guidelines in pregnant and postpartum populations.

Keywords: ultra-processed food; diet quality; pregnancy; postpartum

1. Introduction

The importance of nutrition during pregnancy for supporting optimal maternal and
child health is well-established and recognized by healthcare professionals [1–3]. However,
dietary intake during pregnancy is typified by inadequate consumption of vegetables,
fruit, and whole grains, as well as excessive intake of empty calories, fat, and sodium [4–6].
Limited evidence suggests diet quality is similarly low in the postpartum period [7,8]. Given
associations of low maternal diet quality with a wide range of adverse outcomes for both
mother and infant [9–13], there is a critical need to identify modifiable intervention targets.

Ultra-processed foods, that is, food products that are created from substances extracted
from foods or derived from food constituents [14], contribute on average greater than half
of energy intake in the general U.S. population [15]. Consistent evidence across countries
indicates that ultra-processed food intake is associated with select nutrients, including
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lower intake of fiber [16–23]; higher total and saturated fat [16–20,23]; and higher free,
added, or total sugar [16,17,20–25] in general population samples. Additionally, four
studies have demonstrated an inverse relation of ultra-processed foods with overall diet
quality [18,26–28]. Consumption of ultra-processed foods may adversely affect overall diet
quality via excess intake of highly processed discretionary foods and also by displacing
intake of unprocessed, whole plant foods; one study found that greater consumption
of ultra-processed food was related to greater intake of sugar-sweetened beverages and
processed meat, as well as lower intake of fruits/vegetables, nuts/seeds/legumes, and
fish in a general population sample [26]. Understanding the impact of ultra-processed
food consumption on intake across healthful and discretionary food groups is important
for determining effective approaches to improve diet quality given the pervasiveness of
ultra-processed foods in the food environment.

The importance of pregnancy and postpartum diet quality for fostering maternal
and child health and the ubiquitous presence of ultra-processed foods in the environment
are well-established; yet, the association of ultra-processed food intake with pregnancy
and postpartum diet quality is largely unexamined. One study investigated relations of
ultra-processed food intake with nutrient intake in pregnant women in Brazil, finding
inverse associations with intake adequacy of several individual nutrients and with con-
sumption of traditional foods including rice, beans, fruits, and vegetables [29]. However,
this study did not examine associations with overall diet quality and may have limited
generalizability to countries with high ultra-processed food intake given the low average
intake of ultra-processed foods (22% of energy intake) in the sample. Additionally, no
studies have investigated ultra-processed food intake, or the relations of ultra-processed
food intake with diet quality, during postpartum. To address these knowledge gaps, this
study examined associations of ultra-processed food intake with overall diet quality and
diet quality components during pregnancy and postpartum in a U.S. sample.

2. Methods

2.1. Design, Participants, and Procedures

The Pregnancy Eating Attributes Study (PEAS) was a prospective observational study
examining eating-related behaviors from the first trimester of pregnancy through one-year
postpartum. Participants were enrolled at ≤12 weeks gestation from two university-based
obstetrics clinics in Chapel Hill, North Carolina from November 2014 through October
2016; data collection was completed in June 2018 [30]. Inclusion criteria included the
following: ≤12 weeks gestation at enrollment; body mass index ≥18.5 kg/m2; age ≥18
and <45 at screening; uncomplicated singleton pregnancy anticipated; access to internet
with email; able to complete self-report assessments in English; intention to deliver at the
University of North Carolina Women’s Hospital; plan to remain in the geographical vicinity
of the clinical site for one year following delivery; and willing to provide informed consent
for participation and assent for the baby’s participation. Exclusion criteria included the
following: multiple gestations; participant-reported eating disorder; pre-existing diabetes;
any medical condition contraindicating participation in the study, such as chronic illnesses
or use of medication that could affect diet or weight; and psychosocial condition contraindi-
cating participation in the study. The primary study aims were to examine the roles of
reward-related eating, self-control, and home food availability on dietary intake and weight
change during pregnancy and postpartum. Power analyses to determine the sample size
are described in the report on primary study aims [30].

Research staff screened clinical appointment data to identify potentially eligible pa-
tients, then verified eligibility at the time of the clinical appointment and obtained signed
informed consent from persons choosing to participate in the study. Study visits were
conducted once each trimester, and postpartum at 4–6 weeks, 6 months, and 12 months.
Self-report measures including dietary recalls were completed online within designated
study visit windows. The study was conducted in accordance with the Declaration of
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Helsinki, and the protocol was approved by the University of North Carolina Institutional
Review Board.

2.2. Measures

Dietary intake was assessed using a 24 h recall at each study visit window obtained
through the National Cancer Institute’s Automated Self-Administered 24-h Recall (ASA24).
The ASA24 uses an online interface in which participants delineate all foods consumed for
the specified time period. They are prompted to indicate information on food preparation,
brands, portion size, and additions. Study staff provided participants with written infor-
mation on how to access and use the program and also assisted them if they experienced
difficulty using the program. Research staff at the University of North Carolina Nutrition
and Obesity Research Core then reviewed the data to identify and corrected implausible
entries (e.g., food items with implausible energy, fat or weight) and missing food or nu-
trient values and quantities. The ASA24 assigns food codes from the U.S. Department
of Agriculture (USDA) Food and Nutrient Database for Dietary Surveys (FNDDS) to the
participant-reported food items and outputs estimates of macronutrient, micronutrient,
food categories, and USDA Food Patterns Equivalents Database food groups. The ASA24
has shown strong validity relative to the interviewer-administered automated multiple pass
method [31,32]. Dietary records with daily energy intakes of <600 kcal (36 of 1883 records,
1.9%) or >4500 kcal (21 of 1883 records, 1.1%) were reviewed by the investigators for plausi-
bility. All records with intakes <600 kcal were deemed to be likely incomplete and excluded
from analysis. Those with intakes of >4500 kcal were determined to reflect plausible intake
and were retained.

Ultra-processed food intake was estimated using the NOVA system (not an acronym).
NOVA is a classification system developed by researchers at the University of São Paulo that
categorizes foods and beverages into four groups based on the degree of processing [14].
Unprocessed or minimally processed foods are those which remain in their original natural
form or which have been altered only by removal of inedible or unwanted parts, crush-
ing, grinding, fractioning, refrigerating, freezing, drying, roasting, boiling, pasteurizing,
placing in containers, or vacuum packaging (e.g., fresh and frozen fruit, vegetables, and
meat; fresh or pasteurized milk). Processed culinary ingredients are substances that are
obtained directly from unprocessed/minimally processed foods by pressing, centrifuging,
refining, extracting, or mining (e.g., vegetable oils; butter and lard; sugar and molasses).
Processed foods are food products made by adding processed culinary ingredients to
unprocessed/minimally processed foods, using canning, bottling, or non-alcoholic fer-
mentation (e.g., salted canned vegetables; fruit preserves; salted nuts; sweetened dried
fruit). Ultra-processed foods are food products that are created from a series of industrial
processes including chemical modification (e.g., hydrolysis), whole food fractioning, ad-
ditions for palatability (e.g., colors, flavors, emulsifiers), assembly (e.g., pre-frying), and
packaging with synthetic materials (e.g., ‘instant’ foods; ready-to-heat pre-prepared pies,
pasta, and pizza; mass-produced packaged breads; reconstituted meats; sweet or savory
packaged snacks; confectionery desserts; sweetened drinks). Standardized Stata (College
Station, TX, USA) code available upon request from the University of São Paulo group was
used to assign NOVA categories to ASA24 food codes. Food codes indicating a homemade
recipe were classified using the underlying ingredient codes and correspondent nutrition
information from the FNDDS [33]. Percent of daily energy intake from ultra-processed
foods was calculated separately for pregnancy (n = 365) and postpartum (n = 266) by
dividing the average total daily energy from ultra-processed foods by the average total
daily energy intake across all dietary recalls for each time period.

The Healthy Eating Index 2015 (HEI) total and component scores [34] were used to
indicate overall and specific aspects of diet quality. The HEI indicates degree of conformance
to the 2015 US Dietary Guidelines for Americans [35] and is calculated from the ASA24
dietary intake data not including supplements. HEI scores include 9 adequacy components
(total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein,
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seafood and plant proteins, fatty acids) and 4 moderation components (refined grains,
sodium, added sugars, and saturated fats). All 13 component scores are summed to
calculate the HEI total score, which ranges from 0–100. Scores are calculated on a per-
1000 kcal or percent of kcal basis for comparability across persons having varying energy
requirements. HEI total and component scores were calculated across pregnancy and across
postpartum using all dietary recalls for each time period.

Demographic information including education, household income, household com-
position, race, ethnicity, and marital status were reported by participants at the initial
assessment. Family income and household size were used to calculate income-to-poverty
ratio [36]. Values were categorized as ≤1.85 (the threshold for eligibility for Special Supple-
mental Nutrition program for Women, Infants, and Children), 1.86–4.0, and ≥4.0. Partici-
pant age and parity were obtained from the electronic medical record; age was categorized
by tertiles. Measured height and weight obtained at the initial clinic visit were used to
calculate body mass index as kg/m2 and categorized as 18.0–24.9, 25.0–29.9, and ≥30.0.

2.3. Analysis

Differences in ultra-processed food intake by participant characteristics were exam-
ined using analysis of variance or Kruskal–Wallis test when the variance homogeneity
assumption was not met. Given expected correlations among sociodemographic character-
istics, regression analysis was used to examine associations of ultra-processed food intake
with the set of participant characteristics demonstrating significant bivariate associations.
Pearson correlations were used to examine associations of ultra-processed food intake
with HEI total and component scores. HEI scores and food group intake density values
were then compared between participants consuming <40.0, 40.0 to 49.9, 50.0 to 59.9, and
≥60% energy intake from ultra-processed foods; these categories were selected to create
consistent cut-points across pregnancy and postpartum based on the sample distribution
(roughly quartiles). Food group intakes are provided as density values (e.g., cup or ounce
equivalents per 1000 kcal) for ease of interpretation of the resulting mean values.

3. Results

Of 458 participants enrolled, 91 (20%) withdrew prior to delivery and 46 (10%) with-
drew during the one-year postpartum period; 383 provided dietary intake data during
pregnancy and/or postpartum. Mean ± SD baseline age was 30.8 ± 4.6, and 92% were
married or living with their partner. Approximately half of the sample were nulliparous,
three-quarters had a bachelor’s degree or above, 22% had income ≤185% of the poverty
level, and 31% identified as racial or ethnic minority (Table 1). Approximately half had
normal weight, while one-quarter each had overweight and obesity. In bivariate analy-
ses, ultra-processed food intake was higher among participants <29 years of age versus
older age groups, those with less than a bachelor’s degree versus participants with higher
education attainment, those with an income-to-poverty ratio ≤1.85 versus above, those
married versus those divorced/separated/widowed/single, and those with overweight
or obesity compared to those having normal weight. Ultra-processed food intake was
lower among Asian participants than White, Black, and Hispanic participants. In the
regression model entering age, education, poverty-to-income ratio, marital status, and
body mass index simultaneously, only age (standardized B = −0.13, p = 0.03) and education
(standardized B = −0.25, p < 0.001) were significantly associated with ultra-processed food
intake. (Race/ethnicity was not included in the model given the small cell size of the one
race/ethnicity that demonstrated significant differences from others.)

Mean ± SD ultra-processed food was 52.6 ± 15.1% of energy intake in pregnancy and
50.6 ± 16.6% in postpartum. In both pregnancy and postpartum, ultra-processed food
intake was inversely correlated with HEI total score and with 8 of the 13 component scores,
including 6 of the 9 adequacy components and 2 of the 4 moderation components (Table 2).
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Table 1. Sample characteristics and association with ultra-processed food intake.

Sample
Distribution

N (%)

Percent of Energy Intake
from Ultra-Processed Foods

in Pregnancy
Mean ± SD *

Age
<29.00 110 (28.7) 58.0 ± 14.9 a

29.00–32.99 132 (34.5) 50.8 ± 15.2 b

≥33.00 141 (36.8) 50.2 ± 14.3 b

Education
High school or less 29 (8.3) 59.3 ± 16.2 a

Associates/some college 65 (18.5) 59.5 ± 16.9 a

Bachelors 106 (30.2) 52.4 ± 12.9 b

Advanced degree 151 (43.0) 48.6 ± 13.9 b

Income poverty ratio
≤1.85 77 (22.2) 57.4 ± 17.6 a

1.86–4.00 84 (24.2) 52.7 ± 15.6 b

≥4.00 186 (53.6) 51.0 ± 13.2 b

Race/ethnicity
White, non-Hispanic 251 (68.8) 52.5 ± 13.8 a

Black, non-Hispanic 53 (14.5) 56.5 ± 17.7 a

Asian 17 (4.7) 39.9 ± 16.2 b

Hispanic 29 (7.9) 53.9 ± 16.3 a

Multi-race & other 15 (4.1) 50.7 ± 17.7 ab

Marital status
Married/living with partner 322 (91.7) 51.9 ± 14.8 a

Divorced/separated/widowed/single 29 (8.3) 61.2 ± 14.8 b

Parity
Nulliparous 188 (49.1) 52.3 ± 15.1
Parous 195 (50.9) 52.8 ± 15.2

Body mass index
18.0–24.9 191 (49.9) 50.5 ± 14.2 a

25.0–29.9 99 (25.8) 54.0 ± 14.5 b

≥30.0 93 (24.3) 55.6 ± 17.2 b

N = 383 participants with dietary intake data during pregnancy and/or postpartum. Demographic data missing
for 32 participants on education, 36 participants on income, 18 participants on race/ethnicity, and 32 participants
on marital status. * Group differences tested using analysis of variance (age, education, marital status, parity, and
body mass index) or Kruskal–Wallis test (income poverty ratio and race/ethnicity). Different superscript letters
indicate statistically significant differences between groups at p < 0.05.

Table 2. Pearson correlations of ultra-processed food intake with Healthy Eating Index 2015 (HEI)
total and component scores.

Percent of Energy Intake from Ultra-Processed Foods

Pregnancy Postpartum

HEI total −0.55 ** −0.52 **
Total vegetables −0.34 ** −0.40 **
Greens & beans −0.36 ** −0.28 **
Total fruit −0.41 ** −0.26 **
Whole fruit −0.35 ** −0.28 **
Whole grains −0.16 −0.16
Dairy −0.09 0.06
Total protein foods −0.24 ** −0.37 **
Seafood & plant protein −0.43 ** −0.40 **
Fatty acid ratio −0.09 −0.18
Sodium 0.02 −0.05
Refined grains −0.35 ** −0.38 **
Saturated fat −0.10 −0.16
Added sugar −0.50 ** −0.49 **

** p < 0.001; Sidak-adjusted p-values.
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HEI total scores and food group intake density by categories of ultra-processed food
intake are detailed in Table 3. Compared to those consuming ≥60% of energy intake from
ultra-processed food, participants consuming <40% energy from ultra-processed food had
a 17.6-point higher total HEI score and consumed nearly 2 times more total vegetables,
3 times more greens and beans, 2–3 times more total and whole fruit, about 11/2 times
more total protein, and about 3 times more seafood and plant protein. Conversely, those
consuming ≥60% of energy intake from ultra-processed food consumed about 11/2 times
more refined grains and more than twice as much added sugar as those consuming ≥60%
of energy intake from ultra-processed food.

Table 3. Healthy Eating Index 2015 (HEI) total score and food group intake density by category of
ultra-processed food intake.

Percent of Energy Intake from Ultra-Processed Foods
Mean (95% Confidence Interval)

<40.0 a 40.0–49.9 a 50.0–59.9 a ≥60 a

HEI total score
Pregnancy 66.3 (63.6, 69.0) 62.6 (60.6, 64.6) 57.2 (55.1, 59.4) 48.8 (46.7, 50.9)
Postpartum 66.0 (63.1, 68.9) 62.6 (59.5, 65.8) 57.2 (54.1, 60.2) 48.5 (46.0, 51.0)

Total vegetables b

Pregnancy 1.15 (1.00, 1.30) 1.00 (0.91, 1.09) 0.99 (0.90, 1.08) 0.67 (0.60, 0.73)
Postpartum 1.38 (1.20, 1.57) 1.13 (1.00, 1.26) 0.93 (0.82, 1.04) 0.73 (0.64, 0.82)

Greens & beans b

Pregnancy 0.33 (0.26, 0.40) 0.27 (0.23, 0.31) 0.24 (0.18, 0.29) 0.10 (0.08, 0.12)
Postpartum 0.39 (0.30, 0.48) 0.32 (0.23, 0.41) 0.24 (0.18, 0.30) 0.13 (0.09, 0.17)

Total fruit b

Pregnancy 1.23 (1.02, 1.45) 0.84 (0.73, 0.94) 0.67 (0.57, 0.76) 0.45 (0.38, 0.52)
Postpartum 0.71 (0.57, 0.86) 0.62 (0.48, 0.76) 0.53 (0.43, 0.64) 0.35 (0.26, 0.44)

Whole fruit b

Pregnancy 0.97 (0.77, 1.16) 0.71 (0.60, 0.81) 0.56 (0.46, 0.65) 0.31 (0.25, 0.37)
Postpartum 0.62 (0.48, 0.75) 0.50 (0.38, 0.62) 0.45 (0.35, 0.55) 0.24 (0.17, 0.31)

Whole grains c

Pregnancy 0.64 (0.47, 0.81) 0.56 (0.47, 0.66) 0.55 (0.45, 0.64) 0.39 (0.32, 0.47)
Postpartum 0.68 (0.52, 0.85) 0.77 (0.56, 0.99) 0.48 (0.37, 0.59) 0.45 (0.35, 0.55)

Dairy b

Pregnancy 1.06 (0.92, 1.20) 1.03 (0.95, 1.12) 0.99 (0.91, 1.08) 0.90 (0.82, 0.97)
Postpartum 0.82 (0.67, 0.97) 0.96 (0.81, 1.11) 0.97 (0.86, 1.08) 0.83 (0.71, 0.95)

Total protein foods c

Pregnancy 3.78 (3.38, 4.18) 3.26 (3.04, 3.47) 2.89 (2.63, 3.15) 2.43 (2.25, 2.61)
Postpartum 4.54 (4.17, 4.90) 3.68 (3.33, 4.02) 3.21 (2.90, 3.53) 2.88 (2.56, 3.21)

Seafood & plant
protein c

Pregnancy 1.56 (1.25, 1.85) 1.19 (1.04, 1.35) 0.96 (0.72, 1.20) 0.50 (0.37, 0.62)
Postpartum 1.92 (1.62, 2.22) 1.47 (1.19, 1.75) 1.13 (0.87, 1.39) 0.66 (0.46, 0.87)

Fatty acid ratio d

Pregnancy 1.86 (1.73, 1.99) 1.70 (1.62, 1.79) 1.69 (1.61, 1.78) 1.75 (1.67, 1.83)
Postpartum 2.09 (1.92, 2.27) 1.93 (1.74, 2.11) 1.76 (1.64, 1.87) 1.80 (1.69, 1.91)

Sodium e

Pregnancy 1.78 (1.68, 1.87) 1.77 (1.70, 1.84) 1.79 (1.72, 1.87) 1.76 (1.70, 1.81)
Postpartum 1.86 (1.74, 1.98) 1.83 (1.74, 1.91) 1.78 (1.71, 1.85) 1.88 (1.78, 1.98)

Refined grains c

Pregnancy 2.18 (1.94, 2.41) 2.47 (2.28, 2.66) 2.75 (2.57, 2.93) 3.18 (3.01, 3.36)
Postpartum 1.93 (1.62, 2.24) 2.27 (2.04, 2.50) 2.78 (2.52, 3.05) 2.97 (2.72, 3.22)

Saturated fat f

Pregnancy 11.5 (10.7, 12.4) 12.7 (12.2, 13.3) 12.9 (12.4, 13.4) 12.6 (12.0, 13.1)
Postpartum 12.2 (11.0, 13.4) 11.7 (10.8, 12.5) 12.7 (12.0, 13.4) 12.6 (11.9, 13.2)
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Table 3. Cont.

Percent of Energy Intake from Ultra-Processed Foods
Mean (95% Confidence Interval)

<40.0 a 40.0–49.9 a 50.0–59.9 a ≥60 a

Added sugar f

Pregnancy 6.5 (5.5, 7.6) 9.2 (8.5, 9.9) 10.7 (10.0, 11.5) 13.4 (12.3, 14.6)
Postpartum 5.9 (5.0, 6.8) 8.4 (7.6, 9.2) 10.3 (9.4, 11.2) 12.8 (11.3, 14.3)

a Sample distribution in pregnancy: <40.0 n = 65; 40.0–49.9 n = 95; 50.0–59.9 n = 101; ≥60 n = 104. Sample
distribution in postpartum: <40.0 n = 68; 40.0–49.9 n = 61; 50.0–59.9 n = 62; ≥60 n = 75. b cup equivalents/1000 kcal.
c oz equivalents/1000 kcal. d (PUFAs + MUFAs)/SFAs. e g/1000 kcal. f % of energy intake.

4. Discussion

Ultra-processed food comprised over half of energy intake during both pregnancy and
postpartum in this North Carolina sample, similar to the general U.S. population, in which
ultra-processed food contributes 57% of total energy intake [15]. Ultra-processed food
intake was greater in younger participants and those having less than a bachelor’s degree;
associations of ultra-processed food intake with income-poverty ratio, marital status, and
body mass index were not significant after adjusting for other participant characteristics.
Consistent with previous research in general population samples demonstrating an inverse
association of ultra-processed food intake with several indicators of overall diet qual-
ity [18,26–28], intake of ultra-processed food in pregnancy and postpartum was inversely
associated with the HEI total score and with 8 of 13 HEI component scores. Differences
in diet quality between those consuming <40% energy intake from ultra-processed food
and those consuming ≥60% energy intake from ultra-processed food were of considerable
magnitude, with more than a 17-point difference in the HEI total score and a 1.5- to 3-fold
difference in intake of eight component food groups.

Ultra-processed food intake was inversely associated with intake of both adequacy
and moderation HEI component scores. Greater intake of ultra-processed food was associ-
ated with lower intake of total vegetables, greens and beans, total fruit, whole fruit, total
protein, and seafood and plant protein. Several of these food groups provide nutrients
that are critically important during pregnancy, including protein (total protein, seafood
and plant protein); iron, vitamin B6, and zinc (protein food groups, greens and beans,
fruit), folate (greens and beans, fruit, seafood and plant protein), vitamin E (plant protein,
fruit, vegetables), and magnesium (greens and beans, plant protein) [2]. Greater intake of
ultra-processed food was also associated with greater intake of refined grains and added
sugar, which provide minimal nutritional value and contribute to excess energy intake.
Insufficient adequacy components and excess moderation components both represent risk
to the developing fetus. As described by the developmental origins of health and disease
hypothesis, inadequate intake of key nutrients, as well as excess energy intake during
fetal development, may result in reprogramming within fetal tissues that predisposes the
offspring to the development of future chronic disease [37]. The absence of an association of
ultra-processed food intake with saturated fat intake is contrary to previous research in gen-
eral population samples [16–21,23], and may be attributable to widespread reformulation
of processed food products to avoid hydrogenated fats.

The relations of greater intake of ultra-processed food with lower intake of fruits and
vegetables observed herein suggests that ultra-processed foods, which may be perceived
as more palatable or convenient, displace intake of whole plant foods. Findings from
rodent models indicate that exposure to highly palatable foods leads to rapid suppression
of motivation and preference for and intake of standard chow [38], suggesting a mechanism
by which widespread exposure to highly palatable, ultra-processed foods may displace
consumption of unprocessed foods in free-living humans. In response to systematic find-
ings that ultra-processed food intake is associated with obesity and chronic disease [39],
previous authors have discussed the merits of public health policies targeting reformulation
versus reduction of ultra-processed food [40]. Reformulation of ultra-processed food could

133



Nutrients 2022, 14, 3933

improve diet quality through reduction of added sugar and refined grains, and by addition
of fruit, vegetables, and plant protein where feasible (e.g., to packaged meals). However,
to the extent that highly palatable ultra-processed foods displace intake of whole plant
and protein foods, reformulating ultra-processed food to reduce undesirable nutrients is
unlikely to be sufficient to negate the adverse impact of ultra-processed food on overall
diet quality.

Given the critical role of nutrition during pregnancy and postpartum for maternal and
child health [3] and emerging evidence that ultra-processed food is associated with adverse
pregnancy and infant outcomes [41–45], findings from this study suggest that dietary
guidance to reduce ultra-processed food intake may represent a singular intervention
target with broad impact on adherence to dietary guidelines. Considering health care
provider concerns that time constraints limit their ability to provide nutritional guidance
during routine pregnancy visits [46], brief messages with broad-ranging impact may be
especially valuable. Interventions promoting intake of minimally processed foods in
Brazilian pregnant persons have resulted in reduced intake of ultra-processed foods [47]
and reduced risk of gestational weight gain [48], providing evidence for the feasibility
of such an approach Additionally, nutrition educators may assist pregnant persons in
selecting the most nutritious options when they do choose to consume ultra-processed
food, taking into consideration the resources and foods available to their clients.

Findings should be interpreted with consideration of the study’s strengths and limita-
tions. While all methods of self-reported dietary intake assessment have some measurement
error due to faulty recall, over-reporting, and under-reporting, 24-h dietary recalls are the
least biased self-report measure of dietary intake [49]. NOVA classifications were deter-
mined using standardized statistical code and disaggregating foods to their underlying
ingredients [33] to ensure accurate application of the classification system. The sample
size was relatively large with a wide range of diet quality represented and had similar
sociodemographic characteristics to the geographic area of the study site. This county in
North Carolina has somewhat higher median household income ($74,803) than the overall
U.S. population ($64,994), but with a similar percent of persons in poverty (10% vs. 11%
nationally). The area is also more highly educated (61% vs. 33% having a bachelor’s degree
or higher) and has a higher proportion of non-Hispanic White race/ethnicity (69% vs. 59%
White) [50,51]. Future research in samples disproportionally affected by low resources or
low access to grocery outlets would be informative, as the adverse impact of ultra-processed
foods on diet quality could be even more pronounced in populations lacking access to a
wide range of foods.

In conclusion, in this U.S. sample followed from early pregnancy through one-year
postpartum, ultra-processed food accounted for more than half of energy intake and was
associated with lower diet quality across most HEI components. Intervention studies
testing the impact of approaches targeting reduction in ultra-processed food intake on diet
quality are needed to determine their efficacy in improving adherence to dietary guidelines
in pregnant populations.
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Abstract: NOVA classification distinguishes foods by level of processing, with evidence suggesting
that a high intake of ultra-processed foods (UPFs, NOVA category 4) leads to obesity. The Australian
Dietary Guidelines, in contrast, discourage excess consumption of “discretionary foods” (DFs),
defined according to their composition. Here, we (i) compare the classification of Australian foods
under the two systems, (ii) evaluate their performance in predicting energy intakes and body mass
index (BMI) in free-living Australians, and (iii) relate these outcomes to the protein leverage hy-
pothesis of obesity. Secondary analysis of the Australian National Nutrition and Physical Activity
Survey was conducted. Non-protein energy intake increased by 2.1 MJ (p < 0.001) between low-
est and highest tertiles of DF intake, which was significantly higher than UPF (0.6 MJ, p < 0.001).
This demonstrates that, for Australia, the DF classification better distinguishes foods associated with
high energy intakes than does the NOVA system. BMI was positively associated with both DFs
(−1. 0, p = 0.0001) and UPFs (−1.1, p = 0.0001) consumption, with no difference in strength of
association. For both classifications, macronutrient and energy intakes conformed closely to the
predictions of protein leverage. We account for the similarities and differences in performance of the
two systems in an analysis of Australian foods.

Keywords: obesity; ultra-processed foods; dietary guidelines; non communicable disease; protein
leverage hypothesis; macronutrient intake

1. Introduction

The proliferation of industrially formulated, affordable, palatable, aggressively mar-
keted, and convenient foods has been linked to the rise in obesity and certain noncommuni-
cable diseases [1]. Classification systems have thus been developed which distinguish foods
according to the degree of industrial processing [2–4]. The NOVA system is the most applied
processed food classification system in the academic literature [1]. It uses four categories
of processing to classify foods. Category 1 features unprocessed and minimally processed
foods, category 2 features culinary ingredients, category 3 features processed foods (com-
bining ingredients from categories 1 and 2), and category 4 features ultra-processed foods
(UPFs) [5]. UPFs are industrially produced foods that have been formulated with cosmetic
food additives such as flavours, colours, and emulsifiers, with or without the addition of
ingredients such as cheap oils, refined sugars and starches, and added salt [5]. Although
the NOVA system is the most prominent processing-based classification system, despite
accumulating evidence for the health risks associated with increased consumption of UPFs,
it has not been adopted widely as the basis for dietary guidance [1]. Surprisingly, there are
few direct comparisons of processing-based and alternative classification systems that are
already widely used.
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Most diet classification systems have attempted to identify unhealthy foods based
on nutrient composition [6–11]. One example is the “discretionary foods” category in the
Australian Dietary Guidelines (ADG). The ADG identifies healthy foods but contrasts with
the USDA guidelines because it has a discrete category for less healthy foods [6,11]. These
are defined as energy-dense, nutrient-poor foods that do not fit within one of five food
group categories and are characterised by their high content of added sugars, saturated
fats, added salt, and alcoholic beverages [6]. Discretionary foods are advised to be avoided
to minimise the risk of noncommunicable disease and for weight maintenance, due to
their high energy density and low nutrient content [6]. The systematic process adopted
in the development of the ADG has been appraised to be amongst the most rigorous of
32 food-based dietary guidelines considered [12].

Fundamental to determining whether classification systems based on degree of indus-
trial processing or nutrient content are more accurate at identifying foods that should be
limited in the diet is understanding how these foods interact with appetite and metabolic
biology to increase energy intakes and predispose populations to weight gain and poor
health [13]. One possible mechanism is the protein leverage model, which proposes that,
when faced with food environments where protein is diluted by fat and carbohydrate, the
dominant human appetite for protein drives energy over consumption as an inadvertent
outcome of the strong drive to meet the protein target [14–16]. There is a growing body
of evidence to support the protein leverage model as a significant determinant of excess
energy intake and obesity [16–18].

Two studies have directly linked UPF to the protein leverage model. An RCT con-
ducted in a controlled environment demonstrated that UPF intake contributes to higher
energy intakes and weight gain compared to a diet composed of minimally processed
foods. As predicted by the protein leverage model, participants consumed foods that
amounted to the same intake of protein (490 kcal) on both the minimally processed and
the UPF diets, but non-protein energy increased by 509 kcal on the UPF diet [19]. Similarly,
in a population study, increased UPF intake was associated with protein dilution and
higher energy intakes in NHANES, whereas protein intake remained near constant [20].
However, no study has examined discretionary foods in the context of the protein leverage
mechanism, nor compared the performance in predicting excess energy intake and BMI of
this nutrient-based classification with processing-based classification systems.

The primary aim of the present analysis was to compare NOVA classification system
with the ADG in classifying foods as healthy and unhealthy through their efficacy in pre-
dicting energy over-consumption and BMI within the Australian food system. We do so
in an analysis of the National Nutrition and Physical Activity Survey, a large representa-
tive cross-sectional study of the Australian population, through (i) a comparison of the
foods classified as healthy and unhealthy between the two systems, (ii) a comparison of
the performance of the two systems in predicting energy intakes and body mass index,
and (iii) a comparison of how discretionary food vs. UPF relate to the mechanistic
model of protein leverage for predicting the relationship between dietary composition and
energy intake.

2. Materials and Methods

2.1. Study Design

The data for the present analysis came from the National Nutrition and Physical
Activity Survey, 2011–2012 [21]. The survey was conducted by the Australian Bureau
of Statistics (ABS) using a stratified, multistage area sample of private dwellings across
Australia to provide a representative sample of the population of the country. A random
subsample of residents from each household were selected to participate in the survey.
Eligible members of the household included one adult (aged 19 years and older) and
(where applicable) one child aged 2–18 years (NNPAS). The survey was conducted between
29 May 2011 to 9 June 2012. Collection days included Monday through to Sunday. Data
were collected by trained ABS interviewers, through computer-assisted personal interview
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(CAPI) with eligible members of the household. For the present analysis, adults aged
19 years and over were included. Full details of the survey are published elsewhere [21].
Ethics approval was granted under the Census Act 1905 by the Australian Government in
accordance with relevant guidelines and regulations, and written and informed consent
was obtained from all subjects and/or their legal guardian(s) [21].

2.2. Variables

The exposure of interest was the percentage of total energy (%E) consumed from UPF
and from discretionary foods. The outcomes included energy intake from protein and
non-protein sources and body mass index.

Foods were categorised by the level of processing using the NOVA food classification
system [5,22]. NOVA categories distinguish four groups of foods: (1) unprocessed or min-
imally processed foods (including fresh, frozen, squeezed, and dried foods); (2) culinary
ingredients (e.g., flour, sugar, salt and vegetable oils); (3) processed foods, which are composite
foods including ingredients from both group 1 and group 2 (e.g., canned or bottled group
1 foods); (4) UPF, which are often highly concentrated in fats and sugars from group 2 and
include ingredients that have been highly processed or are industrially manufactured to aid
processing and not normally found in culinary preparations. Examples of such ingredients
include dyes, colours, flavour enhancers, flavourings, anti-caking agents, and emulsifiers
or can include extracts derived from processing group 1 ingredients such as hydrolysed
proteins, hydrogenated oils, high-fructose corn syrup, and maltodextrin. Detailed informa-
tion on the classification system and the application of the NOVA classification system to
the NNPAS is published in detail elsewhere [5,22].

Homemade mixed dishes and composite foods and recipes that were not deemed UPF,
disaggregated into their individual components, and classified into their corresponding
NOVA group. The recipes for 2585 mixed dishes and composite foods have been compiled
by Food Standards Australia New Zealand (FSANZ) into the AUSNUT 2011–2013 food
recipe file [23]. The recipe file was used to derive the ingredients for each of the mixed
dishes/composite foods reported in the survey. An example is homemade banana bread
(group 1: flour, egg, cinnamon, banana; group 2: butter, sugar). A small number of dishes
(n = 38) did not have a recipe in the database. In this situation, a recipe with compa-
rable ingredients and nutrient composition was selected from the AUSNUT 2011–2013
database [23,24]. Ingredients in recipes were matched to the AUSNUT 2011–2012 nutrient
composition database. Recipe weight change factors were used to calculate the nutrient
composition of the recipe accounting for differences in macronutrients of the raw and
cooked weight of the recipe.

Discretionary foods are defined by the ADG as food and beverages that do not fit into
the five food group foods (i.e., vegetables; fruits; milk, cheese, yoghurts, and non-dairy
alternatives; lean meat, poultry, fish, seafood, nuts, seeds, and legumes; grains and cereals)
and are high in saturated fat, added sugars, added salt, and/or alcohol [6]. Discretionary
foods were identified using the defined ABS discretionary food list [21]. Examples of foods
classified under the two systems are shown in Table 1.
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Table 1. Contribution daily energy intake (%) of selected foods by NOVA classification system and
Australian Dietary Guidelines.

Classification
System

Five Food Groups Foods Discretionary Foods
Disaggregated
Discretionary

Foods

Minimally
processed foods

Tea, coffee, home squeezed juice, water,
barley, cornmeal, millet, oats, quinoa, sago,
rice bran, rice, wheat germ, wheat bran,
couscous, flour, semolina, tapioca, noodles,
pasta, natural muesli, fish, seafood, apple,
pear and all frozen, fresh, and dried fruit,
nuts, eggs, beef, lamb, pork, veal, goat,
chicken, turkey, milk, plain yoghurt, seeds,
psyllium, potato, carrot and all fresh,
frozen and dried vegetables, herbs,
lentils, beans

Homemade and
takeaway foods †
including sweet
and savoury
pastry, cakes,
pies, French toast,
cakes, muffins,
slices, puddings,
tarts, spring rolls,
pizzas, waffles,
deep fried fish
and vegetables,
cream-based
desserts, sauces,
jams and icings,
pizzas
(pepperoni, ham
and cheese, meat
lovers), quiche

Culinary
ingredients

Olive oil, vinegar, flaxseed oil, rice bran oil,
yeast, gelatine, canola oil, soybean oil,
peanut oil, sunflower oil, vegetable oil,
canola oil, gelatine, baking powder

Cream, butter, lard, ghee, sour cream,
sugar, honey, and salt

Processed foods

Homemade and artisan breads, salted nuts,
nut spreads, cheese, tinned fruit, tinned
meat and seafood, peanut butter, tinned
vegetables, and legumes

Bacon, wine, beer, cider, chutneys, pickles,
condensed milk, jam

Ultra-
processed foods

Commercial fruit juice, beverage (milo),
commercial breads, commercial English
muffins, instant noodles, breakfast cereals
with low/no added sugar, savoury biscuits,
commercial scones, fast food pizzas (<5 g
saturated fat), fast food burgers (<5 g
saturated fat), frozen meals, tinned
spaghetti, commercial crumpets,
margarine, sausages (<5 g saturated fats),
breaded chicken, flavoured yoghurts,
processed cheese, flavoured milks, soymilk,
oat milk, tofu, tempeh, canned and packet
soups (lower sodium), baked beans,
intense sweeteners, oral supplements

Fruit drinks, sweetened drinks, cordial, soft
drinks, flavoured beverage bases, sweet
buns, breakfast cereals, commercial sweet
biscuits, commercial garlic bread, ice cream
cones, wafer commercial cakes, muffins,
slices, pastries, commercial savoury
pastries, fast food burgers, pizzas, frozen
meals including pizzas, donuts, butter
blends, Copha, frozen fish, sausages, ham,
salami, other processed meats, chicken
nuggets, ice cream, dairy desserts, packet
soups, gravies, marinades, sauces,
dressings and dips, fast foods and frozen
potato fries, savoury snack foods,
chocolates, confectionary, muesli bars,
spirits, protein powder, yeast spreads

† Discretionary mixed dishes that were disaggregated into their component ingredients.

2.3. Dietary Assessment

Data on the foods and beverages consumed from midnight to midnight on the day
preceding the interview were collected. The 24 h dietary recall used was the five-pass, Au-
tomated Multiple-Pass Method (AMPM) originally developed by the Agricultural Research
Service of the United States Department of Agriculture (USDA). The tool was modified
by FSANZ and the ABS to reflect the Australian food supply and provided the details for
over 10,000 individual and combined foods. Interviewers used the Food Model Booklet
developed to aid participants in estimating portions and included life-sized photographs of
food and beverages and food and beverage containers to reflect those used within Australia.
A computer-assisted telephone interview (CATI) was used to conduct a second 24 h recall
for a proportion (63.6%) of the survey participants, but only the first day of the survey was
used, as this is an accurate representation of the mean population nutrient intake. The
AUSNUT 2011–2013 food nutrient database, compiled by FSANZ specifically for NNPAS,
was used to derive food and beverages nutrient composition. The database contains the
nutrient composition for 5740 foods and beverages reported in the survey and reflects
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the nutrient composition of the Australian food supply [24]. The Australian food supply
and food preparation practices from 2011 to 2012 were, therefore, captured in AUSNUT
2011–2013 and the accompanying measures database.

2.4. Implausible Energy Reporting

To identify participants with implausible energy intake, the Goldberg equation was
used. Participants with an energy intake to basal metabolic rate ratio (EI:BMR) of <0.87
were classified as low energy reporters (LER) and high energy reporters were defined as
those with an EI:BMR > 2.75. An EI:BMR ratio ≥0.87 and ≤2.75 is within the 95% CI of
plausible energy intake assuming a sedentary physical activity level of 1.55 [25]. Sensitivity
analysis was conducted by repeating all analyses with and without LER to determine the
effect of implausible energy intakes on the outcomes. As there were no differences in the
direction of the point estimates, all analysis presented include the full adult sample.

2.5. Quantitative Variables

Energy intake was calculated per day with Atwater factors as total protein energy
(17 kJ/gram) and non-protein energy (kJ) (i.e., fat × 37 + total sugars × 16 + starch × 17 +
other available carbohydrates (dextrin + maltodextrin + raffinose + stachyose + other undif-
ferentiated oligosaccharides + glycogen) × 17 + alcohol × 29 + sorbitol/mannitol/glycerol
× 16 + maltitol × 13 + citric/malic/quinic acids × 10 + lactic/acetic acids × 15 + dietary
fibre × 8 + resistant starch × 8 + polydextrose × 5).

The percentage energy (%E) from discretionary foods and the %E from UPF was
calculated for each person and participants were categorised into tertiles and quintiles of
discretionary food intake and UPF (%E) using PROC RANK (n = 3 and n = 5, respectively).

Weight was measured using digital scales and height was measured using a stadiome-
ter. All physical measurements were voluntary, and women who had identified they were
pregnant were not measured. Respondents were encouraged to remove their shoes and
any heavy clothing, but this was voluntary [21].

2.6. Statistical Methods

Univariate and multivariate linear regression was used to determine the relationship
between discretionary food (%E) and UPF (%E) and the intake of protein energy and
non-protein energy. Multivariate linear regression was used to determine the relationship
between BMI kg/m2 and discretionary food (%E) and UPF (%E) intake, classified into
tertiles and quintiles. Multivariate analysis for energy intake was adjusted for the following
factors: sex, age, smoking status. physical activity level, country of birth, and educational
attainment. Complete case multivariate analysis for BMI was adjusted for sex, age, smoking
status, and physical activity level. Estimates were weighted to reflect the Australian
population distribution and probability of selection and replicate weights (the Jack-knife
group delete one method) were used to compute standard errors. Analyses were conducted
in SAS® version 9.4: SAS Institute Inc. Significant differences were considered for p < 0·05.

3. Results

3.1. Participants

The demographics of participants by %E discretionary food intake and by UPF con-
sumption is shown in Table 2. A total of 9341 adults reported dietary data on the first day
of the survey and were included for analysis (Figure S1). Of these, 1486 adults were not
included in the analysis of BMI due to missing data, as participants were only expected
to record anthropometric data voluntarily, due to ethical considerations [21]. Participants
who were older, female, higher socioeconomic index for area (SEIFA), university-educated,
born in countries other than Australia or other English-speaking countries, and from major
cities had lower mean intake from discretionary food (%E) and from UPF (%E) (Table 2).
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Table 2. Percentage energy for discretionary food (DF) and ultra-processed foods (UPF) by demo-
graphics for Australian adults (n = 9341).

Demographics % (SE) Mean DF %E p-Trend Mean UPF %E p-Trend

Age
19–30 years 23.1 0.3 34.0 (0.7) 43.9 (0.8)
31–50 years 37.4 0.3 32.9 (0.4) 38.0 (0.4)
51–70 years 28.7 0.2 31.2 (0.4) 34.5 (0.5)
71+ years 10.8 0.1 31.6 (0.7) 0.0057 36.5 (0.7 <0.0001
Gender
Female 49.4 (0.1) 30.7 (0.4) 37.5 (0.4)
Male 50.6 (0.1) 34.3 (0.4) <0.0001 38.8 (0.5) 0.0473

SEIFA
Lowest (quintile 1) 18.1 (1.0) 33.8 (0.7) 40.1 (0.8)

Middle (quintile 2–3) 59.7 (1.4) 32.6 (0.3) 38.4 (0.4)
Highest (quintile 5) 22.2 (1.0) 31.2 (0.6) 0.0184 35.9 (0.7) 0.0013

Educational Attainment
No tertiary education 38.8 (0.6) 33.5 (0.5) 40.1 (0.8)
Vocational education 35.5 (0.7) 34.2 (0.4) 38.4 (0.4)
University education 25.7 (0.7) 28.6 (0.5) <0.0001 35.9 (0.7) 0.0013

Country of Birth
Australia 68.8 (0.9) 34.6 (0.3) 40.3 (0.4)

Other English-speaking countries 11.6 (0.4) 34.1 (0.8) 37.6 (0.8)
Other 19.6 (0.8) 24.1 (0.6) <0.0001 31.0 (0.7) <0.0001

Geographic Area
Major cities 71.5 (0.6) 31.3 (0.3) 37.3 (0.3)

Inner regional 19.1 (0.8) 36.1 (0.6) 40.7 (0.7)
Other 9.4 (0.8) 34.3 (0.9) <0.0001 39.3 (1.1) <0.0001

Energy Reporting Status
Low (EI:BMR ≤ 0.87) 16.8 (0.5) 25.5 (0.7) 36.9 (0.7)

Plausible (EI:BMR > 0.87) 69.2 (0.7) 34.6 (0.3) 38.7 (0.4)
Missing 14.0 (0.4) 30.8 (0.7) <0.0001 37.1 (0.7) 0.0427

SEIFA, socio-economic index for area.

3.2. Differences in UPFs and Discretionary Foods Classifications

In the AUSNUT 2011–2013 discretionary food list, 1631 foods of 5740 foods were
classified as discretionary (28.4%). After disaggregation of the specified composite foods
(e.g., homemade cakes) and mixed dishes (e.g., homemade pasta dishes) into individual
ingredients, there were 2846 individual foods, of which 1016 (37.5%) were classed as
discretionary foods and 1830 (64.3%) were five-food-group foods. Using the NOVA system
to classify the disaggregated foods by degree of processing, 935 (32.9%) were classed as
minimally processed foods, 60 (2.1%) were classed as culinary ingredients, 354 (12.4%)
were classed as processed foods, and 1497 (52.6%) were classed as UPF.

All minimally processed foods, and most processed foods (83.9%) were classified as
belonging to the five food groups under the ADG. A high proportion (63.3%) of culinary
ingredients were classified as discretionary foods under the ADG. Similarly, a significant
proportion of UPF (38.8%) were classified as belonging to the five food groups by the ADG
(Figure 1a). The proportion of energy that came from discretionary foods and UPF, as
classified by the ADG and NOVA, respectively, is shown in Figure 1b.

144



Nutrients 2022, 14, 3942

Figure 1. (a) Total number of foods reported in the survey (n = 2486); (b) proportion of daily energy
from foods classified as discretionary foods or five-food-group foods (according to the Australian
Dietary Guidelines) and by degree of processing (according to the NOVA classification system
i.e., minimally processed, culinary ingredients, processed foods, or ultra-processed foods (UPF)) as
reported by adults in the National Nutrition and Physical Activity Survey (n = 9431).

Across the surveyed population, discretionary foods accounted for 35.8 % and UPF
accounted for 38.5% of total energy consumed. Almost 25% of daily energy came from
foods classified as both discretionary food and UPF. However, there was a significant
proportion of UPF classified as five-food-group foods, and 15.1% of daily energy came from
five food group foods that were ultra-processed (Figure 1). Table S1 shows the proportion
of energy from all foods reported in the National Nutrition and Physical Activity Survey
classified by the NOVA classification system and the Australian Dietary Guidelines.

The observed agreement for participants to be classified in the same tertile of both
discretionary food %E and UPF %E was 0.51, and the expected agreement was 0.3. A total
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of 38.4% of foods were classified in the adjacent tertile, and 10.4% were classified in the
opposite tertile of discretionary food %E and UPF %E (i.e., the lowest discretionary food
intake and the highest UPF intake and vice versa) (Table 3).

Table 3. Proportion of participants that were classified in the same, adjacent, and opposite tertile for
percentage energy (%E) of discretionary food and ultra-processed food (UPF) (%E).

Discretionary Food (%E) UPF (%E) (n) %

Tertile 1—lowest Tertile 1—lowest 1721 18.4
Tertile 1—lowest Tertile 2—middle 930 10.0
Tertile 1—lowest Tertile 3—highest 462 4.9
Tertile 2—middle Tertile 1—lowest 884 9.5
Tertile 2—middle Tertile 2—middle 1319 14.1
Tertile 2—middle Tertile 3—highest 911 9.8
Tertile 3—highest Tertile 1—lowest 508 5.4
Tertile 3—highest Tertile 2—middle 865 9.3
Tertile 3—highest Tertile 3—highest 1741 18.6

Proportions in same tertile (51.2%), adjacent tertile (38.4%), and opposite tertile (10.4%). Kappa weights: observed
agreement, 0.51; chance-expected agreement, 0.33.

3.3. Energy Intakes

The energy intake from protein (MJ) and non-protein energy (MJ) for each tertile of
discretionary food and UPF intake is shown in Figure 2. Participants in all tertiles of discre-
tionary food intake and UPF intake consumed similar amounts of protein, with ~1.5 MJ of
energy from protein for all groups. In contrast, energy from non-protein macronutrients
increased between tertiles 1 and 3 for both UPF %E intake and discretionary food %E.
The mean adjusted non-protein energy was 2.0 MJ between lowest and highest tertile for
discretionary food %E and 0.6 MJ for UPF %E (Figure 2). The unadjusted mean non-protein
energy intake difference between tertiles 1 and 3 %E UPF was 0.8 MJ (p < 0.001), whereas
that for discretionary food %E was threefold higher (+2.2 MJ) (p < 0.001). The total mean
adjusted energy intake, protein energy intake, and energy intake from macronutrients
excluding energy from alcohol is shown in Table 4 for participants classified as quintiles in
UPF and discretionary food (%E).

Table 4. Total energy, protein energy and energy excluding alcohol for participants classified by
proportion of energy from discretionary food (DF) and ultra-processed foods (UPF).

DF (%E) UPF (%E) DF (%E) UPF (%E)
DF (No Alcohol)

(%E)
UPF

Total Energy
(MJ)

Total Energy
(MJ)

Total Energy
(MJ)

Protein
(MJ)

Total Energy
(MJ)

Protein
(MJ)

P + C + F
(MJ)

P + C + F
(MJ)

Quintile Mean Mean Adj. Mean † Adj. Mean † Adj. Mean † Adj. Mean † Adj. Mean † Adj. Mean †

1 7.4 8.2 7.5 1.6 8.5 1.6 7.4 7.8
2 8.3 8.7 8.4 1.6 8.9 1.6 8.0 8.4
3 8.7 8.6 8.8 1.6 8.8 1.5 8.4 8.3
4 9.1 8.8 9.1 1.5 8.8 1.4 8.5 8.5
5 10.0 *** 9.1 *** 10.0 *** 1.4 *** 9.1 ** 1.3 *** 9.0 *** 8.7 ***

† Adjusted (adj.) for age, sex, physical activity level, smoking status, educational attainment, and country of birth.
P, protein; C, carbohydrate; F, fat. ** Significant linear trend across quintiles = 0.001; *** significant linear trend
across quintiles < 0.0001.
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Figure 2. Mean protein and non-protein energy intake for participants categorised into tertiles of
discretionary food (DF) and ultra-processed food (UPF). The positively sloped radials indicate the
proportion of energy from protein from total energy intake and demonstrate protein dilution with
increased intake of discretionary and UPF. The negatively sloped diagonals indicate total daily energy
intake. The data points line up along the solid vertical line demonstrating that protein energy intake
is prioritised. If total daily energy intake is prioritised, the values line up along the solid negative
radial, while the horizontal line indicates the situation if non-protein energy is prioritised.

