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Abstract

Objective: To assess ultra-processed food (UPF) consumption and its socio-
demographic, psychosocial and behavioural correlates in a general population
of Ttalian children, adolescents and adults.

Design: Cross-sectional telephone-based survey

Setting: Italy, 2010-2013.

Participants: In total, 9078 participants (5-97 years) from the Italian Nutrition &
Health Survey. Dietary intakes were collected by a 1-d 24-h dietary recall. UPF
was defined by the NOVA classification and expressed as percentage of total
energies.

Results: Average energy intake from UPF (95 % CD was 17-3% (17-1 %, 17-6 %)
among adults and 25-9 % (24-8 %, 27-0 %) in children/adolescents. Top sources
of UPF were processed meats (32:5%) and bread substitutes (167 %). Among
adults, age (f=-3-10; 95% CI (—4-40, —1-80) for >05 years v. 20-40 years; fs
are dimensionless) and residing in Southern Italy (f=—0-73; 95 % CI (—1-32,
—0-14) v. Northern) inversely associated with UPF. Screen view during meals
was directly linked to UPF, as well as poor self-rated health (f=5-32; 95 % CI
(2:66,7-99)), adverse life events (8 = 2:33; 95 % CI (1-48, 3-18)) and low sleep qual-
ity (f = 2-34; 95 % CI (1-45, 3-23)). Boys consumed two-point percent more UPF of
the total energy than girls (f=2-01; 95 % CI (0-20, 3-82)). For all ages, a
Mediterranean diet was inversely associated with UPF (f=-4-80; 95 % CI
(=553, —4-20) for good v. poor adherence in adults and (f=-5-08; 95 % CI
(=838, —1-77) for kids).

Conclusions: UPF contributes a modest proportion of energy to the diets of Italian
adults while being one-quarter of the total energies in children/adolescents. UPF
was associated with several psychosocial factors and eating behaviours. Increased
adherence to Mediterranean diet would possibly result in lower UPF consumption.
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Ultra-processed food (UPF) is made by industrial process-
ing or chemical synthesis, from processed substances
extracted or refined from whole foods, and they are rich
in additives used to imitate or enhance the sensory features
of foods, such as colour stabilisers, flavour enhancers and
non-sugar sweeteners''>, UPF is generally poor in micro-
nutrient and fibres, but rich in fats, added sugar, salt and
energy, and their packaging could be harmful to health®®.
The classification system NOVA (a name, not an acronym)
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is widely used at epidemiological level and rates foods
according to the extent and purpose of processing into
one of the following categories: (1) unprocessed or mini-
mally processed foods; (2) processed culinary ingredients,
processed foods and (3) UPF and drink products®.
Excessive consumption of UPF has been associated with
higher risk of metabolic conditions predisposing to
increased health risk, such as obesity>, hyperlipidaemia®,
hypertension”, diabetes® and metabolic syndrome®.
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Also, a numerous large prospective studies
meta-analyses"*'> provided evidence that a larger share
of UPF in the diet leads to a rise in the risk of diet-related
chronic disease.

The health impact of food processing has become a rel-
evant and timely topic given the increasing volume of
industrially processed food worldwide. Processed food
constitutes a large part of the world’s food consumption
and is remarkably high in non-Mediterranean countries,
representing almost 60 % of total energies in the USA1®
and in the UKY”, 42% in Australia®® and 46% in
Canada™, with differences between adults and chil-
dren/adolescents.

In a Mediterranean country such as Spain, the propor-
tion of food that is ultra-processed is about 24 %%, pos-
sibly because home cooking is part of a Mediterranean
diet®.

Despite the mounting epidemiological evidence at
international level associating higher dietary share of
UPF intake with adverse health outcomes, there is a lack
of data in Italy regarding UPF consumption and also
differences among socio-demographic strata, a major defi-
ciency for developing effective public health policies.

Italy has been long characterised by a Mediterranean
diet, the traditional diet of the olive tree-growing areas of
the Mediterranean Sea that features whole or minimally
processed foods and emphasises food preparation®?.
The only available estimates for consumption of UPF in
Italy derive from national household budget surveys col-
lected in 1996 showing an average dietary share of UPF
of 13-4%%? but individual-level consumption data are
lacking. Quite recently, an analysis from the Moli-sani
cohort estimated UPF consumption in the adult population
of Molise, but data on children/adolescents were not
available™?,

To fill this knowledge gap, the aim of the present study
was to describe the intake of UPF in Italian adults and
children and to identify its main predictors. We thought
that the traditionally high adherence of Italians to the
Mediterranean diet might be associated to lower con-
sumption of UPF, as compared with non-Mediterranean
countries.

We took advantage of data collected by the Italian
Nutrition & Health Survey (INHES study), a telephone-
based survey conducted throughout Ttaly in 2010-2013
on 9139 participants aged 5-97 years.

Methods

Study population

The INHES cohort study is a 3-year telephone-based survey
on nutrition and health specifically designed to collect
information on dietary habits (quality, quantity and food
patterns), food choice determinants and food health
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awareness of the Italian population according to geo-
graphical distribution, age, gender and socio-economic
profile.

Between November 2010 and November 2013, 9319
men and women aged >5 years from all over Italy were
enrolled. Details about this cohort have been previously
described®.

Briefly, 9106 subjects in the age range 35-79 years,
recruited in the 2008-2012 wave of the Italian
Cardiovascular Epidemiologic Observatory®® (participa-
tion rate 53 %, from 40 % to 85 % in the different regions),
were invited to participate in the INHES survey. Once they
accepted, participants were asked to invite one relative
older than 79 or younger than 35 years to join the survey.

Finally, 5385 (59-1 %) from the original population and
3754 from their relatives were included in the survey for a
total of 9139 participants.

The sampled subjects were distributed across four sea-
sons (excluding Christmas, Easter and mid-August peri-
ods), and the survey calendar was organised to capture
an adequate proportion of weekdays and weekend days
at group level.

The recruitment was performed using computer-
assisted telephone interviewing (CATD; data on diet
and dietary-related behaviors, health status, common risk
factors, anthropometry and health perception were
collected.

