REVIEW

-

Impact of Nationwide Lockdowns Resulting from
the First Wave of the COVID-19 Pandemic on Food
Intake, Eating Behaviors, and Diet Quality:

A Systematic Review

Cristiana Mignogna,' Simona Costanzo,2 Anwal Ghulam, Chiara Cerletti,> Maria Benedetta Donati,? Giovanni de Gaetano,?
Licia lacoviello,"? and Marialaura Bonaccio?

"Department of Medicine and Surgery, Research Center in Epidemiology and Preventive Medicine (EPIMED), University of Insubria, Varese, Italy; and
2Department of Epidemiology and Prevention, IRCCS NEUROMED, Pozzilli, Italy

The lockdowns resulting from the first wave of the coronavirus disease 2019 (COVID-19) pandemic impacted deeply on all life activities, including
diet. We performed a systematic review to investigate changes in food intake, eating behaviors, and diet quality during lockdown as compared
with before the lockdown. A literature search was performed using 3 electronic databases from inception until 13 June 2021. Observational studies
evaluating changes in general populations during the COVID-19 pandemic lockdown were eligible. Of 1963 studies retrieved from the search
strategy, 95 met inclusion criteria (85 in adults, 10 in children/adolescents), and the majority were of high quality (72.6%). Most of the studies were
web-based surveys using convenience sampling, mainly focused on variations in the consumption of foods and eating behaviors during lockdown,
whereas only 15 studies analyzed diet quality through dietary indices. On the basis of the definition of a healthful diet as reflected by a traditional
Mediterranean diet, an increase in recommended foods such as fruit and vegetables, legumes, cereals, and olive oil was observed, although a
sharp decrease in fish intake and an increase in dairy products were documented. Accordingly, a reduction in foods that should be eaten less
frequently was reported—namely, red and processed meat. However, a higher consumption of unhealthy foods (e.g., snacks and sweets) was also
observed. Results indicated improved diet quality in Europe, especially among Mediterranean countries, with the exception of France, while a switch
to poor nutrient patterns was observed in Colombia and Saudi Arabia. Analyses of eating behaviors suggest an increase in food intake, number
of daily meals, and snacking. In conclusion, changes in intake of major food groups, apart from fish intake, were in line with the definition of a
traditional Mediterranean diet, indicating a consistent moderate improvement in dietary habits worldwide. This review protocol was registered at
https://www.crd.york.ac.uk/prospero/ as CRD42020225292. Adv Nutr 2022;13:388-423.

Statement of Significance: This is the first systematic review to conduct a comprehensive analysis of changes in different aspects of nutrition
during the COVID-19 nationwide lockdowns. The present study summarizes evidence from studies published until the first half of 2021.
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Introduction
The coronavirus disease 2019 (COVID-19), induced by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is a severe respiratory infectious disease that broke
out in China in December 2019, and rapidly spread around
the world; hence, in March 2020, the WHO Emergency
Committee declared a pandemic state (1).

Worldwide governments considered social isolation as the
most successful way to limit the infection spread, so many

countries enacted lockdown (also called confinement, stay-
at-home, shelter in place, etc.) strategies, limiting access to
only essential services in order to flatten the curve of new
infections and to prevent the collapse of health care systems
(2,3).

Confinement measures included working from home,
digital education, travel ban, and closure of nonessential
shops and services, and all nonessential workers were invited
to stay home.
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The COVID-19 lockdown deeply changed lifestyles of
communities, thus having considerable impact on physical
and mental health, and on social and economic aspects (4).

Limited access to food due to restricted store opening
hours, as well as reduced availability of goods and more time
spent at home, could have had effects on food purchasing
and preparation and as a result on diet quality (5). Moreover,
boredom and feelings of anxiety, triggered by such an adverse
scenario, could have impacted food choices, leading to
irregular eating and more frequent snacking (6, 7).

Unhealthy diets and concurrent decline in physical activ-
ity could negatively affect health status, potentially leading to
an increase in obesity and other risk factors (8), which, in
turn, may raise vulnerability to complications of COVID-19
9).

It is well recognized that the maintenance of healthy
eating behaviors is fundamental to enhance health. In fact, a
balanced nutritional pattern could boost the immune system
(10) through both intake of anti-inflammatory nutrients (11)
and consumption of food items fermented by gut microbiota
providing metabolic compounds involved in homeostasis of
the inflammation process (12). Therefore, it is crucial to
understand whether the lockdown period may have had an
impact on diet quality, and to what extent such modifications
may have long-term effects on health at a population level.

To date, there have been several studies worldwide inves-
tigating the impact of lockdown resulting from the first wave
of the COVID-19 pandemic on dietary changes, although
results are mixed; also, the dietary assessment varies largely
across studies and, most importantly, a comprehensive
assessment of changes in diet quality as reflected by variations
in validated dietary indexes is often lacking. A few available
reviews of the literature (either systematic or scoping) (13-
16) analyzing from 7 to 32 articles published in the year
2020 are concordant in indicating an increase in snacking,
meal number, and home cooking, as well as a rise in fruit
and vegetable intakes, although data on modification of other
foods (e.g., alcohol intake) were conflicting.

Given the mounting evidence on the relation between
lockdown and dietary modifications well after the year 2020
and the pivotal role of diet as a major health determinant, we
conducted a systematic review of the literature examining the
impact of lockdown caused by the COVID-19 pandemic on
dietary habits compared with before the pandemic outbreak.
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For this purpose, we considered studies that examined
variations in 3 main research themes that pertain to diet—
that is, I) changes in food (i.e., foods or food groups) and
beverage intake, 2) eating behaviors (e.g., snacking, amount
of food eaten, home cooking), and 3) overall diet quality (i.e.,
assessed through the use of dietary indices).

Methods

This study was conducted according to the recommendations
outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (17) and adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (18). The protocol was registered in PROSPERO at
https://www.crd.york.ac.uk/prospero/ as CRD42020225292.
Institutional review board approval was not required, as the
study did not directly involve human participants.

Search strategy

Electronic databases (PubMed, Web of Science, Google
Scholar) were searched to identify all reports regarding 3
main interrelated concepts: diet, COVID-19, and lockdown
(Supplemental Table 1). A systematic literature search was
performed from inception until 10 March 2021, followed
by an updated search through 13 June 2021. The following
terms were searched with the widest field restriction possible
in PubMed and Web of science (i.e., all fields) and with
restrictions to all-in-title in Google Scholar: (Diet OR Nu-
trition OR Food OR “Eating habits” OR “ Dietary changes”
OR “Dietary behaviour” OR “Mediterranean diet”) AND
(Coronavirus OR “Covid” OR “SARS-CoV-2” OR “COVID-
19”) AND (lockdown OR confinement OR “shelter in place”
OR “stay at home” OR isolation OR “covid restrictions” OR
quarantine). A more exhaustive search strategy list for each
database is provided in Supplemental Table 2.

Study selection

Studies were eligible if they met the following inclusion
criteria: I) outcomes were changes in food and beverages
consumption, eating behaviors, and overall diet quality;
2) subjects recruited were from general populations of
adults and children; 3) exposure was nationwide lockdown
resulting from the first wave of the COVID-19 outbreak as
compared with before the lockdown; 4) observational cross-
sectional, case-control, cohort, and longitudinal studies; and
5) English-language research articles. A detailed design is
summed up in Supplemental Table 3, by following the
PICOS (Population, Intervention, Comparison, Outcome,
Study) format.

