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Abstract
Objective: To evaluate changes in ultra-processed food (UPF) intake and its major
correlates during the first Italian lockdown (9 March–3 May 2020).
Design: Retrospective observational study.
Setting: Italy.
Participants: We analysed 2992 subjects (mean age 57·9± 15·3 years, 40·4% men).
Individual participant data were pooled from two retrospective cohorts: (1) The
Moli-LOCK cohort consists of 1501 adults, a portion of the larger Moli-sani study
(n 24 325; 2005–2010) who were administered a phone-based questionnaire to assess
lifestyles and psychological factors during confinement and (2) the Analysis of Long
TermRiskofCovid-19 Emergency is aweb-based surveyof 1491 individuals distributed
throughout Italywho self-responded to the samequestionnaire by usingGoogle forms.
UPFwasdefined according toNOVAclassificationbasedondegree of foodprocessing.
An UPF score was created by assigning 1 point to increased consumption, −1 to
decreased and0point for unchanged intakes of nineteen food items,with higher values
indicating an increase in UPF during confinement.
Results: Overall, 37·5% of the population reported some increase in UPF (UPF
score ≥1). Adults were more likely to decrease UPF (multivariable regression
coefficient β=−1·94; 95% CI −2·72, −1·17 for individuals aged >75 years as
compared with 18–39 years) as did individuals from southern Italian regions
as compared with Northern inhabitants (β=−1·32; 95% CI −1·80, −0·84), while
UPF lowering associated with increased exercise (β=−0·90; 95% CI −1·46, −0·35)
and weight loss (β=−1·05; 95% CI −1·51, −0·59) during confinement.
Conclusions:During the first Italian lockdown, about 40% of our population switched
to unfavourable eating as reflected by increased UPF intake and this may have long-
term effects for health.
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COVID-19 is caused by severe acute respiratory syndrome
coronavirus 2 and was recognised by the WHO as a
pandemic early in 2020(1). As of 28 January 2021, there have
been over 100 million of confirmed cases of COVID-19,
with 2·177·677 deaths worldwide(2).

The containment measures released by the Italian
Government for the period between 9 March and

3 May 2020 (#stay at home decree) were aimed to
reduce the movement of people from their homes,
which was only allowed in cases of special need
and for buying food and other basic supplies in nearby
food stores and supermarkets; mass gatherings and
events were completely banned, while the use of
smart/home working was largely encouraged wherever
possible(3).Moli-LOCK Study Investigators are listed in the Supplementary Appendix.
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As a consequence, the lockdown period is likely to have
lasting effects on people and their lifestyles, especially
nutrition, and psychosocial well-being.

Previous evidence has shown that the main consequence
of quarantine is a change in lifestyle and nutritional habits
due to either a limited access to food caused by restricted
store opening hours or as a result of psychological stress
and boredom during confinement(4). Psychological stress
and boredom have been reportedly associated with overeat-
ing and consumption of comfort food and food craving(5)

which in turn may have adverse long-term health effects
especially for cardiovascular health.

Accumulating evidence from studies conductedworldwide
during the first wave of the COVID-19 pandemic indicated
an increase in the intake of unhealthy foods (e.g. snacks,
sugary drinks and chocolate), although a global assessment
of changes in diet quality is often lacking with many studies
reporting either increases or decreases of unhealthy foods(6–8).

In last years, concerns have been raised on the potential
health impact of ultra-processed foods (UPF) in the diet,
whose consumption has increased dramatically over the
last decades leading to a gradual substitution of traditional
diets. UPF are made by industry processing or chemical
synthesis from processed substances extracted or refined
from whole foods; they are usually rich in additives used
to imitate or enhance the sensory features of foods, such
as colour stabilisers, flavour enhancers and non-sugar
sweeteners(9–11). Several population studies have provided
evidence of a strong association between increased UPF
intake and risk of major chronic diseases(12,13) and
mortality(14,15), often independently of overall diet quality.
Moreover, the dietary imbalance caused by regular consump-
tion of UPF increases the inflammatory potential of the
diet: this would negatively influence lung function(16) and
immunity(17), possibly leading to an increased susceptibility
to severe acute respiratory syndrome coronavirus 2(17).

In view of this, it is crucial to understand whether and to
what extent home confinement during the COVID-19
pandemic had an impact on consumption of UPF and
which are the potential consequences on long-term health
effects at population level.