For the purpose of the present study, we excluded sub-
jects with missing values for BMI (0-2 %), smoking habits
(0-4 %), socio-economic variables (occupation, education
and marital status; 0-8 %) or reporting implausible energy
intakes (<800 kcal/d in men and <500 kcal/d in women
or >4000 kcal/d in men and >3500 kcal/d in women,;
2:3%). Finally, a total of 9078 subjects were included in
the analyses.

Dietary assessment

Data on food intake were collected through a self-recorded
diary, by using a computer-based 1-d 24-h dietary recall
interview (24-HDR) software, and the Italian version of
the European Food Propensity Questionnaire was also
administered®>20).

For every eating occasion, subjects were asked to care-
fully record and recall: (a) time and place of consumption;
(b) detailed description of foods (or beverages) and (c¢)
quantity consumed and brand (for manufactured foods).
Portion sizes were reported by subjects with the help of
a picture booklet. Moreover, participants were asked if they
were on a particular diet and if the consumption they had
reported differed from their usual one.

Participants’ food consumption of single food items or
recipes was ‘translated’ by the nutrition specialist during
the interview into food items or recipes included in the food

list of the data management system INRAN-DIARIO
3,1(25,27)‘
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The final output database included information for the
daily consumption of the 2000 single food items that were
included in the software food list.

We used the NOVA classification® to categorise 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. fruits and vegetables, meat
and fish); (2) processed culinary ingredients (e.g. honey and
butter); (3) processed foods with salt, sugar or oil (e.g.
canned or bottled vegetables and legumes, canned fish)
and (4) UPF containing predominantly industrial substances
and little or no whole food (e.g. carbonated drinks and proc-
essed meat). For the purpose of this study, we used the latter
NOVA group. We ultimately identified a total of twenty-five
food groups that fell into the UPF category according to
NOVA (see online Supplemental Table 1).

To calculate the proportion of energy from each group
of the NOVA classification, we divided the energy content
of each group by total energy intake. Quartiles of energy
intake from UPF were also generated for analysis purposes.

Adherence to the Mediterranean diet in adults was evalu-
ated by the Mediterranean Diet Score (MDS) as proposed by
Trichopoulou et al.*® and categorised into tertiles as good
(MDS > 5 points), average (4 points) and poor adherence
(0-3 points). Adherence to the Mediterranean diet in chil-
dren and adolescents was evaluated by the KIDMED index
(Mediterranean Diet Quality Index) for children and teen-
agers®, classified as follows: good (>6 points, indicating
an optimal adhesion to Mediterranean diet); average (4-5
points) and poor (<3 points).

Meal patterns and eating bebaviours

Meal patterns comprised both patterning of main meals
(breakfast, lunch and dinner) and context of main meals,
such as meals eaten out of the home, or time of consump-
tion or eating meals in front of the television or when using
PC. Information on daily amount of time spent in watching
TV/using PC was also collected.

Socio-economic and psychosocial factors

Education was based on the highest qualification attained
and was categorised as up to elementary school (corre-
sponding to <5 years of study), lower secondary (>5 <8
years), upper secondary (>8 <13 years) and post-secon-
dary (>13 years).

Present occupation was assembled into the following
six groups: manual, non-manual, housewife, retired, stu-
dent and unemployed. Marital status was defined as mar-
ried/living in a couple, unmarried, separated/divorced
and widowed.

Self-rated health was assessed through one-item ques-
tion (‘in general, how would you rate your health status’),
and responses were arranged along a four item Likert-type
scale from ‘excellent’ to ‘poor’.
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Information on psychosocial conditions during the pre-
vious 12 months were gathered by administering a standard
set of questions®?.

Major adverse life events (yes/no) were assessed by ask-
ing participants whether in the past year they had experi-
enced one or more of the following: (1) marital separation
or divorce; (2) business failure; (3) major intra-family con-
flict; (4) death or major illness of a close family member; (5)
loss of job or retirement, violence; (6) death of a spouse; (7)
major personal injury or illness or (8) other major stress.

Psychological stress was assessed through two single-
item questions relating to stress at work and home by ask-
ing participants how often in the past year they had felt
stressed by indicating one of the following response
options: (1) never; (2) sometimes; (3) most of the times;
(4) often and (5) always.

Level of financial stress was defined as (1) little or none;
(2) moderate or (3) high.

Perceived control on the job-related activities was
assessed by asking participants to rate their level of
autonomy in organising their own working days as (1)
none; (2) little; (3) moderate; (4) good; (5) very good
and (6) not currently working.

Finally, sleep quality was assessed through a single item
question: ‘In general, how would you rate your sleep?” with
response options being: (a) restless and (b) restful.

Assessment of covariates

Urban or rural environments were defined on the basis of
the urbanisation level as described by the European
Institute of Statistics (EUROSTAT definition) and obtained
by the tool ‘Atlante Statistico dei Comuni’ provided by
the Ttalian National Institute of Statistics®".

Subjects were classified as never (who has never
smoked or who has smoked less than 100 cigarettes in
the lifetime), current (smoking one or more cigarettes/d
at the time of interview), former (who had quit smoking
at the time of interview) or occasional smokers (smoking
less than 1 cigarette/d at the time of interview).

History of CVD and cancer and previous diagnosis of
diabetes, hypercholesterolaemia and hypertension was
self-reported and categorised as no/yes.

In adults, BMI was calculated by using self-reported
measurements of height and weight, calculated as kg/m?
and grouped into three categories as normal (<25 kg/
m?), overweight (>25 < 30 kg/m?) or obese (>30 kg/m?).
BMI in children/adolescents was categorised according
to specific values for children considering sex and
age®?. Sport activity was self-reported and used as a
dichotomous variable (yes/no).