Exclusion criteria were as follows: 1) no alterations in
eating (i.e., changes in food intake or eating behaviors or
diet quality were reported; 2) dietary changes not examined
during lockdowns; 3) special populations (e.g., subjects on
special diets or with pre-existing disease/health conditions;
pregnancy; university students); 4) randomized clinical
trials, reviews, meta-analyses; and 5) articles not in English.
Restrictions in terms of language were applied due to authors’
inability to translate non-English-language studies.
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Search results from each database were initially exported
to Mendeley®, provided by Elsevier, and duplicates were
identified and discarded. Thereafter, records were manually
screened for titles and abstracts, and nonconforming ones
were excluded. Full-text articles were checked for eligibility
criteria, and references of included studies were manually
screened to obtain additional papers.

Data extraction and quality assessment

Two authors (CM and MB) screened and reviewed articles
in line with inclusion criteria. From each study, the following
information was extracted: name of first author and year of
publication, country, recruitment period, sample size, age,
data collection and study design, dietary assessment, main
findings, and authors’ interpretation of main findings. Data
were grouped according to the 3 main research themes
(reported changes in food intake, eating behaviors, and diet
quality) and analyzed for adults and children separately. Two
authors (CM and MB) independently evaluated the method-
ological quality of the included studies, with disagreements
being solved by discussion with a third investigator (SC). Due
to heterogeneity in experimental designs of extracted data, it
was not possible to perform meta-analysis.

The quality of included studies was evaluated by using the
Joanna Briggs Institute (JBI) Critical Appraisal Checklists for
Analytical Cross-Sectional Studies and Cohort Studies (19)
(Supplemental Tables 4 and 5).

Results

Search results

The initial systematic search of databases identified 1963
potentially pertinent articles, and among them 252 were
excluded since they were duplicates. After reviewing titles
and abstracts, 1556 papers were further excluded since they
were not related to changes in dietary habits during the
COVID-19 lockdown. In this selection, papers aiming not to
specifically investigate nutritional changes were considered
whenever they described or evaluated alterations in lifestyle
habits. After that, 155 full-text articles were reviewed and
60 were excluded according to the inclusion criteria. The
full PRISMA record management flow diagram is shown
in Figure 1.

Finally, 85 articles in adults and 10 in children/adolescents
were selected for this systematic review. Subsequently, studies
in adults were grouped into 3 main research themes, accord-
ing to changes in the following outcomes: I) consumption of
food and beverages (Figure 2, Table 2), 2) eating behaviors
(Figure 3, Table 3), and 3) overall diet quality as assessed
by dietary indices (Table 4). For studies evaluating dietary
changes in children/adolescents, an independent assessment
was carried out (Table 5).

Studies were mostly carried out in Europe, with the
highest number recorded in Italy (4, 20-30) and Spain (31-
37) followed by Poland (38-43), France (44-48), the United
Kingdom (49-53), Belgium (54, 55), Greece (56, 57), The
Netherlands (58), Denmark (59), Croatia (60), Romania
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(61), Albania (62), Lithuania (63), Scotland (64), Cyprus
(65), and Germany (66). Outside Europe, other surveys were
conducted in Kuwait (67), the United Arab Emirates (68,
69), Saudi Arabia (70-73), Jordan (74, 75), Iraqi Kurdistan
(76), the United States (77-80), Canada (81), Brazil (82-
84), Mexico (85), Colombia (86), Chile (87), Ecuador (88),
Uruguay (89), Peru (90), Zimbabwe (91), China (92-95),
India (96, 97), Nepal (98), New Zealand (99), and Australia
(100, 101). Other studies were conducted as international
surveys (102-113). The length of nationwide lockdowns
varied across countries, with the longest recorded in the
United Kingdom (112 d) and Nepal (120 d) and the shortest
in Kuwait and Ecuador (15 d), Iraqi Kurdistan and Cyprus
(20 d), and the United Arab Emirates (22 d) (Table 1).

Due to pandemic status limitations, with difficulty in
performing person-to-person questionnaires or interviews,
all of the studies included data collected through online
questionnaires or, on a few occasions, through telephone or
web interviews (22, 23, 25, 31, 56).

Most of the studies were carried out during the first 3 mo
of lockdown (March to May 2020), when containment mea-
sures were stricter worldwide. Otherwise, the recruitment
period of some surveys lasted until September (23, 25, 113)
(Table 1).

Concerning quality assessment, 26 studies out of 95 (20,
27, 30, 38, 40, 43, 51, 61, 62, 71-73, 75, 83, 84, 90, 91, 95,
97, 98, 100, 102, 104, 106, 112, 113) were considered of
low quality (27.4%), having a JBI score <70% (Supplemental
Tables 4 and 5).

Change in food and beverage intakes in adults

A total of 76 studies reported differences in consumption
of foods and beverages mainly by asking participants to
indicate whether their consumption of selected foods and
beverages had changed during lockdown as compared with
before, mostly in the form of eating less/more/the same of
a given food or beverage, with some exceptions otherwise
inquiring about changes in frequency of consumption (49,
51) or modifications in line with dietary recommendations
(27) (Tables 1 and 2).

With regard to changes in food intake, increased con-
sumption of fruit and vegetables was reported by 31 studies
(20, 22, 25, 27, 29, 32, 33, 35, 45, 49, 52, 54, 60-63, 65,
71, 76, 83, 87, 89, 90, 92, 94-96, 103, 111, 113), whereas
a decrease was found in 8 studies (59, 73, 77, 82, 86, 91,
99, 110). However, some (4, 26, 81) found an increase only
in vegetable consumption, as opposed to a decrease in fruit
intake, while a French study (44) found a decrease in fresh
fruit and vegetable consumption but an increase in canned
and frozen vegetables. Others found an increase (43) and a
decrease (41, 42) only in fruit. Increases of fruit intake went
from 15.2% to 73.5%, whereas increases in vegetables were in
the range 11.9% to 52.0%.

Sharp changes were observed also for legumes, with 17
studies registering increased consumption from 10.9% to
21.9% (4, 25, 26, 33, 41, 42, 44, 45, 60, 65, 76, 86, 89, 90,
95, 96, 111); in contrast, a reduction from 9.9% to 25.9% was
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FIGURE 1

observed in only 4 of the included studies (22, 59, 82, 99).
An increase in red and processed meat consumption from
20.0% to 51.1% was reported by 14 investigations (4, 22, 31,
33, 35, 38, 43, 45, 61, 62, 77, 95, 96, 113), whereas 17 studies
pointed to a decreasing consumption from 6.7% to 24.4% (20,
23,25, 26, 32, 41, 42, 44, 59, 60, 63, 65, 76, 78, 90, 110, 111).
Olive oil was consistently found to be increased from 12.4%
to 12.6% in all studies addressing this issue (25, 33, 60, 65,
111) As reported by 19 studies (4, 20, 22, 25, 32, 35, 41-44,
60, 63, 67, 76,77, 86, 110, 111, 113), fish and seafood intakes
significantly decreased from 9.4% to 31.3%; conversely, only
6 studies observed an increase (33, 45, 59, 65, 81, 95).