The aim of the current study was to investigate the impact
of the first Italian lockdown period on UPF consumption by
analysing both changes in single food items and global mod-
ifications in diet quality and their major correlates by using
data on 2992 men and women from two population-based
cohorts recruited from May 2020 to September 2020.

Methods

Study design and participants

The Moli-LOCK study
The Moli-LOCK study was designed as an observational
cohort study that retrospectively investigated dietary,

lifestyle and psychosocial changes possibly occurred after
Italy’s lockdown following the COVID-19 pandemic, that
is, in the period of time between 9 March 2020 and
3 May 2020. The population of the Moli-LOCK study
consists of a sub-group of men and women who had first
been recruited in the larger Moli-sani study cohort(18)

in 2005–2010 (n 24 325) and then re-examined in
2017–2020 (n 2572). From May 2020 to September 2020,
subjects were contacted by phone by trained researchers
to be administered a questionnaire to assess lifestyle,
dietary and psychosocial changes during the confinement
following the COVID-19 pandemic. A total of 1563 com-
pleted the questionnaire, as compared with the eligible
sample who did not participate (n 1009), individuals
included in the study were slightly younger (66·4 ± 8·6 v.
67·5 ± 9·3; P value <0·001 for analysed v. excluded) and
had higher education (upper secondary school or higher
= 66·2 % v. 61·5 %, respectively, P= 0·015), while no
differences were found for sex (men = 43·7 % v. 47·1 %,
respectively, P = 0·09) and presence of chronic diseases
(CVD= 7·4 % v. 9·3 %, respectively, P= 0·08; cancer = 9·4
% v. 9·2 %, P = 0·72). After exclusion of those participants
with missing information on UPF intake (n 62), we finally
analysed 1501 subjects. Online Supplementary Figure S1
shows the flowchart for selection of study participants.

The ALT RISCOVID-19 survey
The ALT RISCOVID-19 (Analysis of Long Term Risk of
Covid-19 Emergency) was a cross-sectional web-based
survey carried out among Italian adults aged≥ 18 years,
residing in Italy during the confinement.

All subjects with access to electronic devices and the
Internet (e.g. personal computer, smartphone) and fluent
in Italianwere eligible. Data were collected through a struc-
tured self-administered questionnaire created in Google
Forms (Google LLC).

Individuals were invited to participate in the survey
via social media (Facebook and Whatsapp), and e-mail
contacts and the data collection occurred between June
and September 2020.

Before starting the questionnaire, participants were
informed about the aims of the study and were confident
that all data would be used for research purposes only;
participants were required to accept the data sharing and
privacy policy before taking part in the study. To protect
the confidentiality of the participants, their personal
information and data were anonymous, according to the
provisions of the General Data Protection Regulation
(GDPR 679/2016).

Data collection
The ALT RISCOVID-19/Moli-LOCK questionnaire was
constructed by the Department of Epidemiology and
Prevention at the IRCCS Neuromed. The questionnaire
was divided into modules including questions on socio-
demographic characteristics, medical history, COVID-19
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related aspects, dietary and lifestyle practices, psycho-
logical assessment and sources of information (see online
Supplemental Appendix 1).

Changes in UPF consumption were assessed through
questions aimed at evaluating modifications possibly
occurred during the first Italian lockdown in the intake
of nineteen food items grouped according to the NOVA
classification system based on the degree of food process-
ing (see online Supplemental Table S1). Briefly, we
categorised each food item into one of the following
categories according to the extent and purpose of food
processing: (1) unprocessed or minimally processed foods
(e.g. fruits and vegetables, meat and fish); (2) processed
culinary ingredients (e.g. butter, oils); (3) processed foods
with salt, sugar or oil (e.g. canned or bottled vegetables and
legumes, canned fish) and (4) UPF containing predomi-
nantly industrial substances and little or no whole food
(e.g. carbonated drinks, processed meat and packaged
snacks). For the purpose of the present analyses, we used
the fourth NOVA category.

Participants were asked to self-rate their own consump-
tion for each food item in terms of unchanged, increased
and decreased intake during confinement as compared
to before. Such an approach was chosen to avoid survey
fatigue(19) that could have been generated by asking for
frequency of consumption before and during pandemic
at the same time.