The difference in the unadjusted mean energy intake increased in a similar trend when
participants were classified into quintiles, and the difference was 2.6 MJ between quintile
1 and quintile 5 between discretionary food, compared to 9.0 MJ between quintile 1 and
quintile 5 for UPF. Excluding alcohol from the total energy intake reduced the difference in
energy intake between quintile 1 and quintile 5 from 2.6 MJ to 1.6 MJ.

3.4. Body Mass Index and Intake of Discretionary Foods and UPF

In the unadjusted model, lower intakes of discretionary foods and UPF, categorised
into tertiles by the proportion of energy from discretionary food and by the proportion
of energy from UPF, were both significantly associated with a lower BMI (Table 5). In
the multivariate model, participants classified into the lowest tertiles of discretionary
food intake and UPF intake had the lowest BMIs by −1.0 and −1.1 kg/m2, respectively,
compared to the highest consumers (Table 5). The magnitude in the changes was similar
for UPF and DF.
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Table 5. Change in body mass index (BMI) with changes in intake of discretionary food as defined by
the Australian Dietary Guidelines (ADG) and ultra-processed food (UPF) as a proportion of energy
as defined by the NOVA classification system.

Food Intake (Range)
Model 1:

Change in BMI (SE)
p-Value

Model 2:
Change in BMI (SE)

p-Value

ADG classification
DF—tertile 1 (0.0–≤21.8) −0.8 (0.2) −1.0 (0.2)
DF—tertile 2 (>21.8–41.6) −0.2 (0.2) −0.4 (0.2)
DF—tertile 3 (≥41.7–100) Ref 0.0003 Ref <0.0001

NOVA classification
UPF—tertile 1 (≥0.0–<29.4) −0.9 (0.2) −1.1 (0.2)
UPF—tertile 2 (≥29.4–<49.7) −0.4 (0.2) −0.5 (0.2)
UPF—tertile 3 (≥49.7–100.0) Ref 0.0003 Ref <0.0001

%E, percentage energy. p-Values for trend were determined with linear and multiple liner regression.
Model 1: univariate model. Model 2: adjusted for sex, age, smoking status (current smoker, daily; current
smoker, <weekly; current smoker, at least once per week but not daily; ex-smoker, never smoked); physical
activity level (sedentary (very low); sedentary (no exercise); not stated; low; moderate; high); energy intake: basal
metabolic rate ratio. Survey weights were applied.

4. Discussion

The present analysis of the dietary intake of a nationally representative sample of the
Australian population demonstrates considerable overlap in the NOVA and ADG classifica-
tion systems. The two systems classified all minimally processed foods and many processed
foods as foods to be encouraged, and international dietary advice converges in this regard.
However, there was some discrepancy between which system best identifies foods to be
avoided in Australia, with many culinary ingredients being classified as unhealthy in ADG
and most international dietary guidelines but not in NOVA. Likewise, our findings show
that some foods identified as healthier by the ADG are classified as ultra-processed in the
NOVA system. From the perspective of energy balance, both NOVA and ADG identified
dietary patterns that elevate energy intake and were associated with overall higher BMI.
The discretionary classification system was associated with both higher (quintile 5 = 8.6 MJ,
Table 4) and lower (quintile 1, 5.9 MJ, Table 4) acute non-protein energy intake than the UPF
classification (7.8 MJ vs. 6.9) and, consequently, a wider gap between highest and lowest
quintiles (2.5 MJ vs. 0.6 MJ, respectively). Higher intakes of both UPF and discretionary
food were associated with a higher BMI overall.

The NOVA and the ADG systems performed differently in their association with
energy intakes, with high consumption of discretionary food related to larger increases in
energy intake. At a fundamental level, weight gain occurs when energy intake exceeds
energy expenditure and excess energy is stored [26]. Discrepancies as small as an additional
30 kJ per day may trigger weight gain, but an increase of 9 MJ has been estimated as
needed to sustain the weight increases of the USA population [27,28]. After adjusting
for relevant confounding factors, both classification systems were able to identify dietary
patterns associated with higher energy intake and positive energy balance sufficient to
drive weight gain.

It is important to examine the food groups in which the NOVA and ADG differ in
terms of dietary guidance. Our analysis showed one point of difference to be centred on
culinary ingredients. For example, the ADG advises against the use of added sugar and
limits saturated fats unless energy requirements allow for some additional energy after
nutrient requirements have been met [6]. The NOVA system, in contrast, limits added
sugar when it is incorporated into UPF, but not consumer-added sugar, which is considered
a culinary ingredient associated with home cooking [29]. However, in our analysis of the
Australian food system, most of the culinary ingredients were used to make discretionary
foods rather than healthier homemade dishes that can also be high in saturated fats, such
as homemade or cafe/restaurant made cakes, biscuits, sweet and savoury pastries, and
deep-fried vegetable products that may be detrimental to health if consumed in excess.
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A second difference between the systems is that a considerable proportion of five-food-
group foods are classified as ultra-processed. Many of these that are low in saturated fat,
e.g., ready-prepared-foods, may be harmful over time due to the impact of refined ingredi-
ents or exposure to harmful chemicals such as endocrine disruptors [2,30–33]. They may
also have cumulative effects on energy storage over time if they contain highly refined,
readily digestible sources of carbohydrates and fat relative to protein [34]. Additionally,
alcohol, which is primarily classified as processed (rather than ultra-processed) in the
NOVA system, also elevates acute energy intake, and sensitivity analysis demonstrated that
some of the advantage held by the ADG system in predicting excess energy intake was due
to the inclusion of alcohol in the discretionary category. The ADG and NOVA classification
systems concur in identifying all minimally processed foods and many processed foods
as healthy.

The mechanistic model of protein leverage for predicting the relationship between
dietary composition and energy intake further explains the advantage of the ADG system
compared to the UPF system in predicting high energy intakes in Australia. The protein
leverage hypothesis posits that protein dilution of the food supply has been an important
contributor to the obesity epidemic [16]. The comparatively smaller range of protein
dilution in the NOVA system is due to the inclusion of relatively protein-dense foods as
UPF. For example, flavoured yoghurt, classified as UPF but not discretionary food, has
higher protein density. Conversely, we found that, in the Australian food system, many
foods classified as discretionary food but not UPF have low protein density, e.g., homemade
cakes. Additionally, low-protein diets that contain dietary fibre or resistant starch have
been demonstrated to not lead to overconsumption [16,35]. Therefore, UPFs are unlikely to
lead to higher energy intakes if they include unrefined sources of dietary fibre and resistant
starch, such as commercial wholegrain bread or certain breakfast cereals with minimal
added sugar.

It is important to note, however, that the close conformity between the patterns of
macronutrient intakes observed in our analysis and predictions of the protein leverage
hypothesis does not in itself provide definitive evidence of protein leverage. An alternative
explanation could be that aggressive marketing, hyperpalatabilty, and other extrinsic fac-
tors drive excessive consumption of discretionary food and UPF, which both dilutes dietary
protein and increases energy intake independent of protein appetite [32,36]. However, this
hypothesis does not explain why absolute protein remained so constant; in contrast, con-
stant protein intake is a central prediction of the protein leverage hypothesis. Furthermore,
our interpretation is congruent with several other sources of evidence for protein leverage.
These include recent advances in elucidating the biological mechanisms of protein appetites,
demonstrating that fibroblast growth factor-21 (FGF-21) is the circulating metabolite when
protein status is low in humans and rodents, acting on the brain to stimulate protein ap-
petite [37,38]. Above all, protein leverage has been demonstrated in several RCTs in which
diets were controlled for palatability, and aggressive marketing played no role [16,39,40]. It
is, nonetheless, likely that, in ecological settings, protein leverage interacts with extrinsic
factors. A two-stage model has been proposed for how this interaction might work [41],
according to which hyper palatability, aggressive marketing, cheap price, and convenience
associated with industrial foods attracts consumers to select and consume them. Due to
their low protein content, this results in a reduction in the ratio of dietary protein to energy
and, via protein leverage, energy over-consumption [20,34].

While our analysis implies that discretionary food consumption can explain the rising
prevalence of obesity in Australia, these results may be country-specific or differ at an
individual level. For example, an RCT examining the effect of UPF in the USA found similar
increases in energy intake for discretionary food of 509 kcal (2118 kJ) greater compared
to a control group consuming minimally processed foods [19]. Therefore, differences in
the magnitude of effect could be due to difference in quality of the foods available in the
Australian food supply or compared to those imposed on people in a laboratory setting, and
the findings are likely to change dependent on overall diet quality and the relative fractions
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of UPF consumed. Analysis of NHANES dietary data derived a decline in %PE of 4.9%
and an increase in energy intake of 0.9 MJ of non-protein energy between UPF quintiles,
which is comparable to the increase in energy intake observed in the present study [20]. As
discretionary foods led to greater protein dilution in Australia, this highlights the value of
adopting an ecological model to examine the aetiology of the obesity epidemic.

A limitation of this study is that processing is not always adequately captured in the
product description in the nutrient composition database, making the NOVA classification
difficult to apply. Bread is one category where this is problematic as it is not possible to
distinguish artisanal or homemade breads and mass-produced breads. To minimise differ-
ences, the NOVA coding system of Australian foods emulated that of previous research
where foods were agreed upon by at least two researchers who applied expert knowledge
in the Australian food supply, but there may still be some arbitrary misclassification of
foods [22]. It should be noted that the Australian Bureau of Statistics discretionary food
list was used to identify foods as discretionary according to the ADG. Although this list
does not agree with the ADG in some aspects, as it was based on nutrient cut-points, it
was used to more easily identify foods that were high in saturated fat, added sugars, and
salt [42]. Misreporting dietary intake is a common limitation in dietary assessment [43],
but sensitivity analysis revealed that this had a limited effect on the results presented here.
Although the analysis was from a single day via a cross-sectional survey, the results are
supported by other epidemiological studies and randomised controlled trials [3,44,45] and
demonstrate the advantage of the discretionary food classification at a population level in
the Australian food system. Our analysis used the most recent and comprehensive nutrition
survey to have been conducted in Australia. Although this is 10 years old, we do not see
reason to expect that factors driving the main conclusions would have changed over this
period. Indeed, with the continued rise in industrial foods and obesity in Australia [46], we
suspect that they might be even more relevant at present.

There is increased financial burden for individuals and communities amounting to
20.5 billion AUD annually in direct health costs in Australia due to poor diets [47]. The
prevalent solution in Australia and other developed countries has been a focus on in-
dividual responsibility through setting-based approaches or public health information
campaigns. Without further policy, legislative, and structural changes to the food envi-
ronment, efforts to prevent noncommunicable disease will be frustrated [48]. There have
been calls to level the playing field by matching the heavy marketing of UPF/discretionary
food with government spending on advertising of healthful dietary patterns [49]. Even for
some of the worst aspects of the food environment such as vending machines, there is good
evidence that simply providing customers with healthier choices is enough to improve the
purchases made [50]. Efforts to reduce the intake of foods that dilute protein energy have
the potential to contribute to and strengthen obesity prevention.

5. Conclusions

UPFs have been associated with the rise in obesity in many countries, including
Australia, but our study highlights the importance of monitoring dietary patterns with
ecological studies to determine the efficacy of different food classification systems in
different food environments. While there was considerable overlap in both the ADG and
the NOVA classification systems, the apparent advantage of the discretionary classification
system in Australia is that it detects a greater spread in the extent to which problem foods
dilute dietary protein and, hence, their effect on energy intake via protein leverage. Dietary
guidance targeted at reducing intake of discretionary foods in Australia may thus have
greater potential for supporting obesity prevention than a focus on UPF. Excessive energy
intake is not, however, the only aspect of health for which dietary guidelines are relevant.
Further studies are needed to determine how different classification systems relate to other
associations between diet and all aspects of health in Australia and other countries.
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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD) includes a spectrum of liver
alterations that can result in severe disease and even death. Consumption of ultra-processed foods
(UPF) has been associated with obesity and related comorbidities. However, the link between UPF
and NAFLD has not been sufficiently assessed. We aimed to investigate the prospective association
between UPF consumption and liver health biomarkers. Methods: We followed for 1 year 5867 older
participants with overweight/obesity and metabolic syndrome (MetS) from the PREDIMED-Plus
trial. A validated 143-item semi-quantitative food frequency questionnaire was used to evaluate
consumption of UPF at baseline, 6, and 12 months. The degree of processing for foods and beverages
(g/day) was established according to the NOVA classification system. The non-invasive fatty liver
index (FLI) and hepatic steatosis index (HSI) were used to evaluate liver health at three points in time.
The associations between changes in UPF consumption (percentage of total daily dietary intake (g))
and liver biomarkers were assessed using mixed-effects linear models with repeated measurements.
Results: In this cohort, UPF consumption at baseline was 8.19% (SD 6.95%) of total daily dietary
intake in grams. In multivariable models, each 10% daily increment in UPF consumption in 1 year
was associated with significantly greater FLI (β 1.60 points, 95% CI 1.24;1.96 points) and HSI (0.43,
0.29; 0.57) scores (all p-values < 0.001). These associations persisted statistically significant after
adjusting for potential dietary confounders and NAFLD risk factors. Conclusions: A higher UPF
consumption was associated with higher levels of NAFLD-related biomarkers in older adults with
overweight/obesity and MetS.

Keywords: ultra-processed foods; liver health markers; fatty liver index; hepatic steatosis index;
metabolic syndrome

1. Background

Excessive liver fat accumulation in the absence of alcoholism, known as non-alcoholic
fatty liver disease (NAFLD), includes a spectrum of fat-liver alterations affecting approx-
imately 30% of adults worldwide, but its prevalence is increased in persons with type 2
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diabetes (70%) and morbid obesity (90%) [1,2]. Although it remains asymptomatic during
long time, excess liver fat is an important cause of morbimortality from cardiovascular
disease (CVD) and malignancy, in addition to chronic liver disease. Unfortunately, at
present, there are gaps in NAFLD diagnosis and limited treatment options [1,2].

Along with physical activity (PA), dietary modifications are considered the cornerstone
for NAFLD management [1]. A growing body of evidence suggests that dietary fiber intake
and the Mediterranean diet (MedDiet) [3] might be protective, whereas saturated and trans
fatty acids (FA), simple sugars, red and processed meat, sugar-sweetened beverages (SSB),
and the Western dietary pattern might act as risk factors [4]. However, with the exception
of small trials assessing interventions with the MedDiet [3], most of these findings were
based on cross-sectional or case-control study designs.

Ultra-processed foods (UPF) are industrial formulations manufactured using a series
of processes with no domestic equivalents (i.e., soft drinks, packed snacks, processed
meats, and pre-prepared dishes) [5,6]. In addition to their usual poor nutritional com-
position (i.e., excessive calories, simple sugars, salt, poor quality fat, as well as fiber and
vitamin deprivation) [5], UPF typically contains cosmetic additives and substances formed
because of extensive processing during manufacturing [7]. On the other hand, UPF are
highly palatable, appealing, convenient, microbiologically pure, inexpensive, accessible,
and aggressively advertised [5,8]. All these factors explain the steadily increase in UPF
consumption despite the health risks associated with their regular intake [9,10].

A recent study conducted in the PREvención con DIeta MEDiterránea Plus (PREDIMED-
Plus) cohort found that consumption of UPF, classified according to the NOVA system [11], was
associated with greater visceral and total fat accumulation [12]. Other prospective studies with
adult cohorts found associations between UPF consumption and higher risks of obesity [13–15],
CVD [16], type 2 diabetes [17,18], renal dysfunction [19], cancer [20], biological aging [21], and
all-cause mortality [22]. However, the link between UPF and NAFLD has not been sufficiently
assessed [23]. Only very recently a prospective study by Zhang et al. has been published,
reporting a positive link between UPF and NAFLD diagnosed using ultrasonography, within
the Tianjin Chronic Low-grade Systemic Inflammation and Health (TCLSIH) Cohort Study [24]
after a median of 4.2 years of follow-up; but they only measured UPF at baseline, without
repeating the dietary assessment during follow-up. Therefore, our aim was to prospectively
investigate how concurrent changes in consumption of UPF were associated with liver health
in older individuals with overweight/obesity and the metabolic syndrome (MetS) from the
Mediterranean area, using three repeated measurements of diet and biomarkers related to
NAFLD throughout a 1-year follow-up of PREDIMED-Plus trial.

2. Methods

2.1. Study Overview and Population

This study corresponds to longitudinal analyses nested in the ongoing PREDIMED-
Plus trial, with data collected at baseline and during the first year of follow-up. Details
about the study protocol have been described elsewhere [25,26], and are available at
www.predimedplus.com. Briefly, PREDIMED-Plus is a 6-year parallel-group, multicenter
randomized clinical trial, aimed to assess the effectiveness of a lifestyle intervention—
energy-restricted (er) MedDiet, PA promotion, and behavioral support—on the primary
prevention of CVD and weight loss in older individuals with overweight/obesity harboring
MetS. The control group received usual health care and recommendations to follow the
MedDiet, without advice on energy restriction or PA promotion. The trial was launched in
2013 (the recruitment finished at the end of 2016) in 23 centers across Spain. Community-
dwelling older men and women (55–75 years), with body mass index (BMI) ≥ 27 and
<40 kg/m2), fulfilling ≥ three criteria for the MetS [27], but free of CVD at baseline, were
invited to participate in the trial. Exclusion criteria included self-declared liver disease
(chronic hepatitis or cirrhosis), therapy with immunosuppressive drugs, cytotoxic agents
or systemic corticosteroids, alcohol abuse or addiction (defined as total daily alcohol
intake > 50 g within past 6 months), history of inflammatory bowel disease, and active
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malignant cancer or history of malignancy within the last 5 years. For a small subset of
participants sharing the same household, the randomization was performed as clusters (the
couple was used as the unit of randomization). All participants provided written informed
consent to a protocol approved by the Research Ethic Committees of all recruiting centers
according to the ethical standards of the Declaration of Helsinki. The trial was registered at
http://www.isrctn.com/ (ISRCTN89898870).

Out of the 6874 participants randomized for the PREDIMED-Plus trial, participants
with history of liver cancer within >5 years before inclusion (n = 2), with missing data on
variables of interest at baseline (n = 811), and those who were outside predefined limits for
total daily energy intake (<500 or >3500 kcal for women, <800 or >4000 kcal for men) [28] at
baseline and during follow-up (n = 194) were excluded from the analysis. After exclusions,
a total of 5867 participants were included in the final analyses (see the flowchart of study
participants in online Supplementary Figure S1).

2.2. Dietary Habits and Nutrient Intake Assessments

Dietary intake was assessed by trained dietitians during face-to-face interviews at base-
line, 6-, and 12-month follow-up visits, using a semi-quantitative food frequency questionnaire
(FFQ), repeatedly validated for the Spanish population [29,30]. Intakes of 143 foods and bev-
erages (except water) were calculated by multiplying the common portion size by average
consumption frequency (9 possible responses, from never to >6 times/day) over the last year
(at baseline visit and over 6-month period at each follow-up visit). Daily intake of beverages
was collected in cubic centimeters and then converted into milliliters (1 cc = 1 mL), and
further into grams, assuming that 1 mL = 1 g. Food composition tables developed specifically
for Spain [31] were used to derive nutrient (sodium(native and added in the form of salt),
and cholesterol (both in mg/day), saturated and trans FA, fiber, and alcohol (all in g/day)),
as well as total energy intake (kcal/day). The glycemic load was also calculated for each
item taking into account the quality (glycemic index) and the amount of carbohydrate as
previously described [32]. The glycemic index was determined using average values from the
International Tables [33].

2.3. Dietary Data Processing-Based Classification and Ultra-Processed Foods

Items in the FFQ were classified according to the NOVA system [5,11] developed by the
Public Health Faculty of the University of São Paulo in Brazil. This system classifies foods
and beverages according to the nature, extent, and purpose of their industrial processing
into four groups: (1) unprocessed or minimally processed foods (i.e., fresh or frozen fruits
and vegetables, eggs, pasteurized milk, meat, seeds, nuts, grains, or plain yogurt); (2)
processed culinary ingredients (i.e., oils, fats, sugar, and salt); (3) processed foods (i.e.,
canned vegetables, canned fish, fruits in syrup, cheeses, fresh bread, beer, and wine); and (4)
UPF (i.e., soft drinks, sweet, or savory packed snacks, processed meats, pre-prepared frozen
dishes, and ‘instant’ products). Details about the allocation of FFQ items to processing
groups with examples are provided in online Supplementary Table S1. Furthermore,
items belonging to the UPF group (foods and beverages) were allocated into the following
subgroups: dairy products; processed meat; pre-prepared dishes, snacks and fast-foods;
sweets; non-alcoholic beverages; and alcoholic beverages (Table 1).
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Table 1. Relative contribution of different food groups to the consumption of UPF in diet of partici-
pants at baseline.

Subgroup Contribution (%) Item

Sweets 28 chocolate cookies, breakfast cereals, muffins, donuts,
croissants, pastries, and confectionery

Non-alcoholic beverages 26 soft drinks (sugar- and artificially-sweetened) and
commercial fruit juices

Processed meats 22 ham, chorizo, mortadella, sausages, hamburgers and meat
balls, and pate and foie-gras

Pre-prepared dishes, snacks and
fast-foods 11

potato chips, croquettes, pizza, instant soups, margarine,
mayonnaise, mustard, ketchup, packed fried tomato sauce,

and savory packed snacks

Dairy products 11 milkshakes, ice cream, Petit suisse, custard, flan, pudding,
and creamy cheese spreads

Alcoholic beverages 2 distillated liquors

Daily intake of beverages was collected in cubic centimeters and then converted into milliliters (1 cc = 1 mL), and
further into grams, assuming that 1 mL = 1 g.

Repeated data on the percentage of UPF consumption (and other NOVA groups)
was computed as the sum of grams per day consumed from items in the UPF group
(determined at baseline, 6-, and 12-month follow-up visits), divided by the total grams of
all items consumed per day, and multiplied by 100.

2.4. Socio-Demographic, Lifestyle, Anthropometric, and Clinical Variables Assessment

Information on socio-demographics and health-related issues was collected from par-
ticipants using a general questionnaire at baseline. Educational level, indicated by the
highest educational qualification (professional or academic) achieved, was categorized into
three groups (higher education or technician, secondary education, or primary education
or less), smoking habits into four groups (current, never, ex-smoker, or insufficient data),
whereas history of overweight was categorized into five groups (since childhood, adoles-
cence, adulthood, after childbirth, or since menopause), and prevalence of type 2 diabetes
was dichotomized (yes or no).

At baseline, 6-, and 12-month follow-up visits, total leisure-time PA (METs min/week)
was assessed using the validated Minnesota-REGICOR short physical activity question-
naire [34] and sedentary behavior (SB) (h/day) by the validated Spanish version of the
Nurses’ Health Study questionnaire [35]. Adherence to the erMedDiet was determined
using a 17-item screener, a modified version of a validated 14-item questionnaire [36].

At each visit, trained staff measured in duplicate height and weight according to the
study´s protocol using a wall-mounted stadiometer and calibrated scales, respectively.
Blood pressure was measured in triplicate using a calibrated oscillometer. Averages of
these repeated measurements were taken for analyses. BMI was calculated by dividing
weight (kg) by squared height (m), and waist circumference (cm) was determined midway
between the lowest rib and the iliac crest using an anthropometric tape.

Fasting blood samples were collected at baseline and thereafter to quantify levels
of alanine aminotransferase (ALT, U/L), aspartate aminotransferase (AST, U/L), gamma-
glutamyl transferase (GGT, U/L), glucose (mg/dL), high-density lipoprotein cholesterol
(HDL-c, mg/dL), triglyceride (mg/dL), and glycated hemoglobin (HbA1c, %) using stan-
dard methods. MetS components were ascertained according to guidelines from the
International Diabetes Federation/National Heart, Lung and Blood Institute/American
Heart Association (2009), namely: waist circumference ≥ 102 cm for men and ≥88 cm
for women, triglycerides ≥ 150 mg/dL, HDL-c < 40 mg/dL in men and <50 mg/dL in
women, systolic blood pressure ≥ 130 and/or diastolic blood pressure ≥ 85 mmHg (or
antihypertensive drug treatment), and fasting glucose ≥ 100 mg/dL (or antidiabetic drug
treatment) [27].
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2.5. Outcome Assessment: Liver Health

Repeated data of the non-invasive liver health biomarkers were computed using
anthropometric and biochemical data collected at baseline, 6-, and 12-month follow-up
visits. The fatty liver index (FLI) and hepatic steatosis index (HSI) were used as surrogate
measures of NAFLD [37,38]. FLI [37] and HSI [38] are diagnostic algorithms built upon
a cluster of liver health biomarkers, including BMI, waist circumference, blood levels of
triglycerides, the liver enzyme GGT, the AST/ALT ratio, type 2 diabetes status, and sex (see
below). These scores have been previously validated in large populations against imaging
techniques, showing high specificity and sensitivity in predicting excess liver fat, with
values < 30 ruling out and values ≥ 60 (for FLI) or ≥36 (for HSI) confirming NAFLD [37,38].

FLI = (e(0.953×ln(triglyceride)+0.139×BMI+0.718×ln(GGT)+0.053×waist circumference−15.745))/
(1 + e(0.953×ln(triglyceride)+0.139×BMI+0.718×ln(GGT)+0.053×waist circumference−15.745)) × 100

HSI = 8 * ALT/AST + BMI + (2 if type 2 diabetes, 0 otherwise) + (2 if women, 0 otherwise)

2.6. Statistical Analyses

All analyses were performed using the entire analytical sample as an observational co-
hort (both study arms combined). For descriptive analyses of a participant´s characteristics
means and standard deviations (SD), and numbers and percentages (%), were calculated
for continuous and categorical variables, respectively. Statistical differences in baseline
characteristics by baseline sex-specific quintiles of UPF consumption were assessed using
one-way ANOVA or χ2 test, wherever appropriate. The differences in these characteris-
tics over follow-up time were assessed using linear mixed-effects models with random
intercepts at recruiting center, cluster family, and patient level.

The same approach with linear mixed-effects modelling with random intercepts (re-
cruiting center, cluster family, and patient) was used to evaluate associations between
concurrent 6-month changes in UPF consumption with changes in indices of NAFLD over
the first year of follow-up. Our exposure was modelled as repeatedly measured continuous
variable (per 10% increment) and as sex-specific quintiles, with the first quintile set as the
reference category. The p for linear trend across increasing quintiles was calculated with
the use of the median value for each category. In the main analyses, two sets of covariates
were used. Model 1 was minimally adjusted for age at inclusion, sex, study arm, and
follow-up time (months). Model 2 was additionally adjusted for baseline educational level,
smoking habits (all categorical, height, as well as repeatedly measured at baseline and every
6 months thereafter PA, SB, and alcohol intake (all continuous). Selection of covariates was
performed using a causal directed acyclic graph approach implemented in the DAGitty
free web application [39].

Several sensitivity analyses were performed based on model 2. The potential influence
of nutritional factors (characteristics of UPF) was addressed by additional adjustment
for repeatedly measured intake of total energy, saturated and trans FA, cholesterol, fiber,
glycemic load, sodium (individually and including all factors simultaneously in the model),
as well as adherence to erMedDiet (all continuous). Moreover, we controlled for several
NAFLD-related risk factors by additional adjustment for repeatedly measured BMI, waist
circumference, HbA1c, and number of MetS factors (continuous), as well as for history
of overweight self-reported at baseline and type 2 diabetes prevalence at baseline (both
categorical). Finally, models were rerun eliminating outliers (1st and 99th percentile) from
FLI and HSI, and imputing missing follow-up data (UPF, NAFLD indices and covariables)
using the last observation carried forward (LOCF) method.

Additionally, the proportion mediated by nutritional factors (characteristics of UPF,
and adherence to erMedDiet, as an indicator of a healthy dietary pattern) and NAFLD-
related biomarkers (known risk factors and components of FLI and HSI scores) in the
studied association were quantified. For this, standard steps proposed by Baron and
Kenny (1986) with adjustments introduced by Iacobucci et al. [40] were followed using
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multicovariate-adjusted linear mixed-effects models (Model 2). Details about the method
and analyses are presented in online Supplementary Text S1.

Subgroup analyses were also performed by rerunning the model for different strata at
baseline: sex (men or women), age (<65 or ≥65 y), type 2 diabetes status (non-diabetics or di-
abetics), alcohol intake (<20/30 g/day for men/women or ≥20/30 g/day for men/women,
respectively), and adherence to erMedDiet (<8 or ≥8 points). Median values were used
as a threshold to stratify age and erMedDiet, whereas safe limits accepted by guidelines
of scientific associations were used for alcohol intake [41]. The p values for interaction
were computed for each scenario rerunning model 2 with a multiplicative interaction term
inserted between these variables and exposure in continuous form.

In secondary analyses, model 2 was rerun to explore the associations between concur-
rent changes in consumption of different food subgroups within UPF (continuous variable)
and NAFLD indices.

Analyses were performed using Stata v15. and statistical significances was set at
p < 0.05. The last actualized version of the PREDIMED-Plus longitudinal database gener-
ated on 22nd December 2020 (202012220958_PREDIMEDplus 2020) was used.

3. Results

Table 2 presents baseline characteristics of study participants according to quintiles
of UPF consumption. The analytical sample (n = 5867) comprised 47.8% women with
average age at inclusion of 65.0 years (SD 4.9 years). Overall obesity and abdominal obesity
(73.1 and 93.0%, respectively), as well as NAFLD screened using FLI and HSI (84.1 and
95.2%, respectively), were highly prevalent. Mean UPF consumption accounted for 8.19%
(SD 6.95%) of total daily intake (in grams). Compared to participants with the lowest UPF
consumption (Q1, mean consumption 2.12% (SD 0.81%) of total daily intake (in grams)),
participants in the highest quintile (Q5, mean UPF consumption 19.0% (SD 7.9%)) were
younger and showed less healthy lifestyle habits in terms of physical inactivity; higher
sedentariness; intake of energy, saturated and trans FA, cholesterol, sodium, and glycemic
load; as well as lower intake of fiber, alcohol, and adherence to MedDiet (p < 0.001 for all
comparisons). Moreover, participants in the highest quintile of UPF consumption presented
higher values of BMI and WC than their counterparts in the lowest quintile, as well as
higher levels of liver health biomarkers, such as blood ALT/AST ratio and triglycerides, as
well as both NAFLD indices (p ≤ 0.001). Sweets (28%), non-alcoholic beverages (26%), and
processed meats (22%) were the main food subgroups consumed within the UPF category
at baseline (Table 1).

161



Nutrients 2022, 14, 4142

Table 2. Baseline characteristics of study participants according to baseline sex-specific quintiles of
UPF.

Quintiles of UPF Consumption

Total Q1 Q2 Q3 Q4 Q5

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-Value

n 5867 1174 1173 1173 1173 1173
Sociodemographic factors
Women, n (%) 2807 (47.8) 562 (47.9) 561 (47.8) 562 (47.9) 561 (47.8) 561 (47.8)
Age (years) 65.0 (4.9) 66.1 (4.7) 65.4 (4.8) 64.8 (4.8) 64.6 (4.9) 64.3 (5.0) <0.001
Higher education, n (%) 1233 (21.0) 234 (19.9) 232 (19.8) 255 (21.7) 254 (21.7) 258 (22.0) 0.087
Current smokers, n (%) 732 (12.5) 128 (10.9) 128 (10.9) 146 (12.4) 159 (13.6) 171 (14.6) 0.167
Lifestyle factors
Physical activity (METs
min/week) 2477 (2297) 2743 (2481) 2646 (2449) 2439 (2245) 2383 (2160) 2174 (2081) <0.001

Sedentary behavior (h/day) 6.00 (1.96) 5.68 (1.98) 5.89 (1.91) 6.04 (1.94) 6.18 (1.92) 6.23 (1.97) <0.001
FFQ:
Total energy intake (kcal/day) 2360 (550) 2203 (521) 2318 (511) 2371 (536) 2434 (545) 2473 (592) <0.001
Saturated FA (% of energy
intake) 9.95 (1.99) 8.95 (1.80) 9.63 (1.72) 10.1 (1.9) 10.4 (2.0) 10.7 (2.1) <0.001

Trans FA (% of energy intake) 0.22 (0.13) 0.16 (0.10) 0.20 (0.11) 0.23 (0.12) 0.24 (0.13) 0.27 (0.14) <0.001
Cholesterol (mg/day) 380 (115) 343 (105) 367 (107) 389 (115) 397 (115) 406 (123) <0.001
Sodium (mg/day) 3281 (1016) 3021 (983) 3239 (972) 3298 (1010) 3397 (971) 3452 (1088) <0.001
Glycemic load 131 (46) 123 (45) 128 (42) 131 (45) 133 (47) 138 (49) <0.001
Fiber intake (g/day) 25.9 (8.7) 27.8 (9.5) 27.0 (8.7) 26.0 (8.3) 25.2 (8.4) 23.6 (7.9) <0.001
Alcohol intake (g/day) 11.1 (15.1) 12.5 (17.3) 11.6 (15.6) 11.0 (14.3) 10.6 (14.1) 9.70 (14.0) 0.0001
Adherence to erMedDiet (17p
score) 8.45 (2.67) 9.61 (2.55) 8.90 (2.67) 8.37 (2.48) 7.98 (2.53) 7.38 (2.55) <0.001

NOVA food groups:
Unprocessed or minimally
processed foods (% of g/day) 68.1 (12.5) 73.3 (13.4) 71.6 (11.6) 69.7 (10.5) 66.7 (10.3) 59.1 (11.2) <0.001

Processed culinary
ingredients (% of g/day) 2.79 (1.28) 2.69 (1.23) 2.80 (1.28) 2.82 (1.24) 2.88 (1.37) 2.78 (1.26) 0.006

Processed foods (% of g/day) 20.9 (10.8) 21.9 (13.2) 21.4 (11.4) 21.2 (10.1) 21.0 (9.8) 19.0 (8.9) <0.001
UPF (% of g/day) 8.19 (6.95) 2.12 (0.81) 4.17 (0.63) 6.23 (0.86) 9.44 (1.44) 19.0 (7.9) <0.001
Liver health risk factors

BMI (kg/m2) 32.5 (3.4) 32.0 (3.3) 32.5 (3.4) 32.6 (3.4) 32.7 (3.5) 32.8 (3.6) <0.001
Overall obesity prevalence, n
(%) 4289 (73.1) 819 (69.8) 848 (72.3) 870 (74.1) 864 (73.7) 888 (75.7) 0.018

History of overweight from
childhood, n (%) 334 (5.69) 53 (4.51) 64 (5.46) 78 (6.64) 60 (5.12) 79 (6.73) 0.595

Waist circumference (cm) 107.5 (9.6) 106.3 (9.1) 107.1 (9.3) 107.7 (9.7) 108.2 (9.7) 108.4 (9.9) <0.001
Abdominal obesity
prevalence, n (%) 5454 (93.0) 1075 (91.6) 1093 (93.2) 1103 (94.0) 1095 (93.4) 1088 (92.8) 0.224

HbA1c (%) 6.12 (0.87) 6.12 (0.82) 6.14 (0.86) 6.08 (0.82) 6.14 (0.93) 6.11 (0.90) 0.570
Type 2 diabetes prevalence at
baseline, n (%) 1828 (31.2) 385 (32.8) 363 (31.0) 356 (30.3) 384 (32.7) 340 (29.0) 0.213

Number of MetS factors at
baseline 3.38 (0.98) 3.31 (0.99) 3.37 (0.99) 3.40 (0.96) 3.38 (0.98) 3.42 (0.97) 0.069

Liver health biomarkers
FLI (arbitrary units) 77.9 (17.1) 75.8 (17.3) 77.5 (17.4) 78.4 (17.1) 78.7 (16.7) 79.4 (16.8) <0.001
NAFLD prevalence (FLI ≥
60), n (%) 4934 (84.1) 962 (81.9) 970 (82.7) 990 (84.3) 1000 (85.3) 1012 (86.3) 0.132

HSI (arbitrary units) 43.4 (5.9) 42.7 (4.6) 43.5 (6.5) 43.3 (5.5) 43.4 (4.8) 44.0 (7.4) <0.001
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Table 2. Cont.

Quintiles of UPF Consumption

Total Q1 Q2 Q3 Q4 Q5

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-Value

NAFLD prevalence (HSI ≥
36), n (%) 5585 (95.2) 1117 (95.1) 1124 (95.8) 1119 (95.3) 1115 (95.1) 1110 (94.6) 0.750

ALT (U/L) 27.0 (15.4) 26.4 (15.3) 27.7 (16.2) 26.7 (15.0) 26.5 (14.3) 27.8 (16.0) 0.065
AST (U/L) 23.3 (9.9) 23.1 (9.7) 23.6 (10.4) 23.3 (10.1) 23.2 (9.6) 23.4 (9.8) 0.771
ALT/AST ratio 1.16 (0.53) 1.13 (0.34) 1.18 (0.64) 1.15 (0.46) 1.14 (0.34) 1.21 (0.76) 0.001
AST/ALT ratio 0.95 (0.30) 0.96 (0.28) 0.94 (0.29) 0.96 (0.30) 0.96 (0.30) 0.94 (0.33) 0.204
GGT (U/L) 37.6 (37.2) 37.3 (34.7) 38.5 (40.8) 37.9 (39.7) 37.1 (35.8) 37.1 (34.7) 0.889
Triglycerides (mg/dL) 151 (77) 145 (73) 149 (79) 151 (70) 151 (73) 158 (88) 0.001

Abbreviations: ALT—alanine aminotransferase; AST—aspartate aminotransferase; BMI—body mass index;
erMedDiet—energy-restricted Mediterranean Diet; GGT—gamma-glutamyl transferase; FA—fatty acids; FFQ—
Food frequency questionnaire; FLI—fatty liver index; HbA1c—glycated hemoglobin; HSI—hepatic steatosis index;
MetS—metabolic syndrome; NAFLD—non-alcoholic fatty liver disease; UPF—ultra-processed foods. Sex-specific
ranges for quintiles of UPF (%): men—Q1 (lowest): 0.00–3.53, Q2: 3.53–5.44, Q3: 5.45–8.17, Q4: 8.18–12.60, Q5
(highest): 12.62–57.67; women—Q1 (lowest): 0.10–2.97, Q2: 2.97–4.69, Q3: 4.70–6.91, Q4: 6.92–10.64, and Q5 (highest):
10.65–59.48. Values shown are mean (SD) unless otherwise specified. Overall obesity was defined as body mass
index ≥ 30.0 kg/m2, and abdominal obesity as waist circumference ≥ 88 cm in women or ≥102 cm in men. The
consumption of NOVA food groups was expressed as a percentage of total food and beverage intake in g/day. Daily
intake of beverages was collected in cubic centimeters and then converted into milliliters (1 cc = 1 mL), and further
into grams, assuming that 1 mL = 1 g. p-values for comparisons between baseline quintiles of UPF consumption were
calculated by one-way ANOVA test for continuous variables and χ2 test for categorical variables.

As shown in online Supplementary Table S2, lifestyle factors and liver health markers
improved over time compared to the baseline (p < 0.05 for all comparisons). An increase in
the consumption of unprocessed or minimally processed foods and decrease in products
with higher degree of processing was observed during the 1-year follow-up period, prob-
ably as consequence of MedDiet recommendations, which were given to participants in
both study arms (p < 0.001).

Results from the main analysis evaluating the association between concurrent changes
in UPF consumption and changes in indices of NAFLD are summarized in Figure 1 and
presented in detail in online Supplementary Table S3. In model 2, we observed significant
(p < 0.001) associations between each daily 10% increment in UPF consumption and greater
FLI (β 1.60, 95% CI 1.24; 1.96) and HSI (0.43, 0.29; 0.57) over the 1-year follow-up. Compari-
son across increasing quintiles of UPF consumption revealed a significant dose–response
relationship with both NAFLD indices (p for trend < 0.001): FLI (β estimates for Q5 3.73,
95% CI 3.10; 4.35) and HSI (0.93, 0.67; 1.18).
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Figure 1. Dose–response relationship in the association between concurrent changes in UPF con-
sumption (% of g/day) and changes in NAFLD indices during 1 year of follow-up (fully adjusted
model 2). The consumption of UPF was expressed as a percentage of total food and beverage intake
in g/day. Daily intake of beverages was collected in cubic centimeters and then converted into
milliliters (1 cc = 1 mL), and further into grams, assuming that 1 mL = 1 g. Mixed-effects linear
modelling for repeated measures with random intercepts at recruiting center, cluster family, and
patient level were used after controlling in fully adjusted model 2 for baseline variables, such as
age, sex, study arm, educational level, smoking habits, and height, as well as repeatedly measured
physical activity, sedentary behavior, alcohol intake, and follow-up time. a Estimates β are interpreted
as changes in NAFLD associated with increments of 10% in UPF consumption. b Estimates β are
interpreted as changes in NAFLD indices in each sex-specific quintile of UPF consumption, compared
to quintile 1, the reference category. Abbreviations: FLI—fatty liver index; HSI—hepatic steatosis
index; NAFLD—non-alcoholic fatty liver disease; UPF—ultra-processed foods.

As highlighted in Figure 2 (UPF coded as continuous variable) and shown in detail
in online Supplementary Table S4 (UPF coded as continuous and sex-specific quintiles),
results remained statistically significant after further adjustments in sensitivity analysis.
Only simultaneous adjustment for several factors related to nutritional quality of the diet
(saturated and trans FA, cholesterol, fiber, glycemic load and sodium) and an adherence
to erMedDiet, as well as BMI and waist circumference, decreased point estimates, yet
the associations of UPF consumption with both NAFLD indices remained statistically
significant. A similar pattern was observed when the exposure was coded in quintiles
(online Supplementary Table S4).
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Figure 2. Summary of the sensitivity analysis for the association between concurrent changes in UPF
consumption (% of g/day, continuous variable) and changes in NAFLD indices during 1 year of
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follow-up (fully adjusted model 2). The consumption of UPF was expressed as a percentage of total
food and beverage intake in g/day. Daily intake of beverages was collected in cubic centimeters
and then converted into milliliters (1 cc = 1 mL), and further into grams, assuming that 1 mL = 1 g.
Mixed-effects linear modelling for repeated measures with random intercepts at recruiting center,
cluster family and patient level were used after controlling in fully adjusted model 2 for baseline
variables, such as age, sex, study arm, educational level, smoking habits, and height, as well as
repeatedly measured physical activity, sedentary behavior, alcohol intake, follow-up time, and use of
antidiabetic medications (for models with HbA1c). Estimates β are interpreted as changes in NAFLD
indices associated with increments of 10% in UPF consumption. a Outliers (1st, 99th percentile) in
the outcome variables were eliminated at baseline and follow-up (for FLI total n = 318, for HSI total
n = 316). Abbreviations: BMI—body mass index; erMedDiet—energy-restricted Mediterranean Diet;
FA—fatty acids; FLI—Fatty liver index; HbA1c—glycated hemoglobin; HSI—Hepatic steatosis index;
LOCF—last observation carried forward; MetS—metabolic syndrome; NAFLD—non-alcoholic fatty
liver disease; UPF—ultra-processed foods.

In the mediation analysis, we found that changes in nutritional factors partly me-
diated the association with concurrent changes in NAFLD indices (Table 3 and online
Supplementary Table S5). Among them, changes in nutritional characteristics of UPF,
such as saturated and trans FA, mediated 17–21% of the associations for both indices, and
fiber and glycemic load explained 15% and 11% of the association for FLI, respectively;
whereas changes in intake of total energy, sodium, and cholesterol did not mediate any of
the associations. Moreover, changes in adherence to erMedDiet acted as mediator in 58%
and 43% for FLI and HSI, respectively. As far as NAFLD-related biomarkers (known risk
factors and components of both scores) are concerned, changes in BMI were responsible
in 69% for the association between concurrent changes in UPF consumption and both FLI
and HSI; whereas, waist circumference was responsible in 56% of the association for FLI
and in 82% for HSI. Furthermore, in the case of FLI, the association with UPF was driven
by changes in triglycerides and MetS factors (both in 26%), followed by changes in Hba1c
(14%). In turn, in case of HSI, the association was driven by the ALT/AST ratio (39%), ALT
and MetS factors (both in 16%), and changes in HbA1c (15%). Changes in GGT and AST
did not mediate the respective associations for FLI and HSI.

Table 3. Proportion of the association between concurrent changes in UPF consumption (% of g/day,
continuous variable) and changes in NAFLD indices during 1 year of follow-up mediated through
nutritional factors and NAFLD-related biomarkers (fully adjusted model 2).

(A) FLI Score

Mediator % Mediated

Nutritional factors
+changes in total energy intake (kcal/day) 0%
+changes in saturated FA intake (g/day) 19%
+changes in trans FA intake (g/day) 18%
+changes in cholesterol intake (mg/day) 0%
+changes in fiber intake (g/day) 15%
+changes in glycemic load 11%
+changes in sodium intake (mg/day) 0%
+changes in adherence to erMedDiet (17p score) 58%
NAFLD-related biomarkers

+changes in BMI (kg/m2) 69%
+changes in waist circumference (cm) 56%
+changes in HbA1c (%) 14%
+changes in number of MetS factors 26%
+changes in GGT (U/L) 0%
+changes in triglycerides (mg/dL) 26%
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Table 3. Cont.

(B) HSI Score

Mediator % Mediated

Nutritional factors
+changes in total energy intake (kcal/day) 0%
+changes in saturated FA intake (g/day) 21%
+changes in trans FA intake (g/day) 17%
+changes in cholesterol intake (mg/day) 0%
+changes in fiber intake (g/day) 0%
+changes in glycemic load 0%
+changes in sodium intake (mg/day) 0%
+changes in adherence to erMedDiet (17p score) 43%
NAFLD-related biomarkers

+changes in BMI (kg/m2) 69%
+changes in waist circumference (cm) 82%
+changes in HbA1c (%) 15%
+changes in number of MetS factors 16%
+changes in ALT (U/L) 16%
+changes in AST (U/L) 0%
+changes in ALT/AST 39%

Abbreviations: ALT—alanine aminotransferase; AST—aspartate aminotransferase; BMI—body mass index;
erMedDiet—energy-restricted Mediterranean Diet; FA—fatty acids; FLI—Fatty liver index; GGT—gamma-
glutamyl transferase; HbA1c—glycated hemoglobin; HSI—Hepatic steatosis index; MetS—metabolic syndrome;
NAFLD—non-alcoholic fatty liver disease; UPF—ultra-processed foods. Summary of the mediation analyses was
performed to determine the extent to which the association between independent variable (UPF consumption,
continuous variable) and each dependent variable (FLI and HSI scores) was mediated through individual nu-
tritional factors (characteristics of UPF and adherence to erMedDiet, as an indicator of healthy dietary pattern)
and NAFLD-related biomarkers (known risk factors and components of NAFLD indices). Mediation analyses
were performed following standard steps proposed by Baron and Kenny (1986) with adjustments introduced by
Iacobucci et al. [39] to evaluate direct and indirect effect and the proportion mediated by each of these variables.
More details of this analysis are presented in Supplementary Text S1 and Supplementary Table S5).

In subgroup analyses (online Supplementary Table S6), we found that the direct
association between UPF consumption and FLI was slightly more pronounced in non-
diabetics (β 1.73, 95% CI 1.29; 2.18, p < 0.001) than in diabetics (1.29, 0.68; 1.90, <0.001)
(p for interaction = 0.027).

In additional analyses (online Supplementary Table S7), we found that all UPF sub-
groups contributed to observed associations with NAFLD indices. In particular, pre-
prepared dishes, snacks, and fast-foods, as well as processed meats and sweets, showed the
strongest statistically significant associations (all p-values < 0.001) with both liver scores. In
turn, the subgroup of alcoholic beverages was only strongly associated with FLI.

4. Discussion

In this large prospective cohort study of older adults with overweight/obesity and
MetS from Spain, a Mediterranean country, we found that UPF consumption was asso-
ciated with worse liver health, assessed using biomarkers related to NAFLD. This direct
association was ascertained using sophisticated analyses and validated tools, and was
robust after accounting for a wide range of indicators related to nutritional quantity and
quality of the diet and NAFLD risk.

Given the mounting body of evidence showing associations of UPF consumption
with well-known risk factors for NAFLD, such as obesity [12–15], type 2 diabetes [17],
or hypertension [42,43], our findings were not unexpected. Moreover, they are in line
with recent evidence on the role of diet in NAFLD [4], pointing to several UPF, such as
processed meat [44] and SSB [45], as culprits in objectively-determined NAFLD develop-
ment. However, studies on diet-NAFLD risk have rarely been prospective, and few of them
aggregated foods according to the nature, extent, and purpose of processing [23,24]. In this
sense, our findings corroborate recent results from TCLSIH prospective cohort in China,
showing the link between UPF consumption and risk of developing NAFLD, diagnosed
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using ultrasonography [24]. Here, we support this link using repeatedly measured dietary
habits in a different population from a Mediterranean country. It needs to be underlined
that processing not always has to be negative, as it also can increase the safety and shelf-life
of foods and beverages. However, ultra-processing combines several ingredients with little,
if any, intact whole foods, which results in the creation of new products with nutritionally
imbalanced properties [5,6].

Several putative mechanisms of action could be responsible for the link between UPF
and liver fat accumulation. The first is the nutritional characteristics of UPF, which is poor
due to the industrial manipulations that they undergo. For instance, the incorporation of
sizable amounts of saturated and trans FA may increase product stability and palatabil-
ity [46], and these nutrients have been associated with increased liver fat in humans and
rodents [4,47]. It should be mentioned that there has been significant progress towards
2023, the target for elimination of industrially produced trans FA around the world [48]. In
the European Union countries, the regulation limiting the use of artificial trans FA came
into force just recently (April 2021) [49]. However, given that dietary data used in this
study were collected before that (2013–2017), we could still estimate the intake of trans
FA in this population. Furthermore, low fiber content is a common attribute of UPF, and
the breakdown of natural food matrix during ultra-transformation might also reduce its
quantity. Recent findings from a large cross-sectional study showed an inverse association
of dietary fiber with NAFLD [50], and this could be explained through the effects of fiber
on microbiota as well as on satiation and satiety. UPF, including beverages, usually lead
to postprandial hyperglycemia due to a high content of refined carbohydrates, such as
white flour and sugar, and simultaneous fiber, water, and protein deprivation [51]. Food
glycemic responses have been implicated in liver fat mass accretion through alterations in
glucose, insulin, and lipid metabolism [52,53]. In our multivariate analyses, we found that
the associations between UPF and liver scores were attenuated but remained statistically
significant after further adjustment for these nutritional factors (i.e., saturated and trans
FA, fiber, and glycemic load). Mediation analyses revealed that the quality of fat (saturated
and trans FA) and carbohydrate (fiber and glycemic load) contributed (11 to 21%) to this
pooled effect. This could indicate that these nutritional attributes of UPF might explain
part of the observed associations, but clearly not the overall effect. This suggests that
mechanisms beyond the nutritional dimension of UPF might also be responsible for the
observed associations.