An increase from 7.7% to 51.0% was found for dairy
product intake (e.g., yogurt, cheese) compared with

PRISMA flow diagram of the search procedure. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

pre-lockdown levels (4, 20, 22, 25, 35, 41-45, 62, 65, 76,
78, 81, 92, 95, 113), whereas 4 studies (33, 77, 91, 110)
pointed to a decrease from 21.4% to 44.9%.

Studies investigating cereal intake (e.g., pasta and rice,
bread, flour, grains) reported an increased consumption of
grains (4, 22, 25, 29, 35, 41-43, 45, 62, 77, 81, 86, 89, 99), and
alower intake of whole-grain products (65, 77, 99). A positive
change was found in water consumption, which increased
from 3.0% to 70.0% in all studies investigating this issue (23,
25,41-44, 62, 68,77, 78, 86, 89, 104, 113).

Unhealthy foods, such as fast food, junk food, and
processed food in general, including energy and sweetened
drinks, were likely consumed less during the pandemic as
compared with the usual intake in 14 studies (4, 32, 42, 56,
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FIGURE 2 Percentages of high-quality and peer-reviewed observational studies from general adult populations reporting
increased/decreased/unchanged consumption of food groups and beverages during the lockdown following the first wave of the
COVID-19 outbreak as compared to before (corresponding number on the related bars). COVID-19, coronavirus disease 2019.

67, 68,78, 89, 90, 96, 97, 104, 106, 111), although 33 studies
found an increase (20-22, 26, 29, 31, 33-35, 40, 45, 47, 49, 50,
52, 54,55, 58, 62, 65,69, 71,76,77,79, 82-84, 92, 95, 99, 102,
110). In addition, some investigations (23, 27, 38, 41, 43, 44,
59, 60, 63, 73, 86, 113) reported both an increase and a lower
intake of unhealthy foods.

Reduced alcohol intake (12.1-57.3%) was reported by 17
studies (4, 20, 32, 35, 46, 55, 56, 60, 65, 76, 85, 96, 97, 98, 102,
106, 111), whereas 25 investigations observed an increase
(14.6-81.2%) (22, 26, 31, 33, 34, 38-45,47, 52, 59, 64, 66, 77,
80, 82,91, 99,110, 112).

Results were unchanged in a narrower analysis restricted
to 51 high-quality-assessment studies. Indeed, an increase in
recommended foods such as fruit and vegetables, legumes,
and cereals was observed by 64%, 68%, and 74% of the stud-
ies, respectively, along with a sharp decrease in fish (70%). For
foods that should be eaten less frequently, studies reported a
decrease in red and processed meat (56.0%) while suggesting
higher consumption of dairy products (76%) and unhealthy
foods (59%) (Figure 2). Analyses of changes in food-
group intakes by geographic areas revealed some differences
between countries. Specifically, fruit and vegetable intake
was found to be increased worldwide, although increases
were more pronounced in European and Asian populations
as compared with North American settings (Supplemental
Figures 1-4). Unhealthy food consumption was higher
during lockdown worldwide, with the exception of South
America, where decreased, unchanged, and increased op-
tions were equally distributed. The greatest increase in
alcoholic beverages was observed among Europeans and
North Americans, whereas Asian studies reported exclusively
a decrease. Red meat intake was sharply lowered in Europe
but not in Asian and South American countries, whereas fish
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and seafood intake was consistently found to be reduced.
Last, consumption of dairy products increased markedly in
Europe and North America while being less evident in Asian
countries.

Change in eating behaviors in adults

Fifty-nine studies analyzed changes in eating behaviors, as
reflected by amount of food eaten, home cooking, snacking,
and consumption of take-away or delivered food (Table 3).
The majority of study respondents reported to have increased
the number of meals per day (23, 25, 34, 38, 49, 65, 68, 102,
104) and amount of food eaten (4, 20, 21, 24, 38-42, 49—
51, 53, 61, 63, 70, 72, 78, 86, 87, 89, 100, 102, 106, 109).
Additionally, during lockdown, home cooking increased (4,
23-25, 32-34, 39, 44, 45, 52, 59-61, 63, 67-70, 76, 86,
87, 99, 103, 104, 109, 111), home-cooked food was eaten
more frequently (4, 22, 33, 41, 42, 68-70, 76, 85, 89, 99,
104, 111), and concurrent reductions in eating outside (32,
38, 44, 67, 68, 81, 103, 104), ready-made meals (20, 23,
25, 38, 68, 78, 103, 104), and consumption of take-away
or delivered food (4, 25, 38, 40, 41, 70, 76, 78, 103) were
observed. Of 59 studies, 17 documented increased snacking
(32, 38, 39, 44, 46, 49, 50, 59, 60, 63, 67, 72, 78, 86, 102,
111,112).

Results remained substantially the same when analysis
was limited to 42 high-quality studies (Figure 3), confirming
an increase in food intake (81%), number of daily meals
(67%) and snacking (87%).

Analysis by geographic areas highlighted substantial
similarities across countries worldwide for changes in eating
behaviors, although the increase in the number of daily meals
was less marked in Asian studies as compared with others
(Supplemental Figures 5-8).
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Home cooking/baking

Snacking 13

Food amount/intake

Daily meals

87

67

Take-away/delivered food 46

Ready-made meals

72 4 14

Eating outside

100

o

0O Decreased

%

Unchanged k

o

0
B Increased

FIGURE 3 Percentages of high-quality and peer-reviewed observational studies from general adult populations reporting
increased/decreased/unchanged eating behaviors during the lockdown following the first wave of the COVID-19 outbreak as compared
to before (corresponding number on the related bars). COVID-19, coronavirus disease 2019.

Change in overall diet quality in adults

Fifteen studies analyzed changes in diet quality during
lockdown as compared with before the lockdown by the use
of validated dietary scores aimed to assess adherence to the
Mediterranean diet (32, 33, 60, 65, 111) or to other eating
patterns (23, 25, 70, 85, 86, 102), or to evaluate compliance
with dietary recommendations (22, 44, 45, 81). Of note, only
3 (22, 44, 81) were cohort studies with a longitudinal design
and were based on repeated dietary assessments, 10 were
cross-sectional and relied on data collected retrospectively
from convenience samples (23, 25, 32, 33, 45, 70, 102),
whereas 2 articles (23, 25) reported cross-sectional analyses
from the same population-based cohort (Table 4).

With regard to European studies, investigations from
Spain and Cyprus revealed an increase in adherence to
the Mediterranean diet, as reflected by an increase in the
average PREvencion con Dleta MEDiterrdnea (PREDIMED)
Mediterranean Diet Adherence Screener (MEDAS) score,
during the lockdown period as compared with before (32,
33, 65). An Italian study (25) found a slight improvement
in diet quality as reflected by favorable changes toward a
Mediterranean dietary pattern. Consistently, findings from
the same cohorts revealed a mild decrease in consumption of
ultra-processed food as compared with before the pandemic
(23). On the contrary, another Italian cohort study found a
worsening in overall diet quality as reflected by a reduction
in the Dietary Quality Index (DQI) (22), while a study in
Croatians reported a switch to a Mediterranean diet (60).

