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Abstract. Background and aim of the work: During the COVID-19 pandemic, many countries adopted re-
strictive measures to mitigate infection spread, which might have influenced people’s lifestyle and dietary
habits. We conducted a systematic review to evaluate the impact of national lockdowns on adherence to the
Mediterranean Diet (MD). Methods: Studies were identified searching Medline, Embase, Web of Science,
and the Cochrane Library. Studies published until 4* May 2021 were included. We only considered studies
reporting original data from quantitative analysis and assessing changes in adherence to the MD, using vali-
dated dietary scores, or in consumption of MD food items. Data extraction, pooling, and quality appraisal of
included studies were conducted following the PRISMA guidelines. Resu/ts: Forty-two studies were retrieved.
After screening, 12 studies met inclusion criteria and were included in the review, of which 4 (33%) were
longitudinal studies. Six (85.7%) of the seven studies that measured changes in MD adherence before-during
lockdown reported an increase (rate of change of high-adherence to MD ranged between +3.3% and +21.9%).
Evidence indicates that consumption of MD food items increased during lockdown but is heterogeneous in
study design, quality, and findings. Conclusions: Our results suggest adherence to the MD during lockdown
might have increased in some settings, while the determinants of such a trend are to be further explored. We
raise awareness of the need to research further the impacts and long-term consequences of COVID-19 con-
tainment measures on dietary and lifestyle habits. (www.actabiomedica.it)
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and fish, with olive oil as the main source of added
fats, small amount and low-frequency consumption

The term “Mediterranean Diet” (MD) describes
the traditional eating habits of people living in olive-
growing areas and, more generally, in the territories
around the Mediterranean Sea (1, 2). The MD is tradi-
tionally characterized by a predominant consumption
of vegetables, fruit, legumes, whole grains, nuts, seeds,

of meat (especially if red and processed), a moderate
consumption of dairy products, and a moderate intake
of alcoholic beverages, mainly red wine during meals
(3-5). In 2010, the MD was recognized by UNESCO
as a Cultural Heritage of Humanity (6). Non-commu-
nicable diseases such as cancer, cardiovascular disease
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(CVD), type 2 diabetes, and obesity are the leading
cause of death worldwide and account for 70% of all
deaths in Europe each year (7). It has been shown that
these diseases are largely preventable by promoting
healthy lifestyles, such as moderate alcohol consump-
tion, physical activity, tobacco cessation, and healthy
diets (8-10). The MD is commonly accepted as a likely
dietary model for the prevention and control of chron-
ic non-communicable diseases throughout life, and the
protective effect of the MD against these diseases has
been accurately reported by many studies (8, 11-13).
However, globalization and cultural and social chang-
es in recent years have profoundly influenced people’s
lifestyles, causing in most regions of the world a grad-
ual decrease in adherence to the MD (14-16) and a si-
multaneous shift towards the western dietary pattern,
particularly in the countries of the Mediterranean ba-
sin themselves, and in younger age groups (5, 17-19).
During the COVID-19 pandemic, several contain-
ment measures such as the closure of schools, restau-
rants, cinema, gyms, shopping centers, cancellation of
public events, up to the establishment of curfews, par-
tial and complete lockdowns, were adopted to mitigate
the spread of the disease (20-22) These containment
measures have undoubtedly caused changes in people’s
lifestyle (23), influencing their levels of alcohol con-
sumption (24), smoking (25, 26), other addictions (27,
28), physical activity (29), and, indeed, their dietary
habits (30). In parallel, the COVID-19 pandemic is
having a severe impact on the global economy, deter-
mining the worst recession since World War II (31),
and the availability of material resources has been al-
ready identified as a strong determinant of adherence
to the MD (32). As the available evidence is scarce and
often conflicting, the purpose of this systematic review
is to analyze and summarize recently published studies
to assess the impacts and effects of lockdowns periods
imposed to contain the COVID-19 outbreak on gen-
eral population adherence to the MD.

Methods

The review’s methods were defined in advance
following the Prepared Items for Systematic Reviews

and Meta-Analysis (PRISMA) guidelines (33). The

study protocol was registered with PROSPERO at
http://www.crd.york.ac.uk/Prospero/ on the 8" Feb-
ruary 2021 (CRD42021232913).

Search methods for identification of studies and inclusion
criteria

Studies were identified by searching the electronic
databases PubMed/MEDLINE, Embase and Web Of
Science, and Cochrane Library. The search strategy was
first developed in PubMed using a combination of free
text and Mesh terms referring to i) the COVID-19
pandemic, ii) containment measures and stay-at-home
orders (i.e., Jockdown), and iii) the Mediterranean Diet.
The search strategy was then adapted for use in the
other databases. Complete search strategies are avail-
able in Appendix B. Further studies were identified
from consultation with experts in the field and refer-
ence listing of relevant articles. Studies published up
to 4" May 2021, regardless of language, were included.
We only considered for inclusion studies reporting
original data from quantitative analysis. We excluded
opinion papers (i.e., editorials, commentaries, and let-
ters to the Editor) not providing original data. Only
the studies considering the general population, regard-
less of age, were included (Appendix A).

