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Abstract: Background: Over time, there have been significant changes in the dietary patterns of
the Chinese population with the emergence of ultra-processed foods (UPFs). Methods: To ascertain
the changes in UPFs intake among adults in southern China, over the past two decades, the study
included residents aged 18 years and older who participated in the China National Nutrition Surveys
in Guangdong province in 2002, 2012, and 2022. Dietary intake data were collected via three-day
24 h dietary recalls and weighing household foods and condiments. The recorded dietary data were
classified according to the NOVA classification system, and the percentage of total energy derived
from each food group was calculated. Results: From 2002 to 2022, there was a notable increase
in the consumption of UPFs among adults in Guangdong Province, with the percentage of UPFs
intake rising from 0.88% to 8.52% (p-value < 0.001). This growth was especially pronounced among
specific population groups, including the young, the better educated, and those living in highly
urbanized areas. The largest increase in energy intake from UPFs was observed among students,
from 0.42% to 17.26% (p-value < 0.001). The nutrient contents of UPFs in Guangdong in 2022 were
found to contain a markedly higher calculated percentage of calories provided by carbohydrates in
comparison to minimally processed foods (56.6% vs. 43.8%) as well as in sodium (749 mg/100 kcal
vs. 29 mg/100 kcal). Conclusions: Given the increasing consumption of UPFs and the growing
evidence linking these products to chronic diseases, it is important to promote healthy food intake
and balanced diets through active nutritional education campaigns to prevent potential health risks
that may arise.

Keywords: ultra-processed foods; consumption; nutrient; adults; China National Nutrition Surveys

1. Introduction

With the accelerated growth of the global economy, there has been a notable shift in
the dietary habits of the world’s population towards ultra-processed foods (UPFs). Such
foods are defined as industrial formulations, primarily composed of refined or extracted
ingredients, which are typically supplemented with a multitude of additives, yet are
notably lacking in whole foods [1]. Although the development of food processing has
brought about a certain increase in food variety and safety [2,3], the issue lies in the fact
that UPFs not only diminish the inherent nutritional value of the food, but also introduce
additional amounts of oil, salt, and sugar during their production [4,5], making people
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consume more energy. Cohort studies consistently show that a high level of consumption
of UPFs is a significant contributing factor to the risk of obesity [6-8] and cardiovascular
diseases [9] risks in adults and is linked to an increased hazard for depression [10,11], as
well as all-cause mortality [12,13]. Furthermore, diets comprising a high proportion of
UPFs are associated with an increased risk of nutritional imbalance [14,15].

Meanwhile, the structure of the Chinese diet is undergoing major changes. Dietary
patterns have gradually shifted from a traditional diet based on grains and vegetables to
one associated with high intakes of fat and calorie-dense foods [16]. The consumption of
fruits, dairy products, fast food, and drinks rose considerably, while the consumption of
rice fell sharply [17]. Dietary preferences are shifting towards high-fat, low-carbohydrate,
low-fiber diets [18], coinciding with a shift in the consumption of UPFs.

Guangdong, as a province near to the port, has been at the frontier of economic
development and openness since the implementation of the economic reform and open
policy. This has created a favorable environment for the food industry to flourish and
for foreign goods to enter the Guangdong market. Given the changes in food types and
lifestyle transitions that are occurring in Guangdong; it is likely that trends in the intake of
processed foods will be seen more clearly than in other regions.

Gaining an understanding of dietary trends is crucial for promoting dietary guidance
and nutrition education actions to enhance diet quality and protect the public from diet-
related chronic diseases. Equally, it is vital to determine how dietary trends vary for specific
socio-demographic subgroups to inform public health efforts to address these differences.
There is a lack of long-term dietary surveillance studies on food processing. To address
these deficiencies in knowledge, we examined long-term trends in dietary intake by level of
processing for different socio-demographic segments of the Guangdong adult population
between 2002 and 2022. Further analysis was conducted on the nutrient profiles associated
with UPFs consumed in the most recent round of surveys (2022). Such information may
serve to guide the formulation of policies and priorities pertaining to the consumption of
UPPFs, thereby enhancing the dietary quality of adults in Guangdong.

2. Materials and Methods
2.1. Study Design and Population

The present study was based on three rounds of the China National Nutrition Surveys
(CNNS) in 2002, 2012, and 2022. The CNNS represents a nationally surveyed program
conducted by the Chinese Centre for Disease Control and Prevention at five to ten-year
intervals, beginning in 1959. Multistage stratified cluster sampling methods are employed
to select residents of all Chinese provinces. The particulars of the design of the survey and
the methods employed have been described elsewhere [19]. We used the data from the
Guangdong Province portion of the CNNS survey for analysis.

We excluded the subjects according to the following exclusion criteria: (1) participants
with age under 18 years, 5104 in total; (2) pregnant women or breastfeeding mothers, 326
in total; (3) participants with implausible energy intakes (<800 kcal/day or >6000 kcal/day
for men; <600 kcal/day or >4000 kcal/day for women), 406 in total. Finally, a total of
12,219 adults aged 18 years old or older were included in the present study. The flow of
inclusion is shown in Figure 1.

Approval for the series of nationwide surveys was granted by the Ethics Committee
of the National Institute of Nutrition and Health, Chinese Center for Disease Control and
Prevention (Approval Number: 2022-008, approval date: 28 January 2022). Prior to the
commencement of the investigation, all participants were required to sign an informed
consent form.
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There were 18,150 participants included in the dietary survey:
2002 (n =7729), 2012 (n = 5361), 2022 (n = 5060)

Included 13,046 participants aged 18 years old and over with complete

personal infomation, and had at least 2 days dietary record:
2002 (n = 5413), 2012 (n = 4181), 2022 ( n = 3452)

—{ Excluded 326 participants who were pregnant or lactating

Excluded 501 participants with implausible energy intakes

(<800 kcal per day or >6000 kcal per day for men and

<600 kcal or >4000 kcal for women)

A total of 12,219 participants were included in the final analysis:
2002 (n = 5292), 2012 (n = 3928), 2022 (n = 2999)

Figure 1. Flowchart of inclusion into the study.

2.2. Data Collection

Demographic and socioeconomic information was personally provided by respon-
dents during at-home interviews conducted by trained staff.