Another potential mechanism responsible for the association between UPF and liver
health could be related to additives used during the ultra-processing of these products.
In this regard, although the health properties of non-nutritional additives are relatively
underexplored in humans, current research performed in rodents and cell lines suggests
that they can be harmful for the liver, and the effect could be partly mediated through
imbalances of gut microbiota [54]. Some artificial sweeteners (i.e., saccharin, aspartame),
emulsifiers (i.e., polysorbate 80), preservatives (i.e., benzoic acid), and flavor enhancers (i.e.,
monosodium glutamate) could lead to transaminitis, steatosis, degradation, and toxicity in
the liver of rodents [54–57]. We could not explore the potential mediating role of additive
content because this information is not yet available in most food composition tables.

In addition, UPF composition may indirectly lead to excessive hepatic lipid accumula-
tion, given their ability to displace healthy foods affecting overall diet quality. In mediation
analyses we confirmed that a low adherence to MedDiet explained approximately half of
the studied association. Overall diet quality and consumption of UPF are two different but
complementary nutritional dimensions to consider in relation to health, given that they
could offset one another. A high-quality dietary pattern such as the MedDiet is presumed to
be beneficial for NAFLD management [3,4]. An interesting result obtained in our sensitivity
analyses suggests that the associations between consumption of UPF and NAFLD indices
were attenuated after adjusting for MedDiet adherence, albeit it remained statistically
significant. All in all, the potential mechanisms by which UPF consumption may be related
to NAFLD is speculative and warrants future studies.
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Although not the sole determinant, obesity is recognized as a major risk factor for
NAFLD [1,2], whereas type 2 diabetes and MetS are considered as clinical factors that
coexist with NAFLD in a bi-directional relationship [58,59]. In this sense, we found that
the direct associations between UPF consumption and liver health scores remained sig-
nificant after adjustment for BMI or waist circumference, albeit their strength markedly
diminished. Mediation analyses confirmed that a substantial proportion of the association
was driven by obesity, either overall (69%) or abdominal (56% for FLI and 82% for his). In
turn, the proportion mediated by type 2 diabetes, MetS, or triglycerides was lower. We
have previously reported in the PREDIMED-Plus cohort by using imaging technique that
consumption of UPF affected to a similar extent visceral and total fat [12], potentially lead-
ing to NAFLD and other diseases. Other large cross-sectional and prospective studies in
adults have also shown strong and direct association between UPF and type 2 diabetes [17],
MetS [60], and hypertension [42,43]. Regarding markers of liver function, only in the case
of the HSI score was the association driven in part by its enzymatic component ALT, and
particularly the ALT/AST ratio. The latter has been considered as more accurate than each
of these enzymes alone [61]. There is evidence from cross-sectional and cohort studies with
healthy adults on a relationship of SSB and fast foods with greater levels of ALT and the
ALT/AST ratio [45,62,63]. It needs to be underlined that all PREDIMED-Plus participants
were overweight/obese with MetS, and some also had type 2 diabetes (≈27%); hence,
future longitudinal studies with healthier individuals are warranted to ascertain what
mechanisms underly the association between UPF and liver health.

Beyond the prospective design, control for a wide set of confounders, and performance
of a series of sensitivity and stratified analyses, a marked strength of the present study was
the use of a large and homogenous sample of men and women within a narrow range of
age, BMI, and health conditions. Of note, a unique feature of the present study is that both
exposure and outcome were repeatedly measured at the same points in time, potentially
decreasing the risk of reverse causality. This is relevant as eating behaviors change over time,
given the nutritional intervention given to participants in the PREDIMED-Plus trial [64].

Our study also has limitations. First, its observational nature enabled the identifi-
cations of associations only. Second, the participants were older individuals with over-
weight/obesity and MetS from a Mediterranean area, which limits the generalizability of
our findings. However, the described health profile is quite common in modern societies.
Third, measurement error is unavoidable when using self-reported dietary data, even
though we undertook some actions to improve measurement precision; namely, the FFQ
was previously validated in a Spanish population and administrated repeatedly (each 6
months) to the participants by trained dietitians during face-to-face interviews. Moreover,
participants with implausible total energy intake values were a priori excluded from anal-
yses, and models were adjusted for total energy intake changes in sensitivity analyses.
Fourth, some misclassification in NOVA groups cannot be ruled out, as the FFQ used
was not designed to capture details on food processing, and the definition of UPF in the
NOVA system is rather broad, allowing multiple interpretations. However, the FFQ items
were classified into processing groups with caution and consensus was reached between
experts in nutrition and epidemiology. Last but not least, liver fat was estimated based
on two surrogate indices, but was not directly measured using imaging techniques. How-
ever, both NAFLD algorithms have been validated and have shown good agreement with
ultrasonography [37,38].

5. Conclusions

In this prospective study we revealed that in older adults with chronic health condi-
tions, consumption of UPF was directly and robustly associated with FLI and HSI scores.
Furthermore, these associations were only to a lesser extent explained by the nutritional
characteristics of UPF, pointing out the potential and uncovered role of factors related to
the processing itself (i.e., non-nutritional chemicals and food matrix breakdown). Future
prospective studies in different contexts and with more precise imaging techniques are
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warranted to confirm our findings on liver fat accumulation, as well as future toxicological,
technological, and human experimental studies to clarify underlying mechanisms and
develop detection methods for components generated through food processing. With
this study we provide novel insights into the recently growing body of evidence on food
processing and health risk. The accumulation of firm and high-quality evidence would
help global health authorities to update dietary recommendations and food policies by
considering criteria of food processing, imposing restrictions to marketing, use of additives,
and types of packaging in food technology and trade. Discouragement of UPF consumption
and favoring instead fresh or minimally processed foods should be considered by health
care providers as a valid preventive and treatment strategy for NAFLD.
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Abstract: Aims: We aimed to assess the association between ultra-processed food (UPF) consumption
with diabetes in Chinese adults. Methods: This study included 12,849 eligible adults aged 20 years
and over attending at least two surveys in the China Nutrition and Health Survey during 1997–2011.
Food intake at each survey was assessed by a 3-day 24-h dietary recall method. UPF was defined
based on the NOVA classification. Diabetes was obtained from questionnaires and/or ascertained
by fasting blood tests. The association of diabetes with UPF was examined using mix effect logistic
regression adjusting for potential confounding factors. Results: The mean age of the participants was
43.3 (SD 14.8) years. The age and gender adjusted mean UPF intake increased four times and the
prevalence of diabetes increased eight times in 1997–2011. Compared with non-consumers, the odds
ratios (95% CI) of diabetes for those with mean UPF consumption of 1–19 g/day, 20–49 g/day, and
≥50 g/day were 1.21 (0.98, 1.48), 1.49 (1.19, 1.86), and 1.40 (1.08, 1.80), respectively (p trend < 0.001)
after adjusted for the measured covariates including lifestyle factors (smoking, alcohol drinking, and
physical activity), BMI and hypertension. Conclusions: both UPF consumption and prevalence of
diabetes increased among adults in China during 1997–2011. Higher UPF consumption was positively
associated with diabetes.

Keywords: ultra-processed food; long-term consumption; diabetes; China; adults

1. Introduction

Diabetes is a global health issue contributing to many severe complications and
posing huge economic burden [1]. It affected 10.5% in 20–79 years old of the general
population worldwide and China has the most people with diabetes with estimates of over
140 million in 2021 with projections of 174.4 million in 2045 [2]. In addition to the known
risk factors including overweight/obesity, sedentary lifestyle, family history, hypertension,
and elevated levels of triglycerides, diet attributed to 34.9% of disability-adjusted life years
of diabetes [3], such that processed meat, refined grains, and fried products were positively
associated with diabetes [4].

The classifications based solely on nutrient composition failed to explain the entire
influence of food consumption on diabetes [5]. NOVA classifies foods and drinks into
four groups based on food processing and brings a perspective insight into the diabetes
epidemic [6]. Ultra-processed food (UPF) is the 4th Group in NOVA including products
of entirely industrial formulations or made from substances extracted from foods, with
minimal whole foods [6]. UPF is commonly high in energy density, sugars, salt, trans fats
as well as additives, but low in protein, micronutrients, and fibers. UPF takes up more than
half of total daily energy intake in high-income countries and its consumption is increasing
rapidly in middle-income countries [7].
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Accumulating evidence have indicated an adverse impact of high UPF intake on
metabolic health, including cardiovascular diseases and mortality [8,9]. The evidence from
the animal experiment indicates that UPF is a significant risk factor hyperinsulinemia and
glucose intolerance [10], and certain types of UPF (e.g., soda and processed meats) were
correlated with diabetes [11,12]. A recent meta-analysis of five observational studies from
France, Netherland, Spain, UK, and Canada indicated each 10% increase UPF consumption
was associated with the increased risk of diabetes by 15% in adults after adjusted for
potential socioeconomic and lifestyle factors [13], while a cross-sectional study found
among Brazil’s pregnant women that UPF intake was not associated with gestational
diabetes mellitus [14]. There is no investigation of UPF intake and diabetes yet in China.

Despite the emerging evidence of UPF and its association with health risks, the
consumption of the poor-quality food has been increasing in line with the economic devel-
opment and urbanization, especially in nutrition transition countries (e.g., India, Indonesia,
and Brazil) [15]. Studies has shown that food choice is based not only on nutrients profile
but also on the taste, convenience and cost [16] which may partly drive the trend.

China had experienced a remarkable nutrition transition in the past several decades.
Diet changed from dominantly a traditional pattern of home-made food out of natural food
sources towards a modern one of increased processed food and drink packs from super-
market [17] that is associated with cardiometabolic risks [18]. We recently reported using
national representative data from China Nutrition and Health Survey (CNHS) that UPF con-
sumption per capita was increased fourfold during 1997–2011 among Chinese adults aged
over 20 years and higher UPF consumption was associated with overweight/obesity [19].
However, its long-term association with diabetes and the impact of overweight/obesity
on the association have not been investigated in this population. We aimed to fill the
knowledge gap among adults attending the CHNS.

2. Materials and Methods

2.1. Study Design and Sample

This is an association study between repeated measurements of dietary intake and
diabetes status during 1997–2011 using public access CHNS data.

The CHNS study was a continuing open household-based cohort study conducted
in nine provinces in China [20]. Samples in both urban and rural areas were drawn by a
multistage random-cluster sampling method. So far, ten waves of dietary data collection
have been completed (1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011 and 2015). Blood
samples were collected in the 2009 and 2015 surveys. However, blood glucose data in
2015 were not open to the public. The overall response rate was >60% based on the
first survey in 1989 and >80% based on the previous year [20]. In this study, a total of
12,849 eligible adults were included based on the following criteria: aged ≥ 20 years; having
self-reported diagnosis of diabetes and/or fasting blood tests; having attended at least two
nutrition surveys during 1997–2011; having plausible energy intake (800–6000 kcal/d for
men, and 600–4000 kcal/d for women) (Figure 1). Informed consent was obtained from all
participants. The survey was approved by the institutional review committees [20].

178



Nutrients 2022, 14, 4241

Figure 1. Sample flowchart of participants attending CHNS 1997−2011.

2.2. Outcome Variable

The primary outcome was diabetes. Diabetes was self-reported at each survey during
1997–2011. It was ascertained if a participant answered yes to either of the following
questions: “Has the doctor ever told you that you suffer from diabetes?” “if yes, How
old were you when the doctor told you about such a situation” “Did you use any of
the treatment methods for diabetes (for example, on diet, weight control, oral medicine,
Injection of insulin, Chinese, home remedies, Qigong)?”. In addition, fasting plasma glucose
was obtained in 2009 with diabetes defined as fasting plasma glucose ≥ 7.0 mmol/L, HbA1c
≥ 48 mmol/mol (equivalent to 6.5%). Diabetes in 2009 was ascertained if a participant
self-reported being told having diabetes, or if self-reported not been told having diabetes
but blood tests results met the diagnostic criteria. Fasting blood was taken in the morning
and prepared for a further test in a national central lab in Beijing (medical laboratory
accreditation certificate ISO 15189: 2007). Fasting plasma glucose was measured with the
GOD-PAP method (Randox Laboratories Ltd., Crumlin, UK). All the measurements and
tests were collected using standard protocol by trained staff. The detailed data collection
protocol was described elsewhere [20].

2.3. UPF Assessment

At each survey, individual dietary intake was collected by a trained investigator
conducting a 24-h dietary recall on each of 3 consecutive days [21]. Foods and condiments
in the home inventory, foods purchased from markets or picked from gardens, and food
waste were weighed and recorded by interviewers at the beginning and end of the three-
day survey period. The types and amount of food, the type of meal and the place of
consumption for a participant were from both dietary recall and the records kept by the
individual. Cooking oil and condiments consumption for everyone in the household was
estimated using individual energy-weighted intake. Detailed description of the dietary
measurement has been published previously [22]. The food intake data in 1997–2011
was recoded and converted to nutrient intake using the corresponding updated food
composition tables [23]. Around 3000 food items in the food composition tables since 1997
were categorized into four groups by the NOVA classification [6,19]. Long-term cumulative
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mean UPF intake at each survey was calculated from all the proceeding surveys to reduce
within individual variation. For instance, if the UPF intake of a participant was a, b, c in
1997, 2004, and 2009, the corresponding mean UPF intake in 1997, 2004 and 2009 was a,
(a + b)/2, and (a + b + c)/3.

2.4. Covariates

Sociodemographic and lifestyle factors were collected at each survey using a structured
questionnaire. The socioeconomic status included: education (low: illiterate/primary
school; medium: junior middle school; high: high middle school or higher), annual family
income (recoded into tertiles as low, medium and high), urbanization levels (recoded into
tertiles as low, medium and high).

Height, weight, and blood pressure were measured at each survey round. Overweight/
obesity was defined as BMI ≥ 25 kg/m2. Hypertension was defined as systolic blood pres-
sure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or having known hyperten-
sion.

Physical activity level (metabolic equivalent of task) was estimated based on self-
reported activities and duration using a Compendium of Physical Activities. Smoking
status was categorized as non-smokers, ex-smokers and current smokers. Alcohol con-
sumption was recorded as yes or no. Two dietary patterns (traditional and modern) were
identified in this population using principal components analysis from thirty-five food
groups of similar nutrient profiles or culinary uses [18]. The traditional one was character-
ized by high intakes of rice, meat, and vegetables, while the modern pattern was highly
correlated with fast food, milk, and deep-fried food [18].

2.5. Statistical Analysis

Mean UPF intake was grouped into: non-consumers, 1–19, 20–49, and ≥50 g/day
based on that the serving size in the context of Chinese food is Liang (50 g). Sample
characteristics were presented and compared by UPF intake levels using ANOVA for
continuous measures or chi-square tests for categorical ones.

The association between UPF intake and diabetes were assessed using mixed effect
logistic regression models. Unadjusted and adjusted odds ratios (95% CI) of the fixed
part of the models were reported. Adjusted models were built by including age, sex, and
energy intake initially in Model 1; further adding fat intake, socioeconomic status (income,
urbanization, and education), and lifestyle factors (smoking, alcohol drinking, and physical
activity) in Model 2, and next adjusted for overweight/obesity or hypertension in Model 3
or Model 4. Model 5 included BMI, hypertension, and dietary patterns; Sensitivity analysis
was presented as Model 6 from Model 5 among participants attended at least four waves of
the surveys (n = 7263).

A subgroup analysis was conducted among 8382 participants in 2009 with self-report
diagnosis of diabetes and/or fasting blood records. The association between UPF intake in
1997–2009 or in 2009 and diabetes was assessed using logistic regression analysis.

To test the interaction between UPF intake and other covariates (sex, sociodemo-
graphic, lifestyle, diet, and health factors), a product term of these two variables was put in
the regression model.

The analyses were performed using STATA 17.0 (Stata Corporation, College Station,
TX, USA). Statistical significance was considered when p < 0.05 (two-sided).

3. Results

3.1. Population Profile

At entry, the mean age of the participants was 43.3 years old (SD 14.8). In total,
49.0% were men, one third had medium level of income or lived in high urbanized areas,
44.9% attained low level of education, more than 30% were current smokers or alcohol
drinkers. The prevalence of hypertension and diabetes were 15.9% and 2.1%, respectively.
The percentages of UPF energy over total energy intake for non-consumers, 1–19 g/d,
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20–49 g/d, and ≥50 g/d were 0, 1.6%, 4.9%, 14.3%. And the corresponding weight
percentages of UPF over total food intake in gram per day were 0, 1.2%, 3.2%, and 10.4%.

3.2. Consumption of UPF during 1997–2011

The mean UPF consumption (age- and sex-adjusted) increased continuously from
12.6 g/day in 1997 to 41.3 g/day in 2011 with sharp increase since 2004. The daily energy
contribution of UPF increased from 1.4% in 1997 to 4.9% in 2011 and the daily food weight
proportion of UPF from 1.1% to 3.6%. At entry, 11% (n = 1396) of the participants had UPF
intake greater than 50 g/d.

Compared to those with no or lower UPF intake of 1–19 g/d, participants having
UPF ≥ 50 g/d at entry were more likely: being males, or having higher level of education
or income, or living in the higher urbanized areas, or being smokers or alcohol drinkers, or
having higher BMI. Energy, fat, protein intakes, and modern dietary pattern score were
higher, while intake of carbohydrate and traditional dietary pattern score were lower
(Table 1).

Table 1. Sample characteristics by ultra-processed food intake among participants attending China
Health and Nutrition Survey (n = 12,849).

None 1–19 g/d 20–49 g/d ≥50 g/d p-Value

N n = 10,129 n = 616 n = 708 n = 1396

Survey year at entry <0.001
1997 58.7% 63.6% 48.2% 39.9%
2000 16.4% 13.3% 15.3% 15.9%
2004 12.4% 11.5% 12.9% 12.0%
2006 5.0% 3.4% 9.9% 9.7%
2009 7.5% 8.1% 13.8% 22.6%

Age, mean (years) 43.2 (14.7) 43.7 (15.9) 43.2 (15.2) 44.2 (14.7) 0.091
Sex <0.001
Men 46.8% 44.2% 50.8% 66.0%

Women 53.2% 55.8% 49.2% 34.0%
Income <0.001

Low 31.7% 24.2% 20.3% 21.8%
Medium 33.2% 34.5% 32.2% 31.6%

High 35.0% 41.3% 47.5% 46.7%
Education <0.001

Low 47.5% 42.6% 30.9% 33.5%
Medium 32.0% 33.0% 32.7% 30.8%

High 20.4% 24.4% 36.4% 35.7%
Urbanization <0.001

Low 36.4% 28.2% 19.8% 20.5%
Medium 30.1% 26.9% 25.3% 28.2%

High 33.5% 44.8% 54.9% 51.4%
Energy intake, mean (kcal/d) 2242.9 (633.1) 2153.6 (595.6) 2214.7 (600.3) 2480.9 (702.5) <0.001

Percent (%) of UPF over total energy
intake/d

0.0 (0.0) 1.6 (1.5) 4.9 (2.8) 14.3 (11.1) <0.001

Percent (%) of UPF over total food
intake/d

0.0 (0.0) 1.2 (0.7) 3.2 (1.2) 10.4 (6.8) <0.001

Fat intake, mean (g/d) 65.3 (35.7) 65.3 (33.7) 75.6 (35.7) 82.1 (39.9) <0.001
Protein intake, mean (g/d) 67.5 (22.1) 67.5 (21.7) 71.1 (22.9) 76.6 (25.0) <0.001

Carbohydrate intake, mean (g/d) 345.7 (120.6) 322.2 (114.2) 308.7 (112.0) 323.1 (113.6) <0.001
Traditional dietary pattern score, mean −0.0 (1.0) 0.1 (0.9) 0.1 (1.0) 0.1 (1.0) <0.001

Modern dietary pattern score, mean −0.3 (0.7) −0.2 (0.8) 0.2 (1.0) 0.7 (1.2) <0.001
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Table 1. Cont.

None 1–19 g/d 20–49 g/d ≥50 g/d p-Value

N n = 10,129 n = 616 n = 708 n = 1396

Smoking <0.001
Non smoker 69.1% 69.8% 66.1% 53.5%
Ex-smokers 1.3% 1.0% 2.1% 3.0%

Current smokers 29.6% 29.3% 31.8% 43.5%
Alcohol drinking 32.1% 34.5% 39.8% 57.8% <0.001

Physical activity, mean (MET-hrs/week) 141.0 (117.0) 135.6 (117.2) 132.2 (112.5) 143.1 (118.9) 0.15
BMI (kg/m2), mean (SD) 22.6 (3.2) 22.8 (3.3) 23.1 (3.3) 23.0 (3.3) <0.001

Diabetes 2.0% 1.3% 2.5% 2.8% 0.087
Hypertension 15.1% 19.4% 16.5% 19.5% <0.001

Data in table as n (%) or mean (SD). p values from ANOVA or chi square test.

3.3. Diabetes and UPF Consumption Level

The prevalence of diabetes increased eight times from 1.5% in 1997 to 11.2% in 2009
and to 12.1% in 2011. The unadjusted ORs (95% CI) of diabetes for UPF consumption levels
of none, 1–19 g/d, 20–49 g/d, and >50 g/d were 1 (reference), 2.13 (1.76, 2.56), 2.79 (2.29,
3.40), and 2.60 (2.10, 3.23), respectively (p < 0.001). The odds ratios remained significant
after adjusted for age, sex, and energy intake (aOR 2.21; 95% CI 1.76, 2.77 for ≥50 g/d
Model 1) and after further adjusted for fat, behavioural and sociodemographic factors (aOR
1.96; 95% CI 1.53, 2.51 in Model 2). Adjusted for either BMI or hypertension did not change
the relative odds substantially in Model 3 or Model 4. Nor did BMI and hypertension,
and overall dietary patterns. Specifically, the aORs (95% CI) of diabetes for UPF level of
20–49 g/d and ≥50 g/d were 1.49 (1.19–1.86), 1.40 (1.08–1.80), respectively. Sensitivity
analysis among participants attending four waves of the surveys showed the corresponding
aORs (95% CI) of 1.55 (1.20–2.00) and 1.37 (1.00–1.88) (Table 2).

Table 2. Odds ratio (95% CI) for diabetes by cumulative ultra-processed food intake in 1997–2011
among participants attending China Health and Nutrition Survey.

Cumulative UPF Intake (g/day)
None 1–19 20–49 ≥50 p for Trend

Unadjusted 1.00 2.13 (1.76–2.56) 2.79 (2.29–3.40) 2.60 (2.10–3.23) <0.001
Model 1 1.00 1.53 (1.27–1.85) 2.15 (1.76–2.64) 2.21 (1.76–2.77) <0.001
Model 2 1.00 1.34 (1.09–1.65) 1.87 (1.50–2.34) 1.96 (1.53–2.51) <0.001
Model 3 1.00 1.29 (1.05–1.58) 1.79 (1.43–2.23) 1.85 (1.45–2.36) <0.001
Model 4 1.00 1.29 (1.05–1.58) 1.74 (1.40–2.17) 1.79 (1.40–2.29) <0.001
Model 5 1.00 1.21 (0.98–1.48) 1.49 (1.19–1.86) 1.40 (1.08–1.80) <0.001
Model 6 1.00 1.22 (0.97–1.53) 1.55 (1.20–2.00) 1.37 (1.00–1.88) 0.003

Odds ratios from mixed effect logistic regression. Model 1: adjusted for age, gender and energy intake. Model 2:
model 1further adjusted for intake of fat, income, urbanicity, education, smoking, alcohol drinking, and physical
activity. Model 3: model 2 further adjusted hypertension. Model 4: model 2 further adjusted BMI. Model 5: model
2 further adjusted hypertension, BMI and dietary patterns [18]. Model 6: model 5 among all participants who
attended at least four waves of survey (n = 7263).

The cross-sectional analysis of 8382 participants in 2009 showed both UPF intake in
1997–2009 or in 2009 was positively associated with diabetes. After adjusted for sociode-
mographic and lifestyle factors, the ORs (95% CI) of diabetes for UPF intake of 1–19 g/d,
20–49 g/d, and ≥50 g/d were 1.05 (0.86–1.28), 1.21 (0.96–1.51), and 1.31 (1.04–1.65) (p for
trend = 0.015), respectively, compared with no UPF intake. Similarly, BMI slightly atten-
uated the association. The cross-sectional association using UPF intake in 2009 showed
the corresponding adjusted ORs (95% CI) were 1.16 (0.79–1.68), 0.85 (0.62–1.15), and 1.23
(1.01–1.50) (p for trend = 0.037) (Table 3).
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Table 3. Odds ratio (95% CI) for diabetes by cumulative ultra-processed food intake among partici-
pants attending China Health and Nutrition Survey in 2009 (n = 8382).

None 1–19 g/d 20–49 g/d ≥50 g/d
p for

Trend

n = 3764 n = 1947 n = 1323 n = 1348

Diabetes cases 364 227 169 180 <0.001

Unadjusted 1.00 1.23 (1.03–1.66) 1.37 (1.13–1.66) 1.44 (1.19–1.74) 0.003
Model 1 1.00 1.10 (0.92–1.31) 1.27 (1.04–1.55) 1.46 (1.19–1.77) <0.001
Model 2 1.00 1.05 (0.86–1.28) 1.21 (0.96–1.51) 1.31 (1.04–1.65) 0.015
Model 3 1.00 1.07 (0.87–1.31) 1.16 (0.92–1.46) 1.24 (0.97–1.57) 0.060

Sensitivity analysis 1.00 1.16 (0.79–1.68) 0.85 (0.62–1.15) 1.23 (1.01–1.50) 0.037
Odds ratio from logistic regression analysis using diabetes in 2009 as outcome and UPF intake in 1997–2009 as
study factor. Model 1: adjusted for age, gender and energy intake. Model 2: Model 1 further adjusted for intake
of fat, smoking, alcohol drinking, income, urbanicity, education, physical activity, intake of fruit and vegetable.
Model 3 further adjusted for BMI. Sensitivity analysis: model 2 among those with UPF intake in 2009 (n = 8382).

The association was consistent across subgroups by sex, education, income, urbaniza-
tion, smoking, overweight/obesity, and hypertension status (Table 4).

Table 4. Stratified analysis of the association between cumulative UPF consumption in 1997–2011
and diabetes by sample characteristics.

Cumulative UPF Intake (g/day)
None 1–19 20–49 ≥50 p Value p Interaction

Sex 0.637
Men 1.00 1.51 (1.10–2.09) 2.00 (1.45–2.76) 2.22 (1.60–3.09) <0.001

Women 1.00 1.23 (0.94–1.61) 1.82 (1.34–2.49) 1.78 (1.21–2.61) <0.001
Education 0.146

Low 1.00 1.59 (1.21–2.10) 2.62 (1.90–3.61) 2.22 (1.50–3.30) <0.001
Medium 1.00 0.95 (0.63–1.45) 1.51 (0.98–2.32) 1.77 (1.11–2.80) 0.008

High 1.00 1.03 (0.65–1.63) 1.12 (0.70–1.79) 1.39 (0.86–2.25) 0.195
Income 0.475

Low 1.00 1.14 (0.80–1.64) 2.25 (1.50–3.37) 2.11 (1.32–3.38) <0.001
Medium 1.00 1.25 (0.89–1.76) 1.40 (0.94–2.10) 1.56 (1.00–2.45) 0.020

High 1.00 1.34 (0.94–1.91) 1.99 (1.38–2.85) 2.02 (1.37–2.98) <0.001
Urbanization 0.469

Low 1.00 1.12 (0.71–1.77) 1.34 (0.73–2.45) 1.36 (0.69–2.68) 0.223
Medium 1.00 1.45 (1.00–2.11) 1.88 (1.24–2.83) 2.49 (1.61–3.85) <0.001

High 1.00 1.24 (0.93–1.67) 1.99 (1.45–2.71) 1.81 (1.27–2.57) <0.001
Smoking 0.987

Non smoker 1.00 1.37 (1.08–1.73) 1.99 (1.52–2.61) 2.18 (1.61–2.97) <0.001
Current smokers 1.00 1.29 (0.86–1.93) 1.56 (1.04–2.35) 1.68 (1.11–2.52) 0.006
Overweight/obesity 0.366

No 1.00 1.14 (0.85–1.53) 1.77 (1.29–2.43) 1.70 (1.19–2.41) <0.001
Yes 1.00 1.43 (1.06–1.92) 1.72 (1.24–2.38) 1.91 (1.35–2.71) <0.001

Hypertension 0.684
No 1.00 1.19 (0.90–1.56) 1.61 (1.19–2.16) 1.77 (1.28–2.43) <0.001
Yes 1.00 1.34 (1.00–1.79) 1.94 (1.41–2.66) 1.87 (1.32–2.66) <0.001

Odds ratio (95% CI) from mixed effect logistic regression. Model adjusted for age, sex, intake of energy and fat,
education levels, income, urbanization, smoking, alcohol drinking, and physical activity.

4. Discussion

Among the 12,849 participants in the CHNS, the mean per capita UPF consumption
increased from 12.6 g/day in 1997 to 41.3 g/day in 2011 and the UPF contribution to daily
total energy or daily total foods rose from 1.4 to 4.9% or 1.1 to 3.6%. Meanwhile, the
prevalence of diabetes increased eight times from 1.5 to 12.1% in 2011. UPF intake ≥ 50 g/d
increased the risk of diabetes by 40% compared with non-consumers.

Although the per capita UPF consumption and proportion of diet weight in China
was below the level observed in other countries [8] and it is impossible to compare directly
due to different UPF items, methodology and study period among these studies, it is
unquestionable that the increased trend in China was dramatic, especially among those
who were younger, or had higher educational attainment, or resided in highly urbanized
areas. The younger people were more likely to eat out compared to older adults in China as
home-prepared food are of better quality [24] while eating out increased the consumption
of UPF by 41% compared with preparing meals exclusively at home [25]. The subgroup had
higher educational levels and lived in highly urbanized area facilitating UPF consumption
for time saving, savory taste, attractive packaging, and affordability [26].
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The association between UPF and diabetes among this Chines population was consis-
tent with the synthesized result of observational studies among adults in France, Nether-
land, UK, Spain, and Canada [13]. All studies applied the NOVA classification and four of
them had follow-ups of 3.4–12 years [27–30] with HR/OR ranging from 1.13 to 1.53. The
Canadian cross-sectional survey data reported 37% increased odds of self-reported diabetes
in 2015 [31] while our result using UPF consumption data in 2009 reported the increased
odds of 23% for diabetes.

Potential mechanisms underlying the association should be noted. Studies had shown
that UPF was rich in added/free sugars and saturated fats, which were positively associated
with diabetes [32,33]. Grains, meat, vegetables, and fruits lost the physical and structural
characteristics of the food matrix during processing, which would result in a high glycaemic
index [34]. In addition, as satiety mechanisms showed, humans are more sensitive to
volume than energetic content [35], therefore, UPF with higher energy density may facilitate
excessive energy intakes, leading to obesity as showed in our previous study [36]. We
found in this study that obesity attenuated partly the association between UPF and diabetes.
This is supported by a follow up study indicating a 23% increased risk of incident diabetes
with each kg/m2 increase in BMI (95% CI 1.22 to 1.24) among 211, 833 Chinese persons
>20 years old across 32 sites and 11 cities in China [37].

Food additives in UPF should not be ignored since the association was independent of
energy and fat intake. More than 2000 food additives in 23 different categories have been
added during food processing in China [38]. Although a maximum dose limitation for each
additive has been set, it’s unknown whether the long-term intake of these safe-dose food ad-
ditives, whether single or combined, has cumulative or synergetic adverse effects on health.
Emerging evidence has suggested that very low concentrations of polysorbate 80, the
common food emulsifier, might change the gut microbiota, increase bacterial translocation,
cause intestinal inflammation and promote type 2 diabetes [39]. Exposure to Carrageenan
would result in glucose intolerance and fasting hyperglycaemia [40]. Sucralose, as a non-
caloric artificial sweetener, could alter the metabolic response to the glucose load and
slow down insulin clearance from plasma [41]. Furthermore, heat treatment during food
processing, in particularly, could pose exposure to contaminants such as acrylamide which
was associated with insulin resistance [42]. Finally, UPF could be contaminated by the
package material with endocrine-disrupting properties (e.g., bisphenols A) [43] in order to
keep within the extended expiration date. The impact of food additives on health and food
processing in China should be closely regulated and monitored.

To our best knowledge, this is the first association study between long-term UPF
consumption and diabetes in Chinese adults. The use of mean UPF intake during 1997–
2011 from 3-day dietary intake in combination with household food inventory provided
a robust estimate of long-term habitual intake. An updated NOVA classification system
was used to classify UPF in this population. The association was confirmed by sensitivity
analysis. Potential confounding factors including sociodemographic, behavioural, health,
and dietary factors were adjusted.

Limitations should not be ignored. First, misclassification was possible due to lack of
completing information about food processing in the CHNS survey that was not specifically
designed for NOVA classification. Second, we used the weight unit (gram) to estimate the
consumption of UPF which might not be precise for the diverse UPF items. Third, due to
the complexity of food processing and variabilities in additive composition between brands
for a similar type of product, we could only roughly group some food items therefore the
association could be biased. The NOVA classification has been criticized on its lack of
specificity at an individual nutrient level or overall adequacy of dietary patterns [44]. We
have incorporated both nutrients and dietary pattern in the study to overcome the pitfalls.
Fourth, the ascertainment of diabetes was self-reported except for 2009 which might pose
misclassification of the outcome. However, out subgroup analysis using diabetes identified
in 2009 and UPF intake either in 1997–2009 or in 2009 showed consistent results. Also, the
prevalence and the temporal trend of diabetes in the study period were consistent with
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other national estimates [45–47], especially the prevalence in 2009 when both self-report and
blood tests were applied to ascertain diabetes. This study did not distinguish between type
1 and type 2 diabetes. The association was unlikely to change much, as the data showed
among the 1219 participant self-reported having been told to have diabetes in 1997–2011,
only 30 cases (2.5%) were identified at the age of under 20. In addition, population-based
data indicates Type 1 diabetes onset peak is in the 10–14-year-old age group in Chinese
population [48]. Finally, residual confounding was still possible, for example, there was
no record on family history of diabetes and ethnicity which is closely related to culinary
culture in China.

5. Conclusions

Both UPF consumption and the prevalence of diabetes increased during 1997–2011
in Chinese adults. Higher UPF consumers had a significantly higher risk of diabetes
than non-consumers. The association between UPF consumption and diabetes was partly
mediated by overweight/obesity. In facing with the diabetes epidemic in China, nutrition
education should focus on in part the modification of the unhealthy dietary factor and the
maintenance for healthy weight.
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Abstract: Ultra-processed foods (UPFs) are associated with lower diet quality and several non-
communicable diseases. Their consumption varies between countries/regions of the world. We
aimed to describe the consumption of UPFs in adults aged 18–75 years living in Switzerland. We
analysed data from the national food consumption survey conducted among 2085 participants aged
18 to 75 years. Foods and beverages resulting from two 24-h recalls were classified as UPFs or
non-UPFs according to the NOVA classification, categorized into 18 food groups, and linked to the
Swiss Food Composition Database. Overall, the median energy intake [P25–P75] from UPFs was
587 kcal/day [364–885] or 28.7% [19.9–38.9] of the total energy intake (TEI). The median intake of
UPFs relative to TEI was higher among young participants (<30 years, p = 0.001) and those living
in the German-speaking part of Switzerland (p = 0.002). The food groups providing the most ultra-
processed calories were confectionary, cakes & biscuits (39.5% of total UPF kcal); meat, fish & eggs
(14.9%); cereal products, legumes & potatoes (12.5%), and juices & soft drinks (8.0%). UPFs provided
a large proportion of sugars (39.3% of total sugar intake), saturated fatty acids (32.8%), and total
fats (31.8%) while providing less than 20% of dietary fibre. Consumption of UPFs accounted for
nearly a third of the total calories consumed in Switzerland. Public health strategies to reduce UPF
consumption should target sugary foods/beverages and processed meat.

Keywords: food processing; ultra-processed; NOVA classification; food group; macronutrients;
Switzerland; Swiss adults; menuCH

1. Introduction

Ultra-processed foods (UPFs) are defined as “formulations of ingredients that result
from a series of industrial processes (hence ‘ultra-processed’), many requiring sophisticated
equipment and technology” [1]. UPFs include soft drinks, energy drinks, ready-to-eat salty
snacks, chocolate, confectionery, ice cream, mass-produced packaged breads, margarines,
pre-packaged biscuits, breakfast cereals, pre-prepared pies, pasta and pizza dishes, poultry
and fish nuggets and sticks, sausages, burgers, hot dogs and other reconstituted meat
products, industrial soups and sauces, and many other products [1]. In addition to added
salt, sugars, oils, and fats, these industrial formulations include substances not used
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in homemade food preparations like colours, flavours, emulsifiers, and other additives,
which are known as ultra-processing markers [1]. The NOVA classification designates
four categories according to the extent of food processing: (group 1) unprocessed or
minimally processed foods; (group 2) processed culinary ingredients; (group 3) processed
foods; and (group 4) ultra-processed food and drink products (1). NOVA has been used
to study the consumption of UPFs in different countries and regions of the world, their
nutritional quality, and their association with various non-communicable diseases. These
studies have shown that UPFs have unbalanced nutrient profiles, with high contribution of
energy, saturated fatty acids (SFAs), added sugars, and sodium and low contribution of
proteins, fibre, and most micronutrients [2–4]. In addition, their food matrix is modified
so that the complex physical and nutritional structures of whole foods are lost during
the food ultra-processing [5,6]. High consumption of UPFs has been associated with
overweight/obesity [7–11], high waist circumference, metabolic syndrome, reduced high-
density lipoprotein (HDL) cholesterol [7], as well as an increased risk of cardiovascular
disease, cerebrovascular disease [7,8], cancers [8], and death [7].

The level of UPF consumption was reviewed in 21 countries with widely varying
results [12], including a total of 1,378,454 subjects living in America, Europe, Asia, and
Australia (no study in Switzerland). The United States (US) and the United Kingdom (UK)
had the highest levels of consumption, reaching more than 50% of total energy intake
(TEI); conversely, Italy had the lowest consumption (10–11%) [12]. Because Switzerland
is a multilingual country (speaking mainly German, French, and Italian) and surrounded
by three countries with differing dietary habits (Germany, France, and Italy), language-
regional differences in UPF consumption are expected [13]. Furthermore, associations
between consumption of UPFs and sociodemographic characteristics (e.g., sex, age, ed-
ucational level, household income) as well as weight status have been found in several
countries [14–16]. Considering sex, the levels of UPF intake appeared comparable, with
men having often an overall slightly higher intake compared to women [12]. Regarding
age, the highest levels of consumption were observed in children and adolescents and the
lowest in older participants [12]. The association between education and consumption of
UPFs is not consistent. In France, UPFs are consumed less by individuals with incomplete
high school [15]. Conversely, in countries like Australia [17], Canada [18], and the US [14],
the percentage of energy from UPFs was higher in lower educated participants. In Belgium,
on the other hand, there were no differences in the consumption of UPFs between different
levels of education [19]. When investigating the level of consumption of UPFs according
to BMI, it was found that generally, the UPF intake was slightly higher in people with
higher BMI [12]. In Switzerland, UPF consumption has been associated with excess body
weight in women but not in men [11], but there is no information regarding the differential
intake of UPFs by sociodemographic characteristics nor the contribution of UPFs to total
nutrient intake.

Nutritional surveillance of population-level dietary intake according to the level of
processing by food group is necessary for setting goals, orienting policies, and monitoring
the changes in diet quality and diet-related chronic diseases. Similarly, knowing how much
of healthy or unhealthy nutrients is provided by UPFs in a standard diet is important
for tailoring specific recommendations. Finally, determining whether the consumption of
UPFs varies by sociodemographic subgroups makes it possible to tackle health disparities.
These data are currently lacking in Switzerland. Therefore, the aims of this analysis
of the first Swiss national food consumption survey, menuCH, were to (i) describe the
consumption of UPFs according to sociodemographic characteristics; (ii) determine food
groups that provide the most ultra-processed energy, and (iii) define the percentage of
nutrients provided by UPFs in the Swiss diet.
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2. Materials and Methods

2.1. Study Design and Population

We analysed the data from the Swiss National Nutrition Survey (menuCH; https:
//menuch.iumsp.ch, accessed on 21 April 2020), a cross-sectional survey conducted among
non-institutionalised residents aged 18–75 years old (N = 2085) [13]. The stratified random
sample was provided by the Federal Statistical Office. The participants were representative
of the seven main regions of Switzerland and lived in the cantons of Aargau, Basel–Land,
Basel–Stadt, Bern, Lucerne, St. Gallen, and Zurich (German-speaking region); Geneva, Jura,
Neuchatel, and Vaud (French-speaking region); and Ticino (Italian-speaking region). The
survey was conducted between January 2014 and February 2015. Pregnant and breastfeed-
ing women were included. Institutionalised people or those with insufficient mobility to
access a study centre were excluded, as well as people with insufficient oral and written
language skills. The study was registered in the trial registry (identification number: IS-
RCTN16778734). Detailed information on the menuCH study design can be found in these
references [13,20,21].

2.2. Dietary Assessment in the Swiss National Nutrition Survey

Fifteen trained dieticians assessed dietary intake via two non-consecutive 24-h recalls
(24HDR), the first being conducted face-to-face and the second by phone 2–6 weeks later.
24HDR were spread over all weekdays and seasons. To conduct 24HDR, dieticians used
the computer-directed interview program GloboDiet® (GD, formerly EPIC-Soft®, version
CH-2016.4.10, International Agency for Research on Cancer (IARC), Lyon, France). The
procedure was standardized and followed 3 steps: (i) general information about the partici-
pant (e.g., special diet, special day); (ii) quick list of food consumption occasions and items;
and (iii) detailed description and quantification of all the consumed foods and beverages,
including cooking and preservation methods, brand name, and portion size [22,23]. A
book containing photos of standardised portions and a set of 60 household utensils (e.g.,
glasses, cups, plates) was used to estimate the consumed quantities [24]. The FoodCASE
tool (Premotec GmbH, Winterthur, Switzerland) linked all consumed foods with the best
match item of the Swiss Food Composition Database (2015 version) [25]. We included in
our analysis energy and 7 nutrients: proteins; total carbohydrates; sugars (including all the
mono and disaccharides, e.g., glucose, fructose, lactose, saccharose); dietary fibre; total fats;
SFAs; and sodium. Other nutrients were excluded because more than 5% of the reported
foods had missing data for these nutrients (e.g., calcium, vitamin D).

2.3. Food Classification according to Processing

A registered dietician (VBM) coded each food item as belonging (1) or not (0) to
group 4 of the NOVA classification (foods and drinks). For foods considered as recipes by
the GD software (e.g., sandwiches, salads, pizzas, lasagne), we classified each underlying
ingredient independently. Alcoholic beverages were also classified according to their degree
of processing. As previously described [26,27], we used “food descriptors” and “brand
name” to ensure more accurate classification. For instance, the words “fresh”, “raw”, and
“homemade” were characteristic of foods classified as not ultra-processed. Conversely, we
considered descriptors such as “with flavour”, “industrial”, “pre-fried”, and “with artificial
sweetener” as markers of ultra-processing. The online database Open Food Facts [28] and
the websites of Swiss supermarkets were used to check the ingredient list of products and
to facilitate decision-making, when relevant. When the level of processing was unclear for
a food/beverage, the dietitian referred to a senior dietician (AC). In the absence of clear
evidence of ultra-processing markers, a conservative attitude was adopted to avoid an
overestimation of UPF consumption.

2.4. Food Grouping

The GD software contains 18 main food groups. For this study, we reclassified foods
into slightly modified groups according to their nutritional characteristics when there were
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discrepancies between GD and the Swiss Food Pyramid [29]. We (i) gather legumes, tubers,
and cereal products; (ii) gather fruits and vegetables; (iii) separate nuts and seeds from
fruits; (iv) separate ice-creams and milk-based desserts from dairy products; (v) gather meat
with fish and eggs; (vi) separate breakfast cereals from cereal products; (vii) put avocado
and olives with nuts and seeds. After reclassification, our 18 food groups were: cereal
products, legumes & potatoes; fruit & vegetables; dairy products; meat, fish & eggs; added
fats; nuts & seeds; industrial dishes; soups & broth; juices & soft drinks; other non-alcoholic
beverages; alcoholic beverages & substitutes; sugar, honey, jam, sweet sauces & syrups;
ice-creams & milk-based desserts; breakfast cereals; confectionary, cakes & biscuits; salty
snacks; seasoning, spices, yeast & herbs; and other foods. Supplemental Table S1 provides
examples of foods from each food group.

2.5. Sociodemographic Characteristics

The participants completed a 49-item questionnaire at home, which was checked for
completeness by the dieticians at the first interview [13]. The linguistic region was defined
according to the home address of participants. An open question assessed the nationality
(up to two countries) and participants were classified as Swiss or non-Swiss (foreigners).
The number of people in the household was categorized into four categories: one, two,
three, and four or more people. Education was dichotomized into (i) primary/secondary
education (from no compulsory school to high school or specialized professional or voca-
tional school) and (ii) tertiary education (university and higher vocational training, at least
5–7 years after compulsory school).

2.6. Statistical Analyses

Descriptive statistics were used. Daily nutrient intake per survey participant was
calculated as the mean intake of the two 24HDR. If the second 24HDR was missing (N = 28,
1.3% of the sample), data from the first 24HDR were used.

Medians and 25th and 75th percentiles (P25–P75) of TEI and energy intake from
UPFs were calculated for the whole sample and by subgroups of participants. Medians
were preferred over means because of the skewed distribution. Two-sample Wilcoxon
rank-sum (Mann–Whitney) tests and Kruskal–Wallis equality-of-populations rank tests
were used to determine if there were significant differences in the consumption of UPFs
between groups, i.e., sex, age, linguistic region of residency, nationality, household size,
and education (bivariate analyses). We also used multiple quantile regressions to test
whether the potential differences between groups were still observed after adjustment for
all the other parameters and monthly net household income (4499 CHF; 4500–8999 CHF;
≥9000 CHF; no answer) (1.00 CHF = 1.05 USD = 1.04 EUR, values as of 14 September 2022)
(multivariable analyses).

To assess the energy from UPFs (in kcal/day) for each of the 18 groups, means ± SD
were computed because some medians were 0 and therefore not very informative. Weight of
UPFs (in grams/day) in the total diet and by food group was also considered to better take
heavy foods (e.g., beverages) and low-calorie foods (e.g., foods with artificial sweeteners)
into account and to test whether the contribution of the food groups changed while taking
weight or energy (kcal) into account.

We also calculated the medians and P25–P75 intake for 7 nutrients to understand how
much UPFs contribute to total nutrient intake and therefore the nutritional benefits (and
potential risks) of reducing UPF consumption. For these calculations, alcoholic beverages
were excluded, as they are not part of an ideal diet [30]. The relative nutrient intakes of
UPFs compared to total nutrient intakes were based on median intakes.

All statistical analyses were performed using STATA software, version 15 (Stata Corpo-
ration, College Station, TX, USA). A p-value of < 0.05 was considered statistically significant.
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3. Results

3.1. Characteristics of the Participants

The total sample was composed of 2085 participants (Table 1). A flowchart showing the
causes of participants’ exclusion from analyses is presented in Supplemental Figure S1. The
most represented participants were women (54.6%), participants aged 50 to 64 years (mean
age of 46.3 ± SD 15.8), living in the German-speaking region (65.2%), of Swiss nationality
(84.0%), living in households of two people (39.6%), and with primary/secondary education
(51.3%). Four questionnaires (0.2%) were not returned.

3.2. Consumption of UPFs according to Characteristics of Participants

Overall, median TEI among participants was 2089 kcal [P25–P75: 1665–2552] (women
1842 vs. men 2417 kcal) and UPFs represented 28.7% of TEI [P25–P75: 19.9–38.9]. Con-
sumption of UPFs was significantly higher among people aged 18 to 29 years (34.8% of TEI)
than in older groups (e.g., 26.3% in 65–75-year-olds; p = 0.001). Consumption of UPFs was
also significantly higher in people living in the German-speaking region (29.6% vs. 28.0%
in the Italian-speaking region and 27.2% in the French-speaking region; p = 0.002) and
among Swiss nationals (29.2% vs. 26.1% for non-Swiss; p = 0.002). Associations were also
found between UPF consumption (% of TEI) and sex (higher among women, p = 0.012), and
education (higher among people with lower education, p = 0.06). However, no differences
in UPF consumption were found according to household size (p > 0.05) (Table 1). Seven
people did not consume any UPFs during the two recorded days.

3.3. Distribution of Energy Intake (Kcal) from UPFs by Food Group

Table 2 shows the distribution of energy intake from UPFs by food group in the whole
sample. In total, the mean ± SD intake of UPFs was 676 ± 440 kcal, representing 31.0% of
the mean TEI (2184 kcal) (results slightly different from medians presented in Table 1). Food
groups that were the main energy contributors (Columns 1 and 2) were cereal products,
legumes & potatoes (564 kcal; 25.6% of TEI); meat, fish & eggs (272 kcal; 12.6% of TEI); and
dairy products (269 kcal; 12.4% of TEI).

Salty snacks; confectionary, cakes & biscuits; and other foods, including meat sub-
stitutes or added artificial sweeteners were predominantly constituted of UPFs (100.0%,
99.6%, and 94.1%, respectively, Columns 3 and 4). Among UPFs, most calories came from
confectionary, cakes & biscuits (204 kcal, 29.5% of total daily intake from UPFs, Column 5);
followed by meat, fish & eggs (105 kcal, 14.9%); and cereal products, legumes & potatoes
(78 kcal, 12.5%). Together, other foods; ice-creams & milk-based desserts; alcoholic bever-
ages & alcoholic drink substitutes; soups & broth; industrial dishes; and other non-alcoholic
beverages accounted for less than 10% of daily UPFs calories. The last two groups (i.e.,
nuts & seeds; and fruit & vegetables) did not provide ultra-processed energy (Table 2,
Column 5).