Answers were then used to compute an UPF score by
assigning 1 point to increased intake,−1 point to decreased
intake while unchanged intakes received 0 points. This
score potentially ranges from −19 to 19 with higher
values indicating an increase in UPF consumption during
confinement. We then divided the population according to
degree of changes in UPF as follows: stable UPF intake
(UPF score= 0), mild increase (>0≤ 2), high increase
(>2), mild decrease (≥−2< 0) and high decrease (<−2).

Lockdown-induced factors included those factors that
were likely to be modified by the confinement, namely
work type (usual working, home/smart working, work
interruption, work reduction, job loss and retired/
housewife), income support (no, yes), income reduction
(no, yes), physical exercise during confinement
(unchanged, increased and decreased), smoking habits
(unchanged, increased and decreased), body weight
(unchanged, increased and decreased), diagnosis of one
or more diseases (no, yes) and any drug use (no, yes).

For the Moli-LOCK participants, we also calculated UPF
intake at re-examination (2017–2020) by using dietary data
collected through a 188-item FFQ; briefly, we summed the
amount consumed (g/d) of each food group included in the
fourth category of the NOVA classification (a total of fifteen
food groups and three beverages), and then calculated the
proportion (%) of UPF in the total weight of food and
beverages consumed (g/d) by creating a weight ratio, as
previously done in the same cohort(20). Initial UPF intake
was then divided into tertiles as low UPF (≤ 8 % of UPF

intake on the total food consumed), average (>8≤ 12·5 %)
and high (>12·5 %).

Also, in both cohorts, we collected data on changes in
diet-related behaviours possibly occurred during confine-
ment, such as sources of food supply, number of daily
meals, organic food intake and take away food, and for
each item we asked whether participants experienced
any modification (unchanged, increased and decreased)
during lockdown as compared to before.

Statistical analyses
Data are represented as number and percentage in
parentheses (%) for categorical variables or mean (SD)
for continuous variables.

Internal consistency for the nineteen UPFs included in
the questionnaire was assessed by computing Cronbach’s
α coefficient (considered satisfactory if higher than or equal
to 0·70).

One-way χ2 tests were used to assess differences
between increased v. reduced consumption during
lockdown as compared to before.

Regression models adjusted for age groups and sex
were used to estimate the association of the UPF score
(dependent variable) with demographic and socio-
economic correlates; based on multivariable regression
analysis (model 2), variables with P< 0·10 were included
in the multivariable-adjusted regression models used
to estimate the association of changes in UPF with lock-
down-induced factors and diet-related modifications.

Missing data from categorical variables were assigned a
missing indicator. For education, marital status, occupa-
tional class, number of cohabitants and living area (< 2 %
of missing values) missing values were imputed to
the cohort-specific modal value. All analyses were also
separately performed for each cohort.

Statistical tests were two-sided, andP values< 0·05were
considered to indicate statistical significance.

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

Results

The mean age of our sample of 2992 subjects was
57·9 ± 15·3 years (min-max = 18–91 years), consisted
mainly of women (59·6 %), prevalently from Southern
Italy (74·4 %).

As compared with the national sample from the ALT
RISCOVID-19 survey (n 1491; 49·8 %), participants from
the Moli-LOCK study (n 1501; 50·2 %) were all resident
in the Molise region (only two participants moved to
Central Italy during follow-up), in Southern Italy, were
older and had lower socio-economic status, as reflected
by educational level and household income andweremore
likely to be married/living in couple. Also, they had less
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prevalence of professional/managerial workers and
were more likely to be partly skilled/unskilled workers
(Table 1).

UPF included in the questionnaire showed satisfactory
internal validity (standardised Cronbach’s coefficient
= 0·89). For the majority of UPF here considered, no sub-
stantial changes were reported with unchanged consump-
tion varying from 59·3 % (pizza intake) to 90·1 % (breakfast
cereals/cereal bars) (Table 2).

Major variations were observed for pizza (31·2 %
increase v. 9·6 % decrease; P value after excluding the
unchanged group <0·0001), biscuits (18 % v. 6·2 %
decrease; P value <0·0001), chocolate (18·6 % increase v.
7·5 % decrease; P value <0·0001) and bread substitutes
consumption (11·8 % increase v. 7·9 % decrease; P value
<0·0001), whereas all other foods were decreased (Fig. 1
and Table 2). Analyses by cohort indicated similar results
(see online Supplemental Table S2).

The average UPF score was −0·28 (± 4·07, median= 0)
indicating that overall the UPF intake at population level dur-
ing the confinement stayed the same as before. When cate-
gorised as UPF change categories, we found that 37·6 % of
study participants reported no substantial changes in UPF
consumption at individual level, while 37·5 % experienced
an increase; among them, 23·3 % reported a mild increase
and 14·2% a high increase in UPF intake (Fig. 2).