Statistical analysis

Main characteristics of the study population are presented
as numbers and percentages for categorical values and
means with sp for continuous variables (Table 1).
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Table 1 Characteristics of participants from the INHES study cohort, Italy 2010-2013

6201

Children/adolescents

Adults (20-97 years) (5—19 years)
n % n %
N of subjects 8569 100-0 509 100-0
Total energy (kcal/d)
Mean 1926-4 2081-7
SD 588-3 653-6
% Energy from UPF
Mean 17.3 25.9
95 % Cl 171,176 24.8,27.0
% Energy from processed food
Mean 24.4 18-6
95 % Cl 241, 24.7 17-6, 19-6
% Energy from culinary ingredients
Mean 19-6 174
95 % Cl 19-5, 19-8 16-8, 18.0
% Energy from unprocessed food
Mean 38.7 381
95 % Cl 38-4, 38-9 37-2, 39-1
Men (adults)/boys 3977 464 261 51.3
Age, years
Mean 56-9 145
sD 146 3.7
Geographical area
Northern Italy 3500 40-9 111 21.8
Central ltaly 1391 16-2 44 8-6
Southern ltaly 3781 42.9 354 69-6
Place of residence
Rural 1168 13-6 66 130
Urban 7401 86-4 443 87-0
Educational level
Up to elementary 1523 17-8 185 36-4
Lower secondary 2258 264 320 55-9
Upper secondary 3413 39-8 4 0-8
Post-secondary 1375 16-0 -
Occupation
Manual 1521 17-8 -
Non-manual 2637 30-8 1 0-2
Housewife 952 111 -
Retired 3071 35-8 -
Student 140 1-6 503 98-8
Unemployed 248 29 5 1.0
Marital status
Married/in couple 6470 755 3 0-6
Unmarried 1221 14.2 506 994
Separated/divorced 272 32 -
Widowed 606 71 -
Smoking habit
Non-smoker 5123 59.8 451 88-6
Current 1374 16-0 40 79
Former 1909 22-3 3 0-6
Occasional 163 1.9 15 2.9
Sport activity 1559 18-2 337 66-2
CVvD 289 34 0 0-0
Cancer 286 33 1 0-2
Hypertension 2762 32.2 2 0-4
Hyperlipidaemia 1888 22.0 6 1.2
Diabetes 644 7-5 1 0-2
BMI (adults)
Normal weight 4122 48-1 -
Overweight 3296 38-5 -
Obese 1151 13- -
BMI (kids)
Normal weight - 422 829
Overweight/obese - 87 171

Values are reported as number and percentages unless otherwise stated.
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with  95% confidence intervals
(95% CD from multivariable-adjusted linear regression
analysis were used to evaluate the association between
socio-demographic characteristics, eating behaviours,
psychosocial factors and dietary contribution of UPF
(continuous-dependent variable).

Two models were ultimately fitted: Model 1 was
adjusted for age, sex and energy intake, multivariable
models 2 as in model 1 further adjusted for education,
geographical area, place of residence, sport activity,
occupation (adults), marital status (adults), smoking,
BMI, CVD (adults), cancer (adults), hypertension (adults),
diabetes (adults) and hyperlipidaemia (adults).

Missing data from categorical variables were assigned a
missing indicator and were included in the models as
dummy variables, similar to the way valid categories were
represented.

Statistical hypotheses were tested using a two-tailed
P < 0-05 level of significance.

Data analysis were generated using SAS/STAT software,
version 9.4 (SAS Institute Inc.).

Beta-coefficients

Results

A total of 9078 participants (53-3 % women/girls) were
included in the present study with a mean age of 54-5 years
(age range 5-97 years; sD + 17-2 years).

Study participants reported an average percentage of
energy intake from UPF of 17-8% (95% CI (17-5, 18-1);
IQR: 8:3-25-0; Table 1) and a mean UPF intake of 154-8
g/d (95% CI (1519, 157-7); IQR: 40-0-221-6). More than
three-quarters (82:2%) of total energies derive from
unprocessed, minimally or moderately processed foods
(see online Supplemental Fig. 1.

Distribution of daily energy intake according to four
categories of the NOVA classification across main socio-
demographic indicators is reported in Supplemental Fig. 1.

Processed meat (325 %), bread substitutes (16-7 %) and
sweet biscuits (15-2 %) were the top contributing foods to
the total UPF consumed in our study sample (see online
Supplemental Table 2).

Adult participants (20-97 years)

Among adults (1 8569), the average energy from UPF was
of 17:3% (95 % CI (17-1, 17-6); IQR: 8:0-24-4) for a total of
154-8 g/d of UPF eaten daily (95 % CI (147-5, 150-4); IQR:
40-0-211-2). Unprocessed or minimally processed foods
provided nearly 40 % of total daily energies, processed
foods an additional 24-4 % and processed culinary ingre-
dients the remaining 19-6 % (Table 1).

The mean age of participants was 56-9 years (14-6), and
they were prevalently women, residing in the Northern and
Southern regions, with an average education and more fre-
quently lived in pair and in urban areas (Table 1).
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Processed meat (32:6 %), bread substitutes (17-2 %) and
sweet biscuits (15-4 %) were the top contributing sources of
total UPF eaten (Fig. 1).

Compared with the lowest (Q1), adult subjects in the
highest quartile of UPF consumption (Q4) had higher
intake of energy, sugar, protein, total fat, saturated fat, poly-
unsaturated fats, dietary cholesterol and Na, but lower
intakes of total carbohydrate, fibre and monounsaturated
fat (see online Supplemental Table 3).

Men (f=-1-28; 95% CI (—1-89, —0-68); fis are dimen-
sionless), older subjects (aged > 65 years v. 20-40 years;
f=-310; 95% CI (=440, —1-80)) and residents in
Southern TItaly (». Northern Ttaly; f=-0-73; 95% CI
(=1-32, —=0-14)) tended to consume less UPF as compared
with their counterparts, while living in an urban environ-
ment was positively associated with UPF intake (8= 1-64;
95 % CI (0-87, 2-42); Table 2; Model 2).

Housewives and retired people were less likely to con-
sume UPF as compared with manual workers (f = —0-79;
95% CI (=186, —=0-29) and B=—187; 95% CI (—2:83,
—0-91), respectively), while unmarried, separated and wid-
owed reported higher UPF intake as opposed to those liv-
ing in pair; among lifestyles, practicing sport activities and
being former smokers were associated with higher con-
sumption of UPF (Table 2; Model 2).

Compared with poor adherence, good adherence to
the Mediterranean diet was associated with a 4-86 %
(95% CI (4-20, 5-53)) lower energy intake from UPF
(Fig. 2(a)).