To obtain comprehensive dietary data, a combination of 24 h food recall over three
consecutive days and a weighing method was applied to assess dietary intake. The pre-
vious 24 h dietary intake was documented for each recall day, with two weekdays and
one weekend day included. Culinary seasonings were assessed separately, with trained
investigators carefully weighing each food item in the household inventory. The Chinese
Food Composition Table is used to calculate total daily energy and nutrient intakes [20].

2.3. Definition of NOVA Food Groups

In accordance with the NOVA food classification system, food items were categorized
into four groups, including minimally processed foods (MPFs) [group 1], culinary sea-
sonings [group 2], processed foods [group 3], and ultra-processed foods (UPFs) [group 4].
These four categories are referred to as the NOVA food groups. MPFs refer to food in its
natural form without any alteration, and these foods do not contain added substances such
as salt, sugar, or oil. Many MPFs are prepared into dishes at home or in restaurants. Culi-
nary seasonings are substances extracted from nature through processes such as pressing,
grinding, crushing, or refining. Processed foods are industrially produced products that
may contain preservatives, antioxidants, or stabilizers. Examples are canned vegetables
and fruits, canned meat products, cheese, and seasoned nuts.

UPFs are ready-to-eat, ready-to-drink, and ready-to-cook foods. In addition to natural
ingredients such as sugar, salt, and oil, UPFs may contain food additives such as flavorings,
colorings, emulsifiers, sweeteners, and other additives, and their products often undergo
intensive industrial processing such as pre-frying, molding, extrusion, and hydrogenation.
In addition to instant noodles, frozen dishes, packaged snacks, and sausages, this food
group also includes soy sauce, and chicken essence, which are commonly used in cooking.

For food items that could not be clearly classified, one or more food substances present
in the ingredient list that are not used in kitchens, such as fructose and inverted sugar, were
identified as UPFs. Two researchers conducted the classification of food items according to
the NOVA system separately and a third researcher verified the results. In instances where
classification was ambiguous or when disaggregation of recipes (homemade or industrial-
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ized) raised doubts, a group discussion was held to determine the appropriate classification.
The classification deemed to be the most conservative in nature was then chosen. A detailed
description of the NOVA classification can be found in other literature [1].

2.4. Population Subgroups

Trends in consumption of UPFs were further assessed among population subgroups
by gender, place of residence (urban city and rural areas), age group (1844 y, 45-59 y,
and >60 y), education level (primary school or below, secondary school, college or above),
occupation (student, retired or unemployed, office worker, business service, manual labor,
and others), income (poverty, non-poverty, and no response). The income classification
criteria refer to the OECD principles, with a year-specific poverty threshold set by using
50% of the median per capita disposable income for that year [21].

2.5. Statistical Analysis

In this study, the proportion of energy intake was selected as the unit of measurement
to account for overall energy consumption. This approach minimizes errors in measurement
and unrelated fluctuations in dietary patterns, such as those influenced by metabolic rate or
physical activity levels. Sampling weights for the post-stratified population in each survey
round were derived from 2020 census sampling probabilities, adjusting the standardized
data for age and gender distribution.

Categorical variables were expressed as absolute frequencies and percentages, whereas
continuous variables were described by medians with interquartile range (IQR). Compar-
isons of intake between food groups in each year and intake of UPFs between population
subgroups in each year were conducted using the Kruskal-Wallis test. Nutrient com-
parisons were conducted using the Mann-Whitney test. Following the division of the
percentage of energy intake from UPFs into four equal parts, the Jonckheere-Terpstra test
was utilized to ascertain whether alterations in UPFs intake exhibited a notable trend effect
on changes in nutrient content [22].

All analyses were performed using R software (version 4.4.0; R Foundation for Statis-
tical Computing, Vienna, Austria), and a two-sided p < 0.05 was considered statistically
significant.

3. Results
3.1. Baseline Characteristics

As presented in Table 1, the total number of adults aged 18 and above included in this
analysis was 12,219. Over time, the proportion of those age over 45 years old rose, while
the proportion of younger individuals declined. Additionally, there was an increase in
the proportion of individuals with higher education, with the percentage of those with a
university degree or higher rising from 10.4% in 2002 to 33.2% in 2022. The proportion of
non-poverty people was also on the rise, from 52.8% to 61.1%.

3.2. Trends in Consumption of NOVA Food Groups and Subgroups

The weighted adjusted median intake of NOVA food groups and subgroups for each
survey is detailed in Table 2. From 2002 to 2022, there was a notable increase in the
calculated percentage of total energy derived from the consumption of UPFs, rising from
0.88% to 8.52% (p-value < 0.001). Conversely, the percentage of total energy derived from
the consumption of MPFs experienced a significant decline, decreasing from 82.95% to
68.69% (p-value < 0.001). Furthermore, the calculated percentage of energy consumed from
culinary seasonings and processed foods also demonstrated a notable shift. Specifically, the
calculated percentage of energy derived from processed foods exhibited an increase, while
that derived from processed culinary ingredients exhibited a decrease.



Nutrients 2024, 16, 4008 50f12

Table 1. Demographic and basic characteristics of participants in each CNNS survey:.

Number of Participants (Weighted %) in CNNS Surveys !

Characteristic
2002 2012 2022
Gender
Male 2517 (55.2) 1759 (55.0) 1401 (56.4)
Female 2775 (44.8) 2169 (45.0) 1598 (43.6)
Place of residence
urban city 2538 (75.9) 2726 (76.5) 2185 (72.3)
rural areas 2754 (24.1) 1202 (23.5) 814 (27.7)
Age group
1844y 2576 (54.1) 1922 (56.3) 1110 (46.9)
45-59y 1542 (26.4) 1157 (26.1) 930 (31.2)
60+y 1174 (19.5) 849 (17.7) 959 (22.0)
Education level
Primary school degree or below 1944 (35.2) 1058 (19.8) 860 (20.0)
Secondary school degree 2782 (54.4) 2096 (53.4) 1412 (46.8)
College degree or above 566 (10.4) 774 (26.8) 727 (33.2)
Occupation
Student 74 (2.0) 50 (1.8) 17 (1.2)
Retired or unemployed 1911 (39.3) 1404 (31.7) 1174 (29.8)
Office worker 912 (20.2) 822 (27.7) 443 (19.9)
Business service 477 (12.1) 585 (17.5) 274 (9.7)
Manual labor 1742 (19.7) 662 (12.1) 353 (9.9)
Others 176 (6.7) 405 (9.3) 738 (29.4)
Income level 2
Poverty 2954 (42.0) 862 (15.4) 1251 (37.4)
Non-poverty 2148 (52.8) 1616 (39.0) 1697 (61.1)
No response 190 (5.2) 1450 (45.7) 51 (1.6)

! Weights adjusted for gender, resident and age. 2 The year-specific poverty line is set at 50 per cent of the median
disposable income per capita for the year, which was RMB 4751 in 2002, RMB 11,759 in 2012 and RMB 20,419
in 2022.