On the other side, a cross-sectional study (45) in French
adults indicated a decrease in nutritional quality based on
negative changes as measured by the Simplified Programme
National Nutrition Santé-guidelines score 2 (sSPNNS-GS2), a
dietary index to assess compliance with the French dietary
recommendations. Similarly, longitudinal data from the

410 Mignogna et al.

NutriNet-Santé cohort (44) reported lower values of the
Alternative Healthy Eating Index-2010 (AHEI-2010) score
and an increase in the proportion of ultra-processed food in
the diet.

Analysis from Canada (81) indicated an improvement in
the overall diet quality, as reflected by an increase in the
Healthy Eating Index-2015 (HEI-2015) dietary score, and a
switch toward healthy eating was also found in Mexico (85),
whereas in Saudi Arabia, a food-quality score was found to
be lower during the lockdown as compared with before (70).
Nevertheless, changes towards a westernized dietary pattern
were also observed in Colombia (86). Finally, results from
an international survey also indicated reduced diet quality
overall (102), whereas another in 16 European countries
pointed to an increased adherence to the Mediterranean diet
(111).

To summarize, 9 out of 15 reviewed articles analyzing
changes in overall diet quality indicated an improvement
in diet quality at a population level, especially among
Mediterranean populations.

Dietary changes in children/adolescents

Of the 10 studies conducted among children/adolescents
(Table 5), 1 longitudinal analysis in a sample of 106
Spanish children with an average age of 12.0 £ 2.6 y
indicated an improvement in diet quality as measured by
the Mediterranean Diet Quality Index for children and
teenagers (KIDMED) score (36). The same was reported
by a longitudinal investigation among 1289 Italian children
with a mean age of 12.5 y who experienced an increase in
the KIDMED (28). At variance, Segre et al. (30) highlighted
a higher amount of food eaten (57.3%) and an increased
unhealthy food intake among 82 children aged 6-14 y who
were web-interviewed. Androutsos et al. (57) found that



(panupuod)

ss|qeiaban pue
‘1INJ} ‘POO} SPRUIBWIOY Ul S95BIDUI

(%G ££) BUBIOOD

Aq pa123}ya1 sabueyd aARIsod — 3WOY (969'G7) U183 POOJ JO JUNOWY elueWIOY (19) 1Z0Z “|e 12 NN
20w Buo0d (%67€€)
950y1 buowe Ayjjenb 1a1p pasealou| — BupoeUS ‘(98°€5) BUI¥O0D SWOoH [hl=leYip) (09) LZ0T “|e 19 424194d
S9D10D POO} 3|geulrIsns
2I0W pue ‘9jA1s941| Ja1yijeay
‘usanied AJe1alp ueauelalpalN e (%7 1) AKeme-axe1 (%8°/ 1) S|eaw Ajlep
Buiziia10e1RYD SPOO) JO O3elUl 19YbIH (%077 1) s|eaw patedaid-ald 4O 1I3qUINU ‘(%€ 61) BUO0D SWOH Ajey (S2) 120T “|p 32 012166NY
papiroid
uolelaidiaiul buiydielsno o S|jeaw Apeay (%6'75) 210w bupes Ajey (02) 0207 “|e 32 OUIZZOWIJBDG
uondwnsuod
pue asey2ind pooy spiemol
S)geY 9|gRUlRISNS pUB dARIsod
01 Bulpes) ‘SI0IABYS( 9210YD POOy (%1°G5) Buood
pa123aye A|ybiy umop3d0| Uelel| ay | — WY ‘(%1 €%) uondwnsuod poo4 Aley (#2) 120T “|e 12 1y22eds
P21USWINJOP J9M
siolAeyaq bunes ul sabueyd annebaN S|eall usamiaq buies Jo buiaeld 15epealg Ajey| (£2) 170T "|e 19 1uoyey
papiroid
uopelaidisiul buiydielano oN pooy A1aA11J (%t/€) Puiiea ‘pooy apeUsWOoH Aley| (¥) 020z “|e 19 0zURY I
papiroid (%€7) syuswia|ddns
uolelaidiaiul buyoiesano oN — K1R131P (9% 7+) eIl poo4 Ajey| (12) 020 "|e 19 Of|]2due)
eIl 44N paseanul Ag paids|al
se Hul1ea 3|grIOARJUN O) PRAYDUMS (%9°/ 1) S|esw Ajlep
uonendod INo JO %0 INOQY (%9°1 1) S|eaw pasedaid-aid 40 JaquUNU ‘(99'81) BuI00d SWOH Ajey| (£2) LZ0T “|e 12 o1DdeUOY
P9AISSCO SeM
siolAeyaq A1e1alp ul JuswaAoidwl uy — saased pue $1195s9p SPRULSUWOH uleds (£€) 0707 | 32 ZaydueS-Zaydues
papirold (%77) SPOO} 1e3-03-Apeal
uonelaidiaiul buiydielano oN — "(%6°/ 1) Alsnonunnuod buney uleds (1€) 1207 “|e 19 zayoues
pasealnul 0sje pooy,Ayijeayun, Jo
uondwnsuod ay1 ‘aduaiaype 131p
UeauURLIRIPIN Ul 9sealoul ue aidsag — (969°/€) PupDRUS ‘(9/°Gt) Bu 00D uleds (7€) 0707 “|e 19 Z219d-zanblpoy
(9% %79) pooy jo
uoljeledaid Juaidyya 210w (9%£7)
S840 PaxIN (%€°€€) L1l poo4 Ssjeaw AJiep ‘(95 € /) buiyood auwoH uleds (7€) 0207 “|e 12 OUION-ZadoT
salpn3s uesdoing
uonejaidiaqul sioyiny paseainag paseasu| Anuno> (494) Jeak “oyine isai4

sbuipuy urepy

e94qIno 61-dINOD

9U1 JO 9ABM 3SIY B3 W04y Buinsas umopydo| 3yl buunp siolaeyaq bunes ui ssbueyd Buizenjeas suoneindod 3npe [eJauab Woly SAIPNIS [BUOIIBAIDSGO papndul jo sbulpuy ulely € 319VL

Dietary changes during COVID-19 lockdown 411



(panunuod)

sqgey bunes Ayieay(un)
Bunsixe-a1d pa1dayas UMOPXO|
oY1 bulnp ssbueyd Aleiaiqg
aJjow
Bupypeus pue bunes Aq paisajiueul
's)qey Aie3alp Jo uonedyIpow
2duaadXa ued s|enplApul
40 abejuaiad uedyIubIs v
papiroid
uonelaidiaiul buiydielano oN
sabueyd ajA1s9yl|-AIe1aIp
U0 aAIIBBAU puUB SAIISOd
papiroid
uonelaidiaiul buiydiesano oN
Alsuap AbJaua
yb1y yum syonpoid pue pooy
[P301 JO UORAWNSUOD BY3 Ul 35ea0U|
131p 2y} ul snpoud
Auyaeay jo uoptodoid sy aseanul
11 SS0p JOU 'UMOPXD0| bulinp
abueypd 10U S0P JoIARYSG UORLINN
papirold
uolielaidiaiul bujydiessno oN
sigey bunes 1a11aq
0} uofie|ai ul Apsow ‘poad swes
3U1 490 sabueypd Ayijesy peuiodai
syuspuodsal Q| Ul {7 UBY3 S5
SOAIIOW 910D PO
ul sabueyd Aqg paulejdxa Aped
90 P|NOd YdIyMm ‘sbelane uo 1a1p
Jo Ayjenb jeuonuinu syl Ul aseanag
SIswiley Jo/pue doys [ed0|
woly s3onpoud pooy bulAng pue
‘s1onpoud ysaly jo uondwnsuod
Puisealou| ‘sjealld spewauloy
BuUP00D S Y2NS ‘SIoIARYSQ
Jeuonuinu aaocidul] 03 Ayjunpoddo
Ue Pa1e3Jd UMOPD0| 3y |
sbueyd 01 Wass
10U pIp 131p Jo Alijenb Jisy ‘20w
Bunes payiodai syuedipiied ybnoy |