Outcomes of interest

We considered the following outcomes: i) rate
of change in adherence to MD, assessed through
validated dietary scores, and ii) rate of change in the
consumption of specific food items that are typically
attributable to the MD during COVID-19 related

lockdown periods.
Data collection and analysis

Identified studies were independently reviewed
for eligibility by three authors (PGDV, DN, GM) in
a two-step process; a first screening was performed
based on title and abstract, while full texts were re-
trieved for the second screening. At both stages, disa-
greements were resolved through discussion with a
senior researcher (AQO). Data from selected articles
were extracted and tabulated in a standardized pre-pi-
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loted form independently by two researchers (PGDV,
GM), supervised by a third and a fourth author (DN,
AQO), in order to evaluate the quality of the studies and
the synthesis of the evidence. Extracted data included:
study design, country of study implementation, study
period, study population, study setting, sample size,
data collection method and timing, outcomes, meas-
urements used to assess MD adherence, and changes
in consumption of specific food items reported as, but
not limited to, prevalence, mean, median, mean differ-
ence, or percentage.

Quality assessment

The quality of the included studies was deter-
mined using the Quality Assessment Tool for Obser-
vational Cohort and Cross-Sectional Studies from the
National Heart, Lung, and Blood Institute by two au-
thors (PGDV and GM). Disagreements were resolved
by consensus.

Results

Fifty-seven records were identified by searching
the selected electronic databases and identified data
sources. After duplicates removal, titles and abstracts
of 27 records were screened. Ten studies were excluded
because they were not relevant to the research question,
while the other 17 were assessed for eligibility. After
second screening by full-text, 12 studies were included
in the systematic review. A flow diagram of the screen-
ing and selection process is reported in Figure 1.

Characteristics of included studies

The characteristics of the included studies are re-
ported in Table 1. Most of the studies were conducted
in Spain (n=5, 41.7%) (34-38), while 2 were conduct-
ed in Croatia (39, 40), 1 in Iraq (41), 1 in Denmark
(42), 1 in Cyprus (43), 1 in Italy (44), and 1 in Kosovo
(45). All included studies were in English, except one,
which was published in Spanish (38). Ten (83.3%)
studies (36-38, 40-45) focused on the general adult
population, while one (35) (8.3%) focused on underage

(<18 years old) students, and another (39) (8.3%) on
both adults and underage students. Eleven (34, 36-38,
40-45) out of twelve studies recruited convenience
samples. Only one study (35) used stratified sampling.
Eight studies (66.7%) had a cross-sectional design
(36, 37,3943, 45), while 4 (33.3%) were longitudinal
studies (34, 35, 38, 44). In three-quarters of the stud-
ies (n=9, 75%) (34, 36-38, 40-43, 45) data collection
took place only during national lockdown periods and
was conducted exclusively through an online survey.
In the study by Dragun et al. (39), a first data collec-
tion was conducted prior to the pandemic through a
paper and pencil form, while a second survey, which
took place during the lockdown, was conducted using
an online survey. Medrano et al. (35) used an online
questionnaire to collect data both before the pandemic
and during the lockdown. Finally, Ruggero et al. (44)
analyzed data from a telephone interviews-based lon-
gitudinal study that began before the pandemic and
ended during the lockdown, and from a cross-sectional
study conducted during the lockdown. Study enroll-
ment periods ranged from 12 days (42) to 2 years (39).
In half of the studies data were collected only once
during lockdown periods (36, 40-43, 45). In four stud-
ies (34, 35, 39, 44) (33.3%), data collection took place
both before the COVID-19 and during the lockdown
period. Sinchez-Sanchez et al. (37) collected data dur-

Identification of studies via databases and registers

Records removed before screening:

Records identified from: «  Duplicate records removed (n = 30)

Databases (n = 57)
Registers (n = 0)

Records screened Records excluded
(=27 (n=10)

l

Reports sought for retrieval
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l

«  Records marked as ineligible by
automation tools (n = 0)

Identification ]

«  Records removed for other reasons (n = 0)

»| Reports not retrieved
(n=0)

Screening

Reports assessed for eligibility
(n=17)

«  Non-validated questionnaire (n = 1)

«  Not evaluating outcomes of interest (n = 4)

v

Studies included in review
(=12
Reports of included studies
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[ Included ] [

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
quideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71
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Figure 1. Identification of studies
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ing May 2020, coinciding with the period of confine-
ment and the step forward into “Phase 1”7 (the first
period of loosening of restrictive measures). Finally,
Térraga Lopez et al. (38) collected data weekly during
the lockdown period. Studies’ sample size ranged from
113(35) to 4281 (40) participants. The percentage of
female subjects ranged from 19.4% (40) to 73.8% (43).
Two-thirds (n=8, 66,7%) of the included studies (34—
39,43, 44) assessed the rate change in adherence to the
MD during national lockdowns compared to previous
periods. Nine studies (75%) (36—42, 44, 45) evaluated
changes in the intake of foods that are typically at-
tributable to the MD during national lockdowns com-
pared to previous periods. Regarding the tools used
to assess adherence to MDD and its changes, including
changes in consumption of specific foods, eleven stud-
ies recurred to validated questionnaires: nine studies
(34, 3638, 40-43, 45) used the Mediterranean Diet
Adherence Score (MEDAS) (46), one study (39) used
the Mediterranean Diet Serving Score (MDSS) (47),
and one (35) study used the Mediterranean Diet Qual-
ity Index for Children and Adolescents (KIDMED)
(48). Only one study (44) used a non-validated ques-
tionnaire (the Mediterranean Dietary Pattern score)
but was nevertheless included because it assessed our
secondary outcome of interest (changes in consump-

tion of foods typically attributable to the MD).