3.4. Distribution of Weight of Total Diet (Grams) from UPFs by Food Group

On average, participants consumed 3443 g (SD: 981) of foods and beverages per day,
481 g (SD: 463) (14.2%) of which were from UPFs (see Supplemental Table S2). The major
contributors to UPF intake were juices & soft drinks (210 g, 26.0%), confectionary, cakes &
biscuits (50 g, 15.9%), and dairy products (48 g, 11.1%, Figure 1).
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Figure 1. Proportion of UPF intake weight (grams/day) in comparison to the total diet weight, by
major food group contributors. Seven people did not consume any UPFs (Ntotal = 2078).

3.5. Contribution of UPFs to Intake of Macro- and Micronutrients

UPFs accounted for 39.3% of the total daily intake of sugars, 32.8% of SFAs, 31.8% of
total fats, and 30.7% of total carbohydrates (Figure 2). UPFs accounted for less than 20% of
total daily intake for dietary fibre (15.2%). Details on absolute intakes and proportions of
missing nutrient values are presented in Supplemental Table S3.

Figure 2. Relative contribution of UPFs to total daily intake (% based on medians) for seven nutrients.
Sugars include all mono and disaccharides, e.g., glucose, fructose, lactose, saccharose; SFAs: saturated
fatty acids.

4. Discussion

4.1. Principal Findings

UPFs represent a substantial percentage of TEI (29%). We found a higher percentage
of energy from UPFs among younger adults, those living in the German-speaking region,
and Swiss nationals. Conversely, people aged 50–64 and 65–75 years and non-Swiss
nationals were participants who consumed the least UPFs. Major contributors of ultra-
processed calories were confectionary, cakes & biscuits; meat, fish & eggs; and cereal
products, legumes & potatoes. These three food groups contributed to more than 50% of
the energy intake from UPFs. When taking the weight of UPFs in the diet into account, food
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groups consumed in higher amounts were juices & soft drinks; and confectionary, cakes &
biscuits. UPFs provided a large proportion of sugars, SFAs, and total fats. Conversely, the
contribution of UPFs was below 20% for dietary fibre.

4.2. Consumption of UPFs according to Countries

A systematic review including several countries showed that the consumption of
UPFs greatly varies between Western high-income countries, with the US and UK being the
countries with the highest percent of TEI from UPFs (higher than 50%), and Italy being the
country with the lowest level (about 10%) [12]. For instance, in Canada, the levels of intake
were also elevated (more than 45%). Australia showed levels of UPF consumption ranging
from 38.9% to 42.0% of TEI. In Europe, in both Spain and France the consumption varied
between 17.0% and more than 30%, depending on the studies. Consumption in Belgium
was similar to consumption in Switzerland (means of 30.3% and 31.0%, respectively), while
in Portugal the intake was lower (22.2%) but higher than in Italy [12].

4.3. Consumption of UPFs according to Characteristics of Participants

We found that the highest percentage of energy intake from UPFs was in young adults
(<30 years) and decreased with age. This trend has already been observed in previous
studies [15–17]. Young adults might be attracted by the convenience (limited time spent
in the kitchen) of these products [31]. Interestingly, when we related the time required to
cook a hot meal at home during a usual week with the consumption of UPFs in menuCH
participants, we found that those who spend less than 30 min cooking had a significantly
higher percentage of kilocalories from UPFs (Supplementary Table S4). Other authors also
showed that time spent on food preparation at home was associated with indicators of diet
quality and frequency of fast-food restaurant use [32]. In addition, among adolescents and
young adults, the use of social media is high, and greatly promotes the consumption of
branded UPFs, such as soft drinks, cakes, crisps, pizzas, and sweets [33].

People from the German-speaking region consumed more UPFs. This is consistent
with previous literature showing that people from the German-speaking region less fre-
quently cook hot lunches themselves at home in comparison to people from the French-
speaking and Italian-speaking regions [34]. Furthermore, the consumption of UPFs, such
as soft drinks (including fruit lemonades and sugar-free soft drinks) or processed meat is
higher in the German-speaking part of Switzerland [13].

In the current study, non-Swiss nationals consumed significantly fewer UPFs, even
though this group was slightly underrepresented in the sample [13]. The majority of
foreigners residing in Switzerland are Italian, German, Portuguese, and French nation-
als [35]. People from Italy, Portugal, and France may have maintained a diet closer to
the Mediterranean diet, which is usually poor in UPFs [36]. Indeed, when the adherence
to the Mediterranean diet over 50 years was analysed in 41 countries, Germany ranked
35th and Switzerland 34th, while Portugal, Italy, and France ranked 10th, 14th, and 27th,
respectively [37]. Moreover, another study showed that the average household availability
of UPFs was lower in Portugal, Italy, and France compared to other European countries
such as Germany or Austria (Switzerland not included in this analysis) [38]. Of note, the
same phenomenon was found in Australia and Canada, where the intake of UPFs was also
significantly lower among immigrants compared to locals [16,17].

Energy intake from UPFs only slightly differed according to education. Other barriers
than lower education like taste, daily habits, and lack of time and willpower may play a role
in adherence to healthy eating [39]. Furthermore, in this study, the intake from minimally
or unprocessed foods was not investigated. It is possible that, even if the consumption of
UPFs was similar, foods of NOVA group 1 were more consumed by people with higher
education, as demonstrated in Belgium by Vandevijvere et al. [19]. This could be explained
by the fact that people with higher education are more health conscious [40–42].
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4.4. Distribution of Energy Intake from UPFs by Food Group

Ultra-processed energy came mainly from confectionary, cakes & biscuits; meat, fish
& eggs; and cereal products, legumes & potatoes. Comparing our results with other
studies is difficult because the way foods are grouped differs from one study to another.
However, a study conducted in 22 European countries reported that the two main UPFs
consumed among adults were fine bakery wares and sausages [43]. In our study, chocolate,
industrial cakes, and cookies are typical UPFs of the group confectionary, cakes & biscuits.
Because Swiss people consume the most chocolate per capita worldwide [44], this could
explain why confectionary, cakes & biscuits was the food group contributing most to
ultra-processed energy.

4.5. Distribution of Intake from UPFs (Grams/Day) by Food Group

The average consumption of UPFs in adults across 22 European countries was es-
timated at 328 g/day, representing an average share of total weight intake of 12% [43].
In our study, these figures were slightly higher: 481 g/day and 14.2%, respectively. A
possible explanation is that alcoholic beverages were not considered in the international
study. When the proportion (in weight, g/day) of UPFs in the total diet was analysed,
major contributors were juices & soft drinks; confectionary, cakes & biscuits; and dairy
products. Across Europe, the most consumed ultra-processed drinks were soft drinks and
fruit/vegetable juices [43]. This analysis shows that the UPFs preferred by consumers are
similar in Switzerland.

4.6. Nutrition Profile of UPFs

We found that diets rich in UPFs are high in sugars and fats, especially SFAs, and
low in fibre, which is in line with other studies [18,45,46]. In this study, UPFs contributed
nearly 40% of total sugar and 35% of SFA intake—nutrients that have been associated with
a greater risk of chronic diseases [47]. The contribution of sodium was almost 30%, and it is
known that a reduction in sodium intake reduces blood pressure [48,49]. In the US diet,
the average intake of carbohydrates, added sugars, and SFAs increased significantly with
the dietary contribution of UPFs [2]. In the UK, UPFs contributed nearly 65% of all free
sugars (different from total sugars) in all age groups [50], and the intake of carbohydrates,
free sugars, total fats, SFAs, and sodium increased significantly as UPF consumption
increased [51]. In France, UPFs represented most of the total and free sugars and total fats,
SFAs, but only a minor part of proteins and fibre [15]. Because of the poor nutritional profile
of UPFs, high intake affects people’s health, and the risk of several non-communicable
diseases is higher [52–54]. Thus, replacing UPFs with less- or un-processed foods could
improve the quality of the diet without drastically impacting the intake of proteins [55]. Of
note, in our study, values in unsaturated fatty acids and micronutrients were more likely
to be missing from the Food Composition Database for UPFs than for non-UPFs, which
limited the analysis for these nutrients(Supplementary Table S3).

4.7. Strengths and Limitations

For the assessment of dietary intake we used two 24HDRs, which may have led to
misreporting of intake due to social desirability and recall bias [56]. However, 24HDRs
are appropriate for estimating average levels of food consumption in nutrition population-
based surveys [56] and to describe UPF consumption in a given population [57]. Al-
though we assessed diet in the whole of Switzerland, the number of participants from the
Italian-speaking region, a small region in Switzerland, was limited in our sample. The
categorization of groups does not always make it possible to distinguish foods within
the 18 food groups that are ultra-processed, although Table S1 provides specific examples
of ultra-processed products in each group. In addition, food description did not always
contain enough information to categorize foods according to the NOVA classifications
with certainty; our conservative approach might have underestimated UPF consumption.
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Finally, micronutrient content was not available for all foods/beverages, thus limiting the
number of nutrients included in our analysis.

Despite these limitations, this is the first study to assess the importance of UPFs in
a representative sample of the Swiss population encompassing three linguistic regions.
The inclusion of two non-consecutive 24HDR conducted by trained dieticians enabled the
estimation of detailed dietary intake (e.g., systematic description of cooking and preser-
vation methods, brand names, etc.), allowing accurate identification of NOVA group
4 foods/beverages. Furthermore, the classification of foods (UPFs vs. non-UPFs) was
performed by trained dieticians and discussed in case of discrepancies.

5. Conclusions

Consumption of UPFs accounts for nearly one-third of total calories consumed in
Switzerland, and their nutritional profile is unbalanced. Non-communicable disease pre-
vention programs should especially target young adults. Nutritional education messages
for reducing UPF consumption should first focus on the highest-contributing food groups,
i.e., sugary foods/beverages and processed meat. Additionally, population-based public
health measures, such as (i) taxing soft drinks or other UPFs, (ii) front-of-pack warning
labels on NOVA 4 products, and (iii) school food policies banning UPFs from school
meals, are possible strategies to reduce UPF consumption and prevent non-communicable
diseases [58].

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14214486/s1, Table S1: Eighteen foods groups and examples
of foods from each food group; Table S2: Distribution of total intake (grams/day) and intake from
UPFs (grams/day) by food group in decreasing order; Table S3: Nutrient profile of the overall diet
and of ultra-processed products (N = 2085) and missing values from the Food Composition Database,
by nutrient; Table S4: Consumption of UPFs according to time to prepare and cook a hot meal at
home. Figure S1: Flowchart showing causes of participants’ exclusion from analyses.
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Abstract: Objective: Ultra-processed food (UPF) has been shown to increase the cardiometabolic
health risks. We aimed to determine the association between UPF intake based on the NOVA
classification and the risk of hypertension incidence during 1997–2015. Methods: Data from 15,054
adults aged ≥ 20 years (47.4% males) attending the China Nutrition and Health Survey (CNHS)
were used. Food intake at each survey was assessed by a 3-day 24 h dietary recall and weighed food
record method between 1997–2011. Cox regression was used to assess the association between UPF
intake and incident hypertension. Results: During a mean average of 9.5 years (SD 5.5) of follow up,
4329 hypertension incident cases were identified. The incident rates (per 1000) for non-consumers
and 1–49, 50–99, and ≥100 g/day of UPF intake were 29.5 and 29.5, 33.4, and 36.3, respectively.
Compared with non-consumers, the hazard ratios (95% CI) for UPF intake of 1–49, 50–99, and >100
g/day were 1.00 (0.90–1.12), 1.17 (1.04–1.33), and 1.20 (1.06–1.35), respectively, (p = 0.001) after
adjusting for potential confounding factors. There was a significant interaction between UPF intake
and age with a higher risk in the younger group (<40 years) than in the older one. Conclusion: UPF
consumption was dose-responsively associated with increased risk of hypertension among Chinese
adults, especially in younger groups.

Keywords: ultra-processed food; incident hypertension; adults; China

1. Introduction

Hypertension is a serious medical condition that significantly increases the risks of
heart, brain, and kidney conditions, as well as other diseases. It is the leading preventable
risk factor for cardiovascular disease (CVD) and all-cause mortality worldwide [1]. The
global prevalence of hypertension in adults aged 30–79 reached 32% in women and 34% in
men in 2019 with an increased trend in most low- and middle-income countries [2], while in
China, a review of 15 recent epidemiological studies based on national population surveys
from 1997–2017 reported that 18–45% of the Chinese adult population (≥18 years of age)
had hypertension, and only a limited portion of 4.2–30.1% had it under control [3].

The sharp increasing trend of hypertension, particularly in younger adults, is in line
with the dramatic social–economic development observed in China and multidimensional
levels of factors associated with hypertension, including environmental, psychosocial,
lifestyle, and behavioral factors [4–9].

Among the modifiable dietary factors, certain nutrients, foods, and dietary patterns
are associated with high blood pressure/hypertension. For example, high salt consumption
has been proven to increase the risk of hypertension substantially in the Chinese popula-
tion [9]. A meta-analysis of 133 randomized control studies in diverse populations reported
that a reduction in sodium decreases systolic blood pressure (SBP) [10]. A recent large
5-year intervention study in Chinese older adults found that using a salt substitute of 70%
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sodium chloride and 25% potassium chloride decreases SBP and incidence of stroke, CVD,
and death, as compared to the use of regular salt [11]. High sodium intake increases blood
pressure by increasing water retention and systemic peripheral resistance, altering the
endothelial function and the structure and function of large elastic arteries. High intake can
modify sympathetic activity, and autonomic neuronal modulation of the cardiovascular
system. In addition, excessive dietary sodium induces alterations in the extracellular matrix
of the arterial wall, favoring a process of arterial stiffening [12]. World Health Organiza-
tion recommends limiting sodium intake to approximately 2.0 g per day (equivalent to
approximately 5.0 g salt per day) in the general population [13].

Hypertension is inversely associated with intakes of whole grains, fruits, nuts, and
dairy, whereas positively with red meat, processed meat, and sugar-sweetened bever-
ages [14] while in the short term, green tea could lower blood pressure [15]. Overall dietary
patterns, such as the Dietary Approaches to Stop Hypertension (DASH) study and both the
Nordic diet and Mediterranean diet, are associated with blood pressure [16,17]. Studies in
the Chinese population have shown that modern dietary pattern with a high consumption
of meat and processed foods is associated with increased cardiometabolic risk [18] and
DASH diet can reduce the risk of hypertension induced by air pollution [19].

NOVA classifies foods and drinks based on their processing status into four groups,
which allows a novel insight into its health impact [20]. Ultra-processed food (UPF) is the
4th group by this classification that includes products of entirely industrial formulations
or made from substances extracted from foods, with minimal whole foods [21]. UPF is
commonly high in energy density, sugars, salt, and trans-fats, as well as additives with
poor nutrition profiles [20], and it contributes more than half of the total daily energy intake
in high-income countries, and its consumption is increasing rapidly in middle-income
countries [22,23]. The increased consumption was driven by economic development and
urbanization, especially in nutrition transition countries, such as China [24–26]. In addi-
tion, food choice at the individual level based not only on nutrients profile but also on
taste, convenience, and cost drives the increased trend [27]. Syntheses of observational
studies from countries in Europe and the American continents have shown that UPF intake
is associated with certain conditions but the association with hypertension is inconsis-
tent [28–30]. For example, the prospective analyses in Mediterranean and Brazilian cohorts
demonstrated higher consumption was positively related with the risk of developing
hypertension [31–33] while results in Canadian and Lebanon adults showed no evidence of
a relationship between UPF consumption and SBP and diastolic blood pressure (DBP) [30].

The mean daily UPF consumption in Chinese adults increased four times between
1997–2011, and higher long-term UPF consumption is associated with increased risk of
being overweight/obese and diabetes [34,35]. However, the association between UPF
consumption and incident hypertension has not been quantified in China and whether the
association interplays with being overweight/obese, having diabetes, dietary patterns, or
other behavioral factors remains unknown. This study aimed to fill the knowledge gaps.

2. Research Design and Methods

2.1. Study Design and Sample

This was a prospective follow-up study of UPF intake and incident hypertension
between 1997–2015 using data from China Health and Nutrition Survey (CHNS).

The CHNS study is an ongoing household-based cohort study conducted in nine
provinces in China [36]. A multistage random-cluster sampling method was applied to
select participants in both urban and rural areas. Ten waves of dietary data collection (1989,
1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015) have been completed. The overall
response rate was >60% based on the first survey in 1989 and >80% based on the previous
survey year [36]. A cohort of 15,054 participants meeting the following inclusion criteria
were included (Figure 1): aged ≥ 20 years; having attended at least two nutrition surveys
between 1997–2015; having dietary and blood pressure measures; having plausible energy
intake (800–6000 kcal/day for men, and 600–4000 kcal/day for women); being free of
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hypertension at baseline. The survey was approved by the institutional review committees
and informed consent was obtained from all participants [36]. The data used in the current
study were de-identified and publicly available.

Figure 1. Sample flowchart of participants attending CHNS 1997–2015.

2.2. Outcome Variable: Incident Hypertension

During household visit at each survey, blood pressure was measured by mercury
sphygmomanometer based on a standard protocol [36]. Hypertension was defined as
having SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg or having known hypertension.

2.3. Exposure Variable: UPF Consumption

At each survey, individual food intake data were collected by a trained investigator
using a 24 h dietary recall for three consecutive days [36]. Foods and condiments in the
home inventory, foods from markets or from gardens, and food waste were weighed and
recorded by interviewers at the beginning and end of the three-day survey period. The
Chinese food composition tables were used to convert food intake to nutrient intake [37,38].
Around 3000 food items in the food composition tables since 1997 were categorized into
four groups based on the NOVA classification [20]. UPF intake for each participant at
each survey was categorized into four levels: non-consumers, 1–49 g/day, 50–99 g/day,
≥100 g/day. We choose this cut-off based on the fact that the serving size in the context of
Chinese food is Liang (50 g).

2.4. Covariates

Sociodemographic information was collected at each survey using a structured ques-
tionnaire. The following constructed variables were used as indicators of socioeconomic
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status: education (low: illiterate/primary school; medium: junior middle school; high: high
middle school or higher), per capita annual family income (recoded into tertiles as low,
medium, and high), urbanization levels (recoded into tertiles as low, medium, and high).

Lifestyle factors from questionnaire included smoking, alcohol drinking, sleep, and
physical activity. Smoking status was categorized as non-smokers, ex-smokers, and current
smokers. Alcohol consumption was recorded as yes or no. Sleep duration was recorded
as ≤6, 7–9, and ≥10 h per day using data collected since 2004. Physical activity level
(metabolic equivalent of task MET) was estimated based on self-reported activities (in-
cluding occupational, domestic, transportation, and leisure time physical activity) and
duration using a compendium of physical activities. Tea consumption in each survey
wave was categorized into four levels: non-consumers, <2 cups/day, 2–3.9 cups/day, and
≥4 cups/day with one cup being 240 mL.

Height was measured without shoes to the nearest 0.2 cm using a portable stadiometer.
Weight was measured without shoes and in light clothing to the nearest 0.1 kg on a
calibrated beam scale. Body mass index (BMI) was calculated from weight and height.
Overweight/obesity was defined as BMI ≥ 25 kg/m2.

2.5. Statistical Analysis

Sample characteristics were presented and compared by baseline UPF categories of
“None, 1–49, 50–99, ≥100 g/day” using ANOVA for continuous measures or chi-square
tests for categorical ones.

The association between UPF intake and incident hypertension was examined using
Cox regression with age as the underline time scale [39]. Study entry was the age at baseline.
Exit time was the age at incident hypertension or related death or the end of follow-up,
whichever occurred first. The proportional hazards assumption was assessed by Schoenfeld
residuals. Unadjusted and adjusted hazard ratios (95% CI) were reported from the following
models: unadjusted model; adjusted models subsequently adjusted for age, sex, and energy
intake; socioeconomic status (income, urbanization, and education), behavioral factors
(smoking, alcohol drinking, and physical activity), and BMI; sodium/potassium; intake of
fruit and vegetable or green tea; diabetes. All adjusted covariates except sex were treated
as time varying measures.

Interaction between UPF intake and other covariates (sociodemographic) on incident
hypertension was assessed by introducing a product term in the final regression model
(Model 3) and the stratified results were presented. The following sensitivity analysis
was conducted: (1) using data from those entering at the first wave (1997) or last wave
(2011); (2) data before and after 2004, where UPF increased differently. STATA 17.0 (Stata
Corporation, College Station, TX, USA) was used for all the analyses. Statistical significance
was considered when p < 0.05 (two-sided).

3. Results

3.1. Population Characteristics and UPF Consumption

Among the 15,054 participants included in this study, 6924 entered in 1997, 2160 in
2000, 1406 in 2004, 774 in 2006, 1320 in 2009, and 2470 in 2011. At baseline, the mean
age of this sample was 40.2 years (SD 14.4), 47.4% were males, 40.7% resided in highly
urbanized area, 29.7% were smokers, and 8.6% were alcohol drinkers. The prevalence of
overweight/obesity was 20.1%. The mean daily energy, fat, protein, and carbohydrate
intake were 2184 kcal, 67.8 g, 67.9 g, and 321.9 g, respectively.

At baseline, 11,010 (73%) reported no UPF intake, while 1, 276 (8%) reported daily
UPF consumption ≥100 g. Compared with non-consumers, those having ≥100 g/day
were significantly more likely to be: older aged; males; having higher education and
income; living in highly urbanized area; smoking; drinking; having less tea consumption;
sleeping <6 h; having less physical activity; having higher intake of energy, fat, protein,
and potassium but lower carbohydrates; having higher fruit intake; entering the survey in
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a more recent survey; and higher prevalence of overweight/obesity. Baseline prevalence of
diabetes were no different by levels of UPF intake (Table 1).

Table 1. Baseline sample characteristics by UPF intake (g/day): China Health and Nutrition Survey
(n = 15,054).

UPF Intake Level None 1–49 50–99 ≥100 p-Value

n 11,010 1699 1069 1276

Survey year <0.001
1997 51.8% 41.1% 25.4% 19.4%
2000 16.1% 11.1% 10.2% 7.0%
2004 10.3% 8.1% 6.8% 4.5%
2006 5.0% 5.5% 5.1% 6.0%
2009 7.7% 9.1% 12.4% 14.5%
2011 9.0% 25.3% 40.0% 48.7%

Age (years), mean (SD) 39.9 (14.4) 40.8 (14.7) 40.7 (14.4) 41.6 (14.3) <0.001
Sex <0.001
Men 46.2% 44.2% 49.8% 60.4%

Women 53.8% 55.8% 50.2% 39.6%
Income <0.001

Low 31.4% 21.5% 19.4% 17.9%
Medium 34.5% 32.3% 33.1% 29.4%

High 34.1% 46.2% 47.5% 52.7%
Education <0.001

Low 41.1% 27.3% 20.8% 19.8%
Medium 35.5% 34.2% 29.7% 27.9%

High 23.4% 38.5% 49.5% 52.2%
Urbanization <0.001

Low 36.1% 19.3% 15.1% 12.2%
Medium 30.7% 23.8% 23.2% 21.9%

High 33.2% 56.9% 61.7% 65.9%
Energy intake (kcal/d), mean (SD) 2206.6 (653.5) 2037.3 (635.2) 2104.3 (670.7) 2260.7 (722.8) <0.001

Fat intake (g/d), mean (SD) 65.4 (35.9) 68.7 (34.0) 75.8 (37.1) 81.3 (38.7) <0.001
Protein intake (g/d), mean (SD) 66.8 (22.7) 67.3 (22.8) 71.2 (23.9) 75.3 (25.6) <0.001

Carbohydrate intake (g/d), mean (SD) 337.2 (125.0) 285.0 (120.8) 275.5 (117.0) 277.7 (107.4) <0.001
Sodium intake (mg/d), mean (SD) 5465.8 (6880.9) 5157.6 (4455.0) 4885.6 (4721.0) 5450.1 (5236.1) 0.014

Potassium intake (mg/d), mean (SD) 1611.6 (895.8) 1596.7 (664.2) 1703.7 (757.2) 1872.7 (1174.8) <0.001
Vegetable intake (g/day), mean (SD) 283.7 (173.4) 262.9 (160.2) 253.9 (156.9) 255.3 (158.2) <0.001

Fruit intake (g/day), mean (SD) 20.9 (78.0) 49.7 (103.4) 64.9 (112.8) 89.0 (129.2) <0.001
Tea intake (cup/day) <0.001

None 64.4% 57.1% 54.4% 51.3%
<2 12.3% 16.0% 16.0% 17.2%

2–3.9 12.0% 13.0% 14.6% 12.1%
4 11.2% 13.8% 15.1% 19.4%

Smoking <0.001
Non-smoker 69.8% 70.7% 65.0% 60.1%
Ex-smokers 1.3% 1.4% 3.2% 3.8%

Current smokers 29.0% 27.8% 31.8% 36.1%
Alcohol drinking 31.7% 35.8% 44.1% 51.5% <0.001

Sleep duration (hours/day) <0.001
≤6 7.5% 10.3% 9.9% 11.2%
6–9 80.4% 81.0% 79.6% 80.8%
>9 12.1% 8.8% 10.5% 8.0%

Physical activity (MET hours/week),
mean (SD)

142.3 (115.2) 127.3 (106.2) 127.8 (104.9) 128.4 (99.7) <0.001

BMI (kg/m2), mean (SD) 22.3 (3.1) 22.7 (3.2) 22.9 (3.4) 23.2 (3.4) <0.001
Diabetes 5.5% 7.6% 4.7% 8.6% 0.43

p from ANOVA for continuous measures or chi-square tests for categorical ones.

The mean daily UPF consumption in this population increased slowly from 10.5 g in 1997
to 14.9 g in 2004, and sharply increased to reach 47.3 g in 2011 (Supplementary Figure S1).

3.2. Incident Hypertension and the Association with UPF Consumption

During a mean average of 9.5 years (median 8.9, SD 5.5) of follow-up (total 142,868 person
years), 4329 incident cases were observed. Of them, 689 cases were identified in 2000, 874
in 2004, 575 in 2006, 758 in 2009, 546 in 2011, and 887 in 2015.

The corresponding incident cases for UPF non-consumers, 1–49 g/d, 50–99 g/d, and
≥100 g/d were 3137, 459, 327, and 406, given the unadjusted hazard ratios (HRs) (95% CI)
of 1.00, 0.95 (0.86–1.05), 1.08 (0.96–1.21), and 1.12 (1.01–1.25) (p for trend = 0.031). After
adjusting for age, sex, total energy intake, education, income, urbanization, smoking,
alcohol drinking, physical activity, and BMI, the HRs were not substantially changed, being
1.00, 1.00 (0.90–1.12), 1.17 (1.04–1.33), 1.20 (1.06–1.35) (Model 2, Table 2). Further adjusting
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for sodium/potassium (Model 3), intake of fruit and vegetable/tea (Model 4), or diabetes
(Model 5) did not alter the HRs either.

Table 2. Hazard ratio (95%CI) for hypertension incidence by UPF intake (g/day): China Health and
Nutrition Survey (n = 15,054).

UPF Intake Level None 1–49 50–99 ≥100 p for Trend

Number of
incident cases 3137 459 327 406

Rate (per 1000
person years) 29.5 29.5 33.4 36.3

Person years 106,364 15,542 9777 11,186
Unadjusted model 1.00 0.95 (0.86–1.05) 1.08 (0.96–1.21) 1.12 (1.01–1.25) 0.031

Model 1 1.00 1.03 (0.93–1.13) 1.14 (1.02–1.28) 1.25 (1.13–1.39) 0.000
Model 2 1.00 1.00 (0.90–1.12) 1.17 (1.04–1.33) 1.20 (1.06–1.35) 0.001
Model 3 1.00 1.00 (0.90–1.12) 1.17 (1.04–1.33) 1.20 (1.06–1.35) 0.001
Model 4 1.00 1.00 (0.90–1.12) 1.17 (1.03–1.32) 1.19 (1.06–1.34) 0.001
Model 5 1.00 1.00 (0.90–1.12) 1.17 (1.03–1.33) 1.19 (1.06–1.35) <0.001

Model 1 adjusted for age, sex, and energy intake. Model 2 further adjusted for income, education, urbanization,
smoking, alcohol drinking, physical activity, sleep duration, and BMI. Model 3: model 2 further adjusted for
sodium/potassium intake. Model 4: model 2 further adjusted for intake of fruit and vegetables/tea; Model 5:
model 4 further adjusted for known diabetes.

Other factors significantly associated with incident hypertension were age, sex, educa-
tion, income, urbanization, alcohol drinking, and BMI.

The association between UPF and incident hypertension varied by age. Among
the younger participants (<40 years), the adjusted HRs (9% CI) were: 1.04 (0.79–1.35) for
1–49 g/d, 1.23 (0.90–1.68) for 50–99 g/d, and 1.54 (1.17–2.04) for ≥100 g/d, compared to non-
consumers, significantly higher than in older participants (≥40 years), with corresponding
HRs (95% CI) of 0.99 (0.88–1.11), 1.11 (0.97–1.27), 1.15 (1.01–1.32) (p for interaction = 0.017)
(Figure 2). There were no significant interactions between UPF and sex, income, education,
and urbanization, in relation to the risk of incident hypertension. Sensitivity analysis
showed consistent associations (data not shown).

Figure 2. Hazard ratio (95%CI) for hypertension with UPF intake stratified by age, sex, income,
education, and urbanization among participants attending China Health and Nutrition Survey
(n = 15,054). Model adjusted for age, sex and energy intake, income, education, urbanization,
smoking, alcohol drinking, physical activity, and BMI. Stratification variables were not adjusted in
the corresponding models.
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4. Discussion

In a 10 year follow-up study of 15,054 adults aged ≥ 20 years, UPF consumption
was dose-responsively associated with incident hypertension and those having ≥ 100 g/d
had an overall increased risk of 15%. There was a significant interaction between UPF
and age. In adults aged under 40 years, high UPF intake (≥100 g/d) increased the risk of
hypertension by 54% while there was a 15% increased risk in those aged over 40 years.

Our finding of the positive association between UPF intake and hypertension was
consistent with three longitudinal studies: the 9-year follow-up Spanish The Seguimiento
Universidad de Navarra Project, project, which reported a 21% higher risk among 14,790
university students [31]; the ELSA-Brazil studies among 8754 adults aged 35–74, which
reported 23% greater risk of developing hypertension for higher UPF consumption after
adjusting for sociodemographic, lifestyle, BMI, and dietary factors [32]; and the 2-year
follow up of 1221 graduates in the Cohort of Universities of Minas Gerais, Brazil (CUME
Project) Project that reported an increased risk of 35% [33]. Our study confirmed the
results of a meta-analysis of prospective association between certain UPF, such as red meat,
processed meat, and sugar-sweetened beverages with hypertension [14].

The positive association between UPFs and hypertension can be explained not only
by their poor nutrient profile, including high amount of salt, saturated fats, sugar, and
energy, but also a lack of whole foods, such as fruits and vegetables [22,24], which were
shown in our adjusted model. Plausible biological pathways may include increased energy
intake, changes to the gut microbiota, alterations in the gut–brain satiety signalling, and
hormonal effects, which may target sodium/potassium balance, endothelial function,
oxidation stress, and inflammation [40]. Despite lacking evidence of the long-term effect of
non-nutritional bioactive compounds in UPF on human health and food additives, such
as artificial sweetener, emulsifiers, thickening and stabilizing agents, and bisphenols, may
play roles through the pathways of insulin response or gut microbiota, and/or adipocyte
function [41].

In addition to the poor nutrient profile or quality from UPF that poses a risk to health,
such as hypertension, growing concerns have emerged with regard to the impact on the
food structure characteristics or food matrix during food processing as UPF products are
industrial formulations manufactured from substances extracted from foods or synthesized
from other organic sources that mostly contain little or no natural complex food [42,43].
Further research is needed to understand the proportional harm associated with the food
physical structure, and other attributes of UPF [44].

The impact of UPF intake ≥100 g/day on the risk of developing hypertension among
younger adults is of concern. Based on a previous report using CHNS data, the weekly
frequency of eating out doubled to 25% between 2004–2011, remarkably higher in younger
adults and males [45]. Eating out increases the consumption of UPF, compared with home-
prepared meals [46]. Younger adults are heavily exposed to TV advertisements with more
than half on food, snacks, and beverages during the times between 20:00 h to 22:00 h [47]. In
addition to these environmental changes, it should be noted that younger adults are under
pressure from education, jobs, finance, and family. A recent national survey estimated that
16.6% of Chinese adults had experienced mental illness at some point in their lives with
the most common being anxiety disorders and the increased prevalence of depression [48].
Further investigation on the UPF consumption and health transition from childhood and
adolescence to adulthood is warranted based on our findings that children and adolescents
are more likely to have certain UPF that related to being overweight/obese [49] and to the
early onset of hypertension in this study population, in addition to the early onset of some
cancers, such as colorectal and breast cancers [50]. It is unknown whether early exposure
to UPF or its accumulative effect or both can explain the age difference in association with
the early onset of hypertension with UPF.

Our result support the Chinese dietary guidelines published in 2022 in which new
recommendations have been supplemented. The new guideline emphasizes the needs to
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avoid UPF, to acquire knowledge and skills to cook, and to select packaged food by reading
food labels, in addition to the food-based recommendations [51].

This is the first association study between UPF consumption using NOVA classifica-
tion and incident hypertension in a large cohort of the Chinese adult population. The study
period lasted for ten years and covered the socioeconomic transition, including dietary
pattern change. The energy and food intake from the surveys have been proven to be
generally valid based on basal metabolic rate [52]. Missing data were low, and no data
imputation was needed. In total, 98.6% of the participants were included in the full multi-
variable model. Hypertension incident cases were ascertained by established international
criteria from data using standardized protocols at each survey. Known confounding factors,
including sociodemographic, behavioral, health, and dietary factors were adjusted. The
consumption of fat, fruit, and vegetables was used as a proxy for diet quality. The statistical
analysis was robust, considering the repeated measures of UPF during the follow-up period
and using age as a time scale to reduce potential bias [39].

Limitations should be noted. Firstly, misclassification was possible due to incomplete
records on food processing methods in the CHNS survey, which was not specifically
matched with NOVA classification, and the use of gram for UPF might not be precise
for the diverse UPF items (e.g., soft drinks). Secondly, the ascertainment of food items
might not be subtle in reflecting the complexity of food processing and variabilities in
additive composition between brands for a similar type of product, and, therefore, some
food items could only be roughly grouped and the association could be biased. Thirdly, 24 h
sodium excretion, which more accurately measures the dietary sodium and metabolism,
was not collected in the CHNS but instead we used dietary sodium in the adjusted analysis.
Finally, residual confounding was still possible due to the lack of data on ethnicity, which
is closely related to culinary culture in China. In addition, stress level as a strong factor of
hypertension was not attainable, although daily sleep and alcohol drinking were included
as proxies. Further well-designed studies in other populations and settings are warranted
to determine causality and identify potential mechanisms.

To conclude, higher UPF consumption was dose-responsively associated with incident
hypertension, especially among younger adults aged < 40 years in a 10-year follow-up of
Chinese adults between 1997–2011.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14224783/s1, Figure S1: Age- and sex-adjusted mean intake of
UPF in 1997-2011 (n = 15,054).
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Abstract: Excess consumption of ultra-processed foods (UPFs) is currently under investigation for
its potentially detrimental impact on human health. Current evidence demonstrates a substantial
association with an increased risk of metabolic disorders, but data on mental health outcomes are
just emerging. The aim of this study was to investigate the relationship between the consumption of
UPFs and depressive symptoms in a sample of younger Italian adults. A cross-sectional study was
conducted on 596 individuals (age 18–35 y) recruited in southern Italy. Food frequency questionnaires
and the NOVA classification were used to assess dietary factors; the Center for the Epidemiological
Studies of Depression Short Form (CES-D-10) was used to assess presence of depressive symptoms.
Individuals in the highest quartile of UPF consumption had higher odds of having depressive
symptoms in the energy-adjusted model (odds ratio (OR) = 1.89, 95% confidence interval (CI):
1.06, 3.28); the association remained significant after adjusting for potential confounding factors
(OR = 2.04, 95% CI: 1.04, 4.01) and became even stronger after further adjustment for adherence to
the Mediterranean diet as a proxy of diet quality (OR = 2.70, 95% CI: 1.32, 5.51). In conclusion, a
positive association between UPF consumption and likelihood of having depressive symptoms was
found in younger Italian individuals. Given the consistency of the findings after adjustment for diet
quality, further studies are needed to understand whether non-nutritional factors may play a role in
human neurobiology.

Keywords: ultra-processed foods; NOVA classification; food processing; nutritional psychiatry;
depression; depressive symptoms

1. Introduction

Dietary risk factors have been accounted to be responsible for about 10 million deaths
due to cardiovascular diseases, metabolic disorders, and certain cancers in 2017 [1]. The
issues related to overnutrition, especially in developed countries, depend on several factors
that vary from personal choices to exposure to an obesogenic environment, from societal
decisions to industry inputs [2]. Younger generations are at the highest risk, being registered
as those under the strongest environmental pressure driven by stressful modern lifestyle,
lack of time leading to scarce physical activity, poor sleep, and unhealthy behaviors,
including low quality dietary habits [3]. In this regard, the globalization of food markets,
the growing inputs from the food industry (in terms of quality of available food products),
and a general hardship in financial situation are known to promote “Westernized-type
diets”, as opposed to traditional dietary patterns characterized by minimally-processed,
locally produced, plant-based foods [4]. All together, these factors lead to various levels
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of malnutrition, including low-quality dietary patterns characterized by highly-palatable,
convenient, energy-rich, and nutrient-poor foods [5].

Studies investigating the level of processing as a potential variable of interest to pre-
dict health outcomes are nowadays using the so-called NOVA classification to identify
a category of foods classified as “ultra-processed”. Based on the NOVA classification,
ultra-processed foods (UPFs) are foods characterized by formulations containing few or no
natural ingredients, supplemented with chemical additives and preservatives to prolong
shelf life, but also supply intense palatable features and properties (i.e., flavor enhancers, col-
orants, emulsifiers, artificial sweeteners, thickeners, and foaming/anti-foaming agents) [6].
UPFs are widely consumed in modern societies, although with large differences across
countries [7]. Studies show that UPF intake may range from 15–20% of daily energy intake
in Mediterranean countries, to up to 80% in US, UK, Canadian, and Australian populations,
with a substantially higher rate of consumption among younger individuals [8]. This
variation may significantly affect their impact on the general population, as well as the
projection of the future burden of disease related to the consumption of UPFs.

There is an ongoing debate about whether the negative health effects of UPFs stem
from poor nutritional quality of food processing [9]. Contrary to the idea that UPFs might
exert a negative impact on health due to the poor nutritional content, we recently demon-
strated that higher risk of mortality associated with high UPF intake was independent from
the nutritional quality of the diet [10]. The concerns regarding the consumption of UPFs
rely on the observed association with various non-communicable diseases, such as obesity,
cardiometabolic diseases, and lately also behavioral disorders [11,12]. Among the most
under-studied research topics, diet has been hypothesized to be an independent risk factor
for mental disorders [3]. There is growing evidence that various dietary factors may be
associated with depressive symptoms, although the nature and direction of this relation are
largely unknown [13]. Several hypotheses and mechanisms have been proposed [14,15],
which suggest that inflammatory processes related to food intake may explain part of the
relationship between dietary factors and brain health [16]. Among the various aspects
of the diet that may exert such suggested effects, UPFs are currently under investigation
for a potential negative impact toward mental health outcomes [17,18]. The aim of this
study was to investigate whether an association between UPF consumption and depressive
symptoms could be observed in a cohort of southern Italian younger adults.

2. Materials and Methods

2.1. Study Design and Population

The present study is a cross-sectional analysis of the baseline data from the Mediter-
ranean healthy Eating, Aging and Lifestyle (MEAL) study, an observational study aiming
to explore the relation between lifestyle behaviors and non-communicable diseases in a
population recruited in the Mediterranean area [19]. Participants were randomly selected
between 2014 and 2015 in the main districts of Catania, in southern Italy. The recruitment
and data collection were performed through the registered records of local general prac-
titioners stratified by sex and 10-year age groups. Out of 2405 individuals invited, the
final sample included 2044 participants with a response rate of 85%. For the purposes of
this study, data from individuals under 35 years old were included (n = 735). The goals of
the project have been described to the participants prior to acceptance of participation by
written informed consent. All the study procedures were conducted in accordance with the
Declaration of Helsinki (1989) of the World Medical Association. The study protocol has
been reviewed and approved by the concerning ethical committee.

2.2. Background Data

Face-to-face, computer assisted interviews were conducted by trained personnel to
collect data on sex, age, educational (the highest educational degree achieved) and occupa-
tional (the most important employment during the year before the investigation or before
retirement) statuses, smoking status, and physical activity level. Marital status was cate-
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gorized as (i) unmarried/widowed or (ii) married. Educational status was categorized as
(i) low (primary/secondary), (ii) medium (high school), and (iii) high (university). Occupa-
tional status was categorized as (i) unemployed, (ii) low (unskilled workers), (iii) medium
(partially skilled workers), and (iv) high (skilled workers). The International Physical
Activity Questionnaires (IPAQ) [20] were used to evaluate physical activity level and cat-
egorized as (i) low, (ii) moderate, and (iii) high. Smoking status was categorized as (i)
non-smoker, (ii) ex-smoker, and (iii) current smoker. Eating habits included questions on
skipping breakfast, snacking habits, and skipping dinner, with answers categorized as (i)
always/often and (ii) seldom/never.

2.3. Dietary Information and UPF Calculation

Validated instruments were used to collect data on dietary consumption over the
previous year [21,22]. The food frequency questionnaire (FFQ) included questions on
average consumption of 110 foods and beverages with nine response options ranging from
“never” to “4–5 times per day”. For food items generally consumed over certain periods of
the year, the questions referred to seasonal consumption and results were proportionally
adjusted. The instrument demonstrated an acceptable relative validity and reliability when
validated for the Italian population [21]. Nutrient (macro- and micro-) and non-nutrient
(polyphenol) dietary content was estimated by calculating the 24 h intake of foods and
beverages (in gr or ml, respectively) and estimating the correspondent daily intake of
nutrients from the food composition tables of Council for Research in Agriculture and
Analysis of Agricultural Economy (CREA) [23]. Data entries with lacking information or
unreliable intakes (<1000 or >6000 kcal/d) were excluded from the analyses (n = 52) leaving
a total of 683 individuals included in the analysis.

To provide indication of overall diet quality, adherence to the Mediterranean diet was
used as a proxy. The literature-based score [24,25] takes into account the daily consumption
of food groups that are considered as key features of the Mediterranean diet, providing
positive points for increasing portions (up to 2 points) of fruit, vegetables, legumes, cereals,
fish, and olive oil, negative points for increasing portions of meat and dairy foods, and
positive points for moderate alcohol intake. The score is ultimately composed of the
summary points from 0 to 18 points, with higher scores indicating higher adherence to the
Mediterranean diet. For the purposes of this study, the sample was grouped in tertiles and
categorized as (i) low, (ii) medium, and (iii) high adherence to the Mediterranean diet.

UPF consumption was calculated by applying the NOVA classification to the major
food groups consumed in the study sample [26]. Briefly, 110 food items of the long FFQ
were classified as follows: group 1, unprocessed or minimally processed foods (i.e., rice
and other cereals, meat, fish, milk, eggs, fruit, vegetables, nuts, etc.); group 2, processed
culinary ingredients (i.e., sugar, vegetable oils and butter); group 3, processed foods (i.e.,
processed breads and cheese); group 4, UPFs (i.e., confectioneries, salty snacks, fast-foods,
soft drinks, etc.) [27]. For the purpose of this study, the mean share of the NOVA group 4
(UPFs) to the total daily energy intake was estimated, and participants were categorized
into quartiles of energy shares of UPFs as the variable of exposure.

2.4. Depressive Symptoms

Screening for depressive symptoms was performed using the 10-item Center for the
Epidemiological Studies of Depression Short Form (CES-D-10) [28]. Briefly, the CES-D-10
is a self-administered tool that includes 10 questions commonly used to test for presence
of depressive symptoms in the general population. The frequency of mood/symptoms
during the previous week is rated by a 4-point Likert scale ranging from 0 indicating rarely
or none of the time (less than 1 day) to 3 indicating most or all of the time (5–7 days). The
total score is calculated by summing up the scores of the individual questions and ranges
from 0 to 30, with higher scores indicating greater severity of symptoms; conventionally, a
score >15 indicates the presence of depressive symptoms. After excluding individuals with
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incomplete or unreliable questionnaires (n = 87), a total sample of 596 was included in the
final analysis.

2.5. Statistical Analysis

Categorical variables are presented as frequencies of occurrence and percentages,
with a Chi-squared test used to assess differences between quartiles of UPF consumption.
Continuous variables are expressed as mean and standard deviations (SDs), with ANOVA
test used to test differences between groups. The association between UPF consumption
and presence of depressive symptoms was tested by logistic regression analyses through
calculation of odds ratios (ORs) and 95% confidence intervals (Cis) for an energy-adjusted
model, a multivariate model adjusted for baseline characteristics (age, sex, educational
and occupational status, smoking, and physical activity level, marital status, and snacking
habits), and a third model with additional adjustment for adherence to the Mediterranean
diet (as a proxy for diet quality). All reported p values were based on two-sided tests and
compared to a significance level of 5%. SPSS 21 (SPSS Inc., Chicago, IL, USA) software was
used for all the statistical calculations.

3. Results

The distribution of baseline characteristics by quartiles of UPF consumption in the
study sample is presented in Table 1. There was a significantly different distribution of UPF
consumption by marital status (p = 0.006) and physical activity level (p = 0.004), although
with no clear trend across categories, but a tendency of higher consumption in unmarried
and medium/highly physically active individuals. In contrast, individuals consuming
more UPFs reported significantly lower adherence to the Mediterranean diet, with opposite
trends in those reporting lower consumption (p < 0.001).

Table 1. Baseline characteristics of the study sample according to quartiles of intake of UPFs (n = 596).

UPF Consumption
p-Value

Q1 Q2 Q3 Q4

Age, mean (SD) 28.6 (5.7) 29.8 (6.0) 29.6 (5.5) 28.7 (5.9) 0.189
Sex, n (%) 0.699
Men 33 (40.2) 46 (35.7) 76 (42.0) 84 (41.2)
Women 49 (59.8) 83 (64.3) 105 (58.0) 120 (58.8)
Marital status, n (%) 0.006
Unmarried/widowed 51 (62.2) 68 (52.7) 114 (63.0) 146 (71.6)
Married 31 (37.8) 61 (47.3) 67 (37.0) 58 (28.4)
Smoking status, n (%) 0.587
Never 49 (59.8) 90 (69.8) 120 (66.3) 137 (67.2)
Current 29 (35.4) 31 (24.0) 53 (29.3) 53 (26.0)
Former 4 (4.9) 8 (6.2) 8 (4.4) 14 (6.9)
Educational level, n (%) 0.059
Low 17 (20.7) 19 (14.7) 13 (7.2) 32 (15.7)
Medium 35 (42.7) 49 (38.0) 79 (43.6) 82 (40.2)
High 30 (36.6) 61 (47.3) 89 (49.2) 90 (44.1)
Occupational level, n (%) 0.153
Unemployed 21 (28.8) 32 (27.8) 37 (25.7) 66 (39.8)
Low 11 (15.1) 13 (11.3) 15 (10.4) 16 (9.6)
Medium 16 (21.9) 19 (16.5) 35 (24.3) 25 (15.1)
High 25 (34.2) 51 (44.3) 57 (39.6) 59 (35.5)
Physical activity level, n (%) 0.004
Low 19 (23.2) 21 (16.3) 19 (10.5) 27 (13.2)
Medium 28 (34.1) 72 (55.8) 85 (47.0) 110 (53.9)
High 35 (42.7) 36 (27.9) 77 (42.5) 67 (32.8)
Eating habits, n (%)
Skipping breakfast 17 (20.7) 31 (24.0) 52 (28.7) 53 (26.0) 0.546
Daily snacking 12 (14.6) 17 (13.2) 23 (12.7) 26 (12.7) 0.975
Skipping dinner 9 (11.0) 12 (9.3) 22 (12.2) 34 (16.7) 0.220
Adherence to Mediterranean diet, n (%) <0.001
Low 30 (36.3) 70 (54.3) 103 (56.9) 147 (72.1)
Medium 46 (56.1) 46 (35.7) 44 (24.3) 50 (24.5)
High 6 (7.3) 13 (10.1) 34 (18.8) 7 (3.4)
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When testing for differences in major food groups, micro- and macro-nutrients across
quartiles of UPF consumption, most of the macronutrients, sodium, total and processed
means were consumed significantly more by those in the highest quartile of UPF intake. In
contrast, fiber and certain food groups such as cereals, fruits, vegetables, legumes, dairy
products, and olive oil were consumed less among individuals in the highest quartile of
UPF intake (Table 2).

Table 2. Mean (and standard deviation) consumption of micro-, macronutrients and major food
groups intake according to quartiles of UFP consumption.