Adult/older participants tended to have reduced UPF
consumption during lockdown, as compared with younger

individuals (β=−1·94; 95% CI −2·72, −1·17 for those aged
>75 years v. 18–39 years),whilemen experienced an increase
(β= 0·40; 95% CI 0·08, 0·71). Participants from Southern
Italian regions reported lowerUPF consumption as compared
with Northern areas (β=−1·32, 95% CI−1·80,−0·84, respec-
tively), while main socio-economic factors were not associ-
ated with UPF changes during lockdown (Table 3).

Analyses of lockdown-induced correlates (Table 4)
revealed that increased physical exercise during lockdown
was associated with lower UPF (β=−0·90; 95 % CI −1·46,
−0·35); those who have increased smoking also tended to
consumemore UPF as comparedwith subjects who did not
report any change (β= 0·75; 95 % CI 0·10, 1·39).

Finally, those Moli-LOCK participants (n 1501) with an
average UPF intake at baseline were more likely to self-rate
as increased their UPF intake during confinement (β= 0·25;
95 % CI 0·06, 0·45) as compared with low baseline UPF
consumers.

Diet-related behaviours during lockdown
Data indicate an increase in body weight for 37·6 % of
respondents and higher number of daily meals for 17·6 %
of the sample (Table 5).

Increases were found for time spent on home food
preparation (48·6 %), short food supply chain (33·2 %),
food budget (30·4 %), water intake (17·2 %), organic
food (5·2 %), local food (14·7 %), long shelf life products
(13·8 %) and dietary supplements (6·8 %); decreases were
observed for long supply chain (26·5 %) and pre-prepared
meals (11·6 %) (Fig. 3 and Table 5).

Reported reduced body weight during quarantine was
associated with lower UPF consumption (β=−1·05; 95 %
CI −1·51, −0·59) and, consistently, those having increased
body weight have also increased UPF (β= 1·33; 95 % CI
1·03, 1·64) (Table 5).

A direct association with UPF was found with increased
take away (P value= 0·001) and number of daily meals
(P value <0·0001) and increased food budget (P value
<0·0001). As compared with the unchanged category,
UPF was increased among participants with higher long
food supply chain shopping (β= 0·62; 95 % CI 0·22, 1·03)
and decreased among those who have switched to locally
grown food (β=−0·54; 95 % CI −0·96, −0·12); reduced
consumption of pre-prepared meals and long shelf life
foods were also associated with lower UPF as compared
with unchanged (Table 5).

Analyses by either cohort did not substantially differ
from pooled data analysis (see online Supplemental
Tables S3–S5).

Discussion

The present study estimated changes in UPF consumption
during the Italian confinement due to the COVID-19

Table 1 Socio-demographic characteristics of the two cohorts
analysed in the current study, Italy 2020

Both
cohorts
(n 2992)

ALT
RISCOVID-19

(n 1491)
Moli-LOCK
(n 1501)

Age (years; mean ± SD) 57·9 ± 15·3 47·9 ± 14·0 67·8 ± 8·5
Men 40·4 36·8 43·9
Geographical areas*
Northern 17·3 34·7 0·0
Central 6·7 13·3 0·1
Southern and Islands 74·4 48·7 99·9

Living area*
≥200 000 inhabitants 11·4 22·7 0·1
<200 000 inhabitants 11·9 23·7 0·2
<50 000 inhabitants 54·2 24·1 84·1
Villages/rural areas 22·5 29·4 15·5

Postgraduate education 45·3 70·0 20·8
Household income
>40 000 EUR/years

24·0 33·9 14·1

Marital status
Married/in couple 73·1 63·4 82·8
Single 15·6 27·3 3·9
Divorced 5·4 7·2 3·5
Widower 5·9 2·1 9·8

Occupational class
Professional/managerial 42·6 58·0 27·3
Skilled non-manual 30·6 22·3 38·8
Skilled manual 5·0 3·1 6·8
Partly skilled/unskilled 6·2 1·8 10·5
Unemployed/unclassified 15·6 14·8 16·5

Values are percentages unless otherwise stated.
*Numbers do not add up to 100% due to missing data.
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pandemic and contributed to identifying major factors
associated with dietary modifications by using data from
two population cohorts of adult Italians.