Changes in adherence to the Mediterranean Diet during
national lockdowns

Studies’ results are summarized in Table 2. Seven stud-
ies (34-39, 43) (58.3%) contained at least one meas-
ure of the rate of change in adherence to MD during
lockdown assessed through the use of a validated scale.
Five studies (35, 36, 38, 39, 43) (41.7%) assessed how a
measure of central tendency of participants’ scores on a
validated scale changed during the lockdown compared
to previous periods: two of these (39, 43) considered
the median, and found no change in the adherence to
the MDD, while the other three (35, 36, 38) considered
the mean, and found an increase in the adherence to
the MD. Five studies (34, 35, 37-39) (41.7%) consid-
ered possible variations in the percentage of partici-
pants who scored above or below a certain threshold
on validated scales: four studies (34, 35, 37, 38) report-

ed an increase in the percentage of people complying
with the MD during lockdown compared to previ-
ous periods, while one study (39) found a decrease in
this percentage. Dragun et al. (39) found that, during
the national lockdown, the median of the scores par-
ticipants obtained on the MDSS remained unchanged
(7.0 vs 7.0, p=0.927), and the interquartile range had
decreased (6.0 vs 5.0) compared to the previous period;
they also observed that the percentage of participants
who could be considered compliant with the MD on
the basis of the score obtained on the MDSS question-
naire had decreased by 2.9% compared to the previous
period (from 12.1% to 9.2%, p=0.077). Franco et al.
(34) found the percentage of people with high adher-
ence to the MD based on the score obtained in the
MEDAS questionnaire (46) (29 points) had increased
by 21.9% during the lockdown (from 54.5% to 76.4%,
p<0.001). Kolokotroni et al. (43) reported that, dur-
ing the lockdown, the median of the MEDAS scores
remained unchanged (6.0 vs 6.0). However, the inter-
quartile range had increased (2.0 vs 3.0); furthermore,
in 31.9% of the participants, the MEDAS score refer-
ring to the lockdown period was found to be higher
than the score referring to the previous period, while
in 22.7% of participants it was found to be lower. Me-
drano et al. (35) found that, in their sample, the mean
score on the KIDMED (48) questionnaire had in-
creased during the lockdown compared to the previous
period from 5.9+1.8 to 6.4+1.5 (p<0.02); they also re-
ported that the percentage of participants participants
with a KIDMED questionnaire score of less than 8
(thus those whose MD adherence can be considered
low) had decreased from 81.1% to 76.4% during lock-
down (p=0.476). Rodriguez-Pérez et al. (36) asked the
participants to fill in the MEDAS questionnaire re-
porting their eating habits both during the lockdown
and in the previous period. First, they found that, dur-
ing the lockdown, the mean score was higher (6.53+2.0
to 7.34+1.93, p<0.001) compared to the previous pe-
riod. Furthermore, considering the lockdown period,
the average score of the participants who had scored
at least 9 points was 9.8 (SD=0.9, p<0.001), while the
mean of the scores that these same participants ob-
tained by answering about their eating habits in the
previous period was 8.7 (SD=1.6, p<0.001). For those

whose lockdown period scores were above 6, but below
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Table 3. Results: changes in cereal consumption during national lockdowns compared to previous periods

All cereals Whole grain cereals Bread
References Intake during lockdown Servings per meal Intake during lockdown Intake during lockdown
compared to previous periods compared to previous periods compared to previous periods
Dragun (39) 1-2 servings per main meal
2021 (breakfast, lunch, and dinner)
Before: 35.6%
During: 24.1%
(p<0.001)
Galali (41) Unchanged: 99.8% Unchanged: 99.8%

2021 Increased: 0.1%
Decreased: 0.1%

Increased: 0.1%
Decreased: 0.1%

Ruggiero (44)  Unchanged: 70.8%

2021 Increased: 25.7%
Decreased: 3.5%
Opverall percentage change: 22.2
(p<0.0001)

Unchanged: 86.5%

Increased: 10.3%

Decreased: 3.2%

Opverall percentage change: 7.1
(p<0.0001)

9 points, the average score was 7.0 (SD=0.8, p<0.001),
while the average score obtained when considering the
answers they gave referring to the previous period was
6.2 (SD=1.2, p<0.001). Finally, for those whose lock-
down period scores were below 6, the average score
was 4.5 (SD=0.7, p<0.001), while the mean score ob-
tained when considering the answers they gave refer-
ring to the previous period was 4.2 (SD=0.9, p<0.001).
Sénchez-Sanchez et al. (37) found the percentage
of people with high adherence to the MD based on
the score obtained in the MEDAS questionnaire (=9
points) had increased by 3.3% during lockdown (from
4.7% to 8.0%, x*=274.76, p<0.001). Tarraga Lopez
et al. (38) found the percentage of people with high
adherence to the MD based on the score obtained in
the MEDAS questionnaire (210 points) had increased
from the first week of lockdown to the fifth week of
lockdown by 10.6% (from 77.3% to 87.9%, p=0.859).
Furthermore, they reported that in the first week of
lockdown, the average score was 10.03+1.9, while at
the end of the fifth week it had increased to 10.47+2.1
(p<0.02).