Having breakfast and lunch out of home were associ-
ated with higher UPF intake, as compared with having
these meals at home (f#=2-84; 95% CI (1-46, 4-22);
p=314; 95% CI (2:25, 4-04), respectively), and the
same was true also for those individuals having meals
while watching TV or PC; screen time (TV) was inversely

Adults (20-97 years) %

Processed meat 326
Bread substitutes 17-2
Sweet biscuits 154
Cake, croissant and other non-handmade pastries 85
Packaged breads 71

Chocolate and ice cream 40
Drinks (e.g. fruit, carbonated, alcoholics) 37
Fruit yogurt 36
Sliced cheese 33
Breakfast cereals and bars 17
Margarine, spreads and sauces 1-3
Sweet packaged snacks, candies and gums 05
Fish products 04
Meat alternatives 0-4
Non-sugar sweeteners 02
Energy bars and drinks 01

Baby food 0-0

Fig. 1 Contributing food groups (%) to the total amount of ultra-
processed food consumed among adults (n 8569) from the
INHES study cohort, Italy 2010-2013
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Table 2 Demographic and socio-economic factors associated with ultra-processed food (UPF) intake in adults (20-97 years; n8569) from the
INHES study cohort, by means of adjusted regression coefficients () with 95 % confidence interval (95 % CI), Italy 2010-2013

Ultra-processed food intake (% of total energy)

n % Crude mean sD B 95 % CI* P-value p 95 % Clt P-value

Sex

Women 4592 536 17-8 12.7 Ref. Ref.

Men 3977 464 16-8 122 -045 -0.75,-0-15 0-0029 -1.28 -1.89, -0-68 <0-0001
Age groups, years

20-40 974 114 207 12.7 Ref. Ref.

41-65 4793 559 18-3 12.8 -2.12 -2.58,-166 <0-0001 -1.15 -2.14,-0-15 <0-0001

>65 2802 327 14.5 111 -4.08 -4.57,-3-58 <0-0001 -3-10 —-4.40,-1-80 0-024
Geographical area

Northern Italy 3500 409 17-8 129 Ref. Ref.

Central ltaly 1391 162 175 116 -023 -0-99, 0-53 0-55 -0-23 -0-99, 0-53 0-56

Southern ltaly 3678 42.9 16-8 12.3 -1.26 -1.83,-067 <0-0001 -0-73 -1.32,-0-14 0-014
Place of residence

Rural 1168 136 15.5 11.8 Ref. Ref.

Urban 7401 864 176 12.5 211 1.36, 2-87 <0-0001 1.64 0-87, 2:42 <0-0001
Educational level

Up, elementary 1532 178 14-6 111 Ref. Ref.

Lower secondary 2258 264 17.2 12.3 0-99 0-15, 1-84 0-021 070 -0-15,1.55 0-11

Upper secondary 3413 398 18-0 12.5 1.23 0-41, 2.06 0-0034 055 -1.36,0-74 0-20
Post-secondary 1375 160 187 13-6 1.57 0-60, 2-55 0-0016 0-65 -2-14,0-44 0-22
Occupation

Manual 1521 17.8 18.7 12.7 Ref. Ref.

Non-manual 2637 308 19-1 133 -0-16 -0-62,0-94 0-69 -0-02 -0-85, 0-81 0-96

Housewife 952 111 173 1214 -1.36 -2.43,-0-30 0-012 -0-79 -1.86, 0-29 0-15

Retired 3071 358 14.8 113 -2.09 -3.04,-115 <0-0001 -1.87 -2.83,-0-91 0-0001

Student 140 1.6 22.0 13-0 1.43 -0-81,3:69 0-21 0-69 -1.60, 2-:98 0-55

Unemployed 248 29 18-6 12.3 -0-54 -2.20,1-11 0-52 -0-64 -2-30, 1-01 0-44
Marital status

Married /in couple 6470 755 16-8 12.3 Ref. Ref.

Unmarried 1221 14.2 20-1 12.9 1.78 1.38, 3-50 <0-0001 1.26 0.37,2-15 0-0053

Separated/divorced 272 32 19-9 14.4 2.47 0-98, 3-96 0-0011 1.88 0-38, 3-38 0-014

Widowed 606 71 159 11.9 094 -0-15,2.02 0-090 1.16 0-07, 2-24 0-037
Smoking habit

Non-smoker 5123 59-8 17.2 12.5 Ref. Ref.

Current 1374 16.0 18-0 13-3 0-30 -0-43,1.04 0-43 021  -0-58, 0-95 0-58

Former 1909 22.3 171 11.9 0-78 0-11, 1-45 0-022 0-90 0-22, 1.57 0-0095

Occasional 163 1.9 175 1214 -023 -2.15,1-68 0-81 -0-50 -2.40, 1-41 0-61
Sport activity

No 7010 818 16-8 12.2 Ref. Ref.

Yes 1559 18:2 198 13-2 211 1.43, 2-80 <0-0001 1.68 0.98, 2-38 <0-0001
CVD

No 8283 967 17-3 12.5 Ref. Ref.

Yes 286 33 16-7 12.2 1-49 0-02, 2-96 0-047 1-64 0-16, 3-12 0-030
Cancer

No 8280 966 17-3 12.5 Ref. Ref.

Yes 289 34 18-0 12.9 141 -0-03,2-86 0-055 1.33 -0-11,2.77 0-071
Hypertensionf

No 5795 676 182 12.8 Ref. Ref.

Yes 2762 32-2 155 116 -1.09 -1.70, -0-49 0-0004 -0-61 —1-24,0-02 0-059
Hyperlipidaemiat

No 6658 777 17-6 12-6 Ref. Ref.

Yes 1888 22.0 16-2 120 -041 -1.05,0-23 0-21 -0-19  -0-85, 0-46 0-56
Diabetest

No 7904 92.2 176 12.5 Ref. Ref.

Yes 644 75 14.5 11.2 -1.34 -2.35, -0-33 0-0092 -0-83 -1-85,0-20 0-11
BMI

Normal weight 4122 481 182 129 Ref. Ref.