Table 2. Change in calculated percentage of energy from NOVA food groups for Guangdong adults
by CNNS survey, median (IQR).

Median (IQR) Percentage of Energy from Food Consumption
NOVA Food Groups by CNNS Survey
2002 2012 2022 4

Minimally processed foods 82.95 (12.36) 72.89 (16.45) 68.69 (23.43) <0.001
Processed culinary 13.93 (10.88) 13.17 (10.07) 13.62 (15.93) <0.001

ingredients
Processed foods 2.64 (3.5) 7.72 (9.43) 8.87 (11.37) <0.001
Ultra-processed foods 0.88 (2.54) 6.22 (13.32) 8.52 (18.03) <0.001

Table S2 shows that for the people who have consumed the subgroup UPFs revealed a
noteworthy increase in the calculated percentage of energy intake attributed to industrial
grain foods, prepared dishes, and other UPFs. A distinct increase was observed in energy in-
take for industrial grain foods (from 0.53% to 7.15%, p-value < 0.001), prepared dishes (from
3.47% to 10.38%, p-value < 0.001), and other UPFs (from 0.54% to 0.63%, p-value < 0.001)
from 2002 to 2022. In contrast, the calculated percentage of energy intake from sugar-
sweetened beverages, flavored dairy products, and dairy substitutes differed significantly
between surveys from 2002 to 2022 (p-value < 0.001) but did not show an increasing trend
across surveys. However, there was no significant difference in the calculated percentage
of energy intake in the snack and confectionery groups (p > 0.05).
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3.3. Trends in Population Subgroups

Table 3 presents a clear upward tendency in the consumption of UPFs across various
population subgroups from 2002 to 2022. The upward trend in UPFs was more pronounced
among females, urban dwellers, and younger age groups than among males, rural residents,
and older age groups. The consumption of UPFs was found to be greater among adults
with a college education or higher, with a notable increase from 0.81% in 2002 to 11.37% in
2022 (p-value < 0.001). A comparison of data from 2002 and 2022 revealed that students
exhibited the most marked increase (from 0.42% to 17.26%, p-value < 0.001), followed by
working adults (from 1.04% to 10.22%, p-value < 0.001). Irrespective of income bracket,
there was a growing prevalence of UPFs consumption, with the most pronounced observed
among non-poor households, from 1.05% in 2022 to 10.22% in 2022 (p-value < 0.001).

Table 3. Change in calculated percentage of energy from UPFs among population subgroups of
Guangdong adults by CNNS survey, median (IQR).

Median (IQR) Percentage of Energy from UPFs

Population Groups and Consumption by CNNS Survey

Subgroups
2002 2012 2022 p
Sex
Males 0.9 (2.84) 5.76 (12.51) 8.07 (16.89) <0.001
Females 0.88 (2.21) 6.6 (13.94) 9.34 (20.42) <0.001
Place of residence
urban city 1.05 (3.37) 7.8 (14.49) 10.17 (20.06) <0.001
rural areas 0.46 (0.88) 1.84 (6.94) 3.16 (11.17) <0.001
Age group
1844y 0.93 (2.89) 6.82 (14.19) 9.45 (19.95) <0.001
45-59 y 0.79 (2.1) 5.76 (12.76) 7.69 (16.68) <0.001
60+y 0.85 (2.26) 4.62 (11.81) 7.87 (17.03) <0.001
Education level

Primary school degree or below 0.95 (2.07) 3.97 (10.45) 5.45 (14.26) <0.001
Secondary school degree 0.85 (2.77) 5.15 (12.01) 8.3 (17.35) <0.001
College degree or above 0.81 (2.87) 10.13 (15.08) 11.37 (21.27) <0.001

Occupation
Student 0.42 (2.46) 6.93 (22.06) 17.26 (29.9) <0.001
Retired or unemployed 0.95 (2.29) 6.07 (12.19) 7.87 (17.69) <0.001
Office worker 1.04 (3.72) 8.31 (14.41) 10.22 (20.51) <0.001
Business service 0.83 (3.3) 5.28 (13.79) 8.34 (15.3) <0.001
Manual labor 0.66 (1.63) 2.51 (8.31) 5.15 (16.06) <0.001
Others 0.94 (2.68) 7.41 (14.73) 8.56 (17.59) <0.001

Income level
Poverty 0.69 (1.59) 4.16 (11.42) 5.55 (13.81) <0.001
Non-poverty 1.05 (3.5) 6.07 (13.56) 10.22 (20.86) <0.001
No response 1.02 (2.37) 6.98 (13.57) 5.39 (21.54) <0.001

3.4. Nutrient Profiles of UPFs

At the level of macronutrients, the UPFs consumed by adults in Guangdong in 2022
were found to contain a markedly higher calculated percentage of calories provided by
carbohydrates in comparison to MPFs (56.56% vs. 43.83%), while the percentage of calories
from protein (18.36% vs. 22.23%) and total fat (25.08% vs. 33.67%) was observed to be lower.
For micronutrients, the sodium content was significantly elevated in UPFs in comparison
to MPFs (749.33 mg/100 kcal vs. 29.31 mg/100 kcal). Similarly, the iron levels were
also higher in UPFs. However, other micronutrients, including vitamins A, C, and E,
carotenoids, calcium, potassium, selenium, phosphorus, magnesium, and zinc, exhibited
lower concentrations in UPFs than in MPFs (Table 4).
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Table 4. Nutrient profiles of MPFs and UPFs consumed by Guangdong adults in the CNNS 2022

survey, median (IQR).