Changes in the consumption of foods that are typically
attributable to the Mediterranean Diet during national
lockdowns

Three studies (39, 41, 44) (25% of included stud-
ies) analyzed changes in cereal consumption during na-
tional lockdowns compared to earlier periods (table 3).
Results are conflicting: one study (39) (33.3%) found a

decrease in cereal consumption, one study (44) (33%)
found an increase (44), and another study (33%) found
no significant difference (41). The consumption of leg-
umes during national lockdowns compared to earlier
periods was analyzed by eight studies (36,37, 39-42, 44,
45), 66.7% of the total (table 4): seven (36, 37, 3941,
44, 45) (87.5%) of them found an increase in consump-
tion, one (42) (12.5%) found a decrease. Six studies (36,
40-42, 44, 45) reported the percentage of people who
had changed their consumption of legumes during the
lockdown: the percentage of those who had increased
it ranged from 7.1% to 14.9%, the percentage of those
who decrease it ranged from 3.9% to 11.0%, while the
percentage of those who maintained it stable ranged
from 75.0% to 84.4%. Eight studies (36, 37, 39-42, 44,
45), 66.7% of the total, looked at possible changes in
vegetable consumption (table 5): only one (42) (12.5%)
found a decrease in consumption, while the other seven
(36, 37, 39-41, 44, 45) (87.5%) found an increase. The
percentage of participants who changed their vegetable
consumption during national lockdowns was reported
in seven studies (36, 39-42, 44, 45): the percentage of
participants who had increased it ranged from 11.3% to
50.0%, the percentage of those who decreased it ranged
from 3.2% to 19.5%, the percentage of those who did
not change their consumption ranged from 46.0% to
72.7%. Changes in fruit consumption during lockdown
were investigated by eight studies (36, 37, 39-42, 44,
45), 66.7% of the total (table 6). Fruit consumption
during national lockdowns was found to have increased
compared to previous periods in seven studies (36, 37,
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Table 4. Results: changes in legume consumption during national
lockdowns compared to previous periods

Table 5. Results: changes in vegetable consumption during national lock-
downs compared to previous periods

References Intake during lockdown Servings per week References  Intake during Servings per Servings
compared to previous periods lockdown compared main meal per day
Dragun (39) 2 or more servings to previous periods
2021 per week Dragun (39) Unchanged: 72.1% 2 or more servings
Before: 53.3% 2021 Increased: 24.7% per main meal
During: 60.6% Decreased: 3.2% Before: 21.6%
(p<0.05) (p<0.001) During: 22.2%
Galali (41) Unchanged: 76.0% Galali (41)  Unchanged: 49.4%
2021 Increased: 13.0% 2021 Increased: 39.2%
Decreased: 11.0% Decreased: 11.4%
Giacalone (42) Unchanged: 84.4% Giacalone ~ Unchanged: 69.2%
2020 Increased: 7.1% (42) Increased: 11.3%
Decreased: 8.6% 2020 Decreased: 19.5%
(cramer’s V: 0.08; p<0.001) (cramer’s V: 0.11;
Pfeifer (40) Unchanged: 83.0% p<0.001)
2021 Increased: 10.9% Pfeifer (40)  Unchanged: 69.8%
Decreased: 6.1% 2021 Increased: 21.2%
(p=0.025) Decreased: 9.0%
Rodriguez- Unchanged: 78.1% (p<0.001)
Pérez (36) Increased: 14.7% Rodriguez-  Unchanged: 72.7%
2020 Decreased: 7.2% Pérez (36)  Increased: 15.8%
Ruggiero (44)  Unchanged: 81.2% 2020 Decreased: 11.5%
2021 Increased: 14.9% Ruggiero (44) Unchanged: 67.4%
Decreased: 3.9% 2021 Increased: 26.2%
Opverall percentage change: 11.0 Decreased: 6.4%
(p<0.0001) Opverall percentage
Sanchez- 2 or fewer servings change: 19.8
Séanchez (37) (150 g) per week (p<0.0001)
2020 Before: 74.5% Sénchez- 1 or fewer servings
During: 68.4% Sanchez (37) (garnishes and
2020 accompaniments
3 or more servings would be 1-2
(150g) per week portions, 1 portion
Before: 25.4% is equal to 200 g)
During: 31.5% Before: 52.9%
(p<0.001) During: 47.1%
Sulejmani (45) Unchanged: 75.0%
2021 Increased: 14.0% 2 or more servings
Decreased: 11.0% (none of them in
(p=0.188) salad or raw)
Before: 17.6%
During: 20.0%
39-41, 44, 45) (87.5%), while in one (42) study (12.5%)
it was found to have decreased. In the seven studies 2 o more servings
(some of them in
reporting them (36, 39-42, 44, 45), the percentage of salad or raw)
people who declared they had increased their fruit con- Before: 51.70%
. . o During: 51.7%
sumption during the lockdown ranged from 11.1% to (p-0.032)
60.1%, the percentage of people who declared they had ~ Sulejmani  Unchanged: 46.0%
decreased it ranged from 5.2% to 24.9%, while the per- (45) Increased: 50.0%
2021 Decreased: 4.0%

centage of people who declared they had not changed
their consumption ranged from 25.5% to 72.0%. Four
(37, 39, 41, 44) of the included studies (33.3%) looked
for changes in nut consumption during national lock-
downs (Table 7): three (37, 41, 44) of these (75%) found

an increase in consumption compared to previous peri-

(p=0.835)

ods, while one (39) (25%) found a decrease in consump-
tion. The percentage of participants who changed their
nut consumption during national lockdowns was report-
ed in two studies (41, 44): the percentage of participants
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Table 6. Results: changes in fruit consumption during national lockdowns
compared to previous periods