Overweight 3296 385 16-6 120 -1.08 -1.89, -0-27 0-0090 -0-36 —0-95,0-23 0-24

Obese 1151 134 16-4 120 -0-83 -1.41,-025 0-0053 -0-37 -1.22,047 0-39

*Multivariable-adjusted linear regression including age groups, sex and energy intake (continuous).
TMultivariable-adjusted linear regression including all variables in the Table.
}Missing data: hypertension (n 12), hyperlipidaemia (n 23), diabetes (n 21).

associated with UPF intake, whereas snacking and Poor self-rated health status and reporting at least one
frequent aperitifs were associated with more UPF eaten adverse life event in the last year were associated with
(Table 3). 5:32% and 2:33% higher contribution of UPF to total

0.1017/51368980021002767 Published online by Cambridge University Press
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Adherence to MD B (95%Cl)

Ultraprocessed food

Poor Ref-
Average e —2:71 (-3-35, =2-07)
Good —e— —4-86 (-5'53, —4-20)

Processed food

Poor Ref:

Average i -1-69 (-2-40, —0-98)
Good —— —2:70 (-3-44, —1-96)

Culinary ingredients

Poor Ref-

Average e 2-07 (1-66, 2-48)
Good —— 3-38 (2:95, 3-81)

Minimally processed food

Poor Ref:

Average —— 2-33 (1-68, 2-98)
Good +—e— 4-18 (3-50, 4-86)

-6 -4 -2 0 2 4 6

Change in the four NOVA groups intake
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(b)
Adherence to MD B (95%Cl)
Ultraprocessed food
Poor Ref-
Average —_—— —2:71 (-3-35, =2-07)
Good ————+—— —4-86 (-5'53, —4-20)

Processed food

Poor Ref:
Average — —2-85 (-5-24, —0-46)
Good 7 —2:70 (-5-66, 0-22)
Culinary ingredients
Poor Ref:
Average e 0-87 (-0-59, 2:33)
Good e 1-82 (0-03, 3-62)

Minimally processed food
Ref:

4-60 (2-30, 6-90)
———e——— 5:98 (316, 8-80)

Poor
Average e

Good

-10 -7 —4 -1 2 5 8

Change in the four NOVA groups intake

Fig. 2 Contribution to total energy intake (%) of each food group according to its extent of processing (NOVA classification) by levels
of adherence to the Mediterranean diet in (a) adults (20-97 years; n8569) and (b) children/adolescents (5-19 years; n509) from the

INHES study cohort, Italy 2010-2013

energy intake (95 % CI (2:66, 7-99) and 95 % CI (1-48, 3-18),
respectively), as well as restless sleep (Table 4).

Finally, all types of stress showed inverse associations
with the consumption of UPF, while job control positively
correlated (Table 4).

Children/adolescents (5-19 years)

Among children/adolescents (5-19 years, n 509), the aver-
age energy from UPF was 259 % (95 % CI (24-8, 27-0); IQR:
17-0-34-1; Table 1), with a mean UPF intake of 277-6 g/d
(95 % CI (259-5, 295-6); IQR: 125-1-381-0).

Processed meat (30-2 %), sweet biscuits (13-2 %), cakes
and other non-handmade pastries (11-5%) and drinks
(9:3 %) were the foods mostly contributing to the total of
UPF consumed (Fig. 3). Nutrient characteristics of young
participants across quartiles of UPF differed for sugar, Na
and energy intake that were higher in those consuming
excessive UPF and for total carbohydrates and fibre that
were lower (see online Supplemental Table 4).

Boys consumed two-point percent more UPF of the total
energy compared with girls (f = 2-01; 95 % CI (0-20, 3-82)),
while adolescents and former/occasional smokers tended
to consume less UPF products, as compared with their
counterparts. Higher educational level was associated with
reduced energies from UPF in the diet (= —2-57; 95 % CI
(—4-74, —0-40)) (Table 5; Model 2).

Good adherence to the Mediterranean diet was associ-
ated with five-point percent less energy from UPF as com-
pared with poor (f=—-5-08; 95% CI (-8:38, —1-77)) and
nearly 6% higher energy from unprocessed/minimally
processed food (f=5-98; 95% CI (3-16, 8-80) for good v.
poor adherence) (Fig. 2(b)).

9/10.1017/51368980021002767 Published online by Cambridge University Press

Having breakfast regularly and out of home positively
correlated with UPF intake, as well as regular afternoon
snacking, while early lunch time was inversely related
(Table 3).

Discussion

This study aimed to estimate the intake of UPF in a large
cohort of 8569 adults and 509 children/adolescents resid-
ing in Italy and to investigate its major socio-demographic,
psychosocial and behavioural correlates.

Average daily energies from UPF were 17-3% and
25-9 % for adults and children/adolescents, respectively.

As expected, our UPF intake estimation in the adult sam-
ple was much lower than that reported in general popula-
tions from non-Mediterranean countries"*'?, while being
in line with data from another Mediterranean country such
as Spain, where consumption of UPF was 24 % of the total
energies eaten®”,

Consistently, the percentage of UPF consumed by chil-
dren/adolescents aged 5-19 years in our cohort tended to
diverge substantially from data collected in the UK where
65 % of energies eaten by primary and secondary school
children were from UPF®®, and similar high dietary shares
of UPF were documented in paediatric populations of the
USA®® and Canada®®.

Conversely, our estimations aligned with data from a
Belgian cohort showing that the usual proportion of daily
energy intake from UPF was 33-3 % for children and 29-2 %
for adolescents® and with those provided within the
SENDO project in Spain®?.
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Table 3 Association of meal patterns and eating behaviours with ultra-processed food intake in adults (20-97 years) and children/adolescents (5—19 years), by means of adjusted regression
coefficients () with 95 % confidence interval (95 % Cl), Italy 2010-2013

Adults (n 8569)

Children/adolescents (n 509)

Ultra-processed food intake (% of total energy)

Ultra-processed food intake (% of total energy)

n % Crude mean SD p 95% CI* P-value n % Crude mean SD p 95% Clt P-value
Breakfast

Home 8018 93-6 17.2 12-3 Ref. 452 88-8 26-2 12.5 Ref.

Out 320 37 211 137 2-84 1.46, 4.22 <0-0001 23 4.5 305 12-8 5.92 0-65,11-18 0-028
Having breakfast

Never/rarely 137 16 15.0 132 Ref. 41 8-1 195 141 Ref.

Always 7576 88-4 17.7 12-3 3-24 1.18, 5-30 0-0020 456 89-6 26-5 12-4 6-34 227, 10-40 0-0023

Only with coffee 763 89 13-3 12.6 -1.23 —-3-45, 0-98 0-28 9 1.8 25-8 14-4 853 —-0-58, 17-63 0-066
Late morning snack

Never/rarely 5958 69-5 16-7 124 Ref. 145 28-5 25.0 14.0 Ref.