AVSISAIP 1910

S|eawl Aeme-axe|

(968°£€) Aeme-axje) pue AISAI|RP SWOH

(%9'15) pooy

Keme-2xe3 bulIapIo 4o apIsIno bupe]

(9%°6€) 3WOoy-jo-1no paiedaid pooq

(9% 1Y) Buppeus
(%8'T) Bunes (%6 '6¢) burood

(9€'29) BUP002 ‘(968'1S)
Buppeus ‘(9 ¢f) 210w buney

AjJejnbai ajow buney
s|eaw

9PRWAWOY (%€ 7€) 210w Bulneg
s|eaw

9PRWAWOH (9%/'G€E) 10w bulleg

(9%¥'8¥) Us1ea POOJ JO UNOWlY

(%6°24)
BUIORUS ‘(9 || €) 210W JO S|eaw §

(%) Buppeus

yeiul ABIBUD “(967°€8) Bup 00D

(9%1'12) BupoeUS ‘(9610t) BuiooD

AMU[BIAIAUOD ‘S|eaWl A|1ep JO J9qUINN

Ylewuo(d

puejod
puejod
puejod

pue|od

puejod

puejod

wnibjag

aouel

aouel

dduel

snudA>

(65) 00T “|e 12 dUO|edEID

(6€) 00T “|e 12 J0pIS
(€%) LTOT “[2 12 INZD[eMOY
(2¥) 020T 1€ 13 B321UI0D)

(1%) 0207 "[e 13 YaimAig

(%) LZ0T “[e 12 Pisjomoigoq

(8€) 020 "[e 19 Y2ua0dg-1Azozselg

(GS) 120T “|e 12 suaysalg

(9%) 0ZOT “[e 12 JURISUOD

(St) 020T "2 12 Auey

(#%7) 020T “|e 12 Anbue|-xneseydsag

(59) 1Z0T (e 12 1UOIONO|OY

uonejaidiajul sioyny

pasealdag

pasealdu|

sbuipuy urepy

Anuno>

(J24) 1eak Yoyine 3sai4

(panunuod) € 319VL

412 Mignogna et al.



(panupuod)

papiroid
uonelaidiaiul buiydielano oN

papiroid

uonelaldiaiul buiysiesano oN
PAAISSCO 219M SPOOJ AUY3eay Jo
uonRdwnsuod ay) Ul 95e3103p e pue

35P2JDUl Ue Y10q 0} patejal sabueyd
papiroid

uonelaidiaiul buiydielano oN

s191p AYijeayun plemol uo
121 JO Ayjenb ay3 Ul sabueyd dAIISOd

uondwnsuod

P00} 32eUS O} (P00 158} “6°3)

awoy woly Aeme uonduwinsuod
wol} Aeme J1ys BUIWDYMISAO Uy

Aujenb 131p ||esaA0 panoidul

papirold
uolelaidiaul bulydiessno oN
papiroid
uoleyaidiaiul buiydiessno oN
pouad
UMOPY0] YN 354y 343 Inoybnoiyy
ua1ea sanuenb ur sabueyd
podai ajdwies ayi Jo pliyi-auQ
papiroid
uolelaidiaiul buiydiessno oN
paAIasgo
2J3M SPOOJ AIOARS pUB 19aMs 0IH
Jo eIl pasealdul 03 Aljigrdadsns
9583J0U] 1BY) S}IRJ) JOIARYS] Bulie]

SaunNoJ A1eI3Ip JO 3DURISISIA
uonunu Ul
sabueyd aapebau pue aaIsod yiog

(%8'51) Buptoeus
WybIUpIW ‘(99 €7) Aouanbaiy 1sepiealg

sjeawl paddaid ‘(948t) S|eaw 1no-axe]
BupDRUS ‘OPISINO PAUINSUOD
4oun| ‘apIsINO PaWINSUOD S|eI|

sjeaw buiddpys ‘bunsey/bunsig

(969" L€) 802IA3G 10 (%1 L)
1uaWa|ddns ‘(%14) poos Aue Jo axelu|

(960'8) OO} dpeWSWOY 210w bulie]
(%€'LS)

2J0w buies ‘(99'65) buyoo0d swoH
(9€'65) Bupiood swoy (91/)
pOOy} U0 2INPUSAX3 (%7°05)
pooy 3|gerysiad (9Gt) Us1e

POO} JO JUNOW ‘(981) BundeuS

(%¥°8¢) SPOOJ SpeLILUIOH

(96'L) Buptoeus ‘(961 ) low buneq

(%61) pooy uo pabuig
Bupjuup
‘BuyoeUS ‘SYDRUS/S|eaW 2bieT

(9¢€/ 1) U1 POOJ JO JUNOWY

pooj pasedaid-swoH

(%1 €) S|eawl Jo Jaquuinu

'(96€S) BubORUS '(968F) eIul PO
(%S'67) SODIAIDS

KISAII9P [BaW ‘(966°]) 210W Bulies
(9%1'29) Bupood WOy ‘(% 'SY)

BudRUS ‘(%17'617) 210W Buned

BuiLpd

Jopend3

Aenbnin

YD

eIqUIO|0D
ODIX3N

vsn

epeued

wopbuly payun

wopbuly payun

wopbuly payun

wopbuly payun

wopbuly payun
SpueayIaN Yyl

eluenyi

(¥6) 120 "[2 32 Bues
S2IpN1S UeIsy

(88) 1Z0T " 12 B||Iped-Sowey

(68) LOT "2 12 Sa1y

(£8) 0TOT " 13 BlIRAR|O-5343y

(98) 120t "|e 12 ZNiD-ZnYied
(S8) 1207 | 19 zanbzep-zaujiey
SaIpnis ueduswy yinosg

(8/) 0TOT “|e 12 sapLeUayYD

(18) 1Z0T “[e 12 dYdieweT]
$S2IPNIS ULDLIRWY Y1ION

(15) 0Z0T “|e 19UOSUIGOY

(05) 020¢ “|2 32 uosuIgoY

(€5) LTOT "2 12 3l)oH

(2S) 1T0T "2 12 preyynod

(6%) 00T “[2 12 pueppPNg
(85) 0Z0T "2 38 UBWI04

(£9) 0Z0T “|e 19 duUSlUOIDNELY

uonejaidiajul sioyny

pasealdag

pasealdu|

sbuipuy urepy

A13uno)