UPF Consumption
p-Value

Q1 Q2 Q3 Q4

mean (SD)
Energy intake (kcal/d) 2045.88 (873.58) 2067.57 (738.74) 2008.67 (821.52) 2283.99 (1105.62) * 0.019
Energy intake (kJ/d) 8230.25 (3651.25) 8378.72 (3084.12) 8186.26 (3446.88) 9275.7 (4593.52) * 0.023

Macronutrients
Carbohydrates (g/d) 304.47 (141.20) 315.29 (124.31) 294.34 (128.04) 313.02 (152.21) 0.493

Fiber (g/d) 39.42 (31.57) 33.75 (15.72) 31.34 (15.98) 31.05 (19.5) * 0.008
Protein (g/d) 92.86 (53.88) 89.59 (34.09) 86.08 (40.07) 94.05 (47.70) 0.324

Fat (g/d) 54.51 (24.17) 55.69 (20.12) 59.07 (23.87) 77.84 (41.13) ** <0.001
Cholesterol (mg/d) 173.69 (129.47) 178.7 (80.11) 190.19 (112.56) 244.64 (131.42) ** <0.001

SFA 19.93 (8.74) 21.35 (8.02) 22.49 (8.60) 31.50 (16.31) ** <0.001
MUFA 23.74 (9.41) 24.07 (8.32) 25.23 (10.66) 31.15 (15.85) ** <0.001
PUFA 11.17 (5.89) 10.68 (4.41) 11.36 (7.11) 12.91 (8.23) * 0.019

Total Omega-3 1.73 (0.96) 1.66 (0,78) 1.57 (0.73) 1.61 (0.77) 0.509
Micronutrients

Vitamin A (Retinol) 950.29 (571.75) 942.28 (449.58) 868.43 (425.27) 898.99 (491.21) 0.452
Vitamin C (mg/d) 195.19 (185.64) 178.35 (108.56) 164.96 (101.98) 155.92 (106.05) 0.062
Vitamin E (mg/d) 9.30 (4.67) 8.82 (3.53) 8.95 (3.85) 9.87 (5.74) 0.141

Vitamin B12 8.34 (18.02) 6.78 (4.56) 7.01 (6.56) 7.99 (6.79) 0.421
Vitamin D 5.29 (5.52) 5.60 (4.98) 5.94 (7.67) 6.19 (8.41) 0.769

Sodium (mg/d) 2890.45 (1136.79) 3151.52 (1158.34) 2953.90 (985.94) 3302.72 (1599.08) * 0.020
Potassium (mg/d) 4299.95 (3013.97) 3892.82 (1545.45) 3731.17 (1894.24) 3948.06 (2143.45) 0.243

Foods
Cereals (g/d) 236.26 (144.97) 256.83 (139.76) 208.58 (112.36) 167.70 (121.70) ** <0.001

Vegetables (g/d) 334.55 (304.85) 283.70 (143.48) 257.64 (143,.60) 256.29 (170.06) * 0.006
Fruit (g/d) 506.21 (458.81) 409.42 (343.75) 406.27 (364.51) 371.04 (320.63) * 0.042

Legumes (g/d) 334.55 (304.85) 283.70 (143.48) 257.64 (143.60) 256.29 (170.06) * 0.009
Nuts (total, g/d) 17.05 (20.58) 16.64 (20.74) 18.35 (22.60) 25.44 (72.74) 0.253

Fish (g/d) 77.90 (120.38) 66.18 (66.88) 78.99 (116.29) 67.80 (88.37) 0.569
Eggs (g/d) 1.89 (3.49) 2.53 (5.12) 2.80 (5.40) 2.13 (4.33) 0.396

Meat (total, g/d) 76.71 (47.87) 74.43 (47.43) 66.97 (37.27) 77.03 (34.53) * 0.077
Red meat (g/d) 34.23 (22.52) 35.28 (25.67) 35.03 (31.88) 35.81 (22.68) 0.973

Processed Meat (g/d) 13.05 (12.45) 17.71 (15.67) 18.03 (14.09) 31.45 (31.46) ** <0.001
Dairy products (g/d) 216.86 (187,86) 238.17 (166,41) 176.12 (155,34) 155,33 (204.18) * 0.019
Alcohol (total, g/d) 8.15 (13.42) 5.06 (7.25) 5.43 (7.54) 6.30 (9.35) 0.078

Olive oil (ml/d) 7.10 (3.10) 7.15 (3.04) 6.44 (2.91) 6.22 (3.08) * 0.018

* indicates p <0.05 for ANOVA analysis, ** indicates p <0.001 for ANOVA analysis.

Table 3 shows the association between UPF consumption and presence of depressive
symptoms. Individuals in the highest quartile of UPF consumption had higher odds
of having depressive symptoms in the energy-adjusted model (OR = 1.89, 95% CI: 1.06,
3.28); the association remained significant after adjusting for potential confounding factors
(including age, sex, energy intake, educational and occupational lever, smoking status,
eating habits, and physical activity level) (OR = 2.04, 95% CI: 1.04, 4.01) and became even
stronger after further adjustment for adherence to the Mediterranean diet (OR = 2.70, 95%
CI: 1.32, 5.51) (Table 3).
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Table 3. Association between intake of UPFs and having depressive symptoms in the study sample.

UPF Consumption

Q1 Q2 Q3 Q4

OR (95% CI)
Model 1 1 1.05 (0.56, 1.96) 1.17 (0.65, 2.09) 1.87 (1.06, 3.29)
Model 2 1 1.26 (0.62, 2.57) 0.93 (0.46, 1.89) 2.04 (1.04, 4.01)
Model 3 1 1.44 (0.70, 2.97) 1.17 (0.56, 2.43) 2.70 (1.33, 5.51)

Model 1 was adjusted for energy intake. Model 2 was further adjusted for age (mean), sex, marital status,
educational level, occupational level, physical activity level, smoking status, eating habits. Model 3 was further
adjusted for level of adherence to the Mediterranean diet.

4. Discussion

This study provides cross-sectional evidence of an association between higher UPF
consumption and an increase in depressive symptoms. Furthermore, in contrast to the
hypothesis that UPF may affect mental health due to the poor nutritional quality of the
diet, further adjustment for adherence to the Mediterranean diet (as a proxy of diet quality)
increased, rather than reduced, the association between UPF consumption and presence
of depressive symptoms, suggesting that components of the diet other than nutritional
quality may play a role on the reported association.

Two recent meta-analyses, including mostly cross-sectional investigations, reported
that higher consumption of UPFs is associated with increased depressive symptoms [17,18].
With specific reference to the association between UPF consumption and depression, one
of the first studies published on this topic has been conducted on about 26,000 French
participants within the NutriNet-Santé cohort reporting an average 32% daily energy intake
from UPFs; the authors found that a 10% increase in %UPF in the diet was associated with a
21% higher risk of depressive symptoms over a 5-year follow-up period [29]. Another study
involving nearly 15,000 Spanish university graduates (mean age 36.7 years) participating
in the “Seguimiento Universidad de Navarra” (SUN) Project, reported a 33% higher risk of
depression in high UPF consumers (about 400 g/d) after a follow-up of 10 years [30]. In
addition, studies with higher mean intake of UPFs reported similar findings. The National
Health and Nutrition Examination Survey (NHANES) including nearly 14,000 US adults
(with an average 55% of total energy intake from UPFs) showed that individuals in the
highest quartile of UPF consumption were more likely (43% higher odds) to have depres-
sive symptoms, compared to the lowest category of consumption [31]. An updated report
from the same sample revealed that individuals with the highest level of UPF consumption
were significantly more likely to report at least mild depression, more mentally unhealthy
and more anxious days per month [32]. Although not specifically quantifying the intake of
UPFs, a study conducted on about 3500 participants showed that individuals consuming a
“processed food” dietary pattern characterized by high intake of sweetened desserts, fried
food, processed meat, refined grains, and high-fat dairy products were more likely to have
depressive symptoms compared to those with less consumption [33]. Similar associations
have been reported for broader mental health conditions in other cohorts. In a sample of
nearly 3000 Brazilian adolescents, higher consumption of UPFs has been associated with
higher rates of internalizing symptoms including depression and anxiety [34]. In addition,
data from the Adolescent School-Based Health Survey including nearly 100,000 adolescents
showed that daily UPF consumption and sedentary behaviors were associated with higher
odds for anxiety-induced sleep disturbance [35], which was mediated by loneliness and
eating while watching TV or studying [36]. Finally, a cross-sectional study conducted on
1270 Brazilian retail workers showed that UPF consumption was associated with high
perceived stress levels [37]. Most studies reported some sort of pattern of background char-
acteristics associated with high UPF consumption: younger age, being unmarried/living
alone, frequent out-of-home eating, often high cultural level. In line with our findings, this
data suggest that younger individuals might be a more susceptible group of the population
at higher risk of mood disorders due to a number of potential factors (work-related stress,
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lack of time, financial instability, etc.). This suggests that the rise in UPF consumption
may be driven not only due to their highly palatable nature, but also due to economic and
practical convenience.

From a mechanistic point of view, several hypotheses have been suggested and sup-
ported by scientific literature to explain the detrimental effects of UPF consumption on
mental health outcomes. UPF consumption, as well as various dietary factors, may affect
systemic inflammation with a consequently higher risk of non-communicable diseases,
including mental disorders [38,39]. High UPF consumption has been demonstrated to be
characterized by a rise in intake of refined sugars (such as high-fructose corn syrup) and
saturated/trans fatty acids, accompanied with lower intake of fiber [7]. The high energy
density of UPFs may lead to an imbalance of regulation and homeostatic maintenance of
cells, causing an impairment of their microenvironment and finally compromising their
functionality and integrity [40]. High intracellular glucose derived from high-free sugar
food products increases intermediate metabolites of oxidative metabolism, mitochondrial
dysfunction, and subsequently increases reactive oxygen species (ROS) production [41].
Similarly (albeit with totally different mechanisms), a high consumption of saturated and
trans fatty acids induces a suffering of the endoplasmic reticulum at an intracellular level,
modification of cellular membranes, and activation of transcription factors related to ox-
idative stress and proinflammatory pathways, including nuclear factor kB, related to the
production of proinflammatory cytokines and the mTOR, JNK, and AKT pathways [42].
Finally, high consumption of UPFs has been reported to be often associated with lower
intake of fiber, which may represent an additional mechanism related to disruption of
homeostasis, immune regulation, and establishment of mental health issues [43]. Specifi-
cally, high UPF consumption as well as a lack of dietary fiber may induce an imbalance of
the gut microbiota and lead to dysbiosis [44]; this condition is characterized by changes in
their functional composition and metabolic activities, including a reduction in short chain
fatty acids (SCFAs) and a rise in lipopolysaccharides producing bacteria, intestinal barrier
dysfunction, and bacterial translocation into the bloodstream, tissues, and organs causing
systemic immune system activation and inflammation [45]. Moreover, gut microbiota may
communicate with the central nervous system through interaction with enteroendocrine
and enterochromaffins cells, which are able to transmit signals via vagal or afferent nerve
fibers and induce responses into the brain (i.e., serotonin release) [46]. Besides this indi-
rect mechanism of central nervous system involvement, gut microbiota modifications also
impact gut peptides and hormones (i.e., neuropeptide Y, glucagone-like peptide-1, cholecys-
tokinin, ghrelin, corticotropin-releasing factor) which are all involved, to a various extent
and through different mechanisms, in the complex gut–brain axis communication [47].
Long-term exposure to highly-palatable UPFs, and production of pro-inflammatory cy-
tokines and secondary products of oxidative stress at brain level may also play a role
in the alteration of the physiological feeding patterns, leading to food-anticipatory and
binge-type behaviors, potential failure in self-control [48,49], which in turn are associated
with anxiety/depressive symptoms [50] and alteration of sleep quality [51].

Concerns also arise regarding food additives that have been shown to exert neurotoxi-
city and clinical manifestation of depression, cognitive decline, and eating disorders [52].
Common food additives are generally used in UPFs for a variety of purposes, including in
the alteration of organoleptic properties such as non-caloric sweeteners, flavor and color en-
hancers, emulsifiers, foaming/anti-foaming and anti-caking agents [53]; these compounds
have been shown to affect human physiology in various ways, including oral processing,
alteration of the gut microbiota homeostasis, uncoupling between predicted calories and
consequent response from the digestive system, and further development of oxidative
stress and the pro-inflammatory actions as the main mechanisms of toxicity [54]. The
promotion of inflammatory processes associated with the consumption of UPFs may poten-
tially affect the functioning of common neuronal signaling systems (i.e., serotonergic and
dopaminergic systems) and of certain brain regions (i.e., amygdala) implicated in mental
health disorders [55]. Some additives may contain nanoparticles that exert higher toxicity
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when compared to the bulk material because they are absorbed, cross various biological
barriers, and may accumulate in tissues and organs [56]. These compounds may have direct
interactions at the cellular level, exerting local toxicity by increasing the reactive oxygen and
nitrogen species production, inducing mitochondrial and DNA oxidation, and activating
pro-inflammatory cellular pathways [57]. Finally, the transformation processes of UPFs
may lead to the production of substances, such as acrylamide, acrolein, polycyclic aromatic
hydrocarbons, and furan that are known to be toxic to the human organism [58]. These
compounds have been shown to potentially exert neurotoxicity via microbiota–gut–brain
axis signaling and inflammasome-related neuroinflammation [59–61].

The findings of this study should be considered in light of some methodological
limitations. First, due to the observational nature of the study design, the results may be
affected by reverse causation, and the study design does not allow us to define cause–effect
relationships, only association. However, the findings from this study do not necessarily
imply that UPFs must necessarily cause depression, but that a mutual relation may exist,
that UPFs might be consumed as comfort foods by an at-risk population (i.e., younger
individuals with emerging mood disorders), and that it can establish a vicious cycle
by further enhancing detrimental effects on brain health related to depression. Second,
although the most common potential confounding factors have been taken into account
when adjusting for multivariate analyses, the existence of residual unmeasured confounders
cannot be ruled out. Third, the assessment of dietary intakes (FFQ) is limited in its nature
by recall bias, portion size uncertainty, and social desirability. Finally, the general low
consumption of UPF, especially among older individuals, did not allow us to provide
data for all age groups, and results for older participants were null possible due to lack
of statistical power (data not shown); although it is important to distinguish the findings
by age groups due to generational differences in exposure and risk factors, we missed the
opportunity to generalize the results also among older groups of individuals.

5. Conclusions

In conclusion, a positive association between UPF consumption and likelihood of
having depressive symptoms was found in younger southern Italian adults. Further
studies are needed to corroborate this association, also among other populations. It is
crucial to understand whether non-nutritional factors may also play a role in human
neurobiology. The specific involvement of brain regions involved in behavioral disorders
needs to be further investigated to better understand the impact of food additives on
human mental health.
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Abstract: Scientific literature has suggested positive associations between the Mediterranean diet
(MD) and the health-related quality of life (HRQoL) in young populations. However, to our knowl-
edge, this relationship is unexplored during a situation of social isolation (i.e., lockdown). The
objective of the current study is to examine the relationship between the MD and HRQoL during
the COVID-19 lockdown among preschoolers, children, and adolescents from Brazil and Spain. This
cross-sectional study includes a sample of 1099 three- to seventeen-year-old participants (47.6% girls)
who were recruited via social networks. The HRQoL was assessed with the EQ-5D-Y. The Quality
Index for Children and Teenagers (KIDMED) questionnaire was applied to evaluate the relationship
between the MD and HRQoL. The highest prevalence of reported problems was found for worried,
sad, or unhappy participants (39.8%). Furthermore, the lowest proportion of HRQoL problems was
observed for “mobility” (2.5%). The proportion of high adherence to the MD was 44.3%. Participants
with greater MD adherence reported higher HRQoL mean scores when compared with those who
did not adhere to the MD (83.7 ± 0.6 vs. 85.6 ± 0.7, respectively; p < 0.05). Adherence to the MD and
especially daily fruit intake were related to higher HRQoL during the COVID-19 lockdown among
Brazilian and Spanish young people aged three to seventeen years.

Keywords: Mediterranean dietary patterns; eating healthy; lifestyle; pandemic; youths; children;
adolescents; preschoolers

1. Introduction

In March 2020, the World Health Organization (WHO) declared the global COVID-
19 outbreak a pandemic [1]. An extreme increase in the number of infections led to the
declaration of several restraint measures in most countries, such as lockdowns [2]. During
these lockdowns, most countries (e.g., Brazil and Spain) established compulsory limitations,
such as use of face masks, restricted international travel, and completely closed schools [1].
This social isolation, in combination with physical distancing, produced changes in the
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daily routines of citizens (e.g., physical activity levels, eating habits) [3,4]. For instance,
a greater consumption of unhealthy foods was identified, especially among vulnerable
populations such as children and adolescents [5]. Furthermore, a recent systematic review
conducted by Pourghazi et al. [6] has pointed out uneven changes before and during the
COVID-19 pandemic in young people (i.e., an increase in sweet and snack intake and a
decrease in fruit, vegetables, and fast-food intake consumption). Supporting this notion,
an additional aspect of concern from a public health perspective is the increase in the
prevalence of malnutrition (e.g., excess weight) among children and adolescents during the
COVID-19 pandemic [7]. Conversely, the COVID-19 lockdown has also lead to more family
meals and a higher degree of resilience among family members [8], which has been related
to greater psychological and physical health among this population [9].

Childhood and adolescence are periods characterized by an increase in food require-
ments due to higher nutritional demands for optimal physiological and psychological
maturation [10]. Nutritional deficiencies among children and adolescents can lead to
poorer development and future health problems [10]. In this line, the WHO states that
healthy eating is a relevant factor in protecting against malnutrition and non-communicable
diseases [11]. Among the healthiest dietary patterns, the Mediterranean diet (MD) is char-
acterized by a dietary pattern rich in plant-based foods (fruits, vegetables, legumes, cereals,
seeds, nuts, and olives), a moderate-to-high consumption of fish/seafood, a moderate
intake of eggs, dairy products (preferably yogurt and cheese) and poultry, and a low intake
of red meat, with olive oil as a main source of added fat [12]. Thus, this dietary pattern
is one of the most well-known for its health benefits worldwide [13]. Although there is
a belief that the MD is a characteristic eating habit of people living in countries around
the Mediterranean Sea, other Mediterranean-type ecosystems can be placed from the 30◦
parallel to the 45◦ parallel of the southern or northern latitudes, with their coasts oriented
towards the west [14]. Similarly, researchers from several non-Mediterranean countries
(i.e., Colombia [15] and Brazil [16]) have adapted and validated the Mediterranean Diet
Quality Index for Children and Teenagers (KIDMED) to assess adherence to the MD. The
main reason for this is that this eating pattern is linked with a decrease in inflammatory
status, as well as a reduced likelihood of being overweight and obese among young peo-
ple [17,18], whereas a low adherence to the MD has been related to overweight and obesity
in these age phases [19]. Despite its potential benefits, a low adherence to the MD seems
to be prevalent in this population [20–22]. For instance, prior to the COVID-19 pandemic,
the prevalence of children and adolescents having a low adherence to the Mediterranean
diet was 4.2% in Spain [14], 14.9% and 27% for children and adolescents in Greece [15,16],
and between 23.0% and 33.0% in Italy [17,18]. Based on these results, geographical region
seems to play an important role in higher adherence, whereas Mediterranean countries do
not always show the highest adherence to the Mediterranean diet.

Another relevant factor from early childhood to adolescence is the health-related
quality of life (HRQoL), which plays a key role in physical and psychological well-being [23].
HRQoL is defined as the individual’s perception of his or her position in life and the
evaluation of different dimensions of this perception, along with their influence on health
status [24]. Furthermore, HRQoL is a concept that has been widely documented in recent
years to assess children and their health status in a comprehensive manner, including
in its assessment physical, cognitive, social, and psychological functioning. It is crucial
to prevent unhealthy behaviors [23]. Among young people, physical and psychological
wellbeing declined significantly during the COVID-19 lockdown [25]. In fact, a recent
systematic review by Nobari et al. [26] that included 3177 children and adolescents indicated
a decrease in HRQoL among young people during the COVID-19 pandemic. Three articles
showed that the COVID-19 pandemic significantly impacted the HRQoL of children and
adolescents. Although another did not report a comparison between the pre-pandemic
period and during the COVID-19 pandemic, a reduction in the HRQoL can be observed.
Relevant HRQoL factors include dietary habits (i.e., frequency, composition, and amount
of beverages/food consumed), which are associated with higher HRQoL scores in mental

228



Nutrients 2023, 15, 677

and physical dimensions [27]. In addition, these dietary habits have been associated with
overweight and obesity in this population [28], which are related to lower HRQoL [29].

According to the results of some studies, the lockdown and physical distancing
that occurred as a consequence of the COVID-19 pandemic may have contributed to
a modification in some dietary habits and the HRQoL among young populations [30,31].
In this line, a systematic review by Della Valle et al. [4] indicated that adherence to the MD
might have increased during COVID-19 lockdown. Furthermore, some systematic reviews
have concluded that the COVID-19 pandemic has led to a decline in the HRQoL of children
and adolescents [26,32]. A recent systematic review analyzed the association of adherence
to the MD with the HRQoL in young people [27]. However, all studies included in that
review were conducted before [33–36] and other was performed after [37] the COVID-19
lockdown, indicating an association between a greater adherence to the MD and a higher
HRQoL among young populations [27,37]. To our knowledge, this is the first study that
has analyzed this relationship in young people during the situation of social isolation
(i.e., lockdown) due to the COVID-19 pandemic. Thus, the objective of the current study is
to examine the association between the MD (i.e., adherence to this eating pattern and its
specific components) and HRQoL during the COVID-19 lockdown among preschoolers,
children, and adolescents aged 3−17 years from Brazil and Spain.

2. Materials and Methods

2.1. Participants and Study Design

Out of the 1263 participants from Brazil and Spain, 143 were eliminated since they
were too young (aged < 3 years) or too old (aged > 17 years) for the study. Additionally,
21 participants were removed due to missing data. This left 1099 participants whose data
were included in the final analysis. As in-person contact was not allowed, these participants
were recruited through social networks. Through a snowball sampling technique, an
online survey was designed and delivered in both Brazil and Spain. The survey took
approximately 15 min to complete and was filled out by the participants’ parents or
guardians. Before carrying out the survey, the objective of this study was explained
and informed consent was obtained. The data was collected over a period of 15 days in
both countries (from 29 March to 13 April 2020). During this period, the entire Brazilian
and Spanish populations were expected to remain at home (excepting essential workers)
and were only allowed to go out for healthcare, basic food shopping, and some justified
exceptions. As criteria, only parents/legal guardians of the young Brazilian and Spanish
populations aged 3–17 years who signed the informed consent were involved. Regarding
the exclusion criteria, participants were not included when their parents/guardians did not
totally complete the online survey. This study had the approval of the ethical committees
of the Universidade Tecnologica do Paraná (CAAE: 32023220.8.0000.5547; approval number:
4.275.232 and the Universidad Católica de Murcia (code: CE112001).

2.2. Procedures
2.2.1. Health-Related Quality of Life (Dependent Variable)

The HRQoL (health-related quality of life) was evaluated by the EQ-5D-Y (proxy
version 1), a tool specifically designed for evaluating HRQoL in young people [38]. The
EQ-5D-Y assesses five different aspects of HRQoL (mobility, self-care, ability to carry out
usual activities, presence of pain or discomfort, and emotional well-being) on a three-point
scale (no problems, some problems, or a lot of problems). The results of the EQ-5D-Y are
represented by a three-digit code, with each digit representing the level of severity in each
of the five dimensions. The dimensions of HRQoL were also grouped into two categories:
“no problems” or “any problems” (combining “some problems” and “a lot of problems”).
In addition, the EQ-5D-Y includes a visual analogue scale (VAS) with scores ranging from
0 (the lowest HRQoL) to 100 (the highest HRQoL). The reliability and validity of the
EQ-5D-Y have been established in the previous research [39].
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2.2.2. Adherence to the Mediterranean Diet (Independent Variable)

Adherence to the Mediterranean diet (MD) was evaluated using the KIDMED [40].
The KIDMED is a sixteen-question test that ranges from −4 to 12 points. All the items
included in the KIDMED and its scoring system can be found in Table S1. Questions about
unhealthy aspects of the MD were scored as −1 (e.g., “Takes sweets and candy several
times every day”), and questions about healthy aspects were scored as +1 (e.g., “Takes
a fruit or fruit juice every day”). The total scores from the KIDMED were then divided
into three categories: high MD (≥ 8 points), moderate MD (4–7 points), and low MD
(≤ 3 points).

2.2.3. Covariates

The following information was collected from the parents or guardians of the partici-
pants: age, sex (male or female), nationality, educational level of the primary breadwinner
(non-university or university), socioeconomic status, excess weight (overweight or obese),
and daily movement behaviors. These variables were all considered to be covariates. The
family affluence scale-III (FAS-III) score ranges from 0 to 13 points, with higher scores in-
dicating a higher socioeconomic status based on the responses to six questions about the
family’s resources (e.g., number of vehicles, bedrooms, computers, etc.) [41]. Anthropometric
data (e.g., height, weight) were also collected for the children, and the body mass index
(BMI) z-score and the proportion of excess weight (i.e., overweight and obesity) were com-
puted following the World Health Organization (WHO) criteria [42,43]. Daily movement
behaviors, including physical activity, recreational screen time, and sleep duration, were
also measured. Physical activity was evaluated by asking parents how many days their
child was physically active for at least 60 min in the previous week. Recreational screen
time was measured by asking parents about the time their child spent on various sedentary
activities (e.g., watching TV, playing video games, or using electronic devices) as follows:
(a) “How many hours a day, during the COVID-19 lockdown, does your child usually spend
using electronic devices such as computers, tablets or smartphones for other purposes (e.g.,
homework, emailing, tweeting, Facebook, chatting, surfing the internet)?”; (b) (b) “How
many hours a day, during the COVID-19 lockdown, does your child spend playing games
on a computer, games console, tablet, smartphone or other electronic device (not including
moving or fitness games)?”; (c) “How many hours a day, during the COVID-19 lockdown,
does your child spend watching TV, videos (including YouTube or similar services), DVDs,
and other entertainment on a screen?”. The three answers were summed considering a
week distribution of five weekdays and two weekend days. Sleep duration was determined
by asking parents about the bedtimes and wake times (for weekdays and weekend days
separately) of their child as follows: “What time does your child usually go to bed?” and
“What time does your usually get up?”. The average daily sleep duration was computed for
each participant as follows: [(average nocturnal sleep duration on weekdays × 5) + (average
nocturnal sleep duration on weekends × 2)]/7.

2.3. Statistical Analysis

The descriptive data for the study were presented in two ways: as the mean and
standard deviation in the case of continuous data, and as the number and percentage in
case of categorical data. Differences between adherence to the MD and problems in the
HRQoL domains were tested using the Pearson’s chi-square test (χ2) or Fisher’s exact test
(when expected values in any of the cells of a contingency table were below five partici-
pants). Preliminary analyses showed no interaction between adherence to the MD and sex
(p = 0.351) or age group (p = 0.174) in relation to HRQoL. Thus, all the samples were ana-
lyzed together to increase the statistical power. Analyses of covariance (ANCOVAs) were
performed to assess the differences in HRQoL in relation to adherence to the MD, as well
as to determine the specific MD components associated with HRQoL. Furthermore, linear
regression analyses were performed to test the individual MD components associated with
a higher HRQoL. Sex, age, nationality, socioeconomic status, breadwinner’s educational
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level, excess weight, and daily movement behaviors were included as covariates. Statistical
analyses were performed by the software Statistical Package for Social Sciences (SPSS,
IBM Corp., Armonk, NY, USA) in its version 28 for Windows. A p-value < 0.05 denoted
statistical significance.

3. Results

Table 1 shows the descriptive data for study participants. The proportion of high
adherence to the MD was 44.3%. The VAS mean score was 84.5 ± 15.9. The lowest
proportion of HRQoL problems was observed for “mobility” (2.5%). Conversely, the
highest proportion was found for “feeling worried, sad, or unhappy” (39.8%).

Table 1. Characteristics of the study participants (N = 1099).

Variables M/n SD/%

Age (years) 11.5 4.5
Preschoolers (3–5 years) 146 13.3
Children (6–12 years) 444 40.4
Adolescents (13–17 years) 509 46.3

Sex
Boys 576 52.4
Girls 523 47.6

Nationality
Brazilian 495 45.0
Spanish 604 55.0

Breadwinner’s educational level
University studies 538 49.0
Non-university studies 561 51.0

Socioeconomic status
FAS-III (score) 7.5 2.3
Anthropometric data

Weight (kg) 43.0 19.5
Height (cm) 145.5 24.8
BMI (z-score) 0.9 2.0
Overweight/Obesity a 467 42.5

Daily movement behaviors
Physical activity (days/week) 4.0 2.3
Recreational screen time (h/day) 7.6 5.9
Sleep duration (h/day) 9.9 1.5

Adherence to the MD
KIDMED (score) 7.0 2.4
Low/Moderate MD 612 55.7
High MD 487 44.3

HRQoL
VAS (score) 84.5 15.9
Mobility (%, any problem) 28 2.5
Looking after myself (%, any problem) 112 10.2
Doing usual activities (%, any problem) 113 10.3
Having pain or discomfort (%, any

problem)
181 16.5

Feeling worried, sad, or unhappy (%,
any problem)

437 39.8

Data expressed as a mean and standard deviation for continuous variables or numbers and percentage for
categorical variables. BMI—body mass index; FAS—family affluence scale; HRQoL—health-related quality of
life; KIDMED—Mediterranean Diet Quality Index for Children and Teenagers; MD—Mediterranean diet; and
VAS—visual analogue scale. a According to the World Health Organization criteria [43].

In Table 2, we assessed the association between adherence to the MD and the different
domains of HRQoL. Despite a higher proportion of problems across all HRQoL domains
in participants with low/moderate MD, only significant differences were obtained for the
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“having pain or discomfort” domain (p = 0.020). Sub-group analyses by sex and age group
can be found in Table S2.

Table 2. Association between Mediterranean diet adherence and problems in different dimensions of
health-related quality of life.

HRQoL Domain a Low/Moderate MD High MD p

Mobility 18 (2.9) 10 (2.1) 0.442
Looking after myself 62 (10.1) 50 (10.3) 0.941
Doing usual activities 71 (11.6) 42 (8.6) 0.106

Having pain or discomfort 115 (18.8) 66 (13.6) 0.020
Feeling worried, sad, or unhappy 246 (40.2) 191 (39.2) 0.743

a Data expressed as proportion of participants reporting any problem in the different health-related quality
of life domains, according to adherence to the Mediterranean diet. HRQoL—health-related quality of life;
MD—Mediterranean diet. p values obtained by Pearson’s chi-square test or Fisher’s exact test.

Figure 1 depicts the VAS mean score in relation to adherence to the MD. After adjusting
by several covariates, participants with high MD adherence reported greater HRQoL mean
scores (M = 83.7; SE = 0.6) than those participants with low/moderate MD adherence
(M = 85.6; SE = 0.7). In both the unadjusted and adjusted models, the differences between
groups were statistically significant (p < 0.05 for both). Figures S1 and S2 show sub-group
analyses by sex and age group, respectively.

Figure 1. Mean differences of health-related quality of life according to the degree of adherence
to the Mediterranean diet during the COVID-19 lockdown. HRQoL—health-related quality of
life; MD—Mediterranean diet; VAS—visual analogue scale. (A): unadjusted; (B): adjusted by sex,
age, nationality, socioeconomic status, breadwinner’s educational level, excess weight, and daily
movement behaviors. p values obtained by analysis of covariance.

Table 3 indicates the association between different MD components of the KIDMED
and the HRQoL scores. After adjusting by several covariates, eating fruit or consuming
fruit juice every day was significantly associated with a greater HRQoL score (p < 0.005).
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Table 3. Association between different Mediterranean diet components and health-related quality of
life score.

Items B SE LLCI ULCI p

Takes a fruit or fruit juice every day 3.59 1.28 1.09 6.09 0.005
Has a second fruit every day 0.29 1.13 −1.94 2.51 0.800

Has fresh or cooked vegetables regularly once a day −0.05 1.20 −2.41 2.31 0.968
Has fresh or cooked vegetables more than once a day −0.04 1.15 −2.29 2.21 0.973
Consumes fish regularly (at least 2–3 times per week) −1.84 1.14 −4.07 0.39 0.106

Goes more than once a week to a fast-food (hamburger) restaurant 0.99 1.55 −2.05 4.02 0.522
Likes pulses and eats them more than once a week 0.00 1.41 −2.78 2.77 0.999

Consumes pasta or rice almost every day (5 or more times per week) −0.35 1.19 −2.68 1.98 0.765
Has cereals or grains (bread, etc.) for breakfast −0.06 1.20 −2.41 2.28 0.958

Consumes nuts regularly (at least 2–3 times per week) −0.13 1.06 −2.22 1.96 0.905
Uses olive oil at home −0.76 1.75 −4.20 2.68 0.665

Skips breakfast −2.28 2.15 1.94 −6.49 0.289
Has a dairy product for breakfast (yogurt, milk, etc.) −0.36 1.54 −3.37 2.66 0.816

Has commercially baked goods or pastries for breakfast −0.59 1.45 −3.43 2.26 0.686
Takes two yogurts and/or some cheese (40 g) daily 0.10 1.00 −1.86 2.06 0.921

Takes sweets and candy several times every day 0.48 1.23 −1.94 2.90 0.698

Data expressed as non-standardized beta coefficient, standard error, and 95% confidence interval. Adjusted by
sex, age, nationality, socioeconomic status, breadwinner’s educational level, excess weight, and daily movement
behaviors. p values obtained by multiple linear regression.

4. Discussion

To our knowledge, this is the first study to analyze associations between the MD
(overall adherence and its specific components) and the HRQoL in preschoolers, children,
and adolescents from Brazil and Spain during the COVID-19 lockdown. Overall, our results
showed that a higher adherence to the MD was related to higher levels of the HRQoL and
lower instances of HRQoL problems in the “having pain or discomfort” domain. When the
different MD components were considered, daily fruit intake or fruit use was associated
with higher scores of HRQoL.

Our findings depict that a high adherence to the MD was linked with higher HRQoL
scores. This result is in accordance with most of the studies conducted on this matter, both
before [27] and after the COVID-19 lockdown [44]. Nevertheless, divergent results have
also been found [27]. These divergent results could be explained by the age of the included
samples, with different levels of psychological maturity [45], or by the consumption of
different proportions of food groups [46]. Although the mechanism by which the MD
may improve the HRQoL is not fully explained, it could be related to the high amount of
antioxidants, polyphenols, vitamins, and dietary fiber present in some foods (i.e., fruits).
The daily intake of fruit (an eating habit characteristic of the MD) could lead to benefits in
mental well-being and normal brain function [47,48]. An additional possible reason for the
association between the MD and HRQoL could be (at least partially) explained due to the
possible beneficial influence of a healthy diet on certain psychological factors (i.e., positive
affect, life satisfaction, moods, and emotions) [49,50]. Another possible explanation could
be related to the association between eating habits, sleep-related problems, and the HRQoL.
In this sense, López-Gil et al. [51] observed a relationship among healthy eating habits and
sleep-related problems, which has been related to a lower HRQoL [52]. Their results showed
that eating habits characteristic of the MD (i.e., a higher fruit, vegetable, and bean intake, a
lower sweet consumption, having breakfast more often, and having family meals) were
related to lower sleep-related problems. It is possible that the consumption of certain MD
components facilitates an adequate sleep duration (diminishing sleep-related problems)
and, therefore, a higher HRQoL [53,54]. Lastly, breakfast (an important component of
the MD) has been associated with greater psychosocial health in Spanish preschoolers,
children, and adolescents [55,56]. In this sense, social context appears to be crucial in
this relationship [57] as family meals at home may help to increase the quality of the
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meals, which could improve well-being and decrease psychosocial behavioral problems,
increasing the HRQoL in this population [58].

In addition, another finding of the current study was that a higher adherence to the
MD was related to lower pain or discomfort symptoms during the COVID-19 lockdown
(especially in children and adolescents). Previous studies have depicted that a higher
adherence to the MD is related to lesser pain in children and adolescents [59,60]. Although
the mechanisms by which a healthy diet may increase the HRQoL are unknown, the intake
of some type of foods (e.g., fruits, vegetables, and olive oil) typical of the MD could offer
benefits against oxidative stress and inflammation [61,62], which have been hypothesized
to be pain contributors [63,64]. Therefore, it is possible that participants with a higher
adherence to the MD have lower levels of oxidative stress and inflammation that could
contribute to perceiving less pain.

On the other hand, by specifically analyzing the components of the MD, our results
showed that a daily consumption of fruit/fruit juice was related to a higher HRQoL. Despite
being a period characterized by a decrease in healthy behaviors [3,65–67], young people
who had this healthy eating habit reported a higher HRQoL in comparison with those
who did not. These results are in line with those obtained in different cross-sectional
pre-pandemic studies [68–70], in which a higher fruit consumption was related to a higher
HRQoL. This finding could be explained due to the antioxidant and anti-inflammatory
effects of the bioactive compounds contained in fruits such as folate, vitamin C, polyphenols,
fiber, etc. [71]. In addition to physical health, the adequate consumption of fruits and their
biocomponents also seems to improve mental health [48]. This may be because of the role
of essential nutrients provided by healthy food (i.e., fruits) in neurotransmitter formation
related to mental health, such as serotonin, dopamine, and oxytocin [72], which could lead
to a higher HRQoL.

This study has some strengths that should be acknowledged, including the use of
large samples of preschoolers, children, and adolescents from Brazil and Spain, and being
the first to examine the specific association of the MD and its specific components with
HRQoL during the COVID-19 lockdown in this age group. Conversely, this study has
several limitations that should be taken into account. First, the cross-sectional design of
the study means that it is not possible to determine cause-and-effect associations. Thus,
we do not have information from prior to the COVID-19 lockdown on some variables that
could influence the results obtained (e.g., previous adherence to the MD or previous diets).
For a better understanding of the link between adherence to the MD and the HRQoL, it
would be necessary to conduct longitudinal studies. Second, the information obtained
was based on self-reported questionnaires that may introduce social desirability and recall
biases. Third, the KIDMED does not provide exact information on types of food and the
frequency of consumption. This means that, for example, in evaluating the consumption of
dairy products, we do not know whether skimmed or whole milk was consumed, which
may influence neurotransmitter formation such as serotonin and dopamine, since whole
milk has a higher quantity of these precursors (tryptophan and tyrosine) [73]. Fourth, the
compulsory limitations during the COVID-19 pandemic could differently influence the
adherence to the MD and the HRQoL according to the type of lockdown imposed by each
country’s government (e.g., a total or partial lockdown). Fifth, although several covariates
were adjusted, residual confounding is still possible (e.g., type of family and frequency of
family meals).

5. Conclusions

Adherence to the MD, especially daily fruit intake, were related to higher HRQoL
scores during the COVID-19 lockdown among Brazilian and Spanish young people aged
3 to 17 years. This finding is clinically significant, as the pandemic appears to have deterio-
rated the HRQoL in the young population and a better understanding of the associated
factors (i.e., healthy diet) could help to establish concrete measures in case of situations of
social isolation. Further studies with different designs (i.e., interventions) are required to
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establish cause-and-effect relationships and to verify whether greater adherence to the MD
produces improvements in the HRQoL in the young population.
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Abstract: Evidence on the consumption of ultra-processed foods (UPF) in adults with celiac disease
(CD) and its impact on Mediterranean Diet (MD) adherence is still limited. Our aim was to determine
UPF consumption and its relationship with MD adherence in a group of adults, according to the
presence of CD. This case-control study included 103 adults with CD and 312 without CD. UPF intake
was assessed using the NOVA Food Frequency Questionnaire (NFFQ), while MD adherence was
assessed using the Medi-Lite score. UPF represented 14.5% of the diet of participants with CD (246
g/day) and came mainly from cereals-based products (29%) and sweets (24.2%). UPF consumption
did not differ with the presence of CD, but participants with CD had significantly (p < 0.05) higher
consumption of precooked pasta and pre-packaged breads. Participants with CD also reported a
significantly lower MD adherence than participants without CD (9.4 vs. 10.4), with higher intake
of meat and dairy products, and lower consumption of vegetables and fish. An inverse trend was
found between UPF consumption and MD adherence in adults with CD, although not statistically
significant. These findings highlight the importance of improving nutrition education for subjects
with CD, which should not only focus on gluten exclusion.

Keywords: celiac disease; ultra-processed foods; NOVA classification; NFFQ; Mediterranean diet;
Medi-Lite; gluten-free diet

1. Introduction

Celiac disease (CD) is a chronic autoimmune disease that affects the small intestine
in genetically susceptible individuals. This condition is triggered by exposure to gluten,
a protein complex found in wheat, rye, and barley [1]. Although the prevalence of CD
is highest in childhood, being one of the most common chronic diseases in children, it is
well known that it affects all age groups [1,2]. Moreover, CD is more prevalent in females
than in males [2]. The most common presenting symptoms are malabsorption, diarrhea,
steatorrhea, and weight loss resulting from damage to the intestinal mucosa. Other less
common symptoms include abdominal pain, reflux esophagitis, or depression [1].

The mainstay of treatment for CD is strict adherence to a gluten-free diet [3]. Although
the only restriction of the diet is the exclusion of gluten, the nutritional adequacy of this diet
remains controversial, as some evidence suggests that the gluten-free diet is unbalanced
due to lower fiber intake and greater intakes of sugar, total fat, and saturated fat [4].
A potential cause has been attributed to the quality of gluten-free products, which are
generally associated with processed foods with low nutritional density [5–7]. Indeed, the
so-called ultra-processed foods (UPF), known as “industrial formulations typically with
five or more and usually many ingredients” [8], are associated with unbalanced diets due
to their formulation rich in free sugars, fats, and salt [9–11].
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In addition, some studies also suggest that people with CD do not adequately consume
the different food groups that are part of a healthy diet [12]. One of the dietary patterns
with robust evidence of its beneficial effect on health status is the Mediterranean diet
(MD) [13]. To date, several studies in Mediterranean countries have attempted to investigate
whether people with CD follow the MD, particularly in the pediatric population [12,14–16].
However, scientific evidence of UPF consumption in adults with CD and the possible
impact it may have on MD adherence is still limited. For this reason, the aim of the
present study was to determine the consumption of UPF and its possible relationship with
MD adherence in a group of adults with CD compared to a group of adults without this
condition.

2. Materials and Methods

2.1. Study Design and Data Collection

All study participants were recruited sequentially from patients referred to the Clinical
Nutrition Unit of Azienda Ospedaliera Universitaria Careggi, Florence, Italy, during the
period from January to December 2021. The cases consisted of all patients with CD who
made a first nutritional visit to our unit during the study period. The controls were also
patients who had a first nutritional visit at our unit, but without a diagnosis of CD or other
disease. For optimal comparison, each case was matched with 3 controls, with age and
gender matching. All subjects who were asked to participate in the study agreed. Data
were collected through a self-administered questionnaire created with the online survey
platform SurveyMonkey (www.surveymonkey.com, accessed 31 September 2022) [17]. Prior
to starting the questionnaire, participants were asked to read the study project information
sheet and to sign the informed consent form. Afterwards, participants were asked to fill a
brief questionnaire on sociodemographic characteristics (age, gender, weight, height, civil
status, and educational level) and two validated questionnaires to collect data on adherence
to MD and UPF intake. Body mass index (BMI) was calculated as weight (kg)/height
(m2). Civil status was classified as single, married/partnered, and divorced/widowed,
while education level was classified as secondary school, high school, and university.
This observational study was conducted in conformity with the guidelines set out in the
Declaration of Helsinki and was approved by the Ethics Committee of the Tuscany Region,
Azienda Ospedaliera Universitaria Careggi, Florence, Italy [CEAVC 18353/OSS].

2.2. NOVA Food Frequency Questionnaire (NFFQ)

Food consumption was assessed using the NOVA Food Frequency Questionnaire
(NFFQ), a validated questionnaire aimed to evaluate the food consumption of Italian adults
according to NOVA group classification [18]. Participants were asked to fill the 94 items
of the NFFQ by indicating their typical frequency of consumption and portion size in
their diet for a typical month within the last 12 months. Participants could choose 1 of 10
consumption frequency options, ranging from never or less than once a month to daily
consumption. Portion sizes included 6 options, ranging from 0.5 to 3 portions, identified
according to Italian reference portions and the portions indicated on food labels. The
94 items are subdivided into 9 main food groups: (1) fruits and nuts; (2) vegetables and
legumes; (3) cereals and tubers; (4) meat and fish; (5) milk, dairy products, and eggs; (6) oils,
fats, and seasonings; (7) sweets and sweeteners; (8) beverages; and (9) other. The amount
consumed for each item, and the larger food group, was calculated in grams per week and
grams per day.

All food and beverages included in the NFFQ were categorized according to the level
of food processing, as unprocessed and minimally processed (MPF); processed culinary
ingredients (PCI); processed (PF); and UPF. For the analysis of NFFQ data, PCI products
were grouped with PF, as they are to be consumed with other foods, not alone as an
independent food group. The weight ratio of foods within each level of processing was
calculated, rather than the energy ratio, to more effectively represent processed foods that
do not provide calories and non-nutritional components of processed foods.
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2.3. The Medi-Lite Adherence Score

Participants also completed the Medi-Lite score [19], an evidence-based tool developed
in 2014 and validated in 2017 [20], to determine individual adherence to MD. This ques-
tionnaire assigns points from 0 to 2 to daily and/or weekly consumption of 9 food groups,
in accordance with the MD, to generate a final score ranging from 0 (lowest adherence to
MD) to 18 (highest adherence to MD). Point values are assigned according to the frequency
of consumption, using reference portions; the quantities chosen as cut-offs for each item
were calculated on the basis of available literature linking the consumption of typical and
non-typical Mediterranean foods to health indicators [19]. For foods typical of the MD,
including fruits, vegetables, cereals, legumes, and fish, 2 points are assigned to the highest
level of consumption, 1 point to the intermediate level, and 0 points to the lowest level
of intake. Similarly for olive oil, 2 points are awarded for regular use, 1 for frequent use,
and 0 for occasional use. Further, 2 points are assigned to the lowest intake level, 1 to the
intermediate level, and 0 to the highest level of consumption for meat and meat products
and dairy products, which are foods non-typical of the MD. For alcohol, 2 points are given
to the intermediate level of consumption, 1 for the lowest, and 0 for the highest intake level.

In this study, the optimal intake for individual food groups was defined as the choice
that produced > 2 points and corresponded to the following consumption levels: fruit
> 2 portions per day, vegetables > 2.5 portions per day, cereals > 1.5 portions per day,
dairy products < 1 portion per day, meat and meat products < 1 portion per day, fish > 2.5
portions per week, legumes > 2 portions per week, alcohol 1–2 alcohol units per day, and
regular use of olive oil.

2.4. Statistical Analysis

Statistical analysis was performed using the statistical package IBM SPSS Statistics
for Macintosh, version 28.0 (IBM Corp., Armonk, N.Y., USA). Continuous variables are
expressed as mean ± standard deviation (SD) or median and range (min–max), as appropri-
ate. Categorical variables are reported as frequencies and percentages. The Mann–Whitney
test was used to compare participants with CD and participants without CD, while the
Chi-square test was used to test proportions.

A general linear model adjusted for age, gender, BMI, education level, civil status,
and daily food consumed was conducted to assess daily UPF consumption, according to
the presence of CD. Since this test assumes a normal distribution of data, non-normally
distributed data were transformed into logs, and further analyses were performed with the
processed data. However, to facilitate interpretation, the log data were again converted to
the original scale (antilog) and presented as geometric means with 95% confidence intervals
(CIs). To assess the possible relationship between MD adherence and UPF consumption
in participants with CD and participants without CD, they were divided into tertiles (1st
tertile ≤ 10%; 2nd tertile = 10–17%; 3rd tertile ≥ 17%) according to their level of UPF intake
(proportion by weight). A p-value < 0.05 was considered statistically significant.

3. Results

From January to December 2021, a total of 112 adults with CD were enrolled in the
study as cases and matched with 336 adults without CD as controls. Subjects who did
not answer all test questions were excluded, leaving a total of 103 cases with CD (92%)
and 312 controls without CD (93%), for a total of 415 participants. The mean age of study
participants was 39.6 ± 13.1 years, 84.3% of whom were women. About 25% of the subjects
was overweight or obese (mean BMI 23.1 ± 4.2 kg/m2). Participants with CD had an
average of 11.4 ± 8.6 years of CD progression since diagnosis. The sociodemographic
characteristics of the subjects according to the presence of CD are shown in Table 1. More
than half of the study population reported being married or with a partner. Overall,
the study population was highly educated; a significant difference was found amongst
participants with CD reporting secondary school as the highest educational level achieved
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as compared to participants without CD. No other significant differences between the two
groups were observed.

Table 1. Sociodemographic characteristics of the study population.

Adults with Celiac
Disease (n = 103)

Adults without
Celiac Disease

(n = 312)
p-Value

Age (years) 40.4 ± 12.6 39.3 ± 13.3 0.471

Gender, n (% women) 89 (86.4) 261 (83.7) 0.505

Body weight (kg) 63.4 ± 12.1 64.8 ± 14 0.823

BMI (kg/m2) 23.2 ± 4.2 23.1 ± 4.1 0.740

BMI ≥ 25, n (%) 25 (24) 78 (25.0) 0.882

Education level

Secondary school, n (%) 10 (9.7) 14 (4.5) 0.049

High school, n (%) 36 (35) 133 (42.6) 0.169

University degree, n (%) 57 (55.3) 165 (52.9) 0.206

Civil status

Single, n (%) 37 (35.9) 131 (42) 0.276

Married/partner, n (%) 61 (59.2) 150 (48.1) 0.050

Divorced/Widowed, n (%) 5 (4.9) 31(10) 0.112

Years of disease 11.4 ± 8.6 - -
Legend: BMI = Body Mass Index. Data are reported as mean ± standard deviation (SD) or number and percentage
(%), as appropriate.

3.1. Ultra-Processed Foods’ Consumption

UPF represented 14.5 ± 8% of the diet of participants with CD, which was equivalent
to 246.3 ± 139.2 g/day. These values did not differ significantly from those reported in par-
ticipants without CD, which showed a dietary percentage of 15.7 ± 9.5% of UPF equivalent
to 264.4 ± 163.5 g/day. Table 2 reports the consumption of single UPF categories in the two
groups. After adjustment for possible confounding factors, such as gender, age, and total
food consumed (g/day), significant differences between participants with CD and without
CD were found in the consumption of vegetables and legumes (p = 0.021) and meat and
fish (p = 0.016), with lower consumption in participants without CD compared to partici-
pants with CD (−47.2% and −28.7%, respectively). Although no significant differences in
overall consumption of ultra-processed cereals and tubers were found between the two
groups, participants with CD were significantly more likely to consume ready-to-heat pasta
(p = 0.033) and pre-packaged breads and bread alternatives (p = 0.012) than participants
without CD (+32% and+25.5%, respectively). No significant differences were found in the
consumption of the other categories of UPF between the two groups.

Table 2. UPF intake (g/day) in adults according to the presence of celiac disease.

Adults with Celiac Disease
(n = 103)

Adults without Celiac
Disease (n = 312)

p-Value

Vegetables and legumes UPF 15.9 (5.4–26.4) 30.1 (24.1–36.2) 0.021
Ready-to-heat vegetables and legumes (with added

ingredients) 15.9 (5.4–26.4) 30.1 (24.1–36.2) 0.021

Cereals and tubers UPF 66.5 (57.0–75.9) 56.2 (50.8–61.6) 0.066
Ready-to-heat pasta/gnocchi dishes 9.7 (7.2–12.1) 6.6 (5.1–8.0) 0.033

Pre-packaged breads and bread alternatives 26.3 (21.7–30.9) 19.6 (17.0–22.2) 0.012
Pre-packaged pizza, focaccia, sandwich, and savory pies 15.9 (11.6–20.2) 13.0 (10.5–15.5) 0.254
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Table 2. Cont.