Always 2507 29-3 18.7 124 1.34 0-76, 1-92 <0-0001 360 707 26-2 12-1 0-14 —2.35, 262 0-91
Lunch

Home 7528 879 16-8 12.2 Ref. 480 94-3 258 12-8 Ref.

Out 908 10-6 216 13-8 314 225, 4.04 <0-0001 23 4.5 27.0 10-7 -2.82 -850, 2-85 0-33
Lunch

Never/rarely 35 04 19-6 152 Ref. 1 0-2 31.2 - Ref.

Always 8446 98-6 17-3 124 -1.91 -5.97, 2.15 0-36 505 99.2 25.9 12.7 —6-55 -31.23, 18:13 0-60
Late afternoon snack

Never/rarely 6293 73-4 16-7 123 Ref. 182 35-8 233 12.7 Ref.

Always 2171 25-3 189 128 1.77 1.17,2-38 <0-0001 323 63-5 275 124 3-33 0-99, 5-67 0-0054
Aperitif

Never 7169 83.7 16-8 12-1 Ref. 426 83-2 26-4 12-6 Ref.

Sometimes 1204 141 205 13-8 2.08 1.29, 2-86 <0-0001 45 8-8 246 129 -0.-07 —-4.-16, 4-02 0-97
Always 129 1.5 19-8 13- 117 -0.97, 3-32 0-28 35 6-9 221 13-3 -1.59 -6-32, 3-14 0-51
Dinner

Home 8348 97-4 17-3 12.4 Ref. 495 973 26-0 12.7 Ref.

Out 77 0-9 20-0 13-2 211 —0-64, 4-85 0-13 4 0-8 28-0 99 -0-37 -12.93, 1219 0-95
Dinner

Never/rarely 37 0-4 23-2 15-8 Ref. 1 0-2 26-5 — Ref.

Always 8435 98- 17.3 12.4 -6-24 -10-17, —2-30 0-0019 505 99. 25.9 12.7 2:30 -22-51, 2711 0-86
Time spent watching TV

<1 hd 562 6-6 189 13-8 Ref. 50 9-8 25-6 11-8 Ref.

>1<2h/d 2582 30-1 18-6 12-.8 —-0-58 —-1.70, 0-54 0-31 189 371 25-4 12-9 -0.07 —-4.07, 3-93 0-97

uonendod uerey] ue ur vondwnsuod pooy passadord-enin
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Table 3 Continued

Adults (n 8569)

Children/adolescents (n 509)

Ultra-processed food intake (% of total energy)

Ultra-processed food intake (% of total energy)

n % Crude mean SD B 95 % CI* P-value n % Crude mean sD p 95 % Clt P-value

>2<4h/d 4305 50-2 169 12.2 —1.56 —2-66, —0-46 0-0053 249 489 26-4 12.6 0-34 —3.58, 4.27 0-86
>4 h/d 1059 12.4 14-4 116 -2.71 —4.04, —1-38 <0-0001 16 31 25.0 13-0 —0-98 -8-12,6-16 0-79
Time spent using PC

<1 h/d 4485 52-3 159 119 Ref. 88 17-3 28-4 12.5 Ref.

>1<2h/d 1606 187 199 131 1-63 0-83, 2:43 <0-0001 120 236 269 132 -0-11 -3-69, 3-44 0-95

>2<4 h/d 1790 209 17-8 128 —-0-55 -1.35, 0-25 0-18 208 409 254 12-1 -1.43 —4.85, 2.00 0-41

>4 h/d 623 7-3 19-9 12. 1.07 —-0-07, 2-21 0-066 89 175 237 12.9 -2-39 —-6-50, 1.73 0-25
Having meals while watching TV

Never 7907 92-3 172 124 Ref. 460 90-4 26-0 12.7 Ref.

Sometimes 525 6-1 19-0 12.5 1.87 0-79, 2-96 0-0007 35 6-9 256 12.2 -1.52 -5.91, 2.86 0-50

Most of the times 79 09 22.5 137 4.83 212, 7-53 0-0005 10 2.0 24.2 10-8 -1.13 -9-10, 6-84 0-78
Having meals while using PC

Never 8394 98-0 17-3 124 Ref. 484 951 259 12.7 Ref.

Sometimes 77 09 217 15.7 2-83 0-08, 5-57 0-044 19 37 269 114 —-0-11 -5.97, 5.75 0-97

Most of the times 13 0-1 269 13- 6-73 0-07, 13-38 0-048 2 04 334 137 7-55 -10-11, 25.22 0-40
Breakfast time

Before 7:30 a.m. 4483 52-3 17-8 124 Ref. 317 62-3 26-5 12.5 Ref.

After 7:30 a.m. 3763 439 16-7 12.5 —-0-43 —-0-98, 0-11 012 155 305 26-4 12.7 0-28 -2-19, 2.75 0-82
Lunch time

Before 13:30 p.m. 5595 65-3 17-3 124 Ref. 135 26-5 285 13-4 Ref.

After 13:30 p.m. 2974 34.7 175 12.6 —0-91 -1.51, -0-32 0-0027 374 73:5 24.9 12.2 —2.49 -5.35, 0-37 0-088
Dinner time

Before 8:00 p.m. 3229 377 167 14.5 Ref. 116 22.8 274 13-8 Ref.

After 8:00 p.m. 5340 62-3 17.7 12.4 0-11 —-0-48, 0-71 0-71 393 77-2 254 12-3 -0-19 -3-13,2.75 0-90

Numbers do not add up to 100 % due to missing values.
*For adults: multivariable-adjusted linear regression including age groups, sex, energy intake, geographical area, residence, educational level, occupation, marital status, smoking status, sport activity, CVD, cancer, hypertension,
hypercholesterolaemia, diabetes and BMI.
1For children/adolescents: multivariable-adjusted linear regression including age groups, sex, energy intake, geographical area, residence, educational level, smoking status, sport activity and BMI.
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Table 4 Psychosocial factors associated with ultra-processed food (UPF) intake in adults (20-97 years; n 8569), by means of adjusted
regression coefficients () with 95 % confidence interval (95 % Cl), Italy 2010-2013

Ultra-processed food intake (% of total energy)

Psychosocial factors n % Crude mean SD p 95 % CI* P-value
Self-rated health status

Excellent 1267 14.8 16-5 12.7 Ref. -

Good 5569 65-0 17.7 12.5 286 2.08, 3-64 <0-0001

Fair 1586 185 16-8 12-3 363 263, 4-63 <0-0001

Poor 92 11 176 12-1 5.32 2-66, 7-99 <0-0001
Adverse life events

None 7638 89-1 171 12.3 Ref. -

At least one 931 109 191 14.0 233 1.48, 3-18 0-016
Stress at work

Never 185 2:2 20-2 139 Ref.