References  [Intake during Servingsper  [Servings
lockdown compared [main meal per day
to previous periods

Dragun (39)  [Unchanged: 60.1%  |7-2 servings per

2021 Increased: 34.5% main meal
Decreased: 5.4% Before: 58.6%

(%=0.507) [During: 65.3%
(p<0.03)
Galali (41) [Unchanged: 25.5%

2021 Increased: 60.1%
Decreased: 14.4%
Giacalone (42) [Unchanged: 64.0%
2020 Increased: 11.1
Decreased: 24.9%
(cramer’s V: 0.08;

p<0.001)
Pfeifer (40)  [Unchanged: 68.7%
2021 Increased: 21.7%
Decreased: 9.7%
(p<0.001)
Rodriguez-  [Unchanged: 69.0%
Pérez (36) Increased: 17.7%
2020 Decreased: 13.3%
Ruggiero (44) [Unchanged: 72.0%
2021 Increased: 22.8%
Decreased: 5.2%
Overall percentage
change: 17.6
(p<0.0001)
Sanchez- \2 or fewer servings
Sanchez (37) Before: 72.5%

2020 During: 64.3%
\3 or more servings
Before: 27.5%
During: 35.7%

(p<0.001)
Sulejmani (45) [Unchanged: 43.0%
2021 Increased: 51.0%
Decreased: 6.0%
(p=0.739)

who had increased it ranged from 10.7% to 30.9%, the
percentage of those who decreased it ranged from 5.8%
to 13.3%, the percentage of those who did not change
their consumption ranged from 55.8% to 83.5%. Eight
(36, 37, 39-42, 44, 45) (66.7%) of the studies included
in our systematic review looked at possible changes in
meat consumption (table 8). Two studies (36, 39) asked
participants about their consumption of meat and pro-
cessed meat in general during lockdown respect previ-
ous periods, and reported the percentage of those who
had increased it, decreased it, or maintained it stable:
their outcomes were conflicting since Dragun et al. (39)
found the percentage of those who had increased their

Table 7. Results: changes in nut consumption during national lock-
downs compared to previous periods

References  Intake during Servings per Servings
lockdown week per day
compared to
previous periods

Dragun (39) 1-2 servings

2021 Before: 18.9%

During: 15.1%
(p<0.05)
Galali (41)  Unchanged: 55.8%

2021 Increased: 30.9%
Decreased: 13.3%

Ruggiero (44) Unchanged: 83.5%

2021 Increased: 10.7%
Decreased: 5.8%
Overall percentage
change: 4.9
(p<0.0001)

Sanchez- 2 or fewer servings

Sénchez (37) (1 serving=30g)

2020 Before: 70.80%
During: 58.60%
3 or more servings
(1 serving= 30 g)
Before: 29.20%
During: 41.40%
(p<0.001)

consumption was higher than the percentage of those
who had decreased it (12.1% vs 8.5%), while Rodriguez-
Pérez et al. (36) found an opposite result (7.0 vs 21.7%).
Two studies assessed changes in consumption of white
meat and found different results (39, 44): Dragun et al.
(39) found it had decreased, while Ruggero et al. (44)
found it had increased. Of the seven studies investigat-
ing the consumption of red meat (37, 39-42, 44, 45),
five (39, 40, 42, 44, 45) (71.4%) found it had decreased,
while two (37, 41) (28.6%) found it had increased. Three
studies (39, 41, 44) (25% of the included studies) as-
sessed variations in dairy products consumption dur-
ing national lockdowns compared to previous periods,
and all (100%) found an increase in consumption of all
types of dairy products they considered (table 9). Only
two studies (39, 41) (16.7% of included studies) exam-
ined egg consumption, and both (100%) found it had
increased during national lockdowns compared to pre-
vious periods (table 10). Seven (36, 37, 39, 40, 42, 44,
45) (66.7%) of the included studies analyzed changes
in olive oil consumption during national lockdowns
compared to previous periods (table 11): two (39, 42)
of them (28.6%) found that it had decreased, five (36,
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Intake during lockdown
compared to previous periods
Unchanged: 81.4%

Increased: 12.5%

Decreased: 6.1%

Soft cheese
(p<0.0001)

Intake during lockdown
compared to previous periods

Unchanged: 83.2%
Increased: 10.7%
Decreased: 6.1%

Hard cheese
(p<0.0001)

compared to previous periods

Intake during lockdown
Unchanged: 86.7%

Fruit yogurt
Increased: 7.9%
Decreased: 5.4%

Overall percentage change: 10.2 Overall percentage change: 2.5  Overall percentage change: 4.6~ Overall percentage change: 6.4
(p<0.0001)

compared to previous periods
(p<0.0001)

Unchanged: 69.5%
Increased: 18.7%
Decreased: 11.8%
Unchanged: 83.4%
Increased: 13.4%
Decreased: 3.2%

Milk and yogurt

Servings per day Intake during lockdown

2 servings
Before: 31.8%
During: 22.4%
(p<0.001)

lockdown compared
to previous periods
Unchanged: 48.2%
Increased: 27.9%
Decreased: 23.9%