(J34) Jeak Yoyne 1sa14

(panunuod) €319vVL

Dietary changes during COVID-19 lockdown 413



(panupuod)

pazAjeue sa110baled
pooy ||e ul spuaiy buibianig

awioy 1e buredaid

pue Hujuueld [eaw uo yuads
SWI} PaseadUl WOl UONLINU J911ag

sabueyd 9jA1s94l| AYyesyun

paMgIYxs sem uondwnsuod
pooy jo uianed Ayieayun uy

usaned Aleiaip
Ayijeayun ue piemol YIys |[elanQ
SIolARYaq BUIDLISa)
pue bures abulg paseadul
JO asnedaq saduanbasuod
1[eay SSISAPE [e11Us10d
PaAISSqO a1am sabueyd Aleialp |[ews

PaAISSCO SeM
siolAeysq A1eialp ul Juswanoidwi uy

(IS) s|eaw apeu-Apeay

pOOJ AISAIISP ‘POO) 183-01-Apeay
(%1°Sh)
sjeaw buiddpys ‘opisino buiyea
'(965°/) S|e9U 183-01-Apeal USZ0I4

Bupuup 96Ul |04odlY

ure104d woly Abiaug

s1onpoid pooy paIaalad

(M@ '3Q) sjesw w_umrc\\AUmmx

210w Hulles ‘BuKO0d SWOH

(%C L £) 15ePeaIq (% L6)
S|eaw apewawioy ‘sjeaw Ajieq

S|eaw JO Jaquinu ‘BupdeuS

Bupjeq ‘s|eaw 10y buoo)

(%9°£0)
UONDISaI PO} (%9'+€) Bunea abuig
|Oyod|e Woij Ab1sug

BuI00d swoH

(IS) eluan0lS

pue ‘(3Q) Auewan

‘01@) yewiueg

VSN pue eulyd
uoibas (YNIIN)
€LY YLION
pue 1seq S|PPIN
sedlawWy
SU1 pue ‘elsy
UIDISIM ‘BdIY
yuoN ‘adoing

puejeaz MaN|

eljensny
eljesny

uelsipiny| 1bel

(OL1) 20T "Ie 12 UasSUer

(601) LZ0Z “[e39 N0g

(¥01) 00T "[e 13 lewWs| Wp{iayD

(c0l) 0ZOT " 39 Jewwy
S9IPN1S [PIUSUIIUODISIU|

(66) 0Z0T "2 13 USSIIIDD

(001) 0z0z “le 38 nod
(LOl) LzoT "B 3@ sinD
S3IpNIS UrIURSDO

(92) 120T "l[eleS

3pisino bunes ‘seaw 1sepjealq sa1eliug
S9DI0YD POOy paduUeeqUN Buiddiys ‘sjeaw 189-01-Apeal uszol ‘S|eawl A|1ep ‘s|eall 9pewauwLoH gely pauun (89) 0Z0T “[e 12 |lews| Y1ayD
1°1p (v 78) selelill3
Buipnppur sabuetpd ajA1sayl Ayrjeayun - P00} P%002 ‘(%8 L €) =3eIul POO Gely paun (69) 0C0C “|2 19 Uempey
papiroid (%6 /1) BupoeUS
uonelaldiaiul buiydiesano oN — I2UUIp J9)Je (95£9) Delul POo4 elqely Ipnes (¢/) 0Z0T lueyolly
papiroid
uonelaidiaiul BulydIeIsA0 ON POOJ paJaAIRP 10 Aeme-axe| S|POW POY00D-3WOH e|qely Ipnes (0£) 0Z0T "€ 32 UIRSSNY|Y
(9%05) Jouulp
"(%8'68) Y2uN| ‘(9%+'69) 15epea1q
JoIABYSq [eUOIIINU AY3jeay "(060'9%) SIUBPIXOIUE HUjUIRIUOD
ul sabueyd aAnebau Juedyiubig — syuswa|ddns Jo axeiul pood ueplor (S2) 120Z “|e 12 1wog-|y
1sepiealq buiddiys
pa12313p JuBINEIS3I ‘BUIO0D SWOY ‘[EaW UleW Speu
2Jom suiaiied [esw AYieayun e WOJJ [eaW UleWl ‘S|eaul JO JaquunN AJysaly ‘|eaw J0 3oeus 1ybiu-a1e 1emny (/9) 0Z0T “|e 12 ulesny
papiroid
uonelaidisiul buiydielano oN (%9°€S) BuptuLp |oyodly (%9'£9) 321p Jo AujenD |edaN (86) 0COT "2 12 BYISa1yS
uonejaidiaqul, sioyiny paseanaq pasea.nu| Anuno) (J32) 19K “oyane 1sa14

sbuipuy urepy

(panunuod) € 319VL

414 Mignogna et al.



(Continued)

TABLE 3

Main findings

Decreased Authors’ interpretation

Increased

Country

First author, year (ref)

An increase in overall dietary quality

Frequency of cooking and snacking,

16 European
countries?

Molina-Montes et al., 2021 (111)

and more engagement in home

cooking
No overarching interpretation

homemade pastry

Ready-made dinner (not in the USA),

Fresh ingredients for dinner (IOl and

New Zealand, USA,

Murphy et al,, 2020 (103)

take-away provided

GB), baking

Great Britain (GB),
and the Island of

Ireland (1O1)
Bosnia and

No overarching interpretation

Regular meals (44%), larger meal sizes

Pisot et al, 2020 (106)

provided

(29%)

Herzegovina,
Croatia, Greece,

Kosovo, ltaly,
Serbia, Slovakia,

Slovenia, and

Spain
Spain, Greece

No overarching interpretation

Amount of food eaten (74.3% Spain;

Snacking (34.1% Spain; 40.8% Greece)

Papandreou et al,, 2020 (112)

provided

63.1% Greece)

'COVID-19, coronavirus disease 2019; HED, high-energy-dense; ref, reference; UPF, ultra-processed food.

Bosnia and Herzegovina, Croatia, Denmark, Germany, Greece, Ireland, Italy, Lithuania, Montenegro, North Macedonia, Poland, Portugal, Serbia, Slovenia, Spain, and Turkey.

397 Greek children with a mean age of 7.8 y worsened
their eating habits towards less healthy patterns, which was
also in relation to their socioeconomic position, similarly to
303 Spanish adolescents from the DESK-cohort study, who
increased consumption of sweets and snacks (37).

Analysis from France (48) showed a rise in the consump-
tion of midafternoon snacks (15%) among 498 children—
in particular, higher intakes of sweet foods, chips and salty
biscuits, along with fruit juices and soda. As opposed to this
unhealthy dietary behavior, there was an improvement in the
consumption of fresh and dried fruits and nuts.

A retrospective analysis in a sample of 10,082 Chinese
adolescents (93) revealed adolescents’ dietary patterns had
significantly changed during the COVID-19 lockdown, with
both negative and positive changes that make it difficult to
reach an overall conclusion.

Meanwhile, 447 Jordanian children and adolescents (74)
increased consumption of main food groups (ie., fruit,
vegetables, cereals, and milk) compared with the pre-
lockdown period, which led to an overall rise in food intake.

A survey carried out in Saudi Arabia, Britain, and Turkey
(108) in 330 children aged between 4 and 7 y found a con-
sistent increase in the consumption of sweets and unhealthy
foods, along with an improvement in fruit intake, and showed
that Turkish and British children followed a better nutritional
style during lockdown than those from Saudi Arabia.