Adults with Celiac Disease
(n = 103)

Adults without Celiac
Disease (n = 312)

p-Value

Breakfast cereals and energy bars (with added sugar) 5.1 (3.0–7.1) 5.6 (4.4–6.8) 0.667
Pre-packaged potatoes, croquets, and instant soups 9.2 (6.0–12.3) 11.1 (9.3–13.0) 0.292

Meat and fish UPF 8.7 (6.1–11.2) 12.2 (10.8–13.8) 0.016
Nuggets, sticks, sausages, burgers, and other reconstituted

meat products 7.5 (5.3–9.8) 10.2 (8.9–11.5) 0.043

Fish nuggets, fish sticks, and other reconstituted fish
products 1.1 (0.3–1.9) 2.1 (1.6–2.5) 0.043

Milk and dairy products UPF 28.6 (19.9–37.3) 33.4 (28.4–38.4) 0.346
Milk beverages (e.g., probiotic milk with added sugar) 6.4 (1.7–11.1) 7.9 (5.2–10.6) 0.579

Fruit or flavored yogurts (e.g., vanilla flavored) 20.6 (13.4–27.8) 23.9 (19.8–28.1) 0.431
Melted cheese (also used as a sandwich filling) 1.6 (1.0–2.2) 1.6 (1.2–1.9) 0.949

Fats and seasoning UPF 4.9 (3.5–6.2) 5.2 (4.5–6.0) 0.654
Margarines and other spreads, or instant sauces (e.g.,

mayonnaise, ketchup) 4.9 (3.5–6.2) 5.2 (4.5–6.0) 0.654

Sweets and Sweeteners UPF 51.4 (44.4–58.4) 45.8 (41.7–49.8) 0.173
Pre-packaged biscuits, cakes, snacks, and ice-cream 38.4 (32.1–44.7) 33.3 (29.7–36.9) 0.169
Chocolate, spreads (e.g., nut spread), and candies 13.0 (10.2–15.8) 12.4 (10.8–14.0) 0.740

Beverages UPF 36.9 (24.9–49.0) 46.3 (39.4–53.2) 0.186
Alcoholic beverages, soft and energy drinks (e.g., iced tea,

coke) 36.9 (24.9–49.0) 46.3 (39.4–53.2) 0.186

Other UPF 26.6 (17.3–35.8) 19.9 (14.6–25.1) 0.216
Plant-based dairy substitutes (e.g., soy drinks) 25.0 (16.3–33.7) 16.9 (11.9–21.9) 0.112

Plant-based meat substitutes (e.g., veggie burger) 1.6 (0.2–3.0) 3.0 (2.2–3.8) 0.078

Legend: UPF = ultra-processed foods. Data are reported as geometric mean and 95% confidence interval (CI).
General linear model adjusted for age, gender, BMI, education level, civil status, and daily food consumption
(g/day).

The food categories that contribute the most to UPF consumption in participants with
CD were cereals and tubers (29%), sweets and sweeteners (24.2%), and beverages (12.7%).

3.2. Adherence to the Mediterranean Diet

Participants with CD reported a significantly (p < 0.001) lower adherence score to
the MD (9.4 ± 2.2) than participants without CD (10.4 ± 2.5). Figure 1 shows the results
obtained for the different food groups considered in the Medi-Lite questionnaire, according
to whether the optimal recommendations of the MD were met. A significantly larger
number of participants with CD did not meet the recommended portions of meat and
meat products (61.2% vs. 40.1%), vegetables (77.7% vs. 58.3%), fish (93.2% vs. 79.8%),
and dairy products (50.5% vs. 37.8%) than participants without CD, which indicates
a higher consumption of non-traditional Mediterranean foods, such as meat and dairy
products, and lower consumption of traditional Mediterranean, such as vegetables and
fish, in participants with CD compared to participants without CD.

3.3. Ultra-Processed Foods’ Consumption and Adherence to the Mediterranean Diet

Figure 2 shows the Medi-Lite Score according to the level of UPF consumption in the
diet (1st tertile ≤ 10%; 2nd tertile 10–17%; 3rd tertile ≥ 17%) in adults with and without CD,
adjusted for age, gender, BMI, education level, civil status, and daily food consumption
(g/day). Both participants with and without CD who had a higher intake of UPF reported
a lower adherence to MD [9.0 (8.3–9.7) and 9.6 (9.2–10.1), respectively] than participants
with medium [9.3 (8.6–10.1) and 10.7 (10.3–11.2), respectively] or low [9.9 (9.3–10.6) and
11.0 (10.6–11.5), respectively] consumption of UPF. This trend was statistically significant
only in participants without CD (p<0.001).
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Figure 1. Percentages of adults with and without celiac disease who reported an optimal (2 points)
and non-optimal (≤1 points) intake of the single food groups of the Medi-Lite score (* p-value < 0.05).

Figure 2. Medi-Lite Score according to the level of UPF consumption in adults with and without celiac
disease. Legend: UPF: ultra-processed foods. Vertical bars represent the 95% confidence interval (CI).
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4. Discussion

The present is the first study to assessed UPF consumption in relation to MD adherence
in a group of adults with CD, in comparison to adults without CD, in Italy. In our study, UPF
consumption did not differ according to the presence of CD. However, subjects with CD
reported higher consumption of precooked pasta and pre-packaged breads than subjects
without CD, with cereal-based products and sweets being the most common UPF in the
diets of adults with CD. On the other hand, participants with CD had significantly lower
MD adherence compared to participants without CD, with higher consumption of non-
traditional Mediterranean foods, such as meat and dairy products, and lower consumption
of traditional foods, such as vegetables and fish. Furthermore, an inverse trend was found
between UPF consumption and MD adherence in adults with CD, although not statistically
significant.

CD is a chronic autoimmune disease of the small intestine, for which the only current
treatment is to follow a gluten-free diet [21]. Recent studies have reported a poorer nutri-
tional quality associated with the gluten-free diet due to higher total fat and saturated fat
contents and lower fiber content [16,22]. One of the possible causes has been attributed to
the quality of gluten-free products, which are generally associated with processed products
with low nutritional density [5–7]. Using the validated NFFQ questionnaire specifically
designed to assess UPF consumption based on the NOVA classification, we analyzed UPF
consumption in a group of adults with CD compared to a group of adults without CD. The
higher consumption of ultra-processed pasta and bread we found in participants with CD is
not surprising, as these are cereal-based products that naturally contain gluten. In fact, the
UPF most consumed by the participants with CD were found to be agglutinated versions
of cereal-based products and sweets, including snacks and biscuits, commonly known as
gluten-free products. Various studies have shown the importance of these products, not
only for their contribution to daily energy intake, but also as a source of dietary carbohy-
drates for patients with CD. In children and adolescents with CD, gluten-free products
contributed between 24 and 36% of the total daily caloric intake and provided 49.5–73%
of the total carbohydrate intake [6,16,23]. Although gluten-free products are clearly an
important part of UPF consumption among people with CD, the total UPF consumption
in our study did not differ from the intake of adults without CD. One possible hypothesis
could be related to the use of gluten as an additive ingredient in UPF to improve their
organoleptic properties [8], which limits the choice of UPF products among people with
CD. For example, the use of different additives in the production of processed meat prod-
ucts [24] can explain the fact that the consumption of ultra-processed meat and fish-based
foods in our study was lower in participants with CD than in participants without CD.
Nevertheless, in contrast to our findings, a previous study conducted in Spain reported
a higher UPF consumption in subjects with CD compared to subjects without CD. These
differences can be determinate by the different methods used to evaluate UPF consumption,
as well as the different age of participants. In fact, the research conducted in Spain included
in the study children and adolescents, who tend to have a higher UPF consumption than
adults [25], even in people with CD [26].

The gluten-free diet, despite being a restrictive dietary profile due to the total elimina-
tion of gluten-containing foods, should be a varied and balanced diet based on a healthy
eating pattern [1]. The countries bordering the Mediterranean Sea are characterized by
following the lifestyle promoted by the MD, a dietary pattern associated with robust scien-
tific evidence on its health benefits [13]. MD is characterized by plant-based foods, with
high consumption of vegetables, fruits, whole grains, legumes, nuts, and seeds; olive oil
as the main source of fat; moderate consumption of fish, dairy products, and eggs; and
low consumption of meat. All the food groups mentioned above could be included in a
gluten-free diet, with only the exception of whole grains, which should be substituted by
naturally gluten-free cereals, such as rice, corn, millet, or teff. For this reason, MD could
also be a suitable dietary pattern for people with CD. However, in line with the study
published by Morreale et al., [12] our study shows significantly lower MD adherence in
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adults with CD compared to adults without CD. Specifically, adults with CD reported
a higher consumption of non-traditional Mediterranean foods, such as meat, milk, and
dairy products, and a lower consumption of traditional foods, such as vegetables and fish.
In both studies, healthy adults also reported low values for the consumption of typical
Mediterranean foods, highlighting the decrease in MD adherence already observed in
several studies [27–29].

As the current literature suggests, the change in eating habits due to the introduction
of UPF may replace the consumption of fresh foods that form the basis of traditional
diets [30]. In a previous study conducted on Italian adults, UPF consumption was indeed
associated with lower adherence to MD [31]. Data on subjects with CD, however, are
more limited. To date, only a Spanish study conducted in children and adolescents has
analyzed this, finding that patients with CD who consumed higher energy intake from
UPF had lower adherence to MD and vice versa [14]. In our study, we also observed a
relationship between higher UPF consumption and lower adherence to MD, although the
result reached statistical significance only in controls. This could be due to the fact that
the case population was limited and underlines the need for further studies on this topic.
In fact, due to the increased risk of non-communicable diseases associated with high UPF
consumption, such as cardiovascular diseases, cerebrovascular disease, and depression [32],
it is of great importance to promote a healthy dietary pattern, such as MD and a limitation
of UPF. Furthermore, considering the presence of gluten-free products as a source of UPF
in the diets of people with CD, it should also be relevant to promote the consumption of
naturally gluten-free cereals to improve the diet quality of people with CD. In fact, some
studies have already demonstrated the efficacy of nutrition education in people with CD,
reporting an improvement in UPF consumption and better adherence to MD in children,
adolescents [15,33], and adults [26].

The present study has some limitations that need to be underlined. Firstly, due to its
design, we cannot establish any cause–effect relationship. Secondly, we cannot exclude a
sample bias where the participants with and without CD selected for our study may not
accurately represent the members of the population. The use of a self-administered online
survey is also a limitation of this study, because although it is a very useful and low-cost
tool, at the same time, it may lead to recall bias and misclassification errors. However, we
used a validated questionnaire specifically designed to estimate UPF intake according to
NOVA classification, thus avoiding the misclassification of foods according to the extent
and purpose of food processing. Moreover, the evaluation of food intake was made with
the proportions, by weight, of UPF in the diet. This method is more suitable than using
the energy proportion, to avoid underestimating non-caloric beverages, such as artificially
sweetened beverages, as well as various of the non-nutritional components related to
food processing, such as additives, neoformed contaminants, food contact materials, or
alterations of the food matrix.

5. Conclusions

In conclusion, our study suggests higher consumption of ultra-processed pasta and
bread-based foods and lower MD adherence in adults with CD compared to adults without
CD. In addition, higher UPF consumption was observed in adults with CD with lower
adherence to MD. These findings highlight the importance of improving the nutrition
education of people with CD, which should not only focus on gluten exclusion, but also on
promoting a balanced and healthy dietary pattern. Special attention should be paid to the
intake of gluten-free products, while encouraging the consumption of naturally gluten-free
cereal products in order to limit UPF consumption by people with CD.
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Abstract: Late eating is reportedly associated with adverse metabolic health, possibly through poor
diet quality. We tested the hypothesis that meal timing could also be linked to food processing, an
independent predictor of health outcomes. We analysed data on 8688 Italians (aged > 19years) from
the Italian Nutrition & HEalth Survey (INHES) established in 2010–2013 throughout Italy. Dietary
data were collected through a single 24 h dietary recall, and the NOVA classification was used to
categorize foods according to increasing levels of processing: (1) minimally processed foods (e.g.,
fruits); (2) culinary ingredients (e.g., butter); (3) processed foods (e.g., canned fish); (4) ultra-processed
foods (UPFs; e.g., carbonated drinks, processed meat). We then calculated the proportion (%) of
each NOVA group on the total weight of food eaten (g/d) by creating a weight ratio. Subjects were
classified as early or late eaters based on the population’s median timing for breakfast, lunch and
dinner. In multivariable-adjusted regression models, late eaters reported a lower intake of minimally
processed food (β = −1.23; 95% CI −1.75 to −0.71), a higher intake of UPF (β = 0.93; 0.60 to 1.25) and
reduced adherence to a Mediterranean Diet (β = −0.07; −0.12 to −0.03) as compared to early eaters.
Future studies are warranted to examine whether increased UPF consumption may underpin the
associations of late eating with adverse metabolic health reported in prior cohorts.

Keywords: meal timing; late eating; food processing; ultra-processed food; NOVA classification

1. Introduction

Obesity and associated cardiometabolic diseases continue to rise worldwide despite
extensive public health efforts to reverse this trend [1]. Unhealthy diets, i.e., diets not meet-
ing nutritional requirements, are major risk factors for obesity and associated diseases [2,3],
and therefore, common strategies to tackle obesity and diet-related diseases have been
almost exclusively focused on food composition, leading to recommendations to reduce
sugar, salt and fat while emphasizing high intakes of foods that are natural sources of fibre,
vitamins and minerals [4].

Among the factors that possibly contribute to the rise in obesity and cardiometabolic
diseases, growing attention has been paid to the timing of food intake (i.e., the time
when meals are usually consumed), which has been associated with various indicators of
adiposity, possibly, but not entirely, through higher energy intake [5–12].

Population studies suggest that late eating, which refers to a delay in the timing of
meals (usually the main meal of the day or the last meal, i.e., dinner) [12] may be a factor
implicated in obesity and other non-communicable diseases related to nutrition [13–15].
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Potential mechanistic links through which meal timing may promote obesity and associated
diseases include, among others, the lower diet quality and higher calorie intake observed
in late eaters [16–18]. However, no prior studies to date have evaluated the possible
association of meal timing with the intake of foods with different degrees of processing.
Actually, it has been suggested that obesity prevalence continues to increase concomitantly
with the increased consumption of ultra-processed foods (UPFs) [19]. According to the
NOVA classification, UPFs are industrial formulations of ingredients, containing little or no
whole food and typically including flavouring and colouring agents, emulsifiers and other
cosmetic additives [20]. Consistently, population-based cohorts support a direct association
of a large dietary share of UPFs with obesity [21,22] and cardiometabolic diseases [23],
as well as with the incidence of major chronic diseases, regardless of the overall diet
quality [24].

To fill this knowledge gap, we tested the hypothesis that the meal timing pattern is
differentially associated with the intake of foods that have different food processing levels
according to the NOVA classification. This study was conducted using a large dataset of
adults recruited throughout Italy in 2010–2013.

2. Materials and Methods

2.1. Study Population

The data are from the Italian Nutrition & HEalth Survey (INHES), which was a 3-year
telephone-based survey on nutrition and health designed to collect information on dietary
habits (i.e., quality, quantity, food and meal patterns), food choice determinants, and
food health awareness of the Italian population according to geographical distribution,
age, gender and socioeconomic status. A total of 9422 men and women aged ≥4 years
throughout Italy were enrolled between November 2010 and November 2013. Details about
this cohort have been previously described [25].

To capture an adequate proportion of weekdays and weekends, a survey calendar was
organized at a group level accordingly in order to distribute the sample subjects across four
seasons (excluding Christmas, Easter and mid-August periods).

During the recruitment phase, the computer-assisted telephone interview method was
used to collect dietary data (dietary habits and behaviour), the health status of the subjects,
risk factors, anthropometric measurements (for example, height and weight) and health
perception. Given the study objective, participants were excluded for the following reasons:
subjects below 20 years of age (n = 571), missing data on diet (n = 2), extreme energy intakes
reported (<800 kcal/d in men and <500 kcal/d in women or >4000 kcal/d in men and
>3500 kcal/d in women; n = 159) and missing data on meal timing (n = 2). Therefore, a
total of 8688 subjects were analysed.

2.2. Assessment of Dietary Data

A self-recorded diary, using computer-based 1-day 24-h dietary recall interview
(24-HDR) software, and an Italian version of the European Food Propensity Question-
naire were used to record dietary data [26,27].

Subjects were instructed to recall and record the following data for each meal con-
sumed: (a) time and place of food intake; (b) detailed description of foods (or beverages)
and (c) the quantity of intake and the food brand chosen (for manufactured foods). Further,
a picture booklet was used as a reference by the subjects to report portion sizes. Lastly, par-
ticipants answered whether they were currently on any diet and whether their consumption
differed from their habitual diet.

Individual food items and recipes reported by the participants were later matched with
those available in the food list of the data management system INRAN-DIARIO 3.1 [26,28]
by a nutritionist during the interviews.

Finally, a total of 2000 single food items extracted from the final output database were
included in the software food list.
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The NOVA classification [29] was used to categorize each food item into one of the
following categories according to the extent and purpose of food processing: (1) fresh
or minimally processed foods (e.g., fruit, meat, milk); (2) processed culinary ingredients
(e.g., oils, butter, sugar); (3) processed food items (e.g., canned fish, unpackaged freshly
made breads); or (4) UPFs containing predominantly industrial substances and little or
no whole foods (e.g., carbonated drinks, processed meat, sweet or savoury packaged
snacks). Consumption (in g/d) in each of the four NOVA groups and the percentage they
represented with respect to the total amount of food eaten were determined in order to
obtain a weight ratio. We used this approach instead of the energy ratio because total
food amounts better account for non-nutritional factors related to food processing (e.g.,
neo-formed contaminants, additives and alterations to the structure of raw foods) [30].
The full list of individual foods and food groups categorized according to the NOVA
classification is available in Table 1. For analyses on individual meal types, we calculated the
consumption in each NOVA group separately for breakfast, lunch and dinner. Adherence to
the Mediterranean Diet was evaluated by the Mediterranean Diet Score (MDS) as proposed
by Trichopoulou et al. [31]. Briefly, we assigned 1 point to healthy foods (i.e., fruits and
nuts, vegetables, legumes, fish, cereals, monounsaturated-to-saturated fat ratio) whose
consumption was above the sex-specific medians of intake in the adult population of the
whole INHES cohort; foods presumed to be detrimental (i.e., meat and dairy products)
were given a positive score if their consumption was below the median. All other intakes
received 0 points. For alcohol intake (ethanol), participants who consumed alcohol (men:
10–50 g/d; women: 5–25 g/d) scored 1 point; otherwise, the score was 0. The Mediterranean
Diet Score potentially ranges from 0 to 9 (the latter reflecting maximum adherence).

Table 1. Classification of individual food items and food groups by degree of food processing
according to NOVA in the INHES study, Italy, 2010–2013.

NOVA Food Category Food Items

Group 1: Unprocessed or minimally
processed foods

Water; fresh, squeezed or dried fruits and leafy
and root vegetables; nuts; fresh legumes;
wheat; rice; pasta; flour; potatoes; meat;
poultry; fish and seafood; milk; plain yogurts
without added sugar; eggs; spices; tea
and coffee.

Group 2: Processed culinary ingredients Vinegars; creams; vegetable oils; butter; lard;
sugar and honey.

Group 3: Processed foods

Jam; cured traditional ham; olives; canned
fruits; salted or sugared nuts; canned or bottled
vegetables and legumes; breads; artisanal
pizza; smoked and canned fish; cheese; wine
and beer.

Group 4: Ultra-processed food

Processed meat (e.g., salami, mortadella,
sausages, hamburger, chicken nuggets); fish
products (e.g., fish sticks); packaged breads
and buns; bread substitutes (e.g., crackers,
rusks, breadstick); breakfast cereals and bars;
fruit yogurt; fruit drinks; carbonated soft
drinks; cocoa drinks; alcoholic drinks (e.g.,
rum, gin, whisky); energy drinks and bars;
milk substitutes (e.g., soy drinks); margarine;
mayonnaise and similar; sliced cheese; sweet
packaged snacks; plant-based meat alternatives
(e.g., veggie burgers); non-sugar sweeteners;
sweet biscuits; cakes, croissant and other
non-handmade pastries; ice-cream; chocolate;
candies and gums; non-sugar sweeteners;
baby food.
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To evaluate overall diet quality, we also calculated the Food Standards Agency Nutri-
ent Profiling System (FSAm-NPS) dietary index, which is used to compute the Nutri-Score
front-of-pack labelling system that ranks food items according to their nutritional value [32].

The FSAm-NPS score was calculated as previously implemented in other population
cohorts [24,33] as follows: for all foods and beverages consumed, based on composition for
each 100 g of content, 0 to 40 points were allocated for nutrients that should be consumed
in limited amounts (A points), i.e., total sugars (g), saturated fats (g), sodium (mg) and
energy (kJ), and 0 to 15 points were given for nutrients or components that should be
promoted, i.e., dietary fibre (g) and protein (g), and for fruit, vegetables, legumes and nuts
(%) (C points). The total score of the product was calculated by subtracting the sum of C
points from the sum of A points. Thus, the final FSAm-NPS score for each food/beverage
was based on a scale that could theoretically range from −15 (healthiest food) to +40 (least
healthy food). Based on this overall FSAm-NPS score, the Nutri-Score labelling system
categorizes food products into five colours, associated with letters A (dark green) to E (dark
orange), reflecting their nutritional quality [32]. The FSAm-NPS dietary index (DI) was
computed at the individual level as an energy-weighted mean of the FSAm-NPS scores of
all foods and beverages consumed by each participant using the following equation:

FSA − NPS DI =
∑n

i =1 FSiEi

∑n
i =1 Ei

FSi represents the score of food/beverage ‘i’, Ei is the energy intake from food/beverage
‘i’ specific to each participant, and ‘n’ is the total number of foods/beverages consumed. An
increase in the FSAm-NPS dietary index values therefore reflects a decrease in the overall
diet quality value.

2.3. Assessment of Meal Timing

The timing of main meals (i.e., breakfast, lunch and dinner) was obtained by using
information provided by participants during the 24 h dietary recall, where they were
asked to indicate the time of each eating occasion. For each main meal, we calculated
the study population sample’s median time and assigned 1 point to those participants
reporting having (a) breakfast after 7 am (study sample median time); (b) lunch after 1 p.m.
(study sample median time); and (c) dinner after 8 p.m. (study sample median time).
Individuals consuming meals before the median time were given 0 points. Participants
scoring ≥2 points were considered to have a late meal timing pattern; otherwise, people
were classified as having an early meal timing pattern. For simplification, we called them
late eaters and early eaters, respectively.

2.4. Ascertainment of Covariates

Education was based on the highest qualification attained and was categorized as up
to elementary school (corresponding to ≤5 years of study), lower secondary (>5–≤8 years),
upper secondary (>8–≤13 years) and postsecondary (>13 years). Present occupations
were categorized into six groups: manual, non-manual, housewife, retired, student and
unemployed. Marital status was defined as married/living in a couple, single, sepa-
rated/divorced and widowed. The definition of urban or rural environments was based
on the urbanization level described by the European Institute of Statistics (EUROSTAT
definition)—obtained by the tool ‘Atlante Statistico dei Comuni’ provided by the Italian
National Institute of Statistics [34]. Subjects were classified as never (one who has never
smoked, or who has smoked less than 100 cigarettes in the lifetime), current (smoking one
or more cigarettes per day at the time of the interview), former (one who had quit smoking
at the time of interview) or occasional smokers (smoking less than 1 cigarette per day at the
time of interview). History of cardiovascular disease and cancer and a previous diagnosis
of diabetes, hyperlipidaemia or hypertension were self-reported and categorized as yes/no.
Body mass index (BMI) was calculated by using self-reported measurements of height
and weight, calculated as kg/m2 and grouped into three categories: normal (≤25 kg/m2),
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overweight (>25–<30 kg/m2) or obese (≥30 kg/m2). Self-reported sport activity was used
as a categorical variable (yes/no).

2.5. Statistical Analysis

The general characteristics of the analytic sample according to early and late-eating
patterns are presented as numbers and percentages for categorical variables and means
with standard deviations (SDs) for continuous traits. Differences in the distribution of
baseline covariates were calculated using generalized linear models adjusted for age, sex
and energy intake (GENMOD procedure for categorical variables and GLM procedure for
continuous variables in SAS software).

Beta coefficients with 95% confidence intervals (95% CI) from multivariable-adjusted
linear regression analyses were used to evaluate the association between the meal tim-
ing pattern (independent variable) and each category of NOVA (continuous dependent
variable) or dietary index (i.e., the Mediterranean Diet Score and the FSAm-NPS dietary
index; continuous dependent variables). Each dietary variable was standardized to one
standard deviation to allow comparison. An a priori approach was used to select potential
covariates instead of statistical criteria [35]. Two models were ultimately fitted: model
1 was adjusted for age, sex and energy intake, and multivariable model 2 was model
1 but further adjusted for education, geographical area, place of residence, sport activity,
occupation, marital status, smoking, BMI, cardiovascular disease, cancer, hypertension,
diabetes and hyperlipidaemia. To maximize data availability, missing data on covariates
were handled using multiple imputation (SAS PROC MI, followed by PROC MIANALYZE;
n = 10 imputed datasets).

We conducted subgroup analyses to test the robustness of the findings by analysing
the potential effect modification of the association of the meal timing pattern with each
dietary score by various risk factors, such as age (19–50 years; 51–65 years and 66–97 years)
and sex. We used SAS/STAT software, version 9.4 (SAS Institute Inc., Cary, NC, USA), for
the analysis.

3. Results

The analytic sample consists of 4053 men (46.7%) and 4635 women (53.3%) with a mean
age of 56.9 years (±14.6). The average (SD) weight contributions of unprocessed/minimally
processed foods, culinary ingredients, processed foods and UPFs to the diet were 73.7%
(±12.0), 2.6% (±1.2), 15.9% (±10.7) and 7.8% (±7.0), respectively. More than half (58.1%)
of the total calories came from unprocessed/minimally processed foods and culinary
ingredients, while 24.6% came from processed food, and 17.3% were from UPFs.

The characteristics of the study participants according to the meal timing pattern are
presented in Table 2. As compared to early eaters, late eaters were younger, were more likely
to live in Southern Italy and urban environments, had a higher educational level and were
prevalently non-manual workers. Additionally, late eaters were less likely to report chronic
diseases (e.g., CVD) or other health conditions (e.g., hypertension and hyperlipidaemia).
No relevant differences in BMI, diabetes or history of cancer were found. Differences in
dietary factors were also observed between meal timing patterns. Specifically, late eaters
tended to consume less energy from carbohydrates while reporting higher energy from fats
(Table 3).

In multivariable-adjusted regression analyses, we found that late eaters were less
likely to consume unprocessed/minimally processed foods as compared to early eaters
(β = −0.10; 95% CI −0.14 to −0.06) while reporting the increased consumption of UPFs
(β = 0.13; 95% CI 0.09 to 0.18) and processed culinary ingredients (β = 0.05; 95% CI
0.01 to 0.10); eating late was also found to be inversely associated with adherence to
the Mediterranean Diet (β = −0.07; 95% CI −0.12 to −0.03) and directly associated with
the FSAm-NPS dietary index (β = 0.10; 95% CI 0.05 to 0.14) (Table 4; Model 2). The
direction and strengths of these associations were substantially confirmed in all age
groups and in men and women, especially for UPF consumption and diet quality indices
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(Supplementary Tables S1 and S2); however, the relationships of late eating with unpro-
cessed/minimally processed food or processed food intake were stronger in the young
group than in the elderly (Supplementary Table S1). Additionally, an effect modification
by sex was observed in relation to the consumption of unprocessed/minimally processed
foods and culinary ingredients (Supplementary Table S2).

Table 2. Characteristics of 8688 participants (20–97 years) in the INHES study, Italy, 2010–2013.

Meal Timing Pattern

All Early Eaters Late Eaters p-Value

N of subjects, % 8688 (100.0) 5781 (66.5) 2907 (33.5) -

Sex 0.44
Men 4053 (46.7) 2680 (46.4) 1373 (47.3)

Women 4635 (53.3) 3101 (53.6) 1534 (52.8)
Age (years; mean ± SD) 56.9 ± 14.6 58.9 ± 14.5 52.9 ± 13.9 <0.0001

Age groups, years <0.0001
19–50 2967 (34.2) 1718 (29.7) 1249 (43.0)
51–65 2863 (32.9) 1799 (31.1) 1064 (36.6)
66–97 2858 (32.9) 2264 (39.2) 594 (20.4)

Geographical area <0.0001
Northern 3556 (40.9) 2932 (50.7) 624 (21.5)

Centre 1407 (16.2) 886 (15.3) 521 (17.9)
Southern 3725 (42.9) 1963 (34.0) 1762 (60.6)

Place of residence <0.0001
Rural 1178 (13.6) 861 (14.9) 317 (10.9)
Urban 7510 (86.4) 4920 (85.1) 2590 (89.1)

Educational level <0.0001
Up to elementary 1540 (17.7) 1252 (21.7) 288 (9.9)
Lower secondary 2268 (26.1) 1589 (27.5) 679 (23.4)
Upper secondary 3430 (39.5) 2142 (37.0) 1288 (44.3)

Postsecondary 1385 (15.9) 747 (12.9) 638 (21.9)
Missing data 65 (0.8) 51 (0.9) 14 (0.5)

Occupation 0.0001
Non-manual workers 2658 (30.6) 1525 (26.4) 1133 (39.0)

Manual workers 1537 (17.7) 1006 (17.4) 531 (18.3)
Housewife 958 (11.0) 623 (10.9) 325 (11.2)

Retired 3129 (36.0) 2406 (41.6) 723 (24.9)
Student 142 (1.6) 61 (1.1) 81 (2.7)

Unemployed 251 (2.9) 145 (2.5) 106 (3.6)
Missing data 13 (0.2) 5 (0.1) 8 (0.3)

Marital status 0.19
Married/in couple 6533 (75.2) 4382 (75.8) 2151 (74.0)

Single 1244 (14.3) 707 (12.2) 537 (18.5)
Separated/divorced 270 (3.1) 185 (3.2) 85 (2.9)

Widowed 616 (7.1) 492 (8.5) 124 (4.3)
Missing data 25 (0.3) 15 (0.3) 10 (0.3)

Smoking habit <0.0001
No 5180 (59.6) 3533 (61.1) 1647 (56.7)

Current 1390 (16.0) 888 (15.4) 502 (17.3)
Ex 1925 (22.2) 1244 (21.5) 681 (23.4)

Occasional 163 (1.9) 96 (1.7) 67 (2.3)
Missing data 30 (0.3) 20 (0.3) 10 (0.3)

Sport activity 0.067
No 7096 (81.7) 4835 (83.6) 2261 (77.8)
Yes 1585 (18.2) 943 (16.3) 642 (22.1)

Missing data 7 (0.1) 3 (0.1) 4 (0.1)

Cardiovascular disease 0.095
No 8397 (96.7) 5576 (96.6) 2821 (97.0)
Yes 291 (3.3) 205 (3.4) 86 (3.0)
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Table 2. Cont.

Meal Timing Pattern

All Early Eaters Late Eaters p-Value

Cancer 0.73
No 8397 (96.6) 5570 (96.3) 2827 (97.2)
Yes 291 (3.4) 211 (3.7) 80 (2.8)

Hypertension 0.026
No 5859 (67.4) 3762 (65.1) 2097 (72.1)
Yes 2809 (32.4) 2008 (34.7) 801 (27.6)

Missing data 20 (0.2) 11 (0.2) 9 (0.3)

Hyperlipidaemia 0.010
No 6756 (77.8) 4456 (77.2) 2300 (79.0)
Yes 1902 (21.9) 1307 (22.5) 595 (20.6)

Missing data 30 (0.3) 18 (0.3) 12 (0.4)

Diabetes 0.33
No 7997 (92.1) 5281 (91.4) 2716 (93.4)
Yes 661 (7.6) 482 (8.3) 179 (6.2)

Missing data 30 (0.3) 18 (0.3) 12 (0.4)

Body mass index 0.13
Normal weight 4168 (48.0) 2727 (47.2) 1441 (49.6)

Overweight 3333 (38.3) 2250 (38.9) 1083 (37.2)
Obese 1172 (13.5) 795 (13.8) 377 (13.0)

Missing data 15 (0.2) 9 (0.1) 6 (0.2)
Values are reported as numbers and percentages unless otherwise stated. Means were adjusted for age, sex
and energy intake. p-values were obtained using generalized linear models for both continuous and categorical
dependent variables adjusted for age, sex and energy intake.

Table 3. Dietary factors associated with meal timing pattern in 8688 participants (20–97 years) from
the INHES study, Italy, 2010–2013.

Meal Timing Pattern

Early Eaters Late Eaters p-Value

Energy intake (kcal/d) 1889 ± 578 1913 ± 592 0.093
Alcohol intake (g/d) 9.0 ± 14.5 8.9 ± 13.9 0.87

Carbohydrate (% TEI) 49.1 ± 9.9 48.5 ± 9.7 0.018
Sugar (g/d) 70.1 ± 29.9 69.4 ± 30.2 0.30

Fibre intake (g/d) 18.0 ± 7.8 18.1 ± 8.1 0.48
Protein (% TEI) 16.0 ± 3.8 16.1 ± 3.8 0.27

Fat (% TEI) 34.6 ± 7.9 35.1 ± 7.8 0.0079
Saturated fat (% TEI) 10.1 ± 3.8 10.3 ± 3.7 0.085
Saturated fat (g/d) 21.6 ± 11.4 21.9 ± 11.5 0.11

MUFA (% TEI) 10.1 ± 3.8 10.3 ± 3.7 0.085
PUFA (% TEI) 4.2 ± 1.6 4.2 ± 1.6 0.26

Dietary cholesterol (mg/d) 235.7 ± 168.4 232.1 ± 168.9 0.34
Sodium (mg/d) 1620 ± 1095 1600 ± 1063 0.36

Minimally processed food (Group 1) 74.0 ± 11.8 72.7 ± 12.2 <0.0001
Culinary ingredients (Group 2) 2.6 ±1.2 2.6 ± 1.2 0.12

Processed food (Group 3) 15.9 ± 10.6 16.4 ± 10.7 0.033
Ultra-processed food (Group 4) 7.5 ± 6.7 8.3 ± 7.3 <0.0001

TEI = total energy intake. MUFA = monounsaturated fats. PUFA = polyunsaturated fats. Means and p-values
obtained from general linear regression models adjusted for sex, age and energy intake.

Analyses separated by meal type showed that late breakfast eating was associated
with the reduced consumption of unprocessed/minimally processed foods and processed
foods and a higher intake of UPFs at breakfast, as well as with lower adherence to the
Mediterranean Diet and a higher FSAm-NPS dietary index. Similarly, participants who had
delayed dinners were more likely to eat processed foods or UPFs and tended to reduce the
intake of unprocessed/minimally processed foods, and also reported less adherence to a
Mediterranean Diet and a larger dietary share of foods with poor nutritional quality. Finally,
late lunch eaters reported a higher intake of processed culinary ingredients (Figure 1).
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Table 4. Association of food processing according to NOVA classification with meal timing pattern in
8688 participants (20–97 years) from the INHES study, Italy 2010–2013.

Meal Timing Pattern

Late vs. Early Eaters

NOVA Groups β (95% CI)

Minimally processed food (Group 1)
Model 1 −0.11 (−0.15 to −0.07)
Model 2 −0.10 (−0.14 to −0.06)

Culinary ingredients (Group 2)
Model 1 0.03 (−0.01 to 0.08)
Model 2 0.05 (0.01 to 0.10)

Processed food (Group 3)
Model 1 0.04 (0.003 to 0.08)
Model 2 0.02 (−0.02 to 0.06)

Ultra-processed food (Group 4)
Model 1 0.11 (0.07 to 0.15)
Model 2 0.13 (0.09 to 0.18)

Mediterranean Diet Score
Model 1 −0.03 (−0.07 to 0.01)
Model 2 −0.07 (−0.12 to −0.03)

FSAm-NPS dietary index
Model 1 0.05 (0.01 to 0.10)
Model 2 0.10 (0.05 to 0.14)

Model 1: Multivariable-adjusted linear regression including age, sex and energy intake. Model 2: Multivariable-
adjusted linear regression including age, sex, energy intake, place of residence, educational level, occupation,
marital status, smoking status, sport activity, body mass index, history of cardiovascular disease, history of cancer,
diabetes, hyperlipidaemia and hypertension. FSAm-NPS = Food Standards Agency Nutrient Profiling System.
Each dietary variable was standardized to allow comparison.

Figure 1. Timing of food intake for individual meals (late vs. early eaters) associated with food
processing according to NOVA classification, adherence to the Mediterranean Diet and the Food Stan-
dards Agency Nutrient Profiling System (FSAm-NPS) dietary index in 8688 participants (20–97 years)
from the INHES study, Italy, 2010–2013. Regression coefficients β with 95% CIs from a multivariable-
adjusted linear regression including age, sex, energy intake, place of residence, educational level,
occupation, marital status, smoking status, sport activity, body mass index, history of cardiovascular
disease, history of cancer, diabetes, hyperlipidaemia and hypertension. Each dietary variable was
standardized to allow comparison.
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4. Discussion

In this large cohort of 8688 adults from the general Italian population, a late-eating
pattern was associated with both a higher consumption of UPFs and a lower intake of
unprocessed/minimally processed foods, as well as with poorer diet quality. Evidence from
population studies has consistently suggested that the timing of meal intake is a reliable
predictor of cardiometabolic health outcomes, with late eating being reportedly associated
with obesity and glucose intolerance in observational studies [10,36]. The key role of timed
meals has been also supported by animal [37] and intervention studies in humans showing
that late eating may adversely impact the success of weight-loss therapy [38].

Mechanistic hypotheses to support the association of late eating with adverse car-
diometabolic health are likely multifactorial and include the fact that late eating may
contribute to circadian misalignment, i.e., a lack of synchrony of light/dark cycles and
behavioural rhythms with the endogenous circadian system [38–40], which was found
to adversely impact both energy balance and glycaemic control [41] and changes in the
diversity of the microbiota [42].

A number of studies indicate that late eaters tend to have a lower overall diet qual-
ity and higher energy intake [16,17,43,44], which may in part explain the adverse car-
diometabolic health associated with delaying meals to later in the day; this was also
confirmed by our analyses showing that late eating was associated with reduced adherence
to a traditional Mediterranean Diet and higher values of the FSAm-NPS dietary index,
which is used to compute the Nutri-Score front-of-pack labels and reflects the consumption
of less-nutrient-dense foods. However, others reported that energy intake and overall diet
quality were not found to vary significantly across eating times [39].

As all prior studies were focused on the nutritional composition of diets, regardless of
food processing levels, we used a complementary approach by examining whether meal
timing is differentially associated with the food intakes with different levels of processing
according to the NOVA classification.

UPF intake is on arise worldwide and constitutes more than half of the total calories
eaten in the US, UK and Canada [45–47] while being less consumed in Mediterranean
countries, such as Italy [48] and Spain [49]. An increasing number of large-scale population
studies indicate that elevated intakes of UPFs can be a major threat to human health, being
directly associated with an increased risk of cardiovascular disease, cancer and diabetes,
as well as reduced survival [23,24]. A systematic review summarizing the evidence for
the association between food processing and cardiometabolic factors in adults found that
a large dietary share of UPFs is positively associated with worse cardiometabolic health,
as reflected by increased levels of overweight and obesity, metabolic syndrome and high
blood pressure [50]. Additionally, a high proportion of UPFs in the diet was linked to
altered levels of inflammation [51], which was found to be increased in association with
mistimed meals in both animals [52] and humans [53].

Both the direct association of the meal timing pattern with UPFs and its inverse
relationship with unprocessed/minimally processed foods observed in our study suggest
that the degree of food processing could be among the potential mechanisms/factors that
link mistimed meals to impaired cardiometabolic outcomes. Besides being nutrient-poor
(e.g., rich in fat, sodium and salt, and low in fibre and nutrients), UPFs are a major dietary
source of chemicals (e.g., endocrine-disrupting chemicals such as bisphenol and phthalates
commonly used in food packaging) and neo-formed compounds (e.g., acrylamide), which
may have severe implications for health, as suggested by robust research, ranging from
laboratory-based to prospective epidemiological studies [54].

Most importantly, food processing impacts both the nutritional composition (e.g.,
decreased antioxidant potential of some foods resulting from removing germ and bran) and
food matrix (i.e., the ‘architecture’ of the food, which derives from nutrient interactions),
which is crucial to the food’s overall health potential, specifically in satiety and glycaemic
responses, as well as in determining nutrient bioavailability [55].
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While complex, natural, minimally or unprocessed foods have more or less intact
structures, and their nutritional properties are substantially unaltered [55], highly processed
foods are typically unstructured, fractionated and usually heavily supplemented with free
glucose and sucrose, which renders glucose more available for absorption, thereby increas-
ing blood glycaemic response [56]. Diets with a large share of foods with a high glycaemic
index are well-established risk factors for cardiometabolic diseases and mortality [57].

Interestingly, in our study late eating was associated with an approximately absolute
1% higher proportion of UPF intake relative to the total food eaten; prior cohort studies
showed that even such a small increment possibly leads to a higher risk of mortality both
in general populations [24] and among people with pre-existing cardiovascular disease [58].
Despite consuming more UPFs, late eaters also tended to report lower diet quality overall,
and in this regard, it is worth noting that most highly processed foods are typically less
nutrient-dense [59]. In addition, diets high in UPFs were found to have a higher impact on
mortality than the overall diet quality [24].

Lastly, a late meal pattern in our study was associated with younger age, a higher
educational level and being single; all these characteristics were reportedly associated with
a higher consumption of UPFs in previous cohort studies [48,60], while unmarried indi-
viduals were also found to have lower diet quality overall [61,62]. However, our estimates
were from multivariable-adjusted models that also account for these socioeconomic and
demographic factors, and other drivers for UPF consumption need consideration (e.g.,
heavy marketing, availability, low cost, attractiveness, high palatability and domination of
food supply chains) [20].

Strengths and Limitations

To the best of our knowledge, this is the first study that analysed meal timing in
association with food processing and also with the dietary index underpinning the Nutri-
Score front-of-pack label. The major strengths of this study include a large sample size
representative of the Italian population, with a complete assessment of diet, lifestyle and
other covariates used to minimize, at least in part, confounding. Moreover, the use of 24 h
recall is more advantageous than other tools (e.g., food frequency questionnaires) to assess
participants’ diets and to classify foods based on the extent of processing according to
NOVA [63]. Despite its strengths, among its limitations, we acknowledge the observational
nature of our study and the cross-sectional design of the analyses, which limits causal
inference. Further, errors in the visual display of foods and potential bias could have
been introduced by the interviewer in the telephone-based survey. Additionally, the
decline in the use of landline phones may have resulted in an under-representation of
respondents. Another weakness is that the study relied on self-reported dietary data, which
are susceptible to bias and error, including social desirability and recall bias, imprecision
in assessing portion sizes and inadequacies in food composition tables; however, data
were collected by trained interviewers, and each participant received by mail, beforehand,
a short photograph atlas and guidance notes to estimate food portion sizes. It was not
possible to include some unmeasured factors as confounders due to their unavailability;
however, it is a weakness in any observational study. Limitations also include that we
dichotomized our population into early and late eaters using the population median timing,
as a consensus on the most suitable approach to quantifying food timing is still lacking [39].
We also acknowledge that the NOVA classification remains controversial, mainly due to its
equivocal definition of ultra-processed food and multiple revisions and refinements over
time [64]; however, its utility value in nutrition epidemiology research has been widely
acknowledged allowing comparison with previous studies. Finally, the generalizability of
our findings might be limited to the Italian population.

5. Conclusions

As well as reporting poor diet quality overall, late eaters are prone to consume more
UPFs and fewer minimally processed food than early eaters. These findings contribute
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to increased knowledge on the mechanisms underpinning the association between late
eating and adverse cardiometabolic health previously reported in several experimental
and observational studies [12,13,39]. Anticipating the timing of meals may provide a
complementary strategy for reducing UPF consumption and increasing unprocessed or
minimally processed food intakes, which typically require more time and effort than
ready-to-eat/heat meals. Undeniably, mistimed meals are strongly influenced by several
factors, especially socioeconomic conditions that are difficult to tackle. Further research is
warranted to test whether the consumption of UPFs could be a mediator of the association
between mistimed meals and adverse cardiometabolic health.
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Abstract: Low-grade inflammation alters the homeostasis of the organism and favors the onset of
many chronic diseases. The global growth in the prevalence of noncommunicable diseases in recent
years has been accompanied by an increase in the consumption of ultra-processed foods (UPF).
Known to be hyperpalatable, economic and ready-to-eat, increased consumption of UPF has already
been recognized as a risk factor for several chronic diseases. Different research groups have tried to
investigate whether UPF consumption could promote low-grade inflammation and thus favor the
development of noncommunicable diseases. Current evidence highlights the adverse health effects
of UPF characteristics, not only due to the nutrients provided by a diet rich in UPF, but also due
to the non-nutritive components present in UPF and the effect they may have on gut health. This
review aims to summarize the available evidence on the possible relationship between excessive UPF
consumption and modulation of low-grade inflammation, as potential promoters of chronic disease.

Keywords: ultra-processed foods; NOVA classification; low-grade inflammation; chronic diseases

1. Introduction

Inflammation is an immunosurveillance response essential for host defense, which
serves to repair damaged tissues and eliminate toxic agents [1]. However, when this
response becomes chronic, it results in the presence of immune system cells for an increasing
period of time. This state of low-grade inflammation can lead to dysmetabolic conditions
that disrupt homeostasis, favoring the development of a wide range of noncommunicable
diseases such as cancer, diabetes and cardiovascular diseases [2].

Current evidence highlights diet among the modifiable behavioral risk factors for the
development of noncommunicable diseases [3]. In recent years, particular attention has
been paid to the increased consumption of ultra-processed foods (UPF) worldwide [4].
Characterized by being hyperpalatable, affordable and ready-to-eat, UPF have led to a
worsening of the diet quality due to their nutritional composition [5] and have already
been recognized as a risk factor for diet-related diseases [6].

Recent scientific research has sought to investigate whether UPF consumption could
promote low-grade inflammation and thus favor the development of noncommunicable
diseases. Emerging evidence attributes the negative effects of UPF consumption not only
to the nutrients provided by a diet rich in UPF, but also to the non-nutritive components
and the effect they may have on the gut microbiota. This review aims to summarize the
available evidence on the possible relationship between excessive UPF consumption and
modulation of low-grade inflammation as potential promoters of chronic diseases.

2. Low-Grade Inflammation

The inflammatory response is a defense mechanism of the innate immune system [7]
that protects the host from harmful stimuli such as viruses, bacteria, toxins and infections
by eliminating pathogens and promoting the repair of damaged tissues [1]. At the onset

Nutrients 2023, 15, 1546. https://doi.org/10.3390/nu15061546 https://www.mdpi.com/journal/nutrients
263



Nutrients 2023, 15, 1546

of inflammation, the innate immune cells perceive pathogen invasion or cell damage and
initiate the inflammatory cascade by actively releasing soluble proinflammatory mediators.
These signals also activate leukocytes and microvascular changes, such as increased vasodi-
lation and vascular permeability, allowing leukocytes to reach the affected tissues from the
blood [8]. Such inflammatory activity should resolve once the threat is overcome, becoming
temporarily restricted and self-limiting to maintain homeostasis [9,10]. However, failure
of immune resolution or continued exposure to environmental and biological factors that
promote the activation of the inflammatory response can lead to a chronic inflammatory
process. This results in the presence of immune cells such as lymphocytes, macrophages
and plasma cells in the tissue for long periods of time, as well as of proinflammatory
cytokines, chemokines and other proinflammatory molecules [11,12]. Although this con-
dition recognized as low-grade inflammation has minimal or no clinical manifestations,
the prolonged inflammatory response can cause consequences for tissue health, which can
develop into tissue fibrosis and possible loss of function [13].

The presence of low-grade inflammation disrupts the homeostatic balance, altering the
crosstalk between immune and metabolic responses and promoting chronic metabolic inflam-
mation. This so-called “metainflammation” is primarily caused by metabolic and nutrient
excess and triggers immune cell infiltration and the secretion of inflammatory cytokines into
the tissue environment, which may inhibit glucose uptake or alter lipid metabolism [2,14]. As
a result, chronic metabolic inflammation is particularly associated with an increased risk of
noncommunicable diseases, such as cancer, diabetes and cardiovascular disease. An example
is insulin resistance caused by chronic exposure to inflammatory biomarkers, which often lead
to diabetes [15]. Low-grade inflammation plays an important role also in the development of
cardiovascular diseases, due to its involvement in atheroprogression [16], and may favor the
progression of different types of cancer by promoting cell proliferation, decreasing apoptosis
and increasing angiogenesis and metastasis [17]. At present, it is not well-established which
biomarkers can best represent low-grade inflammation, although among the most widely used
in scientific studies are soluble mediators (chemokines and cytokines), acute-phase proteins
(fibrinogen and C-Reactive Protein (CRP)) or blood cellular markers (granulocytes and total
white blood cells) [18].

Diet as a Risk Factor for Low-Grade Inflammation

Among the environmental and lifestyle factors that can promote or intensify inflam-
mation, increasing scientific evidence supports the role of diet. Potential nutritional com-
pounds influencing inflammation processes include macro- and micronutrients, bioactive
molecules such as polyphenols and specific food components [19]. Overall, plant-based
dietary patterns with a high consumption of vegetables, fruits and whole grains, a moderate
consumption of legumes and fish and a low consumption of red meat have been associated
with a greater anti-inflammatory potential (Figure 1). These include several traditional
healthy diets, such as the Mediterranean or the Nordic diet, which are usually based on
minimally processed or unprocessed foods [20,21]. A meta-analysis that evaluated a total
of 2300 subjects from 17 clinical trials showed that greater adherence to the Mediterranean
diet was associated with lower levels of inflammatory biomarkers, particularly CRP and
interleukin-6 (IL-6) [22]. These findings were confirmed in a recent meta-analysis assess-
ing the effect of multiple dietary patterns on inflammatory biomarkers [23]. The authors
concluded that the Mediterranean diet appeared as the dietary pattern with the most
significant reductions in inflammatory biomarkers, including IL-6 and CRP [23]. Similar
results were observed for the Nordic diet, with a review of intervention and observational
studies revealing its beneficial influence on low-grade inflammation amelioration [24].
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Figure 1. Dietary patterns and inflammation.