Sometimes/most of the times 3906 45.6 185 129 —2-98 -4.82, -1-13 0-0016

Often/always 488 5.7 20-4 13-6 -117 -3-28, 0-95 0-28

Not working/unascertained 3990 46-6 15.7 11-6 -3.47 -5.33, -1-62 0-0002
Stress at home

Never 247 2.9 19-8 134 Ref.

Sometimes 4759 55.5 17-0 124 -3.05 —4.62,-1-48 0-0001

Most of the times 3250 379 17-3 12.2 -2.95 —4.54, —1.37 0-0003

Often/always 299 35 20-9 14.0 0-55 -1.52, 2-61 0-60
Financial stress

Little or none 184 2.2 18-6 13-0 Ref.

Moderate 4879 56-9 188 12.6 —2:48 —-4.28, —0-67 0-0071

High 3197 373 20-8 135 -410 -5.92, -2.28 <0-0001

Not working/unascertained 309 36 164 121 -1.67 -3-92, 0-58 0-15
Job control

Little or none 530 6-2 20-3 133 Ref.

Moderate/good 1234 14-4 179 12.6 -0-19 —1.44,1.06 0-77

Very good 828 97 16-1 12.0 1.96 0-62, 3-29 0-0041

Not working/unascertained 5977 69-7 192 128 —-0-96 —2-09, 0-17 0-097
Sleep quality

Restful 7574 88-4 17.2 124 Ref.

Restless 822 9-6 189 131 2.34 1.45, 3-23 <0-0001

Numbers do not add up to 100 % due to missing values.

*Multivariable-adjusted linear regression including age groups, sex, energy intake, geographical area, residence, educational level, occupation, marital status, smoking status,
sport activity, CVD, cancer, hypertension, hypercholesterolaemia, diabetes and BMI.

Children/adolescents (5—19 years) %

Processed meat 30-2
Sweet biscuits 13-2
Cake, croissant and other non-handmade pastries 11-5
Drinks (e.g. fruit, carbonated, alcoholics) 93
Bread substitutes 89
Margarine, spreads and sauces 72
Chocolate and ice cream 6-3
Packaged breads 4-8
Breakfast cereals and bars 2:6
Sliced cheese 19
Fruit yogurt 1-8
Sweet packaged snacks, candies and gums 1-0
Fish products 09
Meat alternatives 0-3
Baby food 0-1

Non-sugar sweeteners 0-0
Energy bars and drinks 0-0

Fig. 3 Contributing food groups (%) to the total amount of ultra-
processed food consumed among children/adolescents (n 509)
from the INHES study cohort, ltaly 2010-2013

UPF was mainly consumed by urban residents, young
people and those practicing physical exercise, a finding
aligned with others™?®  possibly because active

0.1017/51368980021002767 Published online by Cambridge University Press

individuals tend to consume more frequently some highly
processed foods, such as energy bars and drinks and health
or slimming products.

As already documented in other populations®®, higher
intake of UPF was associated with lower diet quality, being
richer in Na, fat and poor in fibre, and inversely with the
Mediterranean diet, both in adults and children/adoles-
cents, as previously seen by others™37. Since the tradi-
tional Mediterranean diet
minimally processed food and emphasises home cooking,
its inverse association with UPF possibly accounts for the
relatively lower energy from UPF in our participants as
compared with much higher estimations reported in other
countries, especially non-Mediterranean.

Consistently, Southern Italian regions were likely to con-
sume less UPF, possibly because highly processed foods
may have more difficulty in establishing in a dietary context
characterized by a strong food heritage as reflected by the
Mediterranean diet®.

In the last decade, several population studies reported
the adverse effects of UPF on health; indeed, excessive
consumption of industrially processed food was associated
with elevated risk of diet-related chronic disease®-121415

features unprocessed or
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Table 5 Demographic and socio-economic factors associated with ultra-processed food (UPF) intake among children/adolescents (5—-19
years; n 509) from the INHES study cohort, by means of adjusted regression coefficients (8) with 95 % confidence interval (95 % CI), ltaly

20102013
Ultra-processed food intake (% of total energy)
n % Crude mean  sD p 95 % CI* P-value p 95 % ClIt P-value

Sex

Girls 248 487 254 12.6  Ref. Ref.

Boys 248 51-3 26-4 12.7 0-69 -1.57,2.95 0-55 2.01 0-20, 3-82 0-030
Age groups, years

5-9 (children) 63 124 29.3 117  Ref. Ref.

10-19 (adolescents) 446 876 254 12.7  -413 -7-56, -0-70 0-018 -2.54 -3.56, 2.47 072
Geographical area

Northern Italy 111 21.8 284 12:5 Ref. Ref.

Central ltaly 44 86 25.5 12.8 -3-09 -7-56, 1-38 0-18 -0-79 —4.29,2.72 0-66

Southern ltaly 354 69 251 126 -2.94 -5.64, -0-23  0-033 -0-48 -2.68,1.72 0-67
Place of residence

Rural 66 130 262 13.9 Ref. Ref.

Urban 443 870 25.8 125 0-11 -3.20, 3-42 0-95 -0-55 -3-26,2-14 0-69
Educational level

Up to elementary 185 354 284 12.3 Ref. Ref.

Lower/upper secondary 324 63-6 24.5 12.7 -3.75 -6-40, -1-09 0-0058 -2.57 —4.74,-0-40  0-020
Smoking habit

Non-smoker 451 886 26-4 12.7 Ref. Ref.

Current 40 79 22:4 11.0 -3-91 —-8.-05, 0-24 0-065 0-54 -2.74,3-83 0-75

Former/occasional 18 35 19-8 124 -6-79 -12.75,-0-83 0-026 -4.99 -9.68,-0-29  0-037
Sport activity

No 172 338 254 12.9 Ref. Ref.