In the analysed sample of 2992 adults, self-rated con-
sumption of UPF seemed to stay the same for the majority
of participants, with unchanged response for each food
varying from 59·3 to 90·1 %.

When restricted to individuals reporting some variation,
analyses revealed significant increases in the intake of

pizza, chocolate, biscuits and bread substitutes, and in such
our findings are in line with prior works pointing to a raise
in sweets and chocolate during lockdown as compared to
before(6–8,21,22). On the contrary, intake of many other UPF
was found lowered.

To obtain an overall evaluation of dietary changes
resulting from weighing all potential responses (i.e.
increased, decreased and unchanged intakes), we relied
on the use of an UPF score indicating that nearly two-thirds

Table 2 Self-rated changes (%) in the consumption of ultra-processed food during the COVID-19 outbreak confinement in Italy (9 March – 3
May 2020), Italy 2020

Self-reported changes

Food items Unchanged (%) Increased (%) Decreased (%) Overall percent change (%) P value*

Pizza 59·3 31·2 9·6 þ21·6 <0·0001
Biscuits 75·8 18·0 6·2 þ11·8 <0·0001
Chocolate 73·9 18·6 7·5 þ11·1 <0·0001
Bread substitutes 80·3 11·8 7·9 þ3·9 <0·0001
Fruit yogurt 87·1 7·7 5·2 þ2·5 <0·0001
Breakfast cereals, cereal bars 90·1 4·3 5·6 −1·3 0·017
Sweet packaged snacks 76·8 10·5 12·7 −2·2 0·011
Ready-to-heat potatoes and potato croquettes 83·3 6·8 9·9 −3·1 <0·0001
Packaged bread 81·4 7·7 10·9 −3·2 <0·0001
Fruit drinks (e.g. nectars) 87·9 4·2 7·9 −3·7 <0·0001
Savoury packaged snacks 80·0 7·5 12·5 −5·0 <0·0001
Fish nuggets and sticks 86·5 4·1 9·4 −5·3 <0·0001
Reconstituted meat products 83·9 5·0 11·1 −6·1 <0·0001
Ready-to-heat vegetables 83·6 5·0 11·4 −6·4 <0·0001
Soft drinks 83·0 4·7 12·3 −7·6 <0·0001
Croissants 79·6 6·2 14·2 −8·0 <0·0001
Instant sauces 85·4 3·2 11·4 −8·2 <0·0001
Plant-based meat substitutes 88·6 1·2 10·2 −9·0 <0·0001
Plant-based cheese substitutes (e.g. tofu) 88·8 0·8 10·4 −9·6 <0·0001

*One-way χ2 test of increased v. decreased consumption.

Fig. 1 Changes in intake of nineteen ultra-processed foods (UPF) during the Italian lockdown (9 March – 3 May 2020). Radar plots
show changes in consumption (increase/decrease) of each food item included in the UPF score along a vertical axis starting in the
centre of the circle (0% change)
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of the population (62·4 %) reported some variations; of
them, a total of 37·5 % reported some increase in UPF, vary-
ing from mild (23·3 %) to high (14·2 %), while less subjects
(24·9 %) reported a decreased UPF consumption.

Our findings are in line with results from a few available
surveys analysing changes in diet quality overall during
lockdown as compared to before. Longitudinal findings
from the web-based NutriNet-Santé cohort study in
France on 37 252 adults showed that the lockdown led,
in a substantial part of the population, to unhealthy nutri-
tional behaviours(6).

Similarly, data from a convenient sample of nearly 1000
French adults showed an average decrease in nutritional
quality of diet which was characterised by a raise in the
intake of processed meat, sugary food and sugary bever-
ages during lockdown as compared with before(23).

Others also highlighted that food quality was somehow
altered in a health compromising direction during social
isolation(24–26).

However, cross-sectional data from Spain showed an
improvement in diet quality, as reflected by adherence to
a Mediterranean-type diet, during confinement(27,28) and
a positive trend towards a Mediterranean diet was also
documented in early analyses on an Italian sample(29).

Longitudinal analyses in a sub-cohort of the
NutriQuébec study also indicated a slight improvement
in the overall diet quality as featured by increased intake
of whole grains, seafood and plant proteins(30).