Nutrients MPFs UPFs p
Carbohydrates, % of energy 43.83 (27.95) 56.56 (24.13) <0.001
Protein, % of energy 22.23 (10.37) 18.36 (13.47) <0.001
Total fats, % of energy 33.67 (22.97) 25.08 (32.58) <0.001
Insoluble fiber, g/100 kcal 0.3 (0.38) 0.1 (0.31) <0.001
Cholesterol, mg/100 kcal 35.25 (29.85) 0.27 (5.53) <0.001
Vitamin A, ugRAE /100 kcal 37.04 (41.14) 0(7.93) <0.001
VitaminC, mg/100 kcal 6.7 (7.81) 0 (0) <0.001
VitaminE, mg/100 kcal 0.43 (0.37) 0.28 (0.59) <0.001
Carotene, pg/100 kcal 130.45 (214.7) 0(0) <0.001
Calcium, mg/100 kcal 27.74 (22.21) 21.36 (43.17) <0.001
Potassium, mg/100 kcal 161.58 (124.37) 106.92 (370.04) <0.001
Sodium, mg/100 kcal 29.31 (20.58) 749.33 (4324.66) <0.001
Iron, mg/100 kcal 1.09 (0.56) 1.52 (3.46) <0.001
Selenium, pg/100 kcal 3.53(2.13) 2.16 (1.85) <0.001
Phosphorus, mg/100 kcal 65.78 (27.29) 52.16 (70.59) <0.001
Magnesium, mg/100 kcal 16.04 (7.67) 19.01 (68.29) <0.001
Zinc, mg /100 kcal 0.76 (0.3) 0.61 (1.02) <0.001

Table 5 shows the nutrients across quintiles of the UPFs dietary share. For macronu-
trients, the energy ratios of carbohydrates and proteins exhibited a decline as the intake
of UPFs increased, while the energy ratio of fats tended to increase (p-value < 0.001). For
micronutrients, the consumption of UPFs increased, the density of vitamins A, C, E, and
carotene increased, whereas the densities of calcium, potassium, sodium, iron, selenium,
phosphorus, magnesium, and zinc decreased significantly (p-value < 0.001).

Table 5. Nutrient density of UPFs consumption quartiles of adults in Guangdong province (2022),
median (IQR).

Nutrients Q1 Q2 Q3 Q4 p
Carbohydrates, 59.7 (32.46) 58.25 (35.8) 52.43 (34.45) 47.98 (29.5) 0.008
% of energy
Protein, % of energy 36.29 (18.12) 19.1 (11.59) 13.62 (6.33) 14.11 (6.12) <0.001
Total fats, % of energy 3.48(3.31) 22.58 (33.1) 33.93 (30.2) 37.91 (24) <0.001
Insoluble fiber, g /100 kcal 0.07 (0.32) 0.09 (0.27) 0.11 (0.21) 0.11 (0.35) 0.008
Cholesterol, mg/100 keal 0 (0) 0.09 (9.73) 2.28 (8.22) 3.1 (8.76) <0.001
Vitamin A, ugRAE
/100 kcagl 0(0) 0(7.36) 1.73 (11.18) 5.27 (13.77) <0.001
Vitamin C, mg/100 kcal 0 (0) 0 (0) 0 (0) 0 (0.05) <0.001
Vitamin E, mg/100 kcal 0 (0) 0.3 (0.71) 0.4 (0.41) 0.46 (0.5) <0.001
Carotene, pg/100 kcal 0(0) 0 (0) 0(2.89) 0(5.69) <0.001
Calcium, mg/100 kcal 80 (62.51) 20.34 (31.02) 15.05 (17.22) 13.3 (14.3) <0.001
Potassium, mg/100 kcal 566.95 (694.62) 128.55 (141.86) 79.28 (61.44) 67.48 (41.93) <0.001
Sodium, mg/100 kcal 9138.1 (7019.84) 1237.04 (1917.36) 437.01 (489.43) 264.75 (244.7) <0.001
Iron, mg /100 kcal 12.07 (8.2) 1.78 (2.11) 1.03 (0.88) 0.82 (0.69) <0.001
Selenium, pg/100 kcal 2.93 (4.29) 1.96 (1.9) 1.93 (1.42) 1.76 (1.33) <0.001
Phosphorus, mg/100 kcal 262.12 (198.04) 52.67 (51.44) 40.4 (26.63) 37.92 (20.44) <0.001
Magnesium, mg /100 keal 147.11 (128.57) 23.22 (39.54) 12.83 (12.01) 9.62 (9.38) <0.001
Zinc, mg/100 kcal 1.86 (0.76) 0.59 (0.53) 0.42 (0.41) 0.43 (0.36) <0.001

4. Discussion

The current research provides a better understanding of processed food consumption
among adults in Guangdong Province, as well as the differences in consumption among
population groups with potential dietary variations. It can be observed that from 2002
to 2022, there was an increase in the consumption of UPFs among adults in Guangdong
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Province, with ready-to-eat foods showing the largest increase, while the intake of snacks
and desserts decreased. At the same time, the consumption of unprocessed foods has
declined across all groups, primarily reflected in the reduced consumption of cereal-based
foods. Notably, similar increases in consumption of UPFs have been observed in several
regions worldwide [23,24].

It is noteworthy that, within the context of the overall increase, the increase was
particularly pronounced among young people, people with higher levels of education
or people living in highly urbanized areas, which is similar to the findings of previous
studies [25]. People who live in more urbanized areas, or who have a higher level of
education, income and socio-economic status, tend to have a higher intake of UPFs com-
pared to the general population, as they have easier access to UPFs [25-27]. Changes in
age may have an impact on the physiological or psychological regulation of food intake
and thus on food choices [28,29]. The finding in the study that younger adults consume a
greater amount of UPFs may be attributed to the fact that younger adults tend to consume
food prepared outside the home and at work, and engage in less cooking, whereas older
adults spend more time cooking and are less familiar with convenience foods [30-32]. For
these consumers, their own personal taste, the convenience and time savings associated
with consuming UPFs, coupled with the affordability of this product, encourage UPFs
consumption [33,34].

The nutrient contents of UPFs were found to be generally lower than that of MPFs
among adults in Guangdong Province. However, UPFs exhibited higher carbohydrate en-
ergy ratios and sodium content than MPFs. The evidence from several countries and regions
consistently demonstrated that UPFs were less nutritious than unprocessed foods [4,35,36].
As the consumption of UPFs rises, there is a notable decline in the intake of certain nu-
trients, suggesting that increased consumption of UPFs may contribute to a decline in
nutritional quality. A recent meta-analysis of nutritional data from nationally represen-
tative samples from around the world revealed a negative correlation between increased
UPFs consumption and the nutritional quality of the diet [37].