Last, in a sample of 820 adolescents from 5 countries
(105), an increase in fruit, vegetables, and legumes was ob-
served, and yet a concurrent increase in fried and sweet foods
was documented, thus leading the authors to conclude that
overall diet quality did not improve. Specifically, a qualitative
analysis of dietary habits in each country underlined that
adolescents from all countries increased consumption of
unhealthy foods, those from Europe increased intakes of fruit
and sweet food, and in South America, legume consumption
increased significantly during lockdown.

Discussion

This systematic review synthesized results from observa-
tional studies in adults and children/adolescents analyzing
the impact of nationwide lockdowns resulting from the first
wave of the COVID-19 pandemic on food intake, eating
behaviors, and diet quality.

The majority of studies were conducted in Europe from
March to September 2020 by retrospectively assessing dietary
changes that occurred during lockdown as compared with
before the lockdown, through the use of web-based surveys
on convenience samples (4, 20, 21, 23-27, 29, 32-35, 38-
43, 45-52, 54, 55, 57-80, 82, 83-100, 102-113), while only a
few could rely on a longitudinal design, thus providing more
robust findings (22, 28, 36, 44, 53, 55, 81, 101). In addition,
more than half of the studies addressed dietary changes by
asking participants to self-rate their food intake as increased,
decreased, or remained stable during lockdown (4, 20, 21,
23-26,29-31, 34, 35, 39-43, 46, 47, 49-56, 58, 59, 61-64, 66,
69, 72,77, 78, 80, 82-84, 87-89, 91, 94, 95, 97, 98, 100, 106,
107,109, 112), and mainly in the form of eating more/less/the

Dietary changes during COVID-19 lockdown 415



TABLE 4 Main findings of included observational studies from general adult populations evaluating changes in overall diet quality during
the lockdown resulting from the first wave of the COVID-19 outbreak’

First author, year (ref) Country Main findings Authors’ interpretation
Rodriguez-Pérez et al., 2020 Spain MEDAS increased from 6.53 + 2 (before Adherence to Mediterranean diet increased
(32) lockdown) to 7.34 £ 1.93 (during significantly during the lockdown
lockdown)
Sanchez-Sanchez et al,, 2020 Spain High adherence (MEDAS >9) increased Mediterranean diet adherence slightly
(33) from 4.7% (before lockdown) to 8% increases during lockdown, although
(during lockdown) consumption of “unhealthy”food also
increases
Bonaccio et al, 2021 (23) Italy Average UPF score was —0.28 4= 4.07 Slight decrease in the consumption of UPF
Cicero et al, 2021 (22) Italy DQI reduced from 424 £ 4.1t0 378 £ 4.7 A trend towards decreasing diet quality
Ruggiero et al, 2021 (25) Italy Average MDP score was 0.5 & 2.2 A slight improvement in diet quality at a
population level during the lockdown
Pfeifer et al, 2021 (60) Croatia MEDAS increased from 5.02 & 1.97 (before Increased diet quality among those cooking
lockdown) to 5.85 £ 2.04 (during more
lockdown)
Kolokotroni et al., 2021 (65) Cyprus MEDAS increased by 1 unit (median 6, IQR Increased adherence to Mediterranean diet
3) during lockdown (31.9%)
Deschasaux-Tanguy et al,, 2020 France AHEI-2010 decreased by 3% during The lockdown led, in a substantial part of
(44) lockdown UPF decreased by 1% during the population, to unhealthy nutritional
lockdown behaviours.
Marty et al, 2020 (45) France SPNNS-GS2 decreased from The lockdown period in France was related
1.2 £ 2.5 (before lockdown) to 0.8 £ 2.8 to a decrease in nutritional quality of diet,
(during lockdown) on average
Lamarche et al, 2021 (81) Canada HEI-2015 increased by 1.1 points (95% Cl: Diet quality has slightly improved during
0.6, 1.5) the COVID-19-related early lockdown
Pertuz-Cruz et al., 2021 (86) Colombia Change toward a westernized-like dietary Transition toward unhealthy diets
pattern
Martinez-Vézquez et al., 2021 Mexico Median DQl increased from —1 (before DQI was higher during lockdown in all
(85) lockdown) to 2 (during lockdown) groups
Alhusseini et al., 2020 (70) Saudi Arabia Food-quality score decreased from The quality and the quantity of the food

Ammar et al., 2020 (102)

Molina-Montes et al., 2021
(111)

Europe, North
Africa, Western
Asia, and the
Americas
16 European
countries?

16.46 + 2.84 (before lockdown) to
16.39 & 2.79 (during lockdown); food
quantity score increased from
1462 £ 2.71 (before lockdown) to
15.70 & 2.66 (during lockdown)

Total diet score 4.4% higher during
lockdown than before*

MEDAS score increased from 5.23 £ 2.06
(before lockdown) to 6.15 4 2.06 (during
lockdown)

was compromised

Isolation alters eating behaviors in a
health-compromising direction

A significantly higher adherence to the
Mediterranean diet during the lockdown
was observed across all countries

'Values in the main findings’ column are means =+ SDs. *Measured through the Short Diet Behaviours Questionnaire for Lockdowns (higher values indicating a decrease in diet
quality). AHEI-2010, Alternate Healthy Eating Index-2010 score; COVID-19, coronavirus disease 2019; DQI, Dietary Quality Index; HEI-2015, Healthy Eating Index-2015; MEDAS,
PREDIMED (PREvencién con Dleta MEDiterrdnea) Mediterranean Diet Adherence Screener; ref, reference; SPNNS-GS2, Simplified Programme National Nutrition Santé—guidelines

score 2; UPF, ultra-processed food.

?Bosnia and Herzegovina, Croatia, Denmark, Germany, Greece, Ireland, Italy, Lithuania, Montenegro, North Macedonia, Poland, Portugal, Serbia, Slovenia, Spain, and Turkey.

same of a given food; others asked to report simultaneously
for each food item their consumption before and during the
lockdown (22, 32, 33, 38, 45, 48, 57, 60, 65, 67, 68, 70, 71, 73,
74, 85, 86, 90, 92, 93, 96, 99, 100, 102-105, 110, 111). Despite
the fact that the latter approach allows to assess frequency
of intake and, in some cases, the amount of food consumed,
both methodologies have important limitations, including
recall bias.

Studies analyzing changes in food and beverage intake
The majority of studies assessed variations in the consump-
tion of specific food and beverages, and this renders it
difficult to obtain a global evaluation of the changes in

416 Mignogna et al.

diet quality that occurred during the lockdown period as
compared with usual behaviors. According to these analyses,
an increase in fruit and vegetables, legumes, cereals, olive oil,
and dairy products was found. Studies were concordant in
highlighting a sharp decrease in fish and seafood consump-
tion, with only 6 studies pointing to an increasing intake (33,
45,59, 65, 81, 95).

Most studies indicated an increase in the intake of
unhealthy food and alcoholic beverages, while red and
processed meat intake was lowered.

The intake of 5 out of 8 major food groups was in line
with the definition of a healthful diet as reflected by the
traditional Mediterranean diet (114) (i.e., increased intake
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of fruits and vegetables, legumes, cereals, olive oil; lower
intake of red and processed meat), indicating a moderate
but consistent improvement in dietary habits worldwide.
On the other side, the consumption of foods that should
be consumed at low to moderate amounts, such as dairy
products (115), increased while fish consumption was found
to be substantially decreased in most surveys.