Among socio-demographic factors predisposing to
changes in favour of UPF, we found younger age and male
subjects both tending to consume more UPF than before
the confinement. Also, UPF consumption was unlikely
related to major socio-economic factors here analysed,
and this was quite surprising in light of the fact that many
population-based cohorts(14,15,20), although not all(12),
observed a direct relation between high socio-economic
status and UPF consumption. However, UPF increase

during lockdown seems to be somehow related to higher
economic resources being directly associated with
increased food budget.

A decrease in UPF consumption was accompanied by
other healthy lifestyles during lockdown, such as increased
physical activity but also loss of body weight, in line with
longitudinal data showing that higher consumption of
UPF is associated with a higher risk of multiple indicators
of obesity(31). Moreover, studies conducted during
the COVID-19 pandemic also showed that unhealthy
behaviours tend to cluster, as recently seen in a Spanish
population where an unhealthy eating pattern clustered
with a less active life during lockdown(32).

In our study, Southern Italian regions were more likely
to have decreased UPF possibly because of a stronger
Mediterranean diet tradition in these Italian regions(33)

which may counterbalance an increase in UPF supply;
indeed, it has been proven that respondents closer to
healthy diets were less likely to consume UPF(14).

Of note, in the Moli-LOCK study, participants with an
already average-high UPF consumption at baseline were
more likely to have increased UPF intake during confine-
ment, thus suggesting that those who were already at
higher health risk before the COVID-19 pandemic because
of unhealthy diets, tended to increase further their long-
term risk of disease/mortality.

Individuals who had switched to locally grown food
during confinement were also more likely to have reduced
their UPF intake; this is consistent with prior evidence
showing that UPF are associated with intensive agricul-
ture/livestock, thus being intrinsically unsustainable due
to the combination of low-cost ingredients at purchase
and increased consumption worldwide(34). Increase of
UPF may have negative long-term effect on health as prior
data from longitudinal studies showed that habitual con-
sumption of highly processed foods leads to a higher risk
of CVD, cancer, diabetes and mortality(12–15,20).

Fig. 2 Overall variation in ultra-processed food (UPF) intake during the Italian lockdown (9 March – 3 May 2020) following the
COVID-19 pandemic and separately in the ALT RISCOVID-19 and Moli-LOCK study cohorts. , Stable; , mild increase;
, high increase; , mild decrease; , high decrease
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Also, diets rich in processed food, which are typically
high in sugars and saturated fats, have been proven to
be pro-inflammatory with negative effects also on immune
system thus possibly predisposing to higher risk of both
chronic and infectious diseases(16,17).

Besides diet modifications, we observed a switch
to unhealthy behaviours as reflected by reduced
physical exercise for 50 % of respondents and body
weight gain for 37·6 % of subjects, in accordance
with data on French adults indicating decreased physi-
cal activity for 53 % and weight gain for 35 % of
subjects(6).

Strengths and limitations
A major strength of the current study is the use of two
population-based cohorts to assess the impact of lockdown
onmodification of UPF intake. Also, the study has collected
data on a number of covariates which limit at least in part
confounding and data were collected relatively quickly that
is shortly after the end of the first Italian lockdown.

However, our results should be interpreted in light of
some limitations. First, the ALT RISCOVID-19 is a web-
based survey on a convenience sample with potential
selection bias and self-reported information that may lead
to misreporting. However, our analyses also rely on data

Table 3 Association of demographic and socio-economic factors with self-rated changes in ultra-processed food (UPF) consumption during
the Italian lockdown following the COVID-19 pandemic (9 March – 3 May 2020) by means of adjusted regression coefficients (β) with 95% CI
and P-value, Italy 2020

% UPF score mean† SD† β 95% CI‡ P-value β 95% CI§ P-value

Age groups (years)
18–39 14·8 −0·36 5·21 Ref. Ref.
40–55 23·7 −0·53 5·35 −0·51 −0·99, −0·03 0·039 −0·84 −0·38, −0·31 0·002
56–65 24·4 −0·21 3·76 −0·87 −1·39, −0·34 0·001 −1·35 −1·94, −0·75 <0·0001
66–75 26·8 −0·14 2·73 −1·26 −1·82, −0·70 <0.0001 −1·83 −2·48, −1·19 <0·0001
>75 10·3 −0·09 1·81 −1·38 −2·06, −0·70 <0·0001 −1·94 −2·72, −1·17 <0·0001

Sex
Women 59·6 −0·48 4·47 Ref. Ref.
Men 40·4 0·02 3·37 0·50 0·20, 0·79 0·001 0·40 0·08, 0·71 0·01