While UPFs typically contain a higher percentage of carbohydrates, our findings
indicate a reduction in the proportion of carbohydrate energy supply in higher grades of
UPFs intake compared to lower intake grades. This may be attributed to the observed
shift in energy sources from carbohydrates to fat. The consumption of UPFs is associated
with a higher energy density and sodium content. The observed trend of declining sodium
nutrient density concomitant with the rising energy share of UPFs may be attributed
to the fact that sodium intake is primarily derived from flavorings such as sauces, soy
sauces, and chicken essence, which have a markedly high sodium content but offer minimal
energy [38—40], which results in a higher sodium nutrient density in the lower energy share.
Nevertheless, in general, the intake of these foods may contribute to an excess of energy
intake, which in turn may lead to an accumulation of excess body fat and the development
of obesity [41,42]. In addition to the potential for poor nutritional status, the processing of
food may also result in structural and compositional alterations, which could subsequently
lead to adverse health outcomes [43,44].

Since UPFs lack balance in their nutrient content and are characterized by the presence
of numerous additives and artificial flavorings, numerous studies have explored the poten-
tial association between their consumption and subsequent health outcomes. A number
of epidemiological surveys and clinical studies have demonstrated a robust correlation
between the consumption of UPFs and an array of chronic diseases, including cardiovascu-
lar disease, type 2 diabetes, and cancer [9,45,46]. For example, a large prospective cohort
study found that a 10% increase in daily intake of UPFs was associated with a 6% increase
in risk of overall cancer death [47]. Furthermore, the impact of UPFs on children’s health is
significant, contributing not only to childhood obesity but also potentially affecting normal
growth and neurocognitive development [48,49].

Furthermore, research has evidenced that food additives frequently incorporated
into UPFs (including emulsifiers, sweeteners, colors, particles and nanoparticles) exert an
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impact on the gut, including on the microbiota, gut permeability and gut inflammation [50].
Although the incorporation of an excess of UPFs into the diet will tend to result in a
decline in dietary quality; however, there are different findings [51]. This suggests that the
NOVA classification system may also be limited in its scope. For example, some nutrient-
enhanced foods are defined as UPFs, while some relatively unhealthy foods are placed
in the MPFs [52,53]. These findings indicate that the extent of food processing should be
incorporated as a factor in future dietary recommendations, alongside nutrients and food
groups. From a public health standpoint, it has become crucial to develop guidance on the
consumption of UPFs and promote a healthy and balanced diet. Advocating transparency
in food labeling, strengthening public health education and formulating relevant policies
to regulate the food industry are essential strategies for enhancing public health.

Notable strengths of the study include the use of data from a large sample with
provincial-level representation within national data, thus ensuring high external validity.
Additionally, through the weighing of food and condiments in a family’s inventory, as
recorded in a previously validated continuous three-day 24 h recall, more reliable measure-
ments of various food types were obtained.

When interpreting the current research findings, it is important to consider the limita-
tions of the study. Firstly, the intake of UPFs may be underestimated because, during survey
collections, people tend to split the foods they eat, such as breaking down a beef-flavored
instant rice into fresh rice and unprocessed beef, leading to the classification of what should
be UPF consumption into unprocessed food categories. Secondly, the data over 20 years
are not continuous, preventing a more detailed observation of changes over this period.
Consequently, additional prospective cohort studies are needed to investigate trends in
UPFs consumption.

5. Conclusions

The current findings indicated that the consumption of UPFs can be found among all
demographic groups and that the intake of UPFs has continued to increase over the past
two decades for the majority of individuals. In light of the rising consumption of UPFs
and the growing body of evidence suggesting a link between these products and chronic
diseases, it is crucial to encourage healthier food choices and a more balanced diet through
effective nutrition education initiatives to prevent the potential health risks associated with
such dietary patterns.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu16234008/s1, Table S1. Number of NOVA Subgroup Foods
Consumers and the Percentage of Total Population for Guangdong Adults by CNNS Survey. Table S2.
Change in Calculated Percentage of Energy from NOVA Food Subgroups Consumers for Guangdong
Adults by CNNS Survey, median (IQR).

Author Contributions: Methodology, S.L. and J.M.; Software, S.L.; Formal analysis, S.L., .M., J W.,
J.P, PH., L.Z. and S.C.; Writing—original draft, S.L.; Writing—review and editing, X.Y., WW. and
G.J.; Supervision, WW. and G.J.; Resources, ].W.,, ].P. and PH.; Funding acquisition, X.Y. and W.W. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Special Support Program of Guangdong Province
(2021TX06N107), the National Natural Science Foundation of China (82073599 and 82373600), and
the GDMPA Project of Scientific and Technological Innovation (2022ZDZ09).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Chinese Center for Disease Control and
Prevention (Approval number: 2022-008, approval date: 28 January 2022).

Informed Consent Statement: Written informed consent was obtained from all subjects.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author. The data are not publicly


https://www.mdpi.com/article/10.3390/nu16234008/s1
https://www.mdpi.com/article/10.3390/nu16234008/s1

Nutrients 2024, 16, 4008 10 of 12

available according to the National Institute for Nutrition and Health and the Chinese Center for
Disease Control and Prevention.