A growing number of studies show that the protective effects of these dietary pat-
terns against inflammation are related to the dietary pattern as a whole, not just to its
individual components [19]. All these dietary models share the presence of whole grains,
fiber, vegetables, fruits, fish, polyunsaturated fatty acids (PUFAs), particularly marine n-3
PUFAs, vitamin C, vitamin E and carotenoids. In contrast, dietary factors that promote
inflammation are oxidized lipids, saturated fatty acids (SFAs) and trans fatty acids, which
are present at high levels in Western dietary patterns. Unfortunately, in recent years, the
increased availability and variety of foods has led to a change in traditional dietary pat-
terns, favoring a nutritional transition and a globalization of the diet towards a Western
dietary pattern [25]. This dietary pattern, characterized by a high caloric intake and a high
consumption of sweets, refined cereals, red and processed meats, snacks and sugary drinks,
has been associated with an increased pro-inflammatory potential and higher levels of CRP
and IL-6 [26].

To further investigate the role of diet in modulating inflammation, several literature-
based indices have been developed. The energy-adjusted dietary inflammatory index
(E-DII) analyzes the potential effect of 45 dietary elements on 6 inflammatory markers,
both pro-inflammatory (IL-1b, IL-6, tumor necrosis factor (TNF)-α and CRP) and anti-
inflammatory (IL-4, IL-10). The Empirical Diet Inflammatory Pattern (EDIP) is based on
food group consumption and divides the dietary intake into nine inflammatory and nine
anti-inflammatory food groups according to their impact on the CRP, IL-6 and TNF-αR2
biomarkers of inflammation [27]. Using these indices, many studies have assessed the
potential inflammatory effect of diet on the health status. Recently, an umbrella review was
conducted on DII and human health [28]. Umbrella reviews are overviews of systematic
reviews and meta-analyses that provide a comprehensive and systematic evaluation of
the scientific literature available for a specific research topic and offer the possibility to
understand the strength of the evidence and the extent of potential biases [29]. In their
umbrella review [28], authors found strong evidence supporting the relationship between
a high dietary inflammatory index and an increased risk of myocardial infarction. They
also found highly suggestive evidence for increased risk of cancer, in particular oral,
respiratory, pancreatic and colorectal cancer, and all-cause mortality [28]. As for EDIP,
several observational studies have associated a higher score with increased fasting blood
sugar and decreased high-density lipoprotein (HDL) cholesterol levels, as well as with an
increased risk of weight gain, metabolic syndrome, nonalcoholic fatty liver disease, heart
failure and depression [30–36].

3. Ultra-Processed Foods (UPF)

One of the cornerstones of the Western diet are UPF, widely available and increasingly
consumed in the contemporary society [4,37]. The possible role of UPF in the nutrition–
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health relationship was first highlighted by Monteiro et al. in 2009, with the introduction
of the NOVA classification [38]. NOVA is a system that groups foods according to the
nature, extent and purpose of the industrial processes they undergo, rather than in terms
of the nutrients they contain [38]. In this classification, foods are assigned to one of four
groups: Group 1 contains unprocessed or minimally processed foods, i.e., the edible parts
of plants or animals taken directly from nature or minimally modified/preserved; Group 2
contains processed culinary ingredients, such as salt, sugar, oil or starch, produced from
Group 1 foods; Group 3 contains processed foods such as canned vegetables or freshly
baked bread, produced by combining Group 1 and Group 2 foods; Group 4 contains UPFs,
defined as “formulations of ingredients, mostly of exclusive industrial use, that have little
or none of the food intact and are typically created by a range of industrial techniques and
processes” [38]. UPFs are identified by a long list of ingredients, are ready-to-eat, highly
palatable, and usually inexpensive. The most commonly consumed UPFs include soft and
sweetened beverages, processed bread, refined breakfast cereals, confectionery products,
pre-packaged sauces, ready-to-heat meals and processed meats products [39]. Possible
mechanisms behind their link with the health status may involve both their nutritional
composition and “processing”. Indeed, in terms of nutritional composition, UPF are
typically nutritionally unbalanced due to their ingredients [40]. Most UPF are energy-dense
products high in added sugars, saturated and trans fatty acids and sodium and low in
protein, fiber and certain micronutrients including potassium, magnesium, vitamin C,
vitamin D, zinc, phosphorus, vitamin B12 and niacin [40].

UPF are also characterized by the presence of non-nutritive components, such as
additives and chemicals. Additives are frequently added to make the final product more
palatable, with better sensory qualities and longer shelf life. Commonly used additives in
the manufacture of UPF include flavorings, emulsifiers and sweeteners such as aspartame,
cyclamate or stevia-derived compounds [41]. As to the supposed presence of harmful
chemicals in UPF, it has been suggested that they may derive from the processing or
packaging of these products [42]. Processing could also alter the physical properties of food
products, leading to a higher glycemic load and a reduced gut–brain satiety signaling, both
responsible for overconsumption [43].

According to previous studies, all these aspects could explain the reason why the
incidence of several chronic noncommunicable diseases is increasing along with UPF
consumption [41]. Among adults, multiple meta-analyses found that a higher UPF con-
sumption is significantly associated with an increased risk of overweight and obesity,
metabolic syndrome, hypertension, diabetes and cardiovascular disease [6,44–47]. A higher
UPF consumption has also been associated with a higher risk of cancer, particularly breast
cancer [6,48], anxiety and depression [49] and all-cause mortality [50,51]. In children and
adolescents, significant relationships were found with overweight and obesity [25,52].

4. UPF and Low-Grade Inflammation

The number of human studies investigating whether the consumption of UPF could
promote low-grade inflammation, so favoring the development of noncommunicable
diseases, is still limited. The available studies have focused mainly on two aspects: how
excessive UPF consumption may affect the presence of biomarkers of inflammation, and
how the nutritional composition or non-nutritional components of UPF may influence
the development of chronic inflammation and gut dysbiosis, previously correlated with a
pro-inflammatory state (Figure 2).
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Figure 2. Possible mechanisms explaining the relationship between UPF and low-grade inflammation.
↑ increased; ↓ reduced.

The vast majority of studies that have examined the relationship between UPF con-
sumption and inflammation are observational, either cross-sectional or cohort studies
(Table 1), with only one clinical trial currently available [53].

Table 1. Observational studies assessing the relationship between UPF consumption and inflamma-
tory biomarkers.

Author, Year Study Design Country Participants, n Gender Age
Study

Population
Outcome Main Results

Lopes et al., 2019
[54]

Cross-sectional analysis of
Longitudinal Study of Adult

Health (ELSA-Brasil)
baseline cohort

Brazil 8468 M/F 35–74 General population CRP
A higher tertile of UPF intake was associated with a 14%

increase in CRP levels only among women. Significance was
lost when adjusting for BMI.

Lane et al., 2022 [55]
Cross-sectional analysis of

Melbourne
Collaborative Cohort

Australia 2018 M/F 57 ± 9 General population hs-CRP A 100 g increase in UPF consumption was associated with a 4%
increase in hs-CRP concentration, independently of BMI.

Martins et al.,
2022 [56] Cross-sectional Brazil 391 M/F 17–18 General population

Leptin,
IL-6, IL-8,

CRP
TNF- α

The highest tertiles of UPF intake showed higher levels of CRP
and serum leptin and a 79% increase in IL-8 levels. No

association was found for IL-6 and TNF-α

Silva Dos Santos
et al.,

2022 [57]

Cross-sectional analysis of
EPITeen Cohort and Pelotas

Birth Cohort

Brazil,
Portugal 3412 M/F 27–30 General population IL-6

A positive association between levels of IL-6 and UPF intake
was found among females from the Portugal cohort and males

from the Brazil cohort.

Kesley et al.,
2022 [58]

Cross-sectional analysis of
Norwegian Mother, Father

and Child Cohort
Norway 2984 F 30 ± 4 Pregnant women CRP An increase UPF intake was associated with a 5.4% increase in

CRP levels, even after adjustment for pre-pregnancy BMI

Mignogna et al.,
2022 [59]

Cross-sectional analysis of
Moli-sani cohort Italy 21,315 M/F 55 ± 3 General population

INFLA-
score

E-DII score

INFLA-score was associated with higher E-DII score and UPF
intake. When adjusting for E-DII, the association of UPF with

the INFLA-score was mitigated by 32.6%

Silva et al., 2019 [60] Cross-sectional Brazil 784 F 28 ± 5 Pregnant women E-DII score E-DII score was positively associated with consumption of UPF
when adjusting for covariates including pre-pregnancy BMI

UPF: ultra-processed foods; CRP: C-reactive protein; BMI: body mass index; hs-CRP: high-sensitivity C-reactive
protein; IL: interleukin; TNF: tumor necrosis factor; INFLA: low-grade inflammation; E-DII: energy-adjusted
dietary inflammatory index.
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CRP is the most investigated inflammatory biomarker to date in relation to UPF
consumption. In the only available clinical trial, subjects assigned to a diet based on
unprocessed foods showed a significant reduction in hs-CRP levels, while subjects on a
diet rich in UPF did not report significant changes [53]. The authors suggested that these
results might indicate that the subjects were already regularly consuming a large amount of
UPF, as already observed in the US population [53]. As for data from observational studies,
they are not consistent and suggest that the relationship may depend on gender and body
mass index (BMI). For example, in the ELSA-Brasil study, a significant association between
high UPF consumption and higher CRP levels was found in women, but the association
lost its significance when adjusting for BMI [54]. Similarly, in the Melbourne Collaborative
Cohort Study, the association between high UPF consumption and CRP levels remained
significant only in men, after adjustment for BMI [55]. In adolescents, Martins et al. found
that subjects consuming more UPF in their diet had higher CRP and IL-8 values, but the
association was significant only for IL-8 [56]. Other biomarkers studied to a lesser extent are
some proinflammatory cytokines such as IL-6. Dos Santos et al. investigated the possible
relationship between UPF consumption and IL-6 concentrations in two cohorts, showing
an association only in women in the Portuguese cohort and only in men in the Brazilian
cohort [57]. The conclusion was that the UPF intake could be associated with higher IL-6
levels, although the relation was not explained by adiposity [57].

As to the E-DII score, a cross-sectional study in Brazil found a direct relationship
between a higher dietary energy intake from UPF and a higher rate of dietary inflammation
in pregnant women [58]. Similar findings were obtained in the Italian cohort Moli-Sani,
where a higher consumption of UPF was related to a higher pro-inflammatory potential
of the adults’ diet [59]. In this cohort, further analyses were performed using the low-
grade inflammation (INFLA)-Score, which allows the assessment of the possible intensity
of low-grade inflammation through the effects of biomarkers of inflammation (platelets,
white blood cell (WBC), CRP and granulocyte-to-lymphocyte ratio), obtaining the same
association [59].

5. Possible Mechanisms Explaining the Relationship between UPF and
Low-Grade Inflammation

5.1. Nutritional Aspects

UPF consumption could contribute to an inflammatory state through several mech-
anisms. First, it could be the high intake of sugars, salt, saturated fats and trans fatty
acids typical of a UPF-rich diet that directly promotes the development of chronic inflam-
mation [61]. When high intakes of these nutrients and their possible relationship to the
modulation of inflammation are considered individually, the results to date are mixed. UPF
are usually high in simple sugars, in the form of either sucrose or a high-fructose syrup, so
they tend to be foods that raise the blood glucose markedly and rapidly, i.e., with a high
glycemic index/glycemic load [62]. This postprandial increase in the glucose levels in turn
causes an increase in insulin levels, which promotes a proinflammatory state [63]. Although
these mechanisms appear to play an important role in diet and the promotion of low-grade
inflammation, intervention studies are not very clear in this regard. In the TOSCA.IT study,
an association was found between the intake of added sugars ≥10% of the daily energy
intake and increased CRP levels in adults with diabetes [64]. Other observational studies
associated a higher consumption of sugar-sweetened beverages with increased levels of
CRP and IL-6 in adults and children [65–67]. Regarding the glycemic response, although
an intervention study found a positive association between glycemic load and plasma hs-
CRP in healthy middle-aged women [68], a recent meta-analysis including 28 randomized
controlled trials found no association between the glycemic index and different markers of
inflammation in adults [69].

UPF also have a high salt content, contributing to a high sodium intake. Several
cross-sectional studies associated a higher salt intake with higher CRP levels in adults
and elderly people [70,71], although this association was not found in adolescents [72]. A
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recent meta-analysis also found no associations between dietary sodium level and markers
of inflammation, although it should be noted that the researchers pointed out that their
findings were likely due to methodological errors [73].

As for the fat content of UPF, their inflammatory potential derives not only from a
higher consumed quantity with respect to other foods, but also from a poorer quality. In fact,
trans fatty acids resulting from the industrial process are associated with a higher presence
of low-grade inflammation. Specifically, they have been related to higher levels of hs-CRP,
IL-6 and TNF-α [74–76]. Diets with a high processed-food content have also been associated
with a higher intake of omega-6 fatty acids, resulting in a higher omega-6/omega-3 ratio
and the potential promotion of low-grade inflammation [77].

Finally, consuming large amounts of UPF sometimes results in the replacement of
foods that are the basis of a healthy and balanced diet. Examples are fruits and vegetables,
which are correlated with an anti-inflammatory effect thanks to the presence of numerous
phytocompounds [78,79]. Recent studies clearly show how people consuming more UPF
have a lower intake of fruit and vegetables [80] and consequently ingest less substances
with an anti-inflammatory effect. A low fruit and vegetable consumption also results in a
low dietary fiber intake. In the E-DIITM, fiber is considered one of the factors that reduce
diet-related inflammation. In previous studies, an adequate fiber intake was shown to
be important in maintaining low CRP levels and in maintaining homeostasis of the gut
microbiota [81]. A high UPF consumption can also lead to deficiencies of micronutrients
considered to be anti-inflammatory factors in the diet, such as magnesium, vitamin C,
vitamin D, zinc and niacin [82].

5.2. Non-Nutritional Aspects

Results from an Italian cohort study suggested that only part of the proinflammatory
effect of a high UPF consumption can be directly attributed to the nutritional components of
the diet, while the rest could be attributed to non-nutritional factors that may promote low-
grade inflammation [59]. One of the non-nutritional factors present in UPF are additives,
which are added to mimic or intensify the sensory qualities of foods [83]. Among the
most studied are sweeteners, especially non-caloric ones such as acesulfame potassium,
sucralose or aspartame, due to their widespread use in soft drinks to provide a sweet taste
without the energy value of sugars [84]. Recently, there has also been growing interest in
the harmful effect of emulsifiers used to improve the shelf life and texture of food products.
Although scientific evidence to date is limited, animal and in vitro studies suggest that
sweeteners and emulsifiers may contribute to the inflammatory cascade [85–87]. One of the
hypothesized mechanisms is the modulation of the microbiota, but data are inconsistent,
and further studies are needed to investigate these mechanisms [88,89]. It has also been
hypothesized that the non-caloric sweeteners’ harmful effect might be due to an acute
metabolic response [90]. However, data from two recent meta-analyses do not support this
hypothesis, as they found no association between the consumption of non-caloric sweetened
beverages and an increased insulinemic effect or acute glycemic response [91,92].

Non-nutrient components such as bisphenol or phthalates may also be present in
UPF due to the migration of chemical substances that are part of food packaging. In
fact, several cross-sectional studies reported higher levels of both substances in the urine
of people with a high UPF consumption [42,93–96]. Because of their structure, bisphe-
nol and phthalates can disrupt various aspects of the hormonal action and are therefore
called endocrine disruptors. They can interfere with the synthesis, secretion, transport,
signaling and metabolism of hormones; therefore, they have been associated with adverse
health consequences, including the development of diseases such as obesity, diabetes and
cardiovascular disease [97,98].

A recent meta-analysis investigating the role of different endocrine disruptors on the
inflammatory response showed that increased exposure to Bisphenol A (BPA) is signifi-
cantly associated with higher levels of IL-6 and CRP, while increased exposure to phthalates
is associated with higher levels of CRP, IL-6 and IL-10 [99]. Although the adverse effects
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of BPA have led to various restrictions on its use, the analogs that replaced it appear to
have similar effects [100]. On the other hand, UPF may contain chemicals derived from
food processing, especially due to the heat treatment to which food is subjected. One
example is acrylamide as a result of the Maillard reaction between amino acids and sugars,
exposure to which in adults has been associated with an increased presence of biomarkers
of inflammation such as CRP or Mean Platelet Volume (MPV) [101]. Another chemical
instead derived from lipid oxidation is acrolein, high exposure to which has been associated
with a higher concentration of Hs-CRP in adults in the United States [102] and of CRP in
adults in China [103].

5.3. Gut Microbiota Modulation

The human gut microbiota is a dynamic and complex network composed of hun-
dreds of thousands of microorganisms, including bacteria, fungi, archaea, viruses and
protozoa [104]. When in its normal state of homeostasis, the gut microbiota plays a key
role in host health through the immune system function and protection against pathogens.
However, when the gut microbiota is altered compared to the community found in healthy
individuals, gut dysbiosis occurs [84]. This dysbiosis is associated with a high degree of
inflammation, caused by a lower presence of short- chain-fatty-acids-(SCFAs)-producing
bacteria, and increased permeability of the gut [105]. Both diet quality and the presence of
the additives previously described may influence intestinal dysbiosis, offering a possible
explanation for the mechanism linking an increased consumption of UPF with the presence
of low-grade inflammation.

In fact, it has been suggested that a diet rich in fiber can decrease the systemic inflam-
matory response by improving the intestinal barrier function and modulating the intestinal
microbiota [81]. This is because dietary fiber is essential for the formation of SCFAs, which
are thought to play a key role in neuroimmunoendocrine regulation [106]. In fact, SCFAs are
associated with a lower concentration of CRP and plasma lipopolysaccharide, an endotoxin
used as a marker to assess intestinal permeability linked to increased low-grade inflam-
mation [107–110]. In contrast, Western diets with a high fat content have been associated
with increased intestinal permeability due to a greater presence of lipopolysaccharides
in humans and mice [111,112]. Similar results were observed in mice fed a diet rich in
refined sugar, also associated with an atypical composition of the intestinal microbiota [113].
In a cross-sectional study conducted in the U.S.A., the increased consumption of highly
processed food was associated with intestinal permeability biomarkers [114]. Also in a
study conducted in Italy, intestinal permeability tended to increase in subjects with low
adherence to the Mediterranean diet, who also reported a high intake of food high in fat and
sugar, referred to as junk food [115]. Finally, a French study involving 862 healthy adults
found that the regular consumption of foods such as soft drinks, fatty sweet products, fried
foods, processed meats, ready-to-eat meals, cheese and desserts, most of them recognized
as UPF, was associated with reduced bacterial diversity, indicating an altered microbiota
composition [116]. In contrast, the PREDIMED-PLUS study in older adults found no such
association and suggested that perhaps the contradictory results with the previous study
were due to the lower UPF consumption of the studied population [117].

Several studies have also highlighted additives as possible factors affecting the micro-
biota. Studies in murine models suggested different mechanisms through which emulsi-
fying additives could contribute to intestinal dysbiosis, increasing intestinal permeability
and promoting a proinflammatory state [89,118]. However, these studies remain limited,
and the results in humans are contrasting. For example, a double-blind controlled study
comparing seven adults on an emulsifier-rich diet to nine adults on an emulsifier-free diet
observed changes in the gut microbiome and metabolome that may be related to chronic
inflammatory diseases [119]. In contrast, a cross-sectional study involving 588 adults found
no association with biomarkers related to increased intestinal permeability, although it
found an association with increased levels of systemic inflammation [114]. Similarly, stud-
ies in murine models suggested that artificial sweeteners can alter the intestinal microbiota,
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favoring the enrichment of proinflammatory bacteria that promote the formation of endo-
toxins such as lipopolysaccharides [85,86,120]. However, the results to date are inconsistent,
and further research will be needed to investigate these mechanisms.

6. Conclusions and Future Perspectives

Low-grade inflammation plays a pivotal role in the pathogenesis of noncommunicable
diseases, which are becoming increasingly prevalent worldwide. In recent years, diet
has been highlighted as one of the main risk factors for these diseases, together with the
increased consumption of UPF, which through different mechanisms, may contribute to
promote a proinflammatory state. Although the evidence on the association between UPF
consumption and inflammation is still limited and, in some cases, the results are discordant,
considering the potential impact of their excessive consumption on the health status, as
well as their potential role in favoring the presence of chronic inflammation, public policies
that limit their consumption are required. These public policies should also include the
promotion of traditional diets based on unprocessed or minimally processed foods, in order
to modulate low-grade inflammation and improve people’s health status. Future human
research evaluating clusters of inflammation markers instead of individual biomarkers
may help to better understand the mechanism involved in the modulation of low-grade
inflammation by a high consumption of UPF. This information could also be useful in
establishing policies that promote the reformulation of UPF to minimize their adverse
health effects.
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Abstract: This study aimed to compare the level of processing (as assessed by the NOVA classification)
and the nutritional quality (as assessed by nutrition values, Nutri-Score and NutrInform battery) of
breakfast cereals currently on the Italian market. A total of 349 items were found, mostly belonging
to the NOVA 4 group (66.5%) and to Nutri-Score C and A (40% and 30%, respectively). The NOVA
4 products showed the highest energy, total fat, saturates, and sugar content per 100 g and had the
highest number of items with Nutri-Score C (49%) and D (22%). Conversely, NOVA 1 products had
the highest content of fibre and protein, the lowest amounts of sugars and salt, and 82% of them
were Nutri-Score A, while few Nutri-Score B and C were found. Differences were attenuated when
products were compared for their NutrInform battery, with NOVA 4 items showing only slightly
fuller batteries for saturated fats, sugar, and salt than NOVA 1 and NOVA 3 products. Overall, these
results suggest that the NOVA classification partially overlaps with systems based on the nutritional
quality of foods. The lower nutritional quality of NOVA 4 foods may at least partially explain the
association found between the consumption of ultra-processed foods and the risk of chronic diseases.

Keywords: food label; NOVA system; ultra-processed foods; front-of-pack labelling

1. Introduction

In recent years, increasing attention has been paid to the level of food processing [1].
NOVA is a classification system that groups foods according to the nature, extent, and
purpose of the industrial processes they undergo, rather than in terms of nutrients [2]. In
the NOVA classification, foods are assigned to one of the following four groups: NOVA
1 contains unprocessed or minimally processed foods, i.e., the edible parts of plants or
animals taken directly from nature or minimally modified/preserved; NOVA 2 contains
processed culinary ingredients, such as salt, sugar, oil, or starch, produced from NOVA 1
foods; NOVA 3 contains processed foods such as canned vegetables or freshly baked bread,
produced by combining NOVA 1 and NOVA 2 foods; NOVA 4 contains ultra-processed
foods, i.e., industrially formulated ready-to-eat products that are predominantly or entirely
composed of food-derived substances and additives, with few or no intact foods from
NOVA 1.

Up to date, many studies have shown an association between the consumption of NOVA
4 foods and health status, particularly regarding body weight [3], mortality [4], and chronic
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non-communicable diseases such as cardiovascular disease and depression [5,6]. Among the
mechanisms hypothesized to explain these associations is that higher consumption of NOVA 4
foods leads to diets high in calories, free sugars, fat, and salt and low in dietary fibre [7]. Unlike
the NOVA system, front-of-pack nutrition labels (FOPNLs) distinguish foods and beverages
according to their energy and nutrient contribution to the overall diet. There are currently
more than thirty different FOPNLs (proposed or implemented) in the world, many of them in
use in multiple countries [8]. Some FOPNLs express the overall nutritional value of a food
by using some or all the information from the nutrition declaration and/or other nutritional
elements (e.g., the Nutri-Score, a graphic scale that divides the nutritional score into five
classes expressed by a color and a letter). Other FOPNLs repeat specific numerical information
from the mandatory nutrition declaration in a neutral manner (e.g., the NutrInform battery
proposed by Italy).

Given that NOVA classification is not based on nutrient content, it is interesting
to understand whether the classification of a food in NOVA 4 coincides with a worse
classification by FOPNLs. In theory, NOVA and FOPNLs are complementary systems that
focus on different aspects, so their application to a specific food may not necessarily lead
to the same conclusions. An example is plant substitutes for animal foods that have a
Nutri-Score A (indicating high nutritional quality) while being NOVA 4 [9]. This kind of
discrepancy also emerged for other food groups, especially in a survey of foods on the
Spanish market where only 75.5% of NOVA 4 foods were classified as having medium-low
nutritional quality (C, D, and E) in the Nutri-Score [10]. Since there are no such comparisons
made on products found in the Italian market, our aim was to compare the processing (as
assessed by the NOVA classification) and the nutritional quality (as assessed by nutrition
values retrieved in the nutritional declaration, Nutri-Score and NutrInform battery) of
breakfast cereals currently on the Italian market, using data from the Food Labelling of
Italian Products (FLIP) database. The choice of breakfast cereals comes from the fact that
they can belong to different NOVA groups based on whether they are cereal-only, have
added sugar or salt, or have many other ingredients not typically used domestically.

2. Materials and Methods

2.1. Data Collection and Extraction

Breakfast cereals included in the present work were selected as described in a previous
study performed within the FLIP project [11]. The online search for the information was
performed in July 2022.

The information retrieved for each product was the same as previously collected in
a previous study [11], while the NOVA group was assigned to each item considering the
processing classification system based on the NOVA classification [2,12].

The Nutri-Score was calculated for each item in accordance with the rules reported in
the specific document (https://www.santepubliquefrance.fr/media/files/02-determinants-
de-sante/nutrition-et-activite-physique/nutri-score/qr-scientifique-technique-en, Last
access 1 February 2023).

Data for NutrInform battery (i.e., energy, fat, saturates, sugar, and salt content) were
calculated by considering the standard serving size of 30 g [13] as defined in the manual
of use (https://www.nutrinformbattery.it/Manuale_uso_NutrInform_Battery.pdf, Last
access 1 February 2023).

Two researchers (DM and MD) extracted the data and double-checked the accuracy of
data extraction, while inaccuracies were solved by a third researcher (DA).

All the retrieved data were collected in a Microsoft Excel database and sub-grouped
for specific comparisons, i.e., tertiles of sugar, fibre, and salt, according to the NOVA group.
Items were classified on the basis of the descriptive name as follows: (i) muesli, (ii) flakes,
(iii) bran cereals, (iv) puffed cereals, and (v) others (e.g., cereals with honey or cream-filled
cereals). Conversely, based on the presence of wholegrain ingredients, items were classified
into refined, partially wholegrain (i.e., at least one ingredient), and wholegrain.
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2.2. Data Analysis

Data were organized and statistically analyzed by using the Statistical Package for
Social Sciences software (IBM SPSS Statistics, Version 28.0, IBM Corp., Chicago, IL, USA).
The significance level was set at p < 0.05. Data of energy, nutrient, and fibre contents were
expressed as median (interquartile range). In the descriptive analysis of the number of
items, variables were expressed as absolute values. The Kolmogorov–Smirnov test was
used to assess the normality of data distribution that was rejected.

Data were analyzed by means of the Mann–Whitney non-parametric test to allow
comparisons of two independent groups or the Kruskal–Wallis test for independent samples
with multiple pairwise comparisons. In addition, the variability of the nutritional values—
as energy, nutrient, and fibre contents per 100 g of products—across the different items
was assessed by means of a Principal Component (PC) analysis with varimax rotation, also
considering the Nutri-Score and the NOVA group categorizations.

3. Results

3.1. Number and Characteristics of Food Items

Table 1 reports the number and the main characteristics of the retrieved items classified
on the basis of the three NOVA groups (i.e., NOVA 1, 3, and 4). No items were classified
as NOVA 2 since this group includes culinary ingredients. A total of 349 single items of
breakfast cereals were included in the final evaluation, mostly belonging to the NOVA 4
group (66.5% out of the total). NOVA 4 prevailed in all the types and mostly in muesli
(82%) and other cereals (95%), with the exception of puffed cereals in which 21 items (49%)
were classified as NOVA 1 and 19 (44%) as NOVA 4.

Table 1. Number and characteristics of retrieved breakfast cereals stratified based on the NOVA
group.

NOVA Groups

NOVA 1 NOVA 3 NOVA 4

Total 60 57 232
Type Muesli 2 17 85

Flakes 29 33 63
Bran cereals 8 1 9

Puffed cereals 21 3 19
Other cereals 0 3 56

Organic No 13 28 176
Yes 47 29 56

Branded No 17 30 118
Yes 43 27 114

Nutrition claim No 24 14 52
Yes 36 43 180

Fibre claim No 28 33 114
Yes 32 24 118

Fat claim No 54 42 207
Yes 6 15 25

Salt claim No 54 55 229
Yes 6 2 3

Vitamin and mineral claim No 56 42 126
Yes 4 15 106

Sugar claim No 50 51 218
Yes 10 6 14

Protein claim No 47 54 221
Yes 13 3 11
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Table 1. Cont.

NOVA Groups

NOVA 1 NOVA 3 NOVA 4

Health claim No 54 51 172
Yes 6 6 60
No 37 30 95

Wholegrain Partially # 4 13 121
Yes 19 14 16

Legend: NOVA 1: minimally processed foods; NOVA 3, processed foods; NOVA 4, ultra-processed foods. # Items
partially produced with wholegrain ingredients (i.e., at least one).

Regarding nutrition claims (NCs), among the 232 products classified as NOVA 4, 78%
of the items showed at least 1 NC, while within the 60 items in the NOVA 1 group, 60%
showed an NC. Health claims were instead reported by 26% of items in the NOVA 4 group
and in 10% of those in the NOVA 1 group.

Fibre-related NCs were similarly distributed in NOVA 1 and NOVA 4 groups, with
47% and 49% of products, respectively, carrying this type of claim. Conversely, NCs related
to minerals and/or vitamins were mainly present in the NOVA 4 group, with 93% of the
items showing this type, while only 7% of items within the NOVA 1 group had this NC.
Other NCs were displayed in a few items across the NOVA groups.

Regarding the presence of wholegrain ingredients, 58% and 87% of items made with
refined ingredients or only partially with wholegrain ingredients (i.e., at least one) were in
the NOVA 4 group, respectively. Conversely, items made with wholegrains were almost
equally present in the NOVA 1 (39%), NOVA 3 (28%), and NOVA 4 (33) groups.

The nutritional quality of breakfast cereals belonging to the three NOVA groups
stratified by cereal types is reported in Table 2. By considering all the retrieved breakfast
cereals, NOVA 4 products showed the highest energy and sugar content per 100 g, while
NOVA 1 products were characterized by the highest content of fibre and protein and the
lowest amount of sugars and salt. Intriguingly, NOVA 1 and NOVA 4 cereals showed
higher total and saturated fats and lower carbohydrate amounts than NOVA 3 products.
Concerning the different types of cereals, a high variability in results of the nutritional
characteristics of products grouped for NOVA classification was found. In fact, bran cereals
and other cereals do not show any difference for energy and saturate contents within the
different NOVA groups, while for all the other products NOVA 4 is almost always higher in
energy, total carbohydrates, sugar, and salt than NOVA 1 and, in some cases, also NOVA 3
products. When salt is taken into consideration, almost all the NOVA 3 and NOVA 4 groups
contain a consistent higher amount of salt—up to ten to twenty times more—than NOVA
1 products. Except for muesli cereals, all the other products labelled as NOVA 1 resulted
significantly higher in protein content than NOVA 4 and in most cases also compared to
NOVA 3.
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Nutritional information of products belonging to the different NOVA groups and
stratified on the basis of whole grain ingredients is shown in Supplementary Table S1. Data
evidenced a few differences, only in terms of sugar and salt contents, among whole grain
products belonging to different NOVA groups. Concerning products made with refined
grains and partially produced with wholegrain, data evidenced significantly lower contents
of energy, carbohydrate, sugar, fibre, and protein in NOVA 1 products compared to the
NOVA 3 and 4 ones. It is worth underlining that the three product categories (refined grain,
partially produced with wholegrain, and wholegrain products) have a different number of
items, which may impact the intra-product variability of the data (Table 1). Data were also
grouped on the basis of the tertiles of sugar, fibre, and salt amounts and then compared
on the basis of the NOVA group (Supplementary Table S2). Concerning tertilization based
on the sugar amount, products did not reveal particular differences between the NOVA
groups, except for NOVA 1 products in the first tertile, which were lower in energy, total
and saturated fats, carbohydrates, sugars, and salt and higher in fibre and protein compared
to NOVA 2 and 3 products. When products were stratified for tertiles of fibre content, a
generally worse nutritional profile in NOVA 4 compared to NOVA 1 items was observed,
but here, again, the different number of items should be carefully considered. Finally, the
salt tertilization did not show any result worth being highlighted, except for sugar amounts,
which were much higher in NOVA 3 and NOVA 4 compared to NOVA 1 group.

3.2. Nutri-Score and NutrInform Battery of Breakfast Cereals

When only the Nutri-Score of the products was taken into consideration, regardless of
the technological process, data showed that 141 (40%) items were labelled as C, 105 (30%)
as A, 58 (17%) as D, and the remaining 45 (13%) items had a Nutri-Score B.

Figure 1 reports the distribution of the retrieved breakfast cereals according to NOVA
categorization and Nutri-Score. As shown, NOVA 1 breakfast cereals displayed the highest
proportion of products with Nutri-Score A (n = 49; 82%), followed by products belonging
to NOVA 3 (n = 18; 32%) and NOVA 4 (n = 38; 16%) groups. The NOVA 1 group also
showed the lowest proportion of products with Nutri-Score C (n = 3; 5%). Conversely, the
Nutri-Score C prevailed in both NOVA 3 (n = 24; 42%) and NOVA 4 (n = 114; 49%) groups.

Figure 1. Percentage distribution of breakfast cereals based on NOVA group and Nutri-Score.

Finally, no products with Nutri-Score D were found in the NOVA 1 group, while
7 items (12%) and 51 items (22%) with Nutri-Score D were found in the NOVA 3 and NOVA
4 groups, respectively. No products displayed a Nutri-Score E.

Figure 2 reports the distribution of energy and some nutrient contents in breakfast
cereals, classified according to the NOVA group and Nutri-Score. On the whole, a wide
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variability in terms of energy, nutrients, and fibre has been found regardless of the NOVA
group and Nutri-Score values. Almost all the products, irrespective of the Nutri-Score
value and the NOVA group, fell within the range of energy 300–500 kcal/100 g; data
showed that NOVA 3 and NOVA 4 products had the largest variability in terms of total and
saturated fats, sugar, and salt, with no exceptions among the Nutri-Score values. NOVA 1
products showed lower values of total and saturated fats than NOVA 3 and 4 ones, with
some exceptions. Concerning fibre values, only Nutri-Score D products had lower than
10 g/100 g fibre content; all the other products showed a wide range of values, thus not
allowing a clear grouping of products on the basis of their NOVA group or Nutri-Score.

 

Figure 2. Energy (A) and nutrient (B–F) content of breakfast cereals grouped on the basis of NOVA
group and Nutri-Score. Legend of Nutri-Scores: = A; = B; = C; = D.
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The variability in the nutritional composition of the breakfast cereals was explored by
PC analysis (Figure 3). Two PCs explained 68.7% of the total variability: (i) PC1—which
accounted for 36.6% of the variability—was mainly positively loaded by energy, total and
saturated fats, and sugars, while being negatively loaded by total carbohydrates, salt, fibre,
and protein; (ii) PC2—explaining the 32.1% of the total variability—was mainly positively
loaded by total carbohydrates, sugars, and salt and negatively loaded by fibre and protein
(Figure 3A). The score plot in Figure 3B confirms a high variability that did not allow
products to be grouped on the basis of the NOVA and Nutri-Score values. On the whole,
most of the products with B, C, and D Nutri-Scores were described as having high energy,
total carbohydrates, salt, total and saturated fats, and sugars, with no distinctions for NOVA
groups. Then, a main characterization of the A products by fibre and protein was slightly
evidenced, but no distinction among NOVA groups could be pointed out.

 
(A) (B) 

Figure 3. Principal component (PC) analysis describing the intra-group variability of products based
on their nutrient composition (energy (kcal/100 g), total fat (g/100 g), saturates (g/100 g), total
carbohydrates (g/100 g), sugars (g/100 g), protein (g/100 g), fibre (g/100 g), and salt (g/100 g)).
Loading plots (A) of PC1 versus PC2; score plots (B) of the nutrient composition of each product
analyzed organized according to Nutri-Score. Legend: legend is composed of letters (A to D)
indicating the letters of the Nutri-Score and numbers (1, 3, and 4) indicating the NOVA groups.

Regarding the NutrInform battery, Table 3 reports the batteries of products classified
based on the NOVA groups and grouped for the breakfast cereal typologies. Data confirmed
the evidence of a tight variability for daily energy contribution of a 30 g serving of the
products, from 5 to 7%, with few distinctions among the NOVA groups. On the contrary,
most of the variability referred to the contribution to the daily amounts of total and
saturated fats, but just for a few typologies. Interestingly, NOVA 3 “other cereals” accounted
for up to 14% of daily saturated fats vs. 3% of the NOVA 4; nevertheless, it is worth to
remember that, among “other cereals”, only three NOVA 3 items were retrieved compared
to fifty-six NOVA 4. On the whole, NOVA 1 products were almost not contributing to
the daily salt amount; the items with the most impact were bran cereals and flakes, both
NOVA 3 and 4, with up to 8% of the daily salt amount. Finally, despite all the products not
being largely different for the daily sugar amounts, NOVA 3 and NOVA 4 puffed cereals
contributed to 8% and 11% of sugar daily amounts, respectively.
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4. Discussion

The present manuscript analyzed the breakfast cereals currently on the Italian market
in terms of both nutritional quality—intended as nutritional values retrieved in the food
labelling and as some of the FOPNLs proposed so far (i.e., Nutri-Score and NutrInform
battery)—and level of processing, according to the NOVA system developed by Monteiro
and colleagues with the intention to classify foods into four groups based on the type
of processing [12]. Considering the number and types of items retrieved, some general
considerations can be made. First, compared with our previous survey conducted in
2019 [11], we found an increasing number of breakfast cereal products sold on the market;
in particular, muesli increased from 54 to 104 and puffed cereals from 29 to 43 products, for
a total of 349 retrieved products.

Regarding the nutritional quality, we found several differences between the catego-
rization with the Nutri-Score and that with the NutrInform battery. Specifically, 70% of
breakfast cereals were labelled as Nutri-Score C and A (40% and 30%, respectively), fol-
lowed by D and B (17% and 13%, respectively), while no products scoring E were found. On
the Spanish market, Morales et al. found similar percentages of B and C among 53 breakfast
cereals sold in 2018, while fewer A-labelled products (19%) and more D-labelled products
(30%) were observed compared to the present study [14]. Vermote and colleagues analyzed
the distribution of Nutri-Score among breakfast cereals in the Belgian market, in order to
compare changes between 2017 and 2018 [15]. In both years, the authors found a prevalence
of Nutri-Score C (43.4% and 40.6% in 2017 and 2018, respectively), A (25.0% and 29.7%),
and D (22.8% and 17.9%), while only 8.4% and 11.5% scored B and only one item scored E
in both years.

When the NutrInform battery was used, the differences among products were lower
since in this FOPNL the nutrient content of specific components is expressed considering
the serving size of 30 g, as suggested by the Italian food-based dietary guidelines [16]. These
discrepancies between Nutri-Score and NutrInform battery in evaluating the nutritional
quality of those products further highlight the differences between these two types of
FOPNLs in providing information about the nutritional quality of food products.

Regarding the level of processing, we classified the breakfast cereals in three out of the
four groups based on the type of the food processing as described by the NOVA system [12].
A large majority of products were classified as NOVA 4, but we also found minimally
processed items classified in the NOVA 1 group and others with added culinary ingredients
(e.g., salt and sugar), thus falling in the NOVA 3 group. These results are in line with the
ones found by Morales et al. [14] who reported that 59%, 30%, and 11% of products were
labelled as NOVA 4, 3, and 1, respectively.

In this survey, we also aimed at understanding whether NOVA and Nutri-Score
describe the nutritional quality of the food products in a similar way by considering
breakfast cereals, a food group whose products belong to many NOVA and Nutri-Score
groups. When the products were grouped according to NOVA classification, we found
that most of the items belonging to the NOVA 4 group were characterized by C and D
Nutri-Score letters, which implies a medium-to-low nutritional quality. However, if from
one side we found no NOVA 1 products labelled as Nutri-Score D and more than 80% of
them labelled as A, then from the other side we retrieved many B and C products as in
NOVA 1 as well as in NOVA 3 and NOVA 4 items. These findings support the previous
hypothesis that minimally processed foods show a better nutritional quality than processed
and ultra-processed analogues, mainly attributable to lower amounts of added ingredients,
i.e., sugar and salt [17]. Nevertheless, the presence of some C Nutri-Score products in the
NOVA 1 group underlines the concept that nutritional quality and food processing are not
always in agreement to describe food characteristics. Regarding the NutriInform battery
and NOVA classification, by considering the single energy and nutrient contents per 30 g
serving of breakfast cereals, data showed that, except for specific types (i.e., muesli) and
nutrients (i.e., total fats), the change of the battery loads across the different NOVA groups
was pretty tight. Consequently, these data point out that there is no absolute consensus
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that the lowest nutritional quality, described by means of Nutri-Score and NutrInform
battery, can be totally ascribed to the technological process of the food. For this reason, we
do believe that the consumer should be carefully taught how to read and understand all
the information on the food pack for making conscious shopping choices, independently of
the FOPLNs.

As to the relationship between NOVA and Nutri-Score, our findings are in line with
those of a survey concerning almost 10,000 various products sold on the Spanish market,
showing that NOVA 3 and NOVA 4 items are widely characterized by all kinds of Nutri-
Score letters and the NOVA 1 group is poorly represented by C to E Nutri-Score items [10].
Similar results have been found also by a Chilean study performing a crossing-ranking
analysis between Nutri-Score and NOVA FOPLNs of 736 food products sold on the Chilean
market [18]. Data showed that (i) for the NOVA 4 products, 70% out of the total were
labelled as Nutri-Score B; (ii) for the NOVA 3 products, 25% and 2% of the products were
characterized by Nutri-Score A and E, respectively. Additionally, in this case, the majority
of the NOVA 1 products fell in the classifications A and B of the Nutri-Score [18]. The wide
variability of the nutritional quality—evaluated by means of the Nutri-Score—of more than
220,000 products classified as NOVA 4 sold in France in 2020 was well described in the
paper of Galán et al. [19]. In fact, despite only 21% of the products being labelled as A
or B, the remaining ones were almost equally characterized by a C, D, or E Nutri-Score,
underlying the wide variability in terms of the nutritional quality of ultra-processed foods.
The same authors also showed that, by considering 2,036 products used in the NutriNet-
Santé study, 58% to 86% of the products were ultra-processed ones, independent of the
Nutri-Score letter [19].

Therefore, we are here to argue whether both the NOVA and Nutri-Score systems
may converge in a unique definition of the healthiness of the product. This uncertainty in
defining the healthiness of breakfast cereals has been deeply considered by Dickie et al. [20],
who analyzed—within the “cereal and cereal products” group—221 breakfast cereals
present on the Australian market. The authors calculated a percentage value of agreement
between the classification of “healthy” and “unhealthy” by different FOPLNs, among which
were Nutri-Score and NOVA. The value for breakfast cereals was 23%, which has been
classified as a “high degree of disagreement” between the classification of healthiness for the
two FOPNLs [20]. Authors attributed these disagreements between the two FOPNL to the
different aspects considered for the definition of the healthiness of the products: while Nutri-
Score has a nutrient-based scheme for the calculation of the different values, NOVA does
not profile nutrients, but just the processing. This means that, for example, the presence of
high amounts of salt or sugars in breakfast cereals—as also confirmed by data from our
group [11,21]—are differently taken into account by Nutri-Score and NOVA algorithms,
i.e, low Nutri-Score and minimally processed items. On the contrary, the presence of
industrial ingredients and additives, which classifies the product as “not healthy” by the
NOVA system, is not considered for the Nutri-Score. However, these last characteristics
of the NOVA classification—ingredient addition and healthiness of the product—should
be carefully contemplated. An Australian study examined different breakfast models
that include or do not include ultra-processed breakfast cereals, categorized according to
fortification/addition with vitamins, minerals, or fibre [22]. The authors evaluated whether
those dietary models met the nutrient requirement by the Australian Dietary Guidelines,
which discourages the consumption of ultra-processed foods at the expense of minimally or
not processed foods. Data showed that the exclusion of such ultra-processed foods—among
which are breakfast cereals—resulted in a significantly lower intake of key nutrients, such
as some vitamins and iodine, with potentially harmful health consequences [22].

One of the main future goals to pursue in the nutrition field is to educate the customer
in reading and understanding the whole information present on the food pack and, particu-
larly, the FOPLNs boasted on the products and their differences in depicting the nutritional
quality. We demonstrate here, for example, that i) many items rated as A or B had similar
energy, total fats, and sugars regardless of the NOVA group and ii) within each NOVA
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group, many products with different Nutri-Score values have a similar nutritional profile,
especially for serving, highlighting that the technological process of the food cannot be a
descriptor of its nutritional quality.

5. Conclusions

The presence of FOPLNs on food packs for several different food groups is globally
increasing, with the intention to help the consumer to recognize the key nutritional and
technological aspects of the food and invite him to consider the global healthiness of the
product. If from one side this effort may result in a global improvement of the dietary
habits of the citizens—as confirmed by many epidemiological surveys relating the better
scores of Nutri-Score and NOVA products to the lowering of risks of obesity and chronic
diseases—from another side, our data show that the agreement of the different FOPLNs in
describing the whole healthiness of the product is not valid for all the food groups. This
disagreement has been deeply discussed in this paper, mainly explained by the different
characteristics of the food considered for the development of the Nutri-Score and Nutri-
Inform battery (mainly energy, nutrients, and some ingredients) and NOVA system (mainly
the degree of process of the food). Not least, the concept of “healthiness” should not only
be attributed to a single food but also to the quantity and the frequency of consumption as
well as the influence of such food on the whole diet of the single individual.

In conclusion, the findings of the present survey suggest that neither the NOVA system
nor the Nutri-Score or NutriInform battery are capable to describe the healthiness of the
breakfast cereal products in a similar way. The three different FOPLNs give information
on different characteristics of the products. We here rebate that the simple presence of
symbols or colors on the food pack cannot drive the intention-to-buy of the customers. On
the contrary, they should be carefully trained in how to read and understand the nutritional
information present on the food pack and in how to interpret the FOPLNs on the item, and
they should be left with the choice of which breakfast cereals satisfy their nutritional and
health needs.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/nu15082013/s1, Table S1: energy, nutrients, and salt content of retrieved
breakfast cereals, stratified based on the presence of whole grain ingredients and the NOVA group; Table
S2: energy, nutrients, and salt content of retrieved breakfast cereals, stratified based on tertiles of sugar,
fibre, and salt content and the NOVA group.
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Abstract: Depression is the most common mental illnesses worldwide. The consumption of ultra-
processed food (UPF) has increased globally due to its affordability and convenience; however, only a
few studies have investigated the link between UPF intake and depression in the general population.
We investigated the associations between UPF and depression using the Korea National Health and
Nutrition Examination Survey. A total of 9463 individuals (4200 males and 5263 females) aged above
19 years old participated in this study. The prevalence of depression was identified using the Patient
Health Questionnaire-9. Dietary intake was assessed through a 24-h recall interview. The percentage
of energy from UPFs was ascertained based on the NOVA classification. The associations between
the quartile ranges of UPF intake and depression were estimated using logistic regression models.
Individuals in the highest quartile had a 1.40 times higher likelihood of having depression, with
marginal significance (95% confidence intervals (CIs) = 1.00–1.96). In a sex-specific stratification, only
females demonstrated a significant association (odds ratio (OR) = 1.51, 95% CI 1.04–2.21), even after
adjusting for confounders (p-value for trend = 0.023). Our findings revealed a significant association
between higher UPF intake and depression among females but not among males in the Korean
general population.

Keywords: ultra-processed food; depression; general population; mental health

1. Introduction

Depression is among the most prevalent mental disorders worldwide [1]. A meta-
analysis demonstrated that the burden of depression was 12.9%, particularly higher in
females by 14.4% [2]. A general population-based study among adults in the United States
(US) showed that the prevalence of depression increased from 8.5% in 2017–2018 to 27.8%
in 2020 [3]. Among Korean adults, the prevalence of depression has been increased from
4.3% in 2018 to 5.2% in 2020 [4]. Also, depression increases not only the risk of suicide
deaths [1] but also the risk of metabolic syndrome [5].

As a modifiable risk factor, dietary intervention mitigates the risk of depression. The
recent advances in food technologies including food packaging, preparation, and extension
of shelf-life made possible convenient food packages such as home meal replacements,
meal kits, and ready-to-cook meals. Due to its palatability and affordability, the intake of
ultra-processed foods (UPFs) intake has increased globally. Particularly, previous stud-
ies reported persistent increases in UPFs intake among adults in the US from 53.5% in
2001–2002 to 57.0% in 2017–2018 [6], and among adults in the United Kingdom (UK) from
48.6% in 2009–2010 [7] to 56.8% in 2008–2014 [8]. By contrast, Asian countries reported
lower proportions. For example, previous studies have reported the percentage of the
UPF intake among Korean adults was 26.8% [9] and 25.1% [10] in 2016 and 2018, respec-
tively. Among Italians, a median UPF intake was approximately 10% [11] due to their
characterized Mediterranean diet. Evolving evidence demonstrated that high UPF intake

Nutrients 2023, 15, 2169. https://doi.org/10.3390/nu15092169 https://www.mdpi.com/journal/nutrients
291



Nutrients 2023, 15, 2169

has been associated with mortality [12], obesity [13,14], hypertension [15], diabetes [16],
cardiovascular disease [17,18], and dementia [19]. This increased risk of developing chronic
diseases was attributed to high sodium intake, excessive sugar intake, high fat intake, and
use of food additives [20]. Furthermore, these highly processed foods are less likely to
contain fiber, vitamins, and minerals that are commonly found in fresh vegetables and
fruits. Therefore, high UPF intake affects the physiology of individuals.

However, existing evidence supporting the association between the psychological
aspects of individuals and UPF intake, especially depression, is limited. In addition, only a
few studies have examined this link. In France, a previous study among 26,730 individuals
aged from 18–86 years old with over 5.4 years of follow-up reported a link between UPF
and a higher risk of developing depressive [21]. Particularly, this study demonstrated that
the risk of depression was enlarged by 1.21 times as 10% of UPF intake increased (hazard
ratio (HR) = 1.21, 95% confidence intervals (CIs) = 1.15–1.27) [21]. Another study in Spain
examining 14,907 young adults aged about 36.7 years showed that participants in the high-
est quartile of UPF intake had a 1.33 times higher likelihood of developing depression than
those in the lowest quartile (HR = 1.33, 95% CI 1.07–1.64) [22]. These studies suggested the
potential biological links between UPF intake and depression through not only nutritional
aspects but also non-nutritious food additives. Hence, more epidemiological evidence
needs to be accumulated to elucidate this link.