Geographical areas*
Northern 17·3 −0·09 4·88 Ref. Ref.
Central 6·7 −0·53 5·47 −0·38 −1·03, 0·27 0·25 −0·38 −1·04, 0·28 0·26
Southern and Islands 74·4 −0·29 3·70 −1·48 −1·93, −1·03 <0·0001 −1·32 −1·80, −0·84 <0·0001

Living area
≥200 000 inhabitants 11·4 −0·45 4·95 Ref. Ref.
<200 000 inhabitants 11·9 −0·51 4·88 −0·09 −0·68, 0·51 0·77 0·38 −0·24, 0·99 0·23
<50 000 inhabitants 54·2 0·07 0·10 −0·58 −1·13, −0·03 0·039 0·004 −0·59, 0·60 0·99
Villages/rural areas 22·5 −0·90 5·20 −1·02 −1·56, −0·49 0·0002 −0·33 −0·92, 0·26 0·28

Educational level
Up to lower secondary 18·5 −0·04 2·56 Ref. Ref.
Upper secondary 36·3 −0·11 3·76 0·17 −0·25, 0·59 0·43 −0·06 −0·53, 0·42 0·81
Postgraduate 45·3 −0·50 4·75 0·32 −0·14, 0·78 0·17 −0·25 −0·83, 0·33 0·41

Household income (EUR/year)
≤10 000 5·0 −0·41 4·28 Ref. Ref.
>10 000≤ 25 000 27·4 −0·47 4·28 −0·07 −0·77, 0·62 0·83 −0·27 −0·97, 0·43 0·45
>25 000≤ 40 000 29·3 −0·11 3·67 0·28 −0·42, 0·98 0·43 −0·05 −0·78, 0·69 0·90
>40 000≤ 60 000 12·7 −0·09 3·88 0·59 −0·18, 1·35 0·13 0·15 −0·67, 0·96 0·73
>60 000 11·3 −0·16 4·29 1·03 0·23, 1·83 0·01 0·44 −0·42, 1·30 0·32
Non respondents 14·3 −0·47 4·34 0·19 −0·56, 0·94 0·62 −0·08 −0·85, 0·68 0·83

Marital status
Married/in couple 73·1 −0·14 3·74 Ref. Ref.
Unmarried 15·6 −0·78 5·33 −0·53 −1·00, −0·06 0·03 −0·29 −0·81, 0·22 0·27
Divorced 5·3 −0·64 5·19 −0·11 −0·76, 0·54 0·74 −0·01 −0·69, 0·67 0·97
Widower 6·0 −0·30 2·80 −0·10 −0·75, 0·55 0·77 0·29 −0·44, 1·01 0·44

Number of cohabitants
None 10·6 −0·79 4·64 Ref. Ref.
1 38·5 −0·12 3·32 0·47 −0·03, 0·97 0·07 0·46 −0·14, 1·06 0·13
2 23·5 0·001 3·98 0·63 0·09, 1·17 0·02 0·69 0·05, 1·32 0·03
>2 27·4 −0·53 4·79 0·16 −0·38, 0·70 0·56 0·21 −0·44, 0·86 0·54

Occupational class
Professional/managerial 43·5 −0·36 4·39 Ref. Ref.
Skilled non-manual 30·9 −0·03 3·71 −0·14 −0·49, 0·22 0·45 −0·12 −0·51, 0·27 0·55
Skilled manual 5·0 −0·25 2·82 −0·55 −1·25, 0·15 0·13 −0·33 −1·10, 0·45 0·41
Partly skilled/unskilled 6·2 −0·11 3·18 −1·50 −1·14, 0·14 0·12 −0·36 −1·06, 0·34 0·32
Unemployed/unclassified 14·5 −0·64 4·48 −0·58 −1·04, −0·13 0·01 −0·42 −0·93, 0·09 0·10

*Numbers do not add up to 100% due to missing data.
†Unadjusted means.
‡Multivariable-adjusted linear regression including cohort, age groups and sex.
§Multivariable-adjusted linear regression including cohort, age groups, sex, geographical area, living area, educational level, household income, marital status, number of
cohabitants and occupational class.
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collected within the Moli-LOCK study which includes par-
ticipants from a population-based prospective cohort who
were phone interviewed and this limits misreporting.
Indeed, main findings from pooled analysis were substan-
tially confirmed by separate analyses by cohort, supporting
the actual validity of the observed associations. Both
cohorts used data collected retrospectively thus recall bias
cannot be excluded. Change in UPF consumption was
self-rated rather than assessed more objectively through
a simultaneous administration of dietary questionnaires
before and during lockdown; however, our approach is
the same used by the majority of studies published to date
on this topic(7,21,22,29,35–37) and is likely to be a pragmatic sol-
ution to conducting research on a large sample in relation
to an unexpected event(36,37).