Analyses of changes in alcohol consumption yielded
mixed results, but a tendency toward increased intakes was
observed. Analyses by geographic area suggest a healthier
trend in nutritional patterns in European populations,
showing increased consumption of fruit and vegetables,
legumes, and cereals, as well as in Asian and South American
countries. An unhealthful change in dietary patterns was
otherwise observed in North America, where alcoholic bev-
erage consumption increased concurrently with a lowering
in fruit and vegetable intake reported by half of the surveys
(Supplemental Figures 1-4).

Studies analyzing changes in overall diet quality

In addition to studies analyzing changes in major food group
intakes, our systematic review identified a few investigations
that used validated dietary indices to assess modification in
adherence to a Mediterranean diet (32, 33, 60, 65, 111), eating
patterns (23, 25, 70, 85, 86, 102), changes in compliance to
national dietary recommendations, or relied on scores that
are not widely used (22, 44, 45, 81).

Analyses in the Spanish adult population revealed an im-
provement in diet quality as reflected by increased adherence
to the Mediterranean diet (32, 33), as did a longitudinal
analysis conducted in a subsample of the larger NutriQuébec
cohort study in Canada (81). A slight improvement in
diet quality was also detected in an Italian sample (25)
that consistently documented a decrease in the intake of
ultra-processed foods (23). On the contrary, 1 longitudinal
investigation in France highlighted a mild decrease in diet
quality, in line with a web-based survey showing lower
compliance with national dietary guidelines (44, 45) and a
cohort study from northern Italy (22) showed a decreasing
trend in diet quality. Similarly, a study in Saudi Arabia (70)
and an international study surveying people from Europe,
North Africa, Western Asia, and the Americas indicated
poorer diet quality during lockdown as compared with before
lockdown (102).

Based on such findings, a trend of improved diet quality,
as reflected by an increased adherence to the Mediterranean
diet, emerges in European populations, especially among
Mediterranean countries (32, 33, 60, 65, 111), with the
exception of France where 2 surveys indicated poor nutri-
tional patterns possibly established during lockdown (44,
45). Outside Europe, favorable dietary changes were docu-
mented in Canada (81) and Mexico (85), while a switch to
unhealthy diets was found in Saudi Arabia (70) and Colombia
(86).

However, a definitive conclusion on the impact of lock-
down on diet quality cannot be drawn due to the relatively
small number of studjies.
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Moreover, evaluations restricted to data from the only
3 longitudinal cohorts available are discordant since one
highlighted an improvement in diet quality (81) while the
other 2 observed a decrease in nutritional quality of diet, on
average (22, 44).

The same applies to analyses conducted among chil-
dren/adolescents that highlighted either improvements (28,
36), worsening (30, 37, 57, 74), or negligible changes in diet
quality (105), or even were unable to provide conclusive
evidence (48, 93, 108).

Studies analyzing changes in eating behaviors

The majority of high-quality studies are concordant in
showing an increase in healthful food practices, such as
homemade foods and reduced take-away/delivered food (4,
23, 33,41, 44, 67-70,76,78, 81,99, 103, 109), but at the same
time, many indicated an increase in snacking and number of
daily meals (21, 32, 34, 39, 44, 46, 49, 50, 59, 63, 68, 78), along
with an increased amount of food eaten daily (23, 25, 34,
49, 68).

Although cooking more and consuming more fruit and
vegetables, people experiencing lockdown were generally
more likely to increase snacking and tended to eat more.
This is potentially counterbalanced by consuming more
vegetables and fruits and reduced fast food or take-away
foods. However, the long-term effect of diet on health is
the result of a complex interplay between a number of diet-
related aspects that include foods, nutrients, and the way they
are combined and consumed (116, 117).

More recently, other aspects of foods, such as the degree
of food processing, have been shown to be risk factors
themselves, beyond nutritional content (118).

Also, high consumption of ultra-processed food, such as
sweet and salty snacks and carbonated soft drinks, leads
to an increased risk of death independently of the overall
diet quality (119), whereas a high intake of unhealthy foods
possibly attenuates the benefits of the Mediterranean diet
(120).

Although moderate alcohol intake during main meals
has been positively considered within the framework of a
traditional Mediterranean diet (121), the observed tendency
toward an increase in the consumption of alcoholic beverages
during the lockdown is worthy of attention from public
health experts, in light of the detrimental effects of excessive
alcohol consumption on health outcomes (122).

Strengths and limitations of this study

This is the first broad systematic synthesis of published stud-
ies evaluating changes in diet quality and eating behaviors
that occurred during the nationwide lockdowns resulting
from the COVID-19 pandemic.

Limitations include the possibility of our eligibility criteria
to exclude important data sources and the heterogeneity of
extracted data that precluded any meta-analysis. We also
acknowledge that the studies considered here mainly relied
on poorly accurate dietary assessments, were mostly cross-
sectional, and mostly based on convenience samples; thus,



generalizability of the findings should be made with caution.
Also, the majority relied on retrospective recall and this
resulted in 2 major limitations—that is, recall bias and
reliance on self-reported measurements.

It is worth noting that, although a small proportion of
surveys used validated questionnaires/indices (e.g., MEDAS,
AHEI-2010, etc.), the majority of studies (>60% of those an-
alyzed) examined diet variations by asking participants to in-
dicate whether they ate more/less/the same during lockdown
as compared with before. Others, including cross-sectional
studies using validated tools, relied on a simultaneous admin-
istration of dietary questionnaires aiming to assess food in-
takes (or eating behaviors) before and during lockdown. Both
of these latter approaches represent a pragmatic solution to
conducting research on a large sample in relation to an unex-
pected event (52, 100) but might lack specificity to the current
pandemic state. Last, web-based surveys are equivalent to
conventional face-to-face interviews in terms of data quality
(123, 124).

Conclusions

Maintaining a healthy and balanced diet has become increas-
ingly relevant during the current COVID-19 pandemic to
support the immune system, which is a key determinant
of COVID-19 prognosis for infected individuals (125).
Results available to date are quite heterogeneous in dietary
assessment and sampling. An analysis of food groups in
isolation but lacking a global assessment of diet quality
is in contrast with the most used approach in nutritional
epidemiology, which is based on the assumption that the role
of diet in health has to be examined as a composite of multiple
nutrients and foods; indeed, people eat foods, not nutrients,
and the combination of foods may be more synergistically
powerful for health than any specific food or nutrient
(117, 126).

For this reason, our original research question on whether
the lockdown due to the COVID-19 pandemic has had an
impact on diet quality at a population level could only be
satisfied by studies considering diet as a whole rather than
relying on single-food intake without providing a global
assessment of diet quality. In light of this, the main findings
of our systematic review indicate a modest improvement in
diet quality in Mediterranean populations and a few other
countries such as Canada and Mexico, while showing a
decreased diet quality in other countries.

However, based on studies analyzing changes in major
food groups, a slight improvement in dietary habits could
be observed, since the healthful dietary choices seemed to
counterbalance the unhealthful choices.

Future studies are warranted to evaluate to what ex-
tent dietary modifications that occurred during lockdown
would possibly persist over time and what consequences
this may produce in terms of newly established dietary
patterns.

Future investigations should possibly overcome some
major limitations of the majority of studies published so
far, either by using quota-sampling or more accurate dietary

assessment methods that possibly rely on the evaluation of
overall diet quality.
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