All dairy products
Intake during

Table 9. Results: changes in dairy products consumption during national lockdowns compared to previous periods

Ruggiero (44)

Dragun (39)
2021

2021
Galali (41)

References
2021

Table 10. Results: changes in egg consumption during national lock-
downs compared to previous periods

References Intake during lockdown Servings per week
compared to previous periods

Dragun (39) 2~4 servings

2021 Before: 53.6%

During: 56.1%

Galali (41)  Unchanged: 60.4%
2021 Increased: 28.5%
Decreased: 11.1%

Table 11. Results: changes in olive oil consumption during national
lockdowns compared to previous periods

References  Intake during Servings per  Servings per day
lockdown main meal
compared to
previous periods

Dragun (39) 1 serving per

2021 main meal

Before: 12.1%
During: 11.9%

(p<0.05)
Giacalone  Unchanged: 88.8%
(42) Increased: 5.5%
2020 Decreased: 5.7%
(cramer’s V: 0.02;
p=0.680)
Pfeifer (40)  Unchanged: 81.2%
2021 Increased: 12.4%
Decreased: 6.4%
(p<0.001)
Rodriguez-  Unchanged: 72.7%
Pérez (36) Increased: 15.8%
2020 Decreased: 11.5%
Ruggiero (44) Unchanged: 86.1%
2021 Increased: 12.6%
Decreased: 1.3%
Opverall percentage
change: 11.3
(p<0.0001)
Sanchez- 3 or fewer servings
Sénchez (37) (1 serving=1
2020 tablespoon)

Before: 52.9%
During: 47.1%

4 or more servings
(1 serving= 1
tablespoon)
Before: 47.1%
During: 52.9%

(p<0.001)
Sulejmani Unchanged: 67.0%
(45) Increased: 23.0%
2021 Decreased: 10.0%
(p=0.402)
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37, 40, 44, 45) found that it had increased (71.4%). In
the five studies (36, 40, 42, 44, 45) that assessed them,
the percentage of participants who had increased their
consumption ranged between 5.5% and 23.0%, the
percentage of participants who had decreased their
consumption ranged between 1.3% and 11.5%, while
participants who had not changed their consumption
ranged between 67.0% and 88.8 %. Eight studies (37,
39-42, 44, 45) (66.7% of the included studies) assessed
changes in fish consumption during national lockdowns
compared to previous periods (table 12): four (40, 41,
44, 45) (50%) of them reported a decrease in fish con-
sumption, the other four (36, 37, 39, 42) (50%) reported
a decrease in fish consumption. Four studies (36, 40, 42,
45) reported the percentage of people who had changed
their consumption of fish in general (both fresh and
frozen seafood, and fresh, canned, frozen or dried fish)
during national lockdowns: the percentage of those who
had increased it ranged from 7.2% to 15.8%, the per-
centage of those who decrease it ranged from 8.4% to
20.4%, while the percentage of those who maintained it
stable ranged from 72.0% to 75.8%. Finally, six studies
(36, 37, 40-42, 45) (50% of included studies) assessed
changes in consumption of alcoholic beverages in gener-
al, or specific alcoholic beverages (wine and beer) during
national lockdowns compared to previous periods (table
13). Four studies (36, 40, 42, 45) reported the percentage
of people who had changed their consumption of alco-
holic beverages in general: two (36, 42) (50%) found it
had increased, while the other two (40, 45) (50%) found
it had decreased; specifically, in these studies the per-
centage of those who had increased it ranged from 4.0%
to 57.3%, the percentage of those who decrease it ranged
from 10.4% to 43.0%, while the percentage of those who
maintained it stable ranged from 32.3% to 62.2%.

Quality assessment

The quality assessment of included studies is re-
ported in Table 1. Quality was rated as “good” in 11
studies (28-34,36-39) (91.7%), “fair” in one (41). We
determined that most of the studies were susceptible
to recall bias because participants were asked to re-
member what their diet was like before the lockdown.
Since many studies were based on non-representative
samples, the authors resorted to post-stratification.

Conclusions

The MD represents a valuable dietary model for
the prevention and control of obesity (49-52), meta-
bolic syndrome (11, 53) and related chronic non-com-
municable diseases (8, 12); however, in recent years, in
most regions of the world, globalization and cultural
and social changes have caused a progressive abandon-
ment of it and a simultaneous shift towards the west-
ern dietary pattern (14-16), which, on the contrary,
has been associated with weight gain (54-56) and car-
dio-metabolic traits (57-59). It is a matter of concern
that this phenomenon is particularly pronounced in
the countries of the Mediterranean basin themselves
and in the younger age groups (5, 17, 18). During the
COVID-19 pandemic, several non-pharmacologi-
cal interventions were adopted all around the world
to mitigate the spread of the disease (20, 21). These
containment measures, especially national lockdowns,
have undoubtedly caused changes in people’s lifestyle
(24, 25, 29), also influencing their dietary habits (30,
60-63), although it is not yet clear whether and how
they influenced adherence to the MD, as available
evidence is scarce and conflicting. The possibility that
adherence to the MD had decreased during national
lockdowns would be worrisome since it could be a
clue supporting the hypothesis that the COVID19
pandemic may have exacerbated other pre-existing
“pandemics”, such as obesity and metabolic syndrome
(64~70) especially if this phenomenon were to con-
tinue even if these restraining measures were no longer
necessary. The purpose of this systematic review was
to analyze and summarize recently published studies
to assess the impacts and effects of lockdowns periods
on general population adherence to the MD and its
determinants.