Acknowledgments: The authors are grateful to all the staff and participants involved in the survey.
The authors also thank the Guangdong nutrition survey team in the China National Nutrition Surveys.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

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]

Weaver, C.M.; Dwyer, ].; Fulgoni, V.L.; King, ].C.; Leveille, G.A.; MacDonald, R.S.; Ordovas, J.; Schnakenberg, D. Processed Foods:
Contributions to Nutrition. Am. J. Clin. Nutr. 2014, 99, 1525-1542. [CrossRef] [PubMed]

Cordain, L.; Eaton, S.B.; Sebastian, A.; Mann, N.; Lindeberg, S.; Watkins, B.A.; O’Keefe, ]. H.; Brand-Miller, ]. Origins and Evolution
of the Western Diet: Health Implications for the 21st Century. Am. J. Clin. Nutr. 2005, 81, 341-354. [CrossRef] [PubMed]
Nardocci, M.; Leclerc, B.-S.; Louzada, M.-L.; Monteiro, C.A.; Batal, M.; Moubarac, ].-C. Consumption of Ultra-Processed Foods
and Obesity in Canada. Can. J. Public Health 2019, 110, 4-14. [CrossRef] [PubMed]

Moubarac, ].-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]

de Deus Mendonga, 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]

Rauber, F; Chang, K.; Vamos, E.P,; da Costa Louzada, M.L.; Monteiro, C.A.; Millett, C.; Levy, R.B. Ultra-Processed Food
Consumption and Risk of Obesity: A Prospective Cohort Study of UK Biobank. Eur. J. Nutr. 2021, 60, 2169-2180. [CrossRef]
Silva, EM.; Giatti, L.; de Figueiredo, R.C.; Molina, M.D.C.B.; de Oliveira Cardoso, L.; Duncan, B.B.; Barreto, S.M. Consumption of
Ultra-Processed Food and Obesity: Cross Sectional Results from the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil)
Cohort (2008-2010). Public Health Nutr. 2018, 21, 2271. [CrossRef]

Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Méjean, C.; Andrianasolo, R.M.; Chazelas, E.; Deschasaux, M.; Hercberg, S.;
Galan, P; et al. Ultra-Processed Food Intake and Risk of Cardiovascular Disease: Prospective Cohort Study (NutriNet-Santé).
BM]J 2019, 365, 11451. [CrossRef]

Goémez-Donoso, C.; Sanchez-Villegas, A.; Martinez-Gonzalez, M.A.; Gea, A.; Mendonga, R.D.D.; Lahortiga-Ramos, F.; Bes-
Rastrollo, M. Ultra-Processed Food Consumption and the Incidence of Depression in a Mediterranean Cohort: The SUN Project.
Eur. J. Nutr. 2020, 59, 1093-1103. [CrossRef]

Lane, M.M.; Lotfaliany, M.; Hodge, A.M.; O’Neil, A.; Travica, N.; Jacka, EN.; Rocks, T.; Machado, P,; Forbes, M.; Ashtree, D.N.;
et al. High Ultra-Processed Food Consumption Is Associated with Elevated Psychological Distress as an Indicator of Depression
in Adults from the Melbourne Collaborative Cohort Study. . Affect. Disord. 2023, 335, 57—66. [CrossRef] [PubMed]

Chen, X,; Chu, J.; Hu, W,; Sun, N.; He, Q.; Liu, S.; Feng, Z.; Li, T.; Han, Q.; Shen, Y. Associations of Ultra-Processed Food
Consumption with Cardiovascular Disease and All-Cause Mortality: UK Biobank. Eur. ]. Public Health 2022, 32, 779-785.
[CrossRef] [PubMed]

Rico-Campa, A.; Martinez-Gonzdlez, M.A.; Alvarez-Alvarez, I.; Mendonga, R.dD.; de la Fuente-Arrillaga, C.; Gémez-Donoso, C.;
Bes-Rastrollo, M. Association between Consumption of Ultra-Processed Foods and All Cause Mortality: SUN Prospective Cohort
Study. BMJ 2019, 365, 11949. [CrossRef] [PubMed]

Louzada, M.L.D.C.; Ricardo, C.Z.; Steele, EMM.; 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. 2017, 21, 94. [CrossRef] [PubMed]

Martinez 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]

Zhou, J.; Leepromrath, S.; Tian, X.; Zhou, D. Dynamics of Chinese Diet Divergence from Chinese Food Pagoda and Its Association
with Adiposity and Influential Factors: 2004-2011. Int. |. Environ. Res. Public Health 2020, 17, 507. [CrossRef]

Bu, T,; Tang, D.; Liu, Y.; Chen, D. Trends in Dietary Patterns and Diet-Related Behaviors in China. Am. J. Health Behav. 2021, 45,
371-383. [CrossRef] [PubMed]

Zhang, R.; Wang, Z.; Fei, Y.; Zhou, B.; Zheng, S.; Wang, L.; Huang, L.; Jiang, S.; Liu, Z.; Jiang, J.; et al. The Difference in Nutrient
Intakes between Chinese and Mediterranean, Japanese and American Diets. Nutrients 2015, 7, 4661-4688. [CrossRef]

He, Y,; Zhao, W.; Zhang, J.; Zhao, L.; Yang, Z.; Huo, J.; Yang, L.; Wang, J.; He, L.; Sun, J.; et al. Data Resource Profile: China
National Nutrition Surveys. Int. |. Epidemiol. 2019, 48, 368-368f. [CrossRef]

Yang, Y.; Wang, Y.; Pan, X. China Food Composition 2009; Peking University Medical Press: Beijing, China, 2010.

Alkire, S.; Santos, M.E. Measuring Acute Poverty in the Developing World: Robustness and Scope of the Multidimensional
Poverty Index. World Dev. 2014, 59, 251-274. [CrossRef]


https://doi.org/10.1017/S1368980018003762
https://www.ncbi.nlm.nih.gov/pubmed/30744710
https://doi.org/10.3945/ajcn.114.089284
https://www.ncbi.nlm.nih.gov/pubmed/24760975
https://doi.org/10.1093/ajcn.81.2.341
https://www.ncbi.nlm.nih.gov/pubmed/15699220
https://doi.org/10.17269/s41997-018-0130-x
https://www.ncbi.nlm.nih.gov/pubmed/30238324
https://doi.org/10.1017/S1368980012005009
https://doi.org/10.3945/ajcn.116.135004
https://doi.org/10.1007/s00394-020-02367-1
https://doi.org/10.1017/S1368980018000861
https://doi.org/10.1136/bmj.l1451
https://doi.org/10.1007/s00394-019-01970-1
https://doi.org/10.1016/j.jad.2023.04.124
https://www.ncbi.nlm.nih.gov/pubmed/37149054
https://doi.org/10.1093/eurpub/ckac104
https://www.ncbi.nlm.nih.gov/pubmed/36006020
https://doi.org/10.1136/bmj.l1949
https://www.ncbi.nlm.nih.gov/pubmed/31142450
https://doi.org/10.1017/S1368980017001434
https://www.ncbi.nlm.nih.gov/pubmed/28714425
https://doi.org/10.1186/s12963-017-0119-3
https://doi.org/10.3390/ijerph17020507
https://doi.org/10.5993/AJHB.45.2.15
https://www.ncbi.nlm.nih.gov/pubmed/33888196
https://doi.org/10.3390/nu7064661
https://doi.org/10.1093/ije/dyy289
https://doi.org/10.1016/j.worlddev.2014.01.026