Also, from amethodological point of view, either studies
using validated tools (e.g. FFQ) to assess diet before
and during pandemic simultaneously or those relying
on self-rated changes in terms of increased/decreased/
unchanged consumption, share the same limitations,
mostly represented by flawed recall. Moreover, it is note-
worthy that, although able to estimate quantitative

changes, the double administration of validated dietary
scales could be still deficient since it might lack specificity
to the current pandemic state.

Conclusions

During the first Italian lockdown from 9 March to 3 May
2020, UPF consumption seemed to stay the same for the
majority of participants, although a sub-group of the sur-
veyed population (37·5 %) tended to switch to unhealthy
eating as reflected by increased UPF intake as compared
with before.

In view of possible future containment measures to
tackle new COVID-19 outbreaks, it is crucial that unhealthy
lifestyles adopted during the lockdowns are immediately
targeted in order to avoid maintenance of unfavourable
behaviours that may increase the nutrition-related burden
of disease(38). Future longitudinal studies are warranted
to examine the long-term effects of the lockdown on
dietary habits possibly relying on more accurate dietary
assessments.

Table 4 Association of lockdown-induced factors with self-rated changes in ultra-processed food (UPF) consumption during the Italian
lockdown following the COVID-19 pandemic (9 March – 3 May 2020) by means of adjusted regression coefficients (β) with 95% CI and
P-value, Italy 2020

% UPF score mean* SD* β 95% CI† P-value

Work type during lockdown
Usual working 15·4 −0·44 4·64 Ref.
Smart/home working 23·4 −0·33 4·78 −0·001 −0·47, 0·47 1·00
Work interruption 9·3 −0·97 5·40 −0·53 −1·14, 0·08 0·09
Work reduction 4·7 −0·27 5·63 0·38 −0·37, 1·14 0·32
Job loss 1·0 0·07 5·22 0·56 −0·95, 2·08 0·47
Retired/housewife 42·6 −0·07 2·54 0·03 −0·55, 0·62 0·91

Income support
No 75·9 −0·23 3·71 Ref.
Yes 24·1 −0·44 5·04 0·04 −0·33, 0·40 0·84

Income reduction
No 66·7 −0·04 3·33 Ref.
Yes 25·8 −0·64 5·26 −0·35 −0·72, 0·01 0·06

Physical exercise during lockdown
Unchanged 31·5 −0·10 3·40 Ref.
Increased 9·2 −1·30 4·91 −0·90 −1·46, −0·35 0·001
Decreased 49·6 −0·33 4·49 −0·22 −0·55, 0·11 0·18

Smoking habit during lockdown
Unchanged 90·1 −0·28 3·94 Ref.
Increased 5·3 0·07 4·94 0·75 0·10, 1·39 0·023
Decreased 4·6 −0·56 5·39 0·09 −0·60, 0·78 0·81

Diagnosis of chronic diseases during lockdown
No 95·2 −0·26 4·00 Ref.
Yes 4·2 −0·26 5·19 0·65 −0·07, 1·37 0·08

Drug use during lockdown
No 96·1 −0·26 4·00 Ref.
Yes 3·4 −0·83 5·91 0·04 −0·75, 0·83 0·92

UPF consumption at baseline‡
Low 33·1 0·17 1·38 Ref.
Average 33·7 0·51 1·58 0·25 0·06, 0·45 0·01
High 33·2 0·24 1·67 −0·04 −0·24, 0·15 0·68

Numbers do not add up to 100% due to missing data.
*Unadjusted means.
†Multivariable-adjusted linear regression including cohort, age groups, sex, geographical area, living area, number of cohabitants and occupational class.
‡Calculated among Moli-LOCK participants only (n 1501) and obtained from the multivariable linear regression including age, sex, household income, marital status and
occupational class.
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Numbers do not add up to 100% due to missing data.
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†Multivariable-adjusted linear regression including cohort, age groups, sex, geographical area, living area, number of cohabitants and occupational class.
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