Opverall, six (34-38, 43) out of the seven studies
reporting a rate of change in adherence to the MD,
assessed through the use of validated dietary scores,
found an increase in the proportion of participants
with high MD adherence during the national blocking
periods compared to previous periods, while one (39)
found a decrease. The results of our systematic review
are consistent with other research suggesting that, dur-
ing national lockdowns, people increased their intake
of some healthy foods (e.g. fruit and vegetables and
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Table 13. Results: changes in alcohol beverages consumption during
national lockdowns compared to previous periods

Alcohol beverages Wine Wine and beer
References  Intake during Servings per  Intake during
lockdown week lockdown
compared to compared
previous periods to previous
periods
Galali (41) Unchanged:
2021 82.5%
Increased: 1.8%
Decreased:
15.7%
Giacalone  Unchanged: 55.6%
(42) Increased: 30.3%
2020 Decreased: 14.1%
(cramer’s V: 0.05;
p=0.037)
Pfeifer (40)  Unchanged: 62.2%
2021 Increased: 10.1%
Decreased: 27.7%
(p<0.001)
Rodriguez-  Unchanged: 32.3%
Pérez (36) Increased: 57.3%
2020 Decreased: 10.4%
Sanchez- Less than 7
Sanchez (37) servings
2020 Before: 96.9%
During: 91.9%
7 or more
servings
Before: 3.1%
During: 8.1%
(p<0.001)
Sulejmani Unchanged: 52.0%
(45) Increased: 4.0%
2021 Decreased: 43.0%
(p=0.003)

pulses), but may also have increased their intake of
foods that should be consumed in moderation (71-74).
In fact, three (36, 37, 42) out of six studies (36, 37,
40-42, 45) found an increase in alcoholic beverages
consumption, and two (37, 41) out of seven authors
(37,39-42, 44, 45) found an increase in red meat con-
sumption. Among the studies considering the change
of a central tendency measure of the scores obtained
by the participants on a validated scale (35, 36, 38, 39,
43), three (36, 38, 43) used the MEDAS, and one (35)
used its version for children and youths, the KIDMED
score; the fact that one (43) of these studies found that
the median of the scores remained unchanged with an
increased interquartile range (IQR), while the other
three (35, 36, 38) found that the mean had increased,

could suggest that those who had increased their score
during lockdown were mainly those who already had
high adherence. All the studies that assessed the rate
of change in adherence to the MD using a validated
scale were conducted in Mediterranean countries, i.e.
those where the MD is most popular, but also those
where there has been the most significant reduction in
adherence to this dietary pattern since the second half
of the 21st century (19). All the authors found that the
percentage of participants who had high compliance
with the MD had increased during national lockdowns
(34, 35, 37, 38), with the exception of one conducted
in Croatia, which reported a decrease (39). It should
be noted that the latter was the only ones to use the
MDSS (47) instead of the MEDAS (46) (or its ver-
sion for young people and children, the KIDMED
score (48)) to determine adherence to the MD, even
if, these instruments have shown considerable over-
lap (75). Moreover, in the study by Kolokotroni et al.
(43) the percentage of participants who increased their
adherence to MD during the national lockdown was
higher than the percentage of participants who de-
creased it (31.9% vs 22.9%). This is interesting as it
shows an inversion of the negative trend observed so
far in the literature (5, 19). This observation suggests
that most people living in Mediterranean countries
may have increased their adherence to MD during
national lockdowns. As emerges from our data, lock-
downs might have differentially impacted adherence to
MD based on the study populations. For example, in
the Dragun et al. study (39), the sample included both
underage and adult students and, during the lockdown,
adherence to MD seemed to have decreased, especially
in adult international students, who constituted 10.9%
of the subsample that participated in the survey that
was conducted before the pandemic and 11.1% of the
subsample that participated in the survey that was
conducted during the national lockdown. The authors
attempted to explain their findings by stating that, in
comparison to domestic students, international stu-
dents had even worse experiences during the COV-
ID-19 lockdown, as they were separated from their
families, friends, and familiar surroundings due to the
travel ban and border restrictions, and that this situa-
tion may have strained their coping mechanisms and
living habits. The proportion of participants with high
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adherence to the MD varies widely between studies,
even between those conducted in the same country:
this is because different scales and thresholds were
used, but probably also to the presence of selection bi-
ases. Data from a cross-sectional study representative
of the Spanish general adult population conducted in
2008-2010 on 11,742 subjects reported 12% (95% CI:
11.3-12.7%) MD strict compliance, and 46% (95% CI:
44.7-47.7) moderate compliance(76), and these results
are very different from those obtained by Franco (34),
Térraga Lopez (38), and colleagues, included in our
review.