Nutrients 2024, 16, 4008 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Manning, S.E.; Ku, H.-C.; Dluzen, D.F; Xing, C.; Zhou, Z. A Nonparametric Alternative to the Cochran-Armitage Trend Test
in Genetic Case-Control Association Studies: The Jonckheere-Terpstra Trend Test. PLoS ONE 2023, 18, e0280809. [CrossRef]
[PubMed]

Baker, P.; Machado, P; Santos, T.; Sievert, K.; Backholer, K.; Hadjikakou, M.; Russell, C.; Huse, O.; Bell, C.; Scrinis, G.; et al.
Ultra-Processed Foods and the Nutrition Transition: Global, Regional and National Trends, Food Systems Transformations and
Political Economy Drivers. Obes. Rev. 2020, 21, €13126. [CrossRef] [PubMed]

Juul, E; Parekh, N.; Martinez-Steele, E.; Monteiro, C.A.; Chang, V.W. Ultra-Processed Food Consumption among US Adults from
2001 to 2018. Am. J. Clin. Nutr. 2022, 115, 211-221. [CrossRef] [PubMed]

Li, M.; Shi, Z. Ultra-Processed Food Consumption Associated with Incident Hypertension among Chinese Adults—Results from
China Health and Nutrition Survey 1997-2015. Nutrients 2022, 14, 4783. [CrossRef] [PubMed]

Louzada, M.L.d.C.; Cruz, G.L.d,; Silva, K.A.A.N.; Grassi, A.G.F,; Andrade, G.C.; Rauber, E; Levy, R.B.; Monteiro, C.A. Con-
sumption of Ultra-Processed Foods in Brazil: Distribution and Temporal Evolution 2008-2018. Rev. Satide Piiblica 2023, 57, 12.
[CrossRef]

Simoes, B.D.S.; Barreto, S.M.; Molina, M.D.C.B,; Luft, V.C.; Duncan, B.B.; Schmidt, M.1,; Bensefior, I.].M.; Cardoso, L.d.O.; Levy,
R.B.; Giatti, L. Consumption of Ultra-Processed Foods and Socioeconomic Position: A Cross-Sectional Analysis of the Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil). Cad. Saude Publica 2018, 34, e00019717. [CrossRef]

Baker, P; Friel, S. Food Systems Transformations, Ultra-Processed Food Markets and the Nutrition Transition in Asia. Glob. Health
2016, 12, 80. [CrossRef]

Dicken, S.J.; Qamar, S.; Batterham, R.L. Who Consumes Ultra-Processed Food? A Systematic Review of Sociodemographic
Determinants of Ultra-Processed Food Consumption from Nationally Representative Samples. Nutr. Res. Rev. 2023, 37, 416-456.
[CrossRef]

Mercer, ].G.; Johnstone, A.M.; Halford, ].C.G. Approaches to Influencing Food Choice across the Age Groups: From Children to
the Elderly. Proc. Nutr. Soc. 2015, 74, 149-157. [CrossRef]

Brunner, T.A.; van der Horst, K.; Siegrist, M. Convenience Food Products. Drivers for Consumption. Appetite 2010, 55, 498-506.
[CrossRef]

Pedro-Botet, L.; Muns, M.D.; Sola, R.; Fontané, L.; Climent, E.; Benaiges, D.; Flores-Le Roux, J.A.; Pedro-Botet, J. Level of
Understanding and Consumption of Ultra-Processed Food in a Mediterranean Population: A Cross-Sectional Study. Nutr. Metab.
Cardiovasc. Dis. 2022, 32, 889-896. [CrossRef] [PubMed]

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, 21-28. [CrossRef] [PubMed]

Almeida, L.B.; Scagliusi, EB.; Duran, A.C.; Jaime, P.C. Barriers to and Facilitators of Ultra-Processed Food Consumption:
Perceptions of Brazilian Adults. Public Health Nutr. 2018, 21, 68-76. [CrossRef] [PubMed]

Poti, ] M.; Mendez, M.A.; Ng, S.W.; Popkin, B.M. Is the Degree of Food Processing and Convenience Linked with the Nutritional
Quality of Foods Purchased by US Households? Am. J. Clin. Nutr. 2015, 101, 1251-1262. [CrossRef] [PubMed]

da Costa Louzada, M.L.; Martins, A.P.B.; Canella, D.S.; Baraldi, L.G.; Levy, R.B.; Claro, R.M.; Moubarac, J.-C.; Cannon, G;
Monteiro, C.A. Ultra-Processed Foods and the Nutritional Dietary Profile in Brazil. Rev. Saude Publica 2015, 49, 38.

Martini, D.; Godos, J.; Bonaccio, M.; Vitaglione, P.; Grosso, G. Ultra-Processed Foods and Nutritional Dietary Profile: A Meta-
Analysis of Nationally Representative Samples. Nutrients 2021, 13, 3390. [CrossRef]

Fang, K.; He, Y; Fang, Y.; Lian, Y. Dietary Sodium Intake and Food Sources Among Chinese Adults: Data from the CNNHS
2010-2012. Nutrients 2020, 12, 453. [CrossRef]

Hao, Z; Liang, L.; Pu, D.; Zhang, Y. Analysis of Sodium Content in 4082 Kinds of Commercial Foods in China. Nutrients 2022, 14,
2908. [CrossRef]

Lv, W,; Ding, X,; Liu, Y,; Ma, A,; Yang, Y.; Wang, Z.; Gao, C. Evaluating the Energy and Core Nutrients of Condiments in China.
Nutrients 2023, 15, 4346. [CrossRef]

Pérez-Escamilla, R.; Obbagy, J.E.; Altman, ].M.; Essery, E.V.; McGrane, M.M.; Wong, Y.P.; Spahn, ].M.; Williams, C.L. Dietary
Energy Density and Body Weight in Adults and Children: A Systematic Review. J. Acad. Nutr. Diet. 2012, 112, 671-684. [CrossRef]
Rouhani, M.H.; Haghighatdoost, F.; Surkan, PJ.; Azadbakht, L. Associations between Dietary Energy Density and Obesity: A
Systematic Review and Meta-Analysis of Observational Studies. Nutrition 2016, 32, 1037-1047. [CrossRef] [PubMed]