Thus, we aimed to examine the associations between UPF intake and depression among
9463 participants (4200 males and 5263 females) aged 20 years or older in a general population
using the Korea National Health and Nutrition Examination Survey (KNHANES).

2. Materials and Methods

2.1. Study Population

This study used the data derived from the KNHANES by the Korea Centers for Disease
Control and Prevention. The KNHANES was regularly performed to monitor the dietary
intakes, health status, and health-related factors in a nationally representative sample. All
the participants signed an informed consent. We followed the Declaration of Helsinki
guidelines and received approval from the Institutional Review Board (2018-01-03-2C-
A, 2018-01-03-P-A). This survey has an exemption by the Bioethics Act of 2016 with the
purpose for the public well-being.

Of the 23,501 participants included in 2016, 2018, and 2020 KNHANES, 3589 with no
data on dietary intake, 327 with implausible daily energy intake (such as <500 or >5000 kcal),
and 5559 with no Patient Health Questionnaire-9 (PHQ-9) scores were excluded. Of the
remaining 14,026 participants, 3810 who were receiving dietary therapy (n = 3761) and were
pregnant (n = 49) at the time of the study were excluded. In addition, 753 with missing data
on body mass index (BMI, n = 74), physical activity (PA, n = 21), education (n = 4), smoking
(n = 18), hypertension (n = 48), diabetes (n = 460), and UPF (n = 128) were excluded. Hence,
9463 adults were in the study. A flowchart of this process is illustrated in Figure 1.

2.2. Definition of Depression

The PHQ-9 was used to identify cases of depression. It comprised nine questions. The
scores of PHQ-9 ranged from 0 to 27, with a score of 10 or higher indicating depression [23].
The validity and reliability of the PHQ-9 were previously confirmed [24,25]. The PHQ-9
was administered during the 2016, 2018, and 2020 KNHANES.

2.3. Dietary Measurement

To order to determine the dietary intake, professionally trained research staff inter-
viewed those participants and helped them to complete a 24-h recall examination. The
nutrient and energy intakes were calculated using the dietary intake data from the Rural
Development Administration of Korea database [26]. More than 4000 food items were
classified according to the NOVA classification to examine the UPF intake [27,28]. As
highlighted by Monteiro and colleagues, the NOVA system has classified food items into
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four groups: (1) minimally processed or unprocessed foods, (2) culinary ingredients, (3) pro-
cessed foods, and (4) ultra-processed foods [27,28]. After ascertaining the UPF group, the
percentages of total energy intake from the consumption of UPF (%UPF) were calculated.

Figure 1. Flow diagram of the study participants.

2.4. Covariates

All participants completed the study questionnaires and underwent physical exam-
inations in two large-sized buses as mobile examination centers. Physical activity (PA)
was determined using the Global Physical Activity Questionnaire (GPAQ), with moderate
or vigorous activities and total activity [29]. Based on the time spent performing these
activities and the intensity of moderate or vigorous activities, the participants were asked
about activities at work, for recreation, and when traveling to and from certain places,
and the frequency and duration of walking during a usual week [29,30]. The validity
and reliability of the Korean version of the GPAQ have been verified [30]. According to
the PA guidelines [31], adults should perform more than 150 min of moderate–intensity,
75 min of vigorous–intensity, or the corresponding analogous combined time [30]. Smoking
status was classified as nonsmoker, ex-smoker, or current smoker. “Alcohol drinker” was
defined as an individual who consumed alcohol more than once per month during the past
year; “alcohol non-drinker” was defined as an individual who consumed alcohol less than
once per month. Individuals with “hypertension” were identified as those with a systolic
blood pressure of ≥140 mmHg, with a diastolic blood pressure of ≥90 mmHg, or using
antihypertensive medications. Participants with “diabetes mellitus” were defined as those
with a fasting glucose level of ≥126 mg/dL, who were diagnosed by a medical doctor or
were using antidiabetic medications.

2.5. Statistical Analysis

To investigate the KNHANES data derived using the complex sampling method,
weighted survey analyses such as surveymeans, surveyfreq, and surveyreg, were used to
examine the data. To evaluate the different characteristics according to the quartiles of UPF,
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survey regression models were used with a p-value for trend. Additionally, to assess the
associations between UPF intake and depression, multivariable logistic regression models
(e.g., surveylogistic) were used after adjusting for confounding variables including age,
BMI, education, PA, alcohol drinking, smoking, hypertension, and diabetes. All analyses
were performed using SAS version 9.4, with the significant level as p-value < 0.05.

3. Results

Table 1 demonstrates the general characteristics of the 9463 participants and the com-
parisons of sex-specific characteristics among 4200 males and 5263 females between those
with and without depression. Among males, smoking status (p < 0.001) and diabetes
(p = 0.003) were significantly associated with depression; among males with depression,
53.79% were current smokers, and a significantly higher proportion had diabetes. On the
other hand, among females, BMI (p = 0.008), education (p = 0.003), smoking (p < 0.001), dia-
betes (p < 0.001), and UPF intake (p = 0.002) were significantly associated with depression.

Table 1. General characteristics of the study participants according to depression (n = 9463).

Total (n = 9463)

p

Male (n = 4200)

p

Female (n = 5263)

pDepression No
Depression Depression No

Depression Depression No
Depression

n = 445
(4.40%)

n = 9018
(95.60%)

n = 133
(3.04%)

n = 4067
(96.96%)

n = 312
(5.90%)

n = 4951
(94.10%)

Age, years 45.81 ± 1.07 46.97 ± 0.29 0.276 44.06 ± 1.61 46.17 ± 0.36 0.195 46.80 ± 1.35 47.87 ± 0.33 0.433
BMI, kg/m2 24.01 ± 0.24 23.76 ± 0.05 0.324 24.58 ± 0.47 24.47 ± 0.07 0.825 23.68 ± 0.27 22.96 ± 0.07 0.008
Education, %

<High school 31.57 21.12
<0.001

23.72 16.54
0.094

36.01 26.30
0.003High school 36.08 36.95 39.82 39.19 33.96 34.42

>High school 32.35 41.93 36.46 44.27 30.03 39.28
Physical activity, %

Active 37.02 44.04 0.021 39.79 46.88 0.171 35.45 40.83 0.125Inactive 62.98 55.96 60.21 53.12 64.55 59.17
Smoking status, %

Current smokers 32.75 21.31
<0.001

53.79 35.33
0.001

20.82 5.43
<0.001Ex-smokers 19.21 22.48 30.35 37.19 12.90 5.84

Non-smokers 48.05 56.21 15.87 27.48 66.28 88.73
Alcohol drinker, % 55.92 59.11 0.298 74.01 71.32 0.557 45.68 45.29 0.919
Hypertension, % 27.05 26.10 0.696 31.40 29.15 0.623 24.59 22.66 0.463
Diabetes mellitus, % 14.80 8.22 <0.001 18.12 9.61 0.003 12.92 6.64 <0.001

UPF, % 31.11 ± 1.28 27.32 ± 0.29 0.003 33.29 ± 2.41 29.07 ± 0.41 0.080 29.87 ± 1.41 25.34 ± 0.35 0.002

UPF energy, kcal 615.01 ±
35.52

590.64 ±
8.36 0.504 739.06 ±

68.58
713.87 ±

12.63 0.717 544.72 ±
40.21

451.16 ±
7.87 0.023

Total energy, kcal/day 1875.81 ±
48.46

2037.47 ±
12.21 0.001 2209.56 ±

76.30
2326.86 ±

17.07 0.131 1686.71 ±
56.51

1709.92 ±
11.87 0.686

Mean ± SE; BMI, body mass index.

Table 2 lists the general characteristics of 4200 males according to the quartile ranges of
UPF intake. Among the 133 males with depression, those in the higher quartile groups were
younger (p < 0.001). In contrast, among the 4067 males without depression, those in the
higher quartile groups were significantly younger (p < 0.001), had a higher BMI (p = 0.004),
had higher education level (p < 0.001), were current smokers (p < 0.001), were alcohol
drinkers (p < 0.001), and were less likely to have diabetes (p = 0.012) and hypertension
(p < 0.001).
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Table 2. Means and frequencies of the general characteristics of the males according to ultra-
processed food.

Males (n = 4200)

Depression (n = 133) No Depression (n = 4067)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 28

(13.32%)
n = 27

(23.94%)
n = 32

(25.30%)
n = 46

(37.44%)
n = 891

(18.55%)
n = 943

(22.81%)
n = 1069
(26.30%)

n = 1164
(32.34%)

Age, years 52.52 ±
5.53

39.30 ±
2.80

42.66 ±
3.28

45.03 ±
2.18 <0.001 53.94 ±

0.71
48.54 ±

0.64
45.25 ±

0.57
40.81 ±

0.49 <0.001

BMI, kg/m2 22.65 ±
0.78

25.82 ±
0.83

25.05 ±
0.99

24.15 ±
0.66 0.891 24.14 ±

0.14
24.28 ±

0.13
24.67 ±

0.13
24.65 ±

0.14 0.004
Education

<High school 35.87 15.91 14.75 30.46
0.581

28.42 18.85 12.58 11.32
<0.001High school 39.58 38.30 46.70 36.24 32.57 35.86 39.86 44.78

>High school 24.55 45.78 38.56 33.30 39.01 45.29 47.55 43.90
Physical activity, %

Active 19.09 45.61 39.36 43.74 0.370 45.71 47.38 46.62 47.42 0.915Inactive 80.91 54.39 60.64 56.26 54.29 52.62 53.38 52.58
Smoking status, %

Current smokers 45.19 36.08 52.58 68.98
0.306

26.63 28.36 37.58 43.40
<0.001Ex-smokers 35.13 43.87 29.20 20.77 44.23 41.72 35.85 31.04

Non-smokers 19.68 20.06 18.22 10.25 29.14 29.92 26.57 25.56
Alcohol drinker, % 71.39 74.72 67.71 78.73 0.789 64.00 67.70 72.39 77.19 <0.001
Hypertension, % 41.35 31.30 20.22 35.46 0.452 36.88 27.81 27.03 27.38 <0.001
Diabetes mellitus, % 13.56 11.04 20.34 22.77 0.565 12.76 9.80 9.15 8.05 0.012

Mean ± SE; BMI, body mass index.

Table 3 shows the characteristics of 5263 females according to the quartile of UPF
intake. Among the 312 females with depression, those in the higher quartile groups were
significantly younger (p < 0.001), had higher education level (p < 0.001), were current
drinkers (p = 0.007), and were less likely to have hypertension (p = 0.001) and diabetes
(p = 0.023). Among 4951 females without depression, those in the higher quartile groups
were significantly younger (p < 0.001), had a lower BMI (p < 0.001), had higher education
level (p < 0.001), were more physically active (p = 0.026), were current smokers (p < 0.001),
were current drinkers (p < 0.001), and were less likely to have diabetes (p < 0.001) and
hypertension (p < 0.001).

Table 3. Means and frequencies of the general characteristics of the females according to ultra-
processed food.

Females (n = 5263)

Depression (n = 312) No Depression (n = 4951)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 73

(21.60%)
n = 72

(21.13%)
n = 76

(23.84%)
n = 91

(33.44%)
n = 1357
(24.39%)

n = 1317
(25.27%)

n = 1193
(25.41%)

n = 1084
(24.93%)

Age, years 60.39 ±
2.66

48.28 ±
2.33

46.87 ±
2.40

37.03 ±
1.75 <0.001 56.94 ±

0.51
50.11 ±

0.55
44.82 ±

0.51
39.84 ±

0.57 <0.001

BMI, kg/m2 24.55 ±
0.46

22.87 ±
0.71

23.74 ±
0.57

23.60 ±
0.47 0.445 23.51 ±

0.11
23.01 ±

0.12
22.77 ±

0.13
22.57 ±

0.14 <0.001
Education

<High school 66.91 33.81 33.43 19.29
<0.001

46.64 27.63 17.53 13.97
<0.001High school 17.65 41.09 26.79 45.10 30.05 34.82 34.59 38.12

>High school 15.44 25.10 39.78 35.61 23.31 37.55 47.88 47.90
Physical activity, %

Active 41.47 42.15 31.06 30.45 0.392 38.05 40.20 44.91 40.04 0.026Inactive 58.53 57.85 68.94 69.55 61.95 59.81 55.09 59.96
Smoking status, %

Current smokers 15.15 12.11 22.09 29.09
0.103

3.81 4.69 4.06 9.18
<0.001Ex-smokers 6.05 15.60 16.20 13.27 3.43 6.09 5.94 7.82

Non-smokers 78.80 72.29 61.71 57.64 92.76 89.22 90.00 83.00
Alcohol drinker, % 26.60 47.49 43.84 58.17 0.007 30.90 43.81 48.46 57.66 <0.001
Hypertension, % 41.61 29.34 22.64 11.99 0.001 35.59 24.68 17.22 13.50 <0.001
Diabetes mellitus, % 20.68 15.81 14.74 4.78 0.023 12.06 5.68 4.87 4.11 <0.001

Mean ± SE; BMI, body mass index.

Table 4 presents the nutrient intake of 4200 males and 5263 females according to the
quartile of UPF intake. In both males and females, the intakes of sugar, fat, saturated fat, and
dietary sodium were positively increased as the consumption of UPFs increased (p < 0.001,
respectively), except for the carbohydrate and protein intakes. By contrast, the intakes of
vegetables and fruits were significantly decreased as the UPF intake increased (p < 0.001,
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respectively). The nutrient intake according to individuals with and without depression
within 4200 males and 5263 females were examined and were shown in consistent results
(Supplemental Tables S1 and S2).

Table 4. Means of nutrient intakes of the study participants according to the quartile range of
ultra-processed food intakes (n = 9463).

Males (n = 4200) Females (n = 5263)

Q1 Q2 Q3 Q4
p

Q1 Q2 Q3 Q4
pn = 919

(18.39%)
n = 970

(22.84%)
n = 1101
(26.27%)

n = 1210
(32.50%)

n = 1430
(24.22%)

n = 1389
(25.03%)

n = 1269
(25.32%)

n = 1175
(25.43%)

UPF energy, kcal 93.27 ±
3.08

333.32 ±
5.91

698.12 ±
8.99

1347.65 ±
19.51 <0.001 64.04 ±

1.74
251.52 ±

3.58
511.46 ±

6.86
978.01 ±

16.87 <0.001
Total energy,
kcal/day

2001.36 ±
27.92

2193.04 ±
32.99

2398.40 ±
28.44

2536.30 ±
29.36 <0.001 1547.14 ±

18.17
1685.45 ±

20.61
1762.20 ±

21.22
1831.62 ±

25.94 <0.001

Carbohydrate, g 322.26 ±
4.59

328.48 ±
4.58

338.22 ±
4.14

324.77 ±
4.07 0.639 263.91 ±

3.29
267.1 ±

3.46
262.62 ±

3.14
264.62 ±

3.50 0.868

Sugar, g 49.59 ±
1.33

62.16 ±
1.57

69.19 ±
1.55

70.22 ±
1.46 <0.001 47.35 ±

1.13
57.53 ±

1.36
61.55 ±

1.23
64.45 ±

1.37 <0.001

Protein, g 79.67 ±
1.55

85.76 ±
1.64

89.20 ±
1.44

82.75 ±
1.23 0.213 56.74 ±

0.96
63.15 ±

1.03
64.96 ±

0.99
59.02 ±

1.02 0.056

Fat, g 41.73 ±
1.41

53.24 ±
1.77

59.09 ±
1.29

58.04 ±
1.12 <0.001 29.04 ±

0.75
38.84 ±

0.93
45.44 ±

0.94
46.91 ±

1.12 <0.001

Saturated fat, g 12.29 ±
0.48

16.55 ±
0.59

18.83 ±
0.43

20.03 ±
0.43 <0.001 8.37 ± 0.24 12.05 ±

0.33
14.70 ±

0.32
17.06 ±

0.47 <0.001

Dietary sodium, mg 3712.80 ±
80.11

3863.48 ±
76.64

4214.23 ±
70.02

4271.37 ±
72.22 <0.001 2557.88 ±

49.32
2852.45 ±

55.58
3053.09 ±

61.80
3182.66 ±

61.09 <0.001

Food Groups
Vegetables, g 394.40 ±

8.49
353.28 ±

7.77
342.59 ±

7.16
275.66 ±

5.99 <0.001 309.21 ±
6.18

282.97 ±
5.34

253.56 ±
5.50

203.41 ±
5.59 <0.001

Fruits, g 286.27 ±
14.47

254.31 ±
12.29

224.84 ±
11.68

164.82 ±
9.74 <0.001 292.48 ±

10.51
268.06 ±

13.27
223.78 ±

10.00
179.66 ±

8.20 <0.001

Mean ± SE; BMI, body mass index.

Table 5 demonstrates the association between UPF intake and depression after con-
sidering the confounding factors. In the total population, individuals in the highest
quartile were 1.40 times more likely to have depression, with marginally significance
(95% CI = 1.00–1.96). Males showed no association, whereas females demonstrated a signif-
icant association, indicating that females in the highest quartile of UPF were 1.51 times more
likely to have depression (95% CI 1.04, 2.21), even after adjusting for age, BMI, education,
PA, alcohol drinking, smoking, diabetes, and hypertension (p for trend = 0.023).

Table 5. Odds ratios associated with the quartile ranges of the ultra-processed foods on depression
(n = 9463).

Odds Ratio (95% Confidence Intervals)

p-Value for TrendQuartile Range

Q1 Q2 Q3 Q4

Total
n (%) 2349 (21.17%) 2359 (23.89%) 2370 (25.81%) 2385 (29.13%)

UPF% range [0, 9.17] [9.17, 21.22] [21.22, 37.76] [35.76, 100]
OR (95% CI) 1.00 (Ref) 1.18 (0.83, 1.66) 1.21 (0.84, 1.75) 1.40 (1.00, 1.96) 0.066

Males
n (%) 919 (45.47%) 970 (50.06%) 1101 (53.27%) 1210 (58.40%)

UPF% range [0, 9.18] [9.18, 21.22] [21.22, 37.75] [35.75, 100]
OR (95% CI) 1.00 (Ref) 1.47 (0.74, 2.91) 1.23 (0.64, 2.39) 1.34 (0.70, 2.55) 0.624

Females
n (%) 1430 (54.53%) 1389 (49.94%) 1269 (46.73%) 1175 (41.60%)

UPF% range [0, 9.17] [9.17, 21.21] [21.21, 37.76] [35.76, 100]
OR (95% CI) 1.00 (Ref) 1.04 (0.70, 1.54) 1.24 (0.81, 1.91) 1.51 (1.04, 2.21) 0.023

Adjusted for age, body mass index, education, physical activity, smoking, alcohol drinking, hypertension, and
diabetes mellitus.
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4. Discussion

In this cross-sectional study, we found that the burden of depression in the Korean
population from 2016 to 2020 was 4.40%, indicating that it was more prevalent in females
than males (5.90% vs. 3.04%). Moreover, we identified that the average percentage of energy
from UPFs in the Korean general population was approximately 27.49%. Furthermore,
participants with higher UPF intake had higher sugar, fat, saturated fat, and dietary sodium
intake (p for trend < 0.001, respectively) but lower intakes of vegetables and fruits (p for
trend < 0.001, respectively). Furthermore, females in the highest quartile of UPF intake
had a 1.51 times higher likelihood of having depression, after adjusting for confounders
(OR = 1.51, 95% CI 1.04–2.21, p for trend = 0.023).

Our study was the first to examine the associations between UPF intake and depression
in a general population from an Asian country. The percentage of energy intake from the
consumption of UPFs varies among different cultural backgrounds; the US reported an
energy intake of 57.0% in 2017–2018 [6], the UK indicated 56.8% in 2008–2014 [8], and Italy
had approximately 10% due to the Mediterranean diet [11].

Few studies that previously assessed the association between UPF intake and de-
pression reported results that were concurrent with our findings [21,22,32,33]. A previous
study of 26,730 participants with a follow-up of 5.4 years reported the association of in-
creased risk of depressive symptoms with UPF intake, showing that a 10% increase in
UPF intake was associated with 1.21 times higher risk of developing depression (95%
CI = 1.15–1.27) [21]. Another study among 14,907 adults demonstrated an increased risk of
depression in the highest quartile of UPF compared with that in the lowest quartile of UPF
(HR = 1.33, 95% CI 1.07–1.64) [22]. A recent study among Italian participants demonstrated
a significant association between UPF intake and depressive symptoms (OR=2.04, 95%
CI 1.04–4.01) [33]. Furthermore, a meta-analysis indicated the link between UPF intake and
higher risk of depression (RR = 1.28, 95% CI = 1.19–1.38) [32]. However, different from the
two studies, their results adopted various methods in defining UPFs, including not only
the NOVA classification of food items but also fast foods, Western dietary patterns, and
sweetened foods.

Our study participants showed a relatively lower prevalence of depression. To ascer-
tain those with depression among the study participants, we used the PHQ-9, which has
been confirmed to be valid and reliable [24,25]. A study using the NHANES data with
PHQ-9 among 34,963 participants aged 18 years or older showed that the prevalence of
depression was 8.1% (males: 6.5% and females: 9.6%) between 2015 and 2016 [23]. Based on
the responses to the PHQ-9, this current study demonstrated that the prevalence of depres-
sion was 4.40% (males: 3.04% and females: 5.90%) between 2016 and 2020. Furthermore,
females consistently demonstrated a higher prevalence of depression, which may explain
in part the differences in the significance of depression associated with high UPF intake.

We also observed sex-specifically differences in the profiles of risk factors for depres-
sion and their associations with UPF intake. The general characteristics among males
with or without depression were not different except for smoking status and prevalence
of diabetes. However, females with and without depression tended to show significant
differences in BMI, education level, smoking status, the prevalence of diabetes, and UPF
intake. Sex differences in depression were consistent with a previous study [34].

More importantly, in addition to the significantly higher intake of UPFs among those
with depression that we observed above, our findings revealed that according to the
quartiles of UPF intake, both males and females demonstrated significantly increasing
trends in nutrient intakes in total energy, sugar, fat, and saturated fat, dietary sodium,
but significantly decreasing trends in food groups of vegetables and fruits. However, no
significant trends were shown in carbohydrate and protein intakes.

The mechanisms underlying the psychological aspects linked to UPFs have not yet
been elucidated. However, previous studies have attempted to explain this association.
First, high UPF intakes are deficient in bioactive micronutrients such as minerals and
vitamins due to limited whole food constituents from vegetables or fruits. This defi-
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ciency may subsequently be attributable to the increased risk of depression [21]. Second,
high UPF intakes aggravate the disturbance of gut microbiota balance, leading to gut
dysbiosis, followed by detrimental effects on the gut–brain axis, which reduce the pro-
duction of neurotransmitters such as serotonin [32,35]. Moreover, high UPF intake causes
hypothalamic-pituitary adrenal (HPA) dysregulation, which affects appetite hormones and
regulatory neurotransmitter signals [13,22]. Third, gut dysbiosis from high UPF intake
stimulates pro-inflammatory cytokines [36], leading to increased concentrations of high-
sensitivity C-reactive protein [37]. Finally, food additives for flavoring, coloring, palatable
enhancers, and emulsifiers [38], or byproducts and contaminants in the production of UPFs
may induce detrimental effects by disrupting endocrine signals or homeostatic regulatory
pathways [39,40]. Thus, further studies on these links are warranted.

This study has several strengths and limitations. Firstly, the study sample was rel-
atively large with 9463 participants; therefore, it had enough statistical power to detect
the differences even in the sex-specific stratified groups. Secondly, the data were obtained
from the general population through a nationally representative survey, which enables the
generalizability of the study results to other populations. However, this study also has
limitations. It used a cross-sectional design which limited to establish a causal relation-
ship. Moreover, data on dietary intake were obtained through a single 24-h dietary recall
interview, which might have day-to-day variations. However, the day-to-day variations
in dietary intake could be mitigated with the person-to-person variations due to the large
sample size used in the study.

5. Conclusions

In conclusion, our findings revealed a significant association between high UPF intake
and depression among 5263 females but not in 4200 males in the general Asian population,
even after adjusting for age, BMI, alcohol drinking, smoking, education, hypertension,
diabetes, and PA. Based on these findings, further studies are warranted.
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Abstract: Ultra-processed foods (UPF) are energy-dense, nutritionally unbalanced products, low in
fiber but high in saturated fat, salt, and sugar. Recently, UPF consumption has increased likewise
the incidence of obesity and cardiometabolic diseases. To highlight a possible relationship, we
conducted a systematic review of prospective studies from PubMed and Web of Science investigating
the association between UPF consumption and the incidence of obesity and cardiometabolic risk
factors. Seventeen studies were selected. Eight evaluated the incidence of general and abdominal
obesity, one the incidence of impaired fasting blood glucose, four the incidence of diabetes, two the
incidence of dyslipidemia, and only one the incidence of metabolic syndrome. Studies’ quality was
assessed according to the Critical Appraisal Checklist for cohort studies proposed by the Joanna
Briggs Institute. Substantial agreement emerged among the studies in defining UPF consumption
as being associated with the incident risk of general and abdominal obesity. More limited was the
evidence on cardiometabolic risk. Nevertheless, most studies reported that UPF consumption as
being associated with an increased risk of hypertension, diabetes, and dyslipidemia. In conclusion,
evidence supports the existence of a relationship between UPF consumption and the incidence of
obesity and cardiometabolic risk. However, further longitudinal studies considering diet quality and
changes over time are needed.

Keywords: ultra-processed foods; NOVA; obesity; cardiometabolic risk; adults; cohort study systematic
review

1. Introduction

Obesity is a growing worldwide health problem. It is characterized by excessive
adiposity that can compromise health status. According to the World Health Organi-
zation, obesity affects more than 1 billion people worldwide, 650 million of whom are
adults [1]. Obesity is closely linked with metabolic syndrome [2], defined by the National
Institutes of Health as a cluster of interconnected metabolic abnormalities, including cen-
tral adiposity, dyslipidemia, high blood pressure, and impaired fasting glucose [3]. Both
obesity and metabolic syndrome are associated with increased risk for mortality and many
non-communicable diseases (NCDs) [2].

Obesity and metabolic syndrome are complex, multifactorial diseases whose causes
are not yet fully elucidated. However, it is well known that dietary habits play a crucial role
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in influencing cardiometabolic risk [4]. Several epidemiological studies support an inverse
association between adherence to healthy dietary patterns, such as the Mediterranean diet,
and cardiometabolic risk [5–7]. In contrast, a diet rich in highly processed foods is strongly
associated with obesity and related metabolic comorbidities [8–10].

The NOVA food system was proposed in 2010 to classify foods according to the
level of processing [11]. According to this system, foods are classified into four different
food groups according to the type, extent, and scope of industrial processes to which
foods have been subjected. The first group refers to unprocessed or minimally processed
foods. This group includes edible parts of plants or animals and natural foods altered by
processes aimed to make them edible, suitable for preservation, safe, or more palatable. The
second group refers to processed culinary ingredients including lard, butter, oils, salt, and
sugar. They are generally used in combination with foods to make meals and dishes more
palatable. The third group refers to processed foods. This group includes food products
obtained by adding substances from group 2 to group 1 foods in order to increase their
shelf life and enhance sensory qualities. They mostly contain two or three ingredients.
The last group references ultra-processed foods (UPF). This group includes formulations
mainly made of unmodified and modified substances extracted from foods and assembled
with few, if any, whole foods. They also contain food additives to increase palatability,
sensory characteristics, and shelf-life. They generally contain five or more ingredients.
Examples of UPFs are breakfast cereals, packaged savory and sweet snacks, packaged
bread, margarine, reconstituted meat products, pre-prepared frozen dishes, instant soups,
sweet and carbonated beverages, and distilled alcoholic beverages.

Several studies reported that UPF consumption is rising, accounting now for more
than half of the daily calories of US [12], Canadian [13], or British [14] diets. Moreover,
it has been shown that high UPF consumption leads to a nutritionally unbalanced diet,
rich in energy, saturated fat, sugar, and salt and poor in fiber, vitamins, and minerals [14],
potentially affecting the risk for obesity and cardiometabolic risk factors [15]. Therefore,
we conducted a systematic review aimed to summarize the available literature on the
association between UPF consumption and the incidences of obesity and cardiometabolic
risk factors among adults.

2. Materials and Methods

2.1. Search Strategy

Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines
(PRISMA) were followed to carry out the study [7]. Studies included in the present review
were identified by searching in two electronic databases, including PubMed and Web
of Science, using the following search string: (ultraprocessed food* OR ultra-processed
food* OR ultra processed food* OR NOVA food*) AND (obesity OR overweight OR waist
circumference OR blood pressure OR hypertension OR dyslipidemia OR triglycerides OR
cholesterol OR impaired fasting glucose OR diabetes OR metabolic syndrome OR cardio-
vascular disease OR cardiovascular risk). Electronic search was carried out in Septem-
ber 2022. This systematic review was registered in PROSPERO with registration number
CRD42023423112.

2.2. Study Selection, Inclusion and Exclusion Criteria

Initially, we proceeded to exclude duplicates. Then, two independent investigators
(S.P.M. and S.R.) selected articles based on title and abstract. The selected articles were then
evaluated for eligibility. To be included in the present review, articles needed to be original,
include healthy participants aged 18 years or older, written in English, have a prospective
cohort study design, use NOVA classification to define UPF, and have as outcomes general
or central obesity and cardiometabolic risk factors. No country/region/ethnicity nor
date restrictions were applied. Cross-sectional and case-control studies were excluded.
Studies limiting the evaluation only to a specific food category included in the definition
of UPF, such as reconstituted meat products or sugar-sweetened beverages, or that assess
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household availability or purchase of UPF were excluded. We further excluded meta-
analyses, review articles, congress abstracts, letters, and comments. Disagreements in study
selection were resolved through consensus or by seeking the opinion of a third investigator
(A.L.) if consensus could not be reached.

2.3. Data Extraction

From each article, we extracted the following data: main author, country, year of
publication, number of participants, outcomes, dietary assessment method, confounding
factors, and main results. Two independent investigators (S.P.M. and F.M.) reviewed
selected articles and performed data extraction. A third investigator (A.L.) supervised data
extraction and solved inconsistencies and disagreements.

2.4. Quality Assessment

Two independent investigators (S.P.M. and M.P.) conducted the quality assessment.
The Critical Appraisal Checklist for cohort studies proposed by Joanna Briggs Institute
was used to assess the methodological quality of the selected studies [16]. The checklist
included 11 items related to the following critical domains: population characteristics,
follow-up, outcomes, exposure, confounders, and statistical analysis. For each item, it
was possible to respond with “no”, “yes”, “unclear”, or “not applicable”. Based on the
responses, an overall critical assessment of the quality of the study was obtained. In cases
where the two investigators disagreed in answering individual items, the opinion of a third
investigator (A.L.) was sought. Studies that received a positive score in at least half of the
items were considered to be of acceptable quality for inclusion in this Review [9].

3. Results

A total of 2662 articles were initially found on Pubmed and Web of Science (Figure 1).
We then removed 717 duplicates and discarded an additional 1852 articles based on title
and/or abstract, as they were deemed irrelevant to the review. The remaining 93 records
were evaluated for eligibility. Of these, 2 articles were not written in English, 42 were
review, meta-analysis, editorial, commentary, or congress abstracts, and 32 were original
studies but with a study design different from the cohort study (mainly cross-sectional), and
therefore were removed. At the end of the evaluation process, 17 studies were included in
this systematic review. The quality assessment of the selected studies is shown in Figure 2.

3.1. Study Characteristics

The 17 studies included a total of 822,213 adults of both sexes (Table 1). The sample
size ranged from a minimum of 652 to a maximum of 348748. Four studies were conducted
in Brazil [17–20], two in France [21,22] one in Mexico [23], one in the Netherlands [24],
five in Spain [25–29], two in the UK [30,31], and another in China [32]. One study used
data from the EPIC study cohort, which collects data from several European countries
such as Denmark, France, Germany, Italy, and Norway [33]. Regarding dietary assessment,
nine studies used food frequency questionnaires (FFQ) consisting of a different number
of questions [18–20,23,24,26–28,33], six studies used the 24 h recall [17,21,22,30–32], and
two studies used dietary history [25,29]. The cohort study published by Cordova et al.
uses both Food Frequency Questionnaires (FFQ) and dietary interviews to collect data on
UPF consumption. UPF consumption (exposure variable) was assessed as the percentage
of energy from UPF (%UPFenergy) in six studies [17,18,23,25,29,31], as servings of UPF
consumed per day in two studies [26,27], as grams of UPF (UPFg/day) per day in five
studies [19,22,28,32,33] and as the proportion of UPF intake in the total weight of food
consumed (%UPFintake) in three studies [21,30]. In one study, UPF consumption was
expressed both as a %UPFenergy and a %UPFintake [20].
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Figure 1. Flow chart of studies’ selection process.
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Figure 2. Quality checklist. Studies receiving a positive score in at least half of the items were
considered to be of acceptable quality for inclusion [17–33].
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3.2. Consumption of Ultra-Processed Food, Excess Body Weight, and Abdominal Obesity

Eight cohort studies investigated the relationship between UPF consumption and the risk
of weight excess and abdominal obesity, all finding a positive relationship [17,20,21,25,26,32–34].
Four studies focused on the risk of overweight and obesity [17,21,26,33] and two studies
on the risk of abdominal obesity [20,25,31], while two other studies investigated both the
risk of overweight and obesity and of abdominal obesity [31,32]. Mendonca et al. [26]
analyzed data from the SUN cohort, reporting that normal-weight participants consuming
higher amounts of UPF, expressed as consumption of servings per day, had a 26% higher
risk of developing overweight or obesity during follow-up (HR = 1.26; 95% CI: 1.10, 1.45,
Ptrend = 0.001), than participants with lower UPF consumption. Similarly, data from the
ELSA cohort [17] showed that normal-weight participants in the uppermost quartile of
UPF consumption had a 20% higher risk of overweight and obesity during follow-up than
participants in the lowest quartile (RR = 1.03, 95% CI: 1.0, 1.40). However, no association
between UPF consumption and incident risk of obesity was found among participants
who were overweight at baseline (fourth vs. first quartile RR = 1.02, 95% CI: 0.85, 1.21).
Results from the French NutriNet-Santè cohort [21], including 110260 adults, reported
an 11% increase in the risk of developing overweight or obesity among normal-weight
participants (HR = 1.11, 95% CI: 1.08, 1.14; p < 0.001) and a 9% increase in the risk of
developing obesity among overweight participants (HR = 1.09, 95% CI: 1.05, 1.13; p < 0.13),
associated with a 10% increase in the % of energy from UPF. Data from the EPIC cohort [33],
including a multi-national population of 348748 adults, also reported that normal-weight
participants in the fifth quintile of UPF consumption had a 15% higher risk of developing
overweight or obesity (RR = 1.15, 95% CI: 1.11, 1.19; Ptrend < 0.001) than participants in
the first quintile of UPF consumption. Similarly, overweight participants in the highest
quantile of UPF consumption had a 16% higher risk of developing obesity (RR = 1.16, 95%
CI: 1.09, 1.23; Ptrend < 0.001) than overweight participants with low consumption of UPF.
Data from the China Health and Nutrition Survey (CHNS) [32], including 12451 adults of
both sexes, showed a higher risk of overweight and obesity (OR = 1.45, 95% CI: 1.21, 1.74)
and abdominal obesity (OR = 1.50, 95% CI: 1.29, 1.74) in participants consuming ≥50 g/day
of UPF than non-consumers. Additionally, Rauber et al. [34] found that participants in the
fourth quartile of UPF consumption presented a 79% and 30% greater risk of developing
obesity (HR = 1.79, 95% CI: 1.06, 3.03) and abdominal obesity (HR = 1.30, 95% CI: 1.14, 1.48),
respectively, than participants in the first quartile of UPF consumption. Sandoval et al. [25]
reported that, in the Seniors-ENRICA-1 cohort, the incidence of abdominal obesity in elders
was significantly higher in participants in the uppermost tertile of UPF consumption than
participants in the lowest one (OR = 1.61; 95% CI: 1.01, 2.56; Ptrend = 0.048). Finally, DaSilva
Magalhães et al. [20] assessed UPF consumption in 896 men and women aged 23–25 years
and related it to the incidence of metabolic syndrome and its components at ages 37–39.
They found that UPF consumption was associated with a higher risk of abdominal obesity
in women (RR = 1.01, 95% CI: 1.00, 1.02) but not in men.

3.3. Consumption of Ultra-Processed Food, Impaired Fasting Glucose, and Diabetes Mellitus

The association between UPF consumption and incident risk of impaired fasting
glucose was investigated in only one study [20]. On the other hand, four studies fo-
cused on the relationship between UPF consumption and the risk of type 2 diabetes
(T2D) [24,28,30,35]. New cases of diabetes were identified by self-reported data supported
by medical records [20,28,35] or nurse interviews [30] or blood glucose and HbA1c mea-
surements [24]. Silva Magalhães et al. [20] reported that UPF consumption at 23–25 years
was not associated with impaired fasting glucose at 37–39 years (%UPFenergy RR = 1.00,
95% CI: 0.99, 1.01; %UPFintake RR = 0.99; 95% CI: 0.98, 1.00). Concerning the incident risk
of T2D, in the NutriNet-Santé cohort, Srour et al. [35] found a 15% higher risk of T2D
associated with an increment of 10% of UPF consumption (grams per day) (HR = 1.15, 95%
CI, 1.06–1.25; p = 0.001). Similarly, for each 100g/d increment in the absolute amount of
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UPF, the risk of T2D increased by 5% (HR = 1.05; 95% CI: 1.02, 1.08). In the Lifelines cohort,
including participants aged 35–70 years, Duan et al. [24] found that a 10% increment in UPF
consumption was associated with a 25% higher risk of T2D (OR = 1.25, 95% CI: 1.16, 1.34).
Levy et al. [30], in the UK Biobank cohort, found that participants in the fourth quartile of
UPF consumption had a 44% higher risk of T2D than participants in the first quartile of UPF
consumption (HR = 1.44; 95% CI: 1.04, 2.02). Moreover, they observed a significant 12%
increased risk of T2D per 10%-point increments in UPF consumption (HR = 1.12; 95% CI:
1.04, 1.20). Finally, in the SUN cohort, Llavero-Valero et al. [28] found a 53% increased risk
of T2D (HR = 1.53; 95% CI: 1.06, 2.22; Ptrend < 0.001) in participants in the third tertile of
UPF consumption as compared with participants in the first one.

3.4. Consumption of Ultra-Processed Food and Hypertension

Four studies focused on the relationship between UPF consumption and the inci-
dence of hypertension [18,20,23,27]. Three studies [18,20,27] evaluated this relation both
in men and women, whereas only one [23] did so for women. Additionally, two studies
evaluated the outcome as self-reported diagnoses of hypertension [23,27] while in the
other two [18,20], the outcome was defined by measuring the systolic and diastolic blood
pressure during the follow-up. Mendonça et al. [27] observed a 21% higher risk of hy-
pertension among participants in the uppermost tertile of UPF consumption compared
with participants in the first tertile (HR = 1.21, 95% CI: 1.06, 1.37, Ptrend = 0.004). Similarly,
Scaranni et al. [18] found participants of the ELSA-Brasil cohort with high UPF consump-
tion to have a 17% increased risk of developing hypertension (OR = 1.17; 95% CI: 1.00,
1.37) than participants with low UPF consumption. In contrast, in the Mexican Teachers’
Cohort (MTC), including 64934 women, Monge et al. [23] did not find UPF consumption
significantly associated with the incident risk of hypertension when comparing extreme
categories of UPF consumption (IRR = 0.96; 95% CI: 0.79, 1.16; Ptrend = 0.95). Finally,
DaSilva et al. [20] reported that the %UPF at 23–25 years is marginally associated with the
risk of hypertension at 37–39 years old (%kcal adjusted RR = 1.01; 95% CI: 1.00, 1.02).

3.5. Consumption of Ultra-Processed Food and Lipid Profile

Among the studies selected, three studies investigated the association between UPF
consumption and the incidence of dyslipidemia [19,20,29]. Two of them focused on
adults [19,20] and the other one on elders (≥60 years old) [29]. Of the 1821 participants
from the Seniors-ENRICA cohort, Donat-Vargas et al. [29] reported that participants in the
third tertile of energy intake of UPF had a higher risk for hypertriglyceridemia (OR = 2.66;
95% CI: 1.20, 5.90; Ptrend = 0.011) and low HDL cholesterol (OR = 2.23; 95% CI: 1.22, 4.05;
Ptrend = 0.012) than participants in the first tertile. No association between UPF consump-
tion and high LDL cholesterol emerged. Scaranni et al. [18,19], in the ELSA-Brasil cohort,
observed that participants with medium and high UPF consumption had a higher risk of
developing isolated hypertriglyceridemia (OR = 1.14, 95% CI: 1.03 and 1.26; OR = 1.30,
95% CI: 1.17 and 1.45), isolated hypercholesterolemia (OR = 1.12, 95% CI: 1.00 and 1.27;
OR = 1.28, 95% CI: 1.12 and 1.47), low HDL cholesterol (OR = 1.12, 95% CI: 1.00 and 1.24;
OR = 1.18, 95% CI: 1.05 and 1.32), and mixed hyperlipidemia (OR = 1.21, 95% CI: 1.05 and
1.39; OR = 1.38, 95% CI: 1.18 and 1.62) than participants consuming lower amounts of UPF.
However, the association with low HDL cholesterol was lost when BMI was included in the
model. On the contrary, DaSilva et al. [20] reported that UPF consumption at 23–25 years
old was not associated with the risk of hypertriglyceridemia at the age of 37–39. On the
other hand, UPF was associated with a higher risk of low HDL only in women (RR = 1.02,
95% CI: 1.01, 1.04).

3.6. Consumption of Ultra-Processed Food and Metabolic Syndrome

Only one study evaluated the relationship between UPF consumption and the incident
risk of MetS [20]. The authors [20] reported that UPF consumption at 23–25 years was not
associated with the risk of MetS at 37–39 years (RR = 1.00; 95% CI: 0.99, 1.01).

312



Nutrients 2023, 15, 2583

4. Discussion

In this systematic review, we summarized all available prospective studies focused on
the association between UPF consumption and the incidence of obesity and cardiometabolic
risk factors in adults. All studies included reported UPF consumption associated with
the risk of developing overweight and obesity [17,21,26,31–33]. Moreover, although more
limited in number, the studies included in this review agreed on the association between
UPF consumption and abdominal obesity [17,20,25]. Much more limited and heterogeneous
were the prospective studies investigating the association between UPF consumption
and cardiometabolic risk factors. However, most evidence supports the existence of a
relationship with an increased risk of dyslipidemia, hypertension, and diabetes.

Traditionally, UPFs are energy-dense products with low nutritional quality. They
contribute to increasing dietary intakes of saturated and trans fatty acids, sugars, refined
carbohydrates, and sodium, and to reducing dietary intakes of fiber, micronutrients, and
other protective bioactive compounds naturally present in foods [14]. In addition, it has
been reported that these products are less satiating and characterized by a greater glycemic
response than minimally processed foods [36]. Because of the higher energy density, low
satiating effect, and large portion packing [37], consumption of these products may promote
excess energy intake [38]. The minimal preparation skills required for UPF consumption can
then alter eating patterns, leading to the rapid and unconscious consumption of food while
engaged in routine alternative activities [39,40], altering neural and digestive functions
that signal hunger and satiety, leading to overconsumption [41,42]. In addition, given their
high fat and sugar contents, they can alter the reward neurocircuit mechanism, leading
to increased food cravings and further exacerbating overconsumption [43,44]. To this it
should be added that, under conditions of energy excess, the increased glucose response
induced by UPF consumption may alter the insulin response, favoring the storage of
excess nutrients in adipose tissue rather than their oxidation [45]. Excessive energy intake
and obesity resulting from UPF consumption are certainly reasons for the development
of cardiometabolic risk factors. However, this cannot entirely explain the associations
observed between UPF and cardiometabolic risk factors, as many studies controlled their
models for BMI and total energy intake. Many UPFs, such as condiments, broths, soup
powders, and processed meats, have high levels of salt, contributing to higher sodium
intake, a known risk factor for developing hypertension [46]. Added sugar could also alter
fructose metabolism in the liver, promoting insulin resistance in the liver and throughout
the body. Added fructose has been found to contribute to low-grade inflammation and
oxidative stress, potentially causing β-cell damage and reducing insulin secretion [47].
Moreover, excess dietary fructose has been reported to impair the catabolism of very low-
density lipoprotein cholesterol (VLDL-C) and increase VLDL-C synthesis, leading to an
increase in triglycerides [48]. UPFs are also a source of trans and saturated fatty acids,
which may contribute to an increased risk of dyslipidemia. Several RCTs found trans fatty
acids having adverse effects on lipid profile [49], such as decreasing HDL cholesterol [50]. In
addition, the intake of saturated fatty acids may have a negative impact on lipid metabolism,
especially by virtue of the fact that UPFs are simultaneously low in PUFA [51]. Finally, UPFs
contain plenty of chemical additives, synthetic antioxidants, and preservatives; many of
these have been shown to increase the risk of obesity, deteriorate the lipid [52] and glucose
profiles [53], and induce low-grade inflammation and metabolic syndrome [54]. In addition,
the packaging of UPF can release known endocrine-disrupting chemicals (e.g., bisphenol
A) into the food, increasing the risk of obesity and cardiometabolic risk [55–57]. Finally, it
is presumed that those who consume high amounts of UPF have lower consumption of
whole grains, fruits, and vegetables, limiting the intake [58] of micronutrients and bioactive
compounds that may reduce cardiometabolic risk.

Despite the associations found, some considerations need to be made to evaluate the
associations between UPF consumption and the incidence of obesity and cardiometabolic
risk factors and to compare the results between studies. Only six studies controlled for
dietary patterns or quality [19,21,22,24,25,33]. Considering the overall dietary pattern
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avoids potential confounding by other aspects of the diet, allows for evaluation of the
interaction between synergistic components, and increases the ability to assess stronger
effects due to the cumulative effects of many dietary characteristics [59]. An approach
focused only on UPF consumption does not take into account the substitution effects of
foods and associated foods [60]. Consumption of UPFs in a varied and balanced diet
may not have the same effect as when they are consumed in a high-calorie diet, in which
consumption of UPFs leads to the reduction of foods of higher nutritional value [9]. In
addition, a very limited number of studies have repeatedly measured exposure. Dietary
habits may change over time according to the food offered and living or environmental
conditions, and consequently, they may influence the risk of obesity and cardiometabolic
risk factors. An additional source of bias may be the method used for diet assessment. Most
studies used 24 h recall and FFQ, while only two studies used dietary history. Although
they are all accepted methods for evaluating dietary consumption, they are susceptible to
recall bias and to difficulties in quantifying portions, compared with prospective methods
based on recording and weighing foods consumed. Moreover, although a single 24 h recall
is generally considered valid for assessing a population’s food intake, to have a better
estimation of habitual UPF consumption, especially given the wide range of products that
are part of it, it may be necessary to consider multiple food days. In addition, although
the FFQ is a commonly used method to assess the diet–health association, it suffers from
some measurement errors. The dietary assessment is often limited to a specific list of foods
that varies according to the questionnaire used and the quantification of intake is not as
accurate as with the 24 h recall or food diary [61]. Moreover, it should be remembered that
all of these methods are not specifically designed to assess UPF consumption as it is defined
by the NOVA classification. This can determine an overestimation or underestimation of
UPF consumption. Finally, the use of different units of measurement to assess exposure to
UPF (e.g., %UPFenergy, servings, g/day, (%UPFintake) may have contributed to increased
heterogeneity among studies. Future studies should therefore standardize the units of
measurement to facilitate the comparison of results. Since obesity, as well as cardiometabolic
risk and other NCDs, is strongly related to caloric intake, it is important to discern the effect
of UPFs from that of total energy intake. Using a nutrient density model (%UPFenergy),
without further adjustment for total calories, is not sufficient to remove the effect of total
energy intake [62]. In addition, this approach does not allow for the consideration of UPFs
that do not provide energy (e.g., artificially sweetened beverages). Similarly, the use of
daily consumption frequency alone, without portion quantification, does not allow for true
quantification of the foods consumed (e.g., many small portions might be equivalent to
one large portion). These limitations can be overcome by using the total weight of foods
consumed. In addition, using energy-adjusted food weight with the residual method would
control for confounding factors by total energy intake and remove extraneous variations
due to total energy intake [62].

Among the limitations of the present review is that many of the studies assessed
exposure only at baseline. It must be considered that dietary habits assessed at baseline may
have changed during follow-up, affecting risk estimates. To obtain a better representation
of dietary habits and identify the direction of their relationship with cardiometabolic risk,
more longitudinal studies with repeated assessments of food intake are needed. Moreover,
several studies had a retention rate during follow-up that was potentially suboptimal
(<80%). In addition, although the adjustment for confounders was considered satisfactory
overall, several studies did not consider diet quality, which may have influenced the result.
Poor geographic representativeness is a further limitation. The majority of the studies were
conducted in Brazil, Spain, France, and England, limiting the generalizability of the results
for other countries. Although the NOVA classification is internationally recognized, it may
not be appropriate in all countries due to different cultural and dietary habits, as well as
different industrial food production technology. For example, it was found that 23% of
UPFs sold in Italy were of high nutritional quality considering three front-of-pack labeling
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schemes [63]. Therefore, further studies need to be conducted on other populations in order
to develop correct nutrition policies and recommendations.

Nevertheless, this systematic review also has some strengths. We included only
prospective cohort studies that, by measuring events in a temporal sequence, allow us to
distinguish causes from effects [64]. This also made it possible to limit the variability due
to the use of different study designs. In addition, we only included studies that used the
NOVA classification, limiting the variability among studies due to different methods of
defining UPF.

5. Conclusions

In conclusion, studies currently available in the literature agree that the consumption
of ultra-processed foods is associated with the incidence of obesity. Less clear is its relation-
ship with the incidence of outcomes related to cardiometabolic risk. Despite the positive
associations found between the consumption of ultra-processed foods and cardiometabolic
risk, the studies reported in the literature are still very limited, especially for some out-
comes, and some results are conflicting, probably due to the adoption of different methods
for assessing dietary habits, adjustment for possible confounders not always optimal, and
other methodological limitations. Further longitudinal studies are therefore needed to
better compare these associations, possibly considering overall dietary quality and dietary
changes over time.
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