Yes 337 66-2 26-1 12-5 0-72 -1.62, 3.07 0-54 -0-64 -2.54,1.26 0-51
BMI

Normal weight 422 829 25-8 12.4 Ref. Ref.

Overweight/obese 87 1741 265 137 0-28 -2.70, 3-27 0-85 -1.80 —4-15,0-56 0-13

*Multivariable-adjusted linear regression including age groups, sex and energy intake (continuous).

TMultivariable-adjusted linear regression including all the variables in the Table.

and mortality’%'®, also through mechanisms that include
altered inflammation“.

Prospective studies following young children over time
found that higher intake of UPF predicted higher total cho-
lesterol, LDL cholesterol, tri-acyl glycerol and/or increased
delta waist circumference©4142 and supported the role of
UPF in the obesity epidemic in Brazilian adolescents and
adults™.

Among potential mechanisms linking UPF consumption
to increased health risk, chemicals largely used in the pack-
aging of these food products, such as bisphenols and
phthalates, were found to promote inflammation and oxi-
dative stress?. In addition, food processing and particu-
larly heat treatments produce neoformed contaminants
(e.g. acrylamide) that are classified as genotoxic by the
European Food Safety Agency“?.

More recently, a study on 139 adolescents in Iran
showed a significant urinary biomarker of DNA oxidative
damage associated with higher intake of UPF“,

In the INHES cohort, both in adults and kids, processed
meats were the top contributors to the dietary share of UPF,
in accordance with estimations from the SUN cohort™? and
the national Food Consumption Surveys in Belgium®®, dif-
ferently from adults our children/adolescents tended to
consume more sugar-sweetened beverages in line with
others®®,

9/10.1017/51368980021002767 Published online by Cambridge University Press

Among eating behaviours, regularly eating main meals
out of home was associated with higher intake of UPF in
adults, while for kids breakfast out of home was related to
UPF intake suggesting that main foods included in the
breakfast of Italian children are highly processed.
Among adults, snacking likely led to consume more
UPF, thus providing interesting suggestions on the type
of foods preferably consumed by Italians between
main meals.

Screen time while eating was directly associated with
UPF intake in adults, a finding in accordance with prior evi-
dence showing that TV watching possibly increases the
amount eaten of high-density and palatable foods“®, while
in children and adolescents such association was not
observed, likely because this behaviour in our young sam-
ple is underrepresented.

An important aspect of our research is the observed
association between several aspects of the psychosocial
dimension and their relationship with consumption of
UPF. We found that higher consumption of UPF is associ-
ated with poor self-rated health status, a finding in line with
prior epidemiological studies suggesting a direct relation
between UPF intake and risk of depression!®. We also
found evidence of an association of adverse life events
and UPF, in agreement with studies showing lower diet
quality in stressed and neurotic individuals“”. Finally,
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our findings revealed that participants reporting low sleep
quality were more likely to consume UPF, in agreement
with a recent study on 2499 Brazilian adolescents observing
a direct relation between excessive UPF intake and poor
sleep quality™®.

Strengths and limitations

This study has several strengths. First, results are from a
large population sample of more than 9000 men and
women recruited throughout Italy, with a complete assess-
ment of diet, lifestyle and other covariates that minimise
confounding. Also, our study shed light on correlates that,
to date, had been less explored in other populations, such
as meal patterns, eating behaviours and psychosocial
factors.

Study limitations include the cross-sectional design and
the telephone-based survey with potential interviewer bias
and inability to use visual help. Also, the decline in the use
of landlines may have resulted in an under-representation
of respondents.

Furthermore, the study relies on self-reported health
and dietary data that may lead to misreporting; however,
data were collected by trained interviewers and each par-
ticipant received by mail, beforehand, a short photograph
atlas and guidance notes to estimate food portion sizes.

Confounding from unmeasured factors (e.g. additional
psychological and socio-economic factors) cannot be fully
ruled out. Also, dietary intakes were collected almost a de-
cade ago, thus might not reflect the current UPF intake in
the Italian population, although being the most updated
data available so far, and in line with timeframes from
the majority of studies in the field1®®,

However, the analyses on correlates of UPF intake are
independent of the time of data collection and actually pro-
vide useful information for public health policies aimed to
minimize the share of highly processed food in the diet.

Finally, the NOVA classification we used is still debated,
mainly because of its equivocal definition of UPF and also
because it has been revised and refined over time“*”; how-
ever, its usefulness in nutrition research has been widely
acknowledged®?.

In any case, some caution is needed in generalising
these findings to other populations.

Conclusions

Our results from a large cohort of adults and children/ado-
lescents recruited in 2010-2013 throughout Italy showed
that UPF constitutes less than 20 % of total energy intake
among adults, while being approximately a quarter of
the energies eaten by children/adolescents.

Such estimations are among the lowest recorded so far
worldwide, but there is reason to believe that UPF intake is

0.1017/51368980021002767 Published online by Cambridge University Press
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possibly on the rise as documented by worldwide
trends 5D

We did not observe substantial differences in UPF intake
across socio-demographic strata, but rather identified some
behavioural and psychosocial correlates that may promote
increased UPF intake in the diet. In such, our findings pro-
vide relevant information to settle effective public health
strategies at population levels by targeting groups at higher
risk of unhealthy diets.

Finally, we observed that adherence to a Mediterranean
diet, which features fresh or minimally processed foods
and emphasises home cooking, possibly lowered the
consumption of UPF in both adults and kids, thus poten-
tially reducing the burden of major chronic diseases later
in life.

Given the increasing dietary share of UPF worldwide
and the growing epidemiological evidence on the adverse
health effects of such foods, it is advisable to stress the
importance of limiting UPF in dietary guidelines, as done
in some®%>® but not in the majority of countries.

Food policy initiatives to minimise consumption of UPF
in the diet primarily include fiscal measures, which, how-
ever, should be accompanied by subsidies or incentives
(such as VAT reduction for healthful foods) aimed at pro-
moting purchase of healthier foods; indeed, diets rich
in UPF are estimated to be cheaper than diets with a low
inclusion of these products; thus, the economical afford-
ability of minimally processed foods might be favourably
improved®?®.

Other actions would possibly include stricter regulations
to reduce the advertisement and marketing of UPF, espe-
cially to children, front-of-package warning labels and tar-
geted food policies to regulate access to and promotion of
UPF in schools®”.
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