Fardet, A. Minimally Processed Foods Are More Satiating and Less Hyperglycemic than Ultra-Processed Foods: A Preliminary
Study with 98 Ready-to-Eat Foods. Food Funct. 2016, 7, 2338-2346. [CrossRef] [PubMed]

Small, D.M.; DiFeliceantonio, A.G. Processed Foods and Food Reward. Science 2019, 363, 6425. [CrossRef] [PubMed]

Fiolet, T.; Srour, B.; Sellem, L.; Kesse-Guyot, E.; Alles, 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. BM] 2018, 360, k322.
[CrossRef] [PubMed]

Srour, B.; Fezeu, L.K.; Kesse-Guyot, E.; Alles, B.; Debras, C.; Druesne-Pecollo, N.; Chazelas, E.; Deschasaux, M.; Hercberg, S.;
Galan, P; et al. Ultraprocessed Food Consumption and Risk of Type 2 Diabetes Among Participants of the NutriNet-Santé
Prospective Cohort. JAMA Intern. Med. 2019, 180, 283. [CrossRef]


https://doi.org/10.1371/journal.pone.0280809
https://www.ncbi.nlm.nih.gov/pubmed/36730335
https://doi.org/10.1111/obr.13126
https://www.ncbi.nlm.nih.gov/pubmed/32761763
https://doi.org/10.1093/ajcn/nqab305
https://www.ncbi.nlm.nih.gov/pubmed/34647997
https://doi.org/10.3390/nu14224783
https://www.ncbi.nlm.nih.gov/pubmed/36432470
https://doi.org/10.11606/s1518-8787.2023057004744
https://doi.org/10.1590/0102-311x00019717
https://doi.org/10.1186/s12992-016-0223-3
https://doi.org/10.1017/S0954422423000240
https://doi.org/10.1017/S0029665114001712
https://doi.org/10.1016/j.appet.2010.08.017
https://doi.org/10.1016/j.numecd.2021.11.002
https://www.ncbi.nlm.nih.gov/pubmed/35078675
https://doi.org/10.1111/obr.12107
https://www.ncbi.nlm.nih.gov/pubmed/24102801
https://doi.org/10.1017/S1368980017001665
https://www.ncbi.nlm.nih.gov/pubmed/28738908
https://doi.org/10.3945/ajcn.114.100925
https://www.ncbi.nlm.nih.gov/pubmed/25948666
https://doi.org/10.3390/nu13103390
https://doi.org/10.3390/nu12020453
https://doi.org/10.3390/nu14142908
https://doi.org/10.3390/nu15204346
https://doi.org/10.1016/j.jand.2012.01.020
https://doi.org/10.1016/j.nut.2016.03.017
https://www.ncbi.nlm.nih.gov/pubmed/27238958
https://doi.org/10.1039/C6FO00107F
https://www.ncbi.nlm.nih.gov/pubmed/27125637
https://doi.org/10.1126/science.aav0556
https://www.ncbi.nlm.nih.gov/pubmed/30679360
https://doi.org/10.1136/bmj.k322
https://www.ncbi.nlm.nih.gov/pubmed/29444771
https://doi.org/10.1001/jamainternmed.2019.5942

Nutrients 2024, 16, 4008 12 of 12

47.

48.

49.

50.

51.

52.

53.

Chang, K.; Gunter, M.].; Rauber, E; Levy, R.B.; Huybrechts, I.; Kliemann, N.; Millett, C.; Vamos, E.P. Ultra-Processed Food
Consumption, Cancer Risk and Cancer Mortality: A Large-Scale Prospective Analysis within the UK Biobank. eClinicalMedicine
2023, 56, 101840. [CrossRef]

Costa, C.S.; Rauber, F; Leffa, P.S.; Sangalli, C.N.; Campagnolo, P.D.B.; Vitolo, M.R. Ultra-Processed Food Consumption and Its
Effects on Anthropometric and Glucose Profile: A Longitudinal Study during Childhood. Nutr. Metab. Cardiovasc. Dis. 2019, 29,
177-184. [CrossRef]

Louzada, M.L.d.C.; 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]

Whelan, K.; Bancil, A.S.; Lindsay, J.O.; Chassaing, B. Ultra-Processed Foods and Food Additives in Gut Health and Disease. Nat.
Rev. Gastroenterol. Hepatol. 2024, 21, 406-427. [CrossRef]

Hess, ].M.; Comeau, M.E.; Casperson, S.; Slavin, J.L.; Johnson, G.H.; Messina, M.; Raatz, S.; Scheett, A J.; Bodensteiner, A.; Palmer,
D.G. Dietary Guidelines Meet NOVA: Developing a Menu for A Healthy Dietary Pattern Using Ultra-Processed Foods. J. Nutr.
2023, 153, 2472-2481. [CrossRef]

Forde, C.G. Beyond Ultra-Processed: Considering the Future Role of Food Processing in Human Health. Proc. Nutr. Soc. 2023, 82,
406-418. [CrossRef] [PubMed]

Visioli, F.; Marangoni, F.; Fogliano, V.; Del Rio, D.; Martinez, ].A.; Kuhnle, G.; Buttriss, ].; Da Costa Ribeiro, H.; Bier, D.; Poli, A.
The Ultra-Processed Foods Hypothesis: A Product Processed Well beyond the Basic Ingredients in the Package. Nutr. Res. Rev.
2023, 36, 340-350. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.eclinm.2023.101840
https://doi.org/10.1016/j.numecd.2018.11.003
https://doi.org/10.1016/j.ypmed.2015.07.018
https://doi.org/10.1038/s41575-024-00893-5
https://doi.org/10.1016/j.tjnut.2023.06.028
https://doi.org/10.1017/S0029665123003014
https://www.ncbi.nlm.nih.gov/pubmed/37654079
https://doi.org/10.1017/S0954422422000117
https://www.ncbi.nlm.nih.gov/pubmed/35730561

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Data Collection 
	Definition of NOVA Food Groups 
	Population Subgroups 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Trends in Consumption of NOVA Food Groups and Subgroups 
	Trends in Population Subgroups 
	Nutrient Profiles of UPFs 

	Discussion 
	Conclusions 
	References