Regarding cereal consumption, the results of the
included studies are heterogeneous and conflicting,
and no generalizable conclusions can be drawn. Dra-
gun (39), Galali (41), Pfeifer (40), Rodriguez-Pérez
(36), Ruggiero (44), Sanchez-Sanchez (37), Suelejm-
ani (45) and their colleagues found an increase in the
consumption of legumes, vegetables and fruit, while
Giacalone et al. (42) found a decrease in the consump-
tion of these food items. For each study reporting the
percentage of participants who stated that they had
increased or decreased their consumption of a certain
food during the lockdown, we determined the overall
percentage change, i.e. the difference between the per-
centage of participants who reported increasing their
intake and the percentage of participants who reported
decreasing their intake, and found that for legumes it
ranged from -1.5% to +11.0%, for vegetables from
-8.2% to +50.0%, and for fruit from -13.9% to +45.7%.
Three (37, 41, 44) of the four studies that assessed nut
consumption concluded that it had increased during
the lockdown (the overall percentage change ranged
from +4.9% to 17.6%), while one (39) found that it
had dropped. Cooking time may have grown dur-
ing confinement, resulting in higher consumption of
healthy foods (34, 35). The data is very heterogeneous
and difficult to compare when it comes to meat con-
sumption, so it is impossible to summarize the effect
of lockdowns on consumption, which appears to vary
greatly by geographical area. However, four studies
(40, 42, 44, 45) reported a reduction in red meat in-
take, while three (37, 39, 41) studies found an increase.
Two studies (41, 44) found that dairy consumption
had increased during lockdowns compared to earlier
periods, while one found that it had decreased (39).

Data on egg consumption is limited because just two
studies (39, 41) have analyzed it, but it appears to have
increased in general. Five studies found an increase in
olive oil use (36, 37, 40, 44, 45), while one study found
a modest decline (42) (the overall percentage change
ranged from -0.2% to +13.0%). Data on fish consump-
tion is also heterogeneous; nevertheless, six studies (37,
39, 41, 42, 44, 45) found that consumption increased
during national lockdowns compared to previous pe-
riods, while two studies (36, 40) found that consump-
tion decreased. Finally, three (36, 40, 42) out of four
studies found an increase in all alcoholic beverage con-
sumption, while one (45) found a decrease (the overall
percentage change ranged from -39.0% to 46.9). An
increase in alcohol consumption has indeed been re-
ported by some authors and may have constituted a
coping strategy in some populations (77). Our results
suggest a possible increase in adherence to DM in some
settings and in the consumption of healthy foods dur-
ing COVID-19-related national lockdown, but also a
possible increase in consumption of unhealthy foods.
The study “COVID-19 impact on consumer food be-
haviours in Europe”, which was funded by the Euro-
pean Institute of Innovation & Technology (EIT) and
involved 5000 consumers in 10 European countries,
found that from the beginning of the COVID-19 out-
break to September 2020, the majority of people spent
more time cooking and experimenting with new reci-
pes (78). Home cooking makes people have an active
role in their dietary habits and could influence a healthy
diet follow-up (79). However, the stress and boredom
associated with isolation may have increased emotional
eating (36), leading to a concomitant increase in com-
fort food consumption and unhealthy food in general;
for example, an increase in the amount and frequency
of snack consumption has been reported by eight (36,
37, 40, 41, 43-45) of the included studies. Another
finding of our review is that the COVID-19 pandemic
may have most adversely affected the most vulnerable
groups in society (35, 36, 44, 80) who should be par-
ticularly supported in accessing safe and healthy food
and understanding the importance of healthy dietary
choices. Our study has both strengths and limitations.
To the best of our knowledge, it is the first system-
atic review conducted to assess changes in adherence
to the Mediterranean diet during COVID-19 related
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national-level stay-at-home orders; we included only
studies using validated scales to assess MD adherence
and we applied solid systematic revies’ methodology.
Nevertheless, some limitations should also be consid-
ered. Firstly, all observational studies could be prone to
recall bias or social desirability bias affecting the cer-
tainty and quality of data collected. This is particularly
true for cross-sectional studies that are also potentially
affected by reverse causality. Moreover, included stud-
ies may be subject to selection bias, potentially affect-
ing representativeness since all of the included studies
used snowball sampling, except the study by Medrano
et al.(35), used snowball sampling. Finally, the stud-
ies’ results were heterogeneous for several reasons: for
example, different MD scores were used, with different
score thresholds to define adherence to MD, and dif-
ferent study populations were considered. The results
of our systematic review provide useful insights into
the implications of restrictive measures, particularly
national lockdowns, on dietary habits and contribute
to public health policy decision-making. Further re-
search will be useful to better identify the determi-
nants of adherence to MD and which strategies can be

adopted to sensitize people to adopt healthy lifestyles.
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APPENDIX A: CRITERIA FOR INCLUSION AND EXCLUSION OF STUDIES

Inclusion Exclusion
Population General population regardless of age Pregnant women, community-dwelling seniors
Exposure COVID-19 Lockdown
Comparison - -
Outcome Rate of change in adherence to the Mediterranean Diet assessed Rate of change in adherence to the
through the use of validated scales, Mediterranean Diet assessed through the use
Changes in consumption of food items typically related to the of non-validated scales
Mediterranean Diet
Study design ~ Original studies Opinion papers

APPENDIX B: SEARCH STRATEGY AND IDENTIFICATION OF STUDIES
Research Question: What was the impact of national lockdowns due to the CoViD-19 pandemic on adherence to the Mediter-
ranean diet?

Search components:
1. COVID-19
2. lockdown
3. mediterranean diet

Search strategy:
SET Key word and actions Search Component

1 coronavirus [tiab]
2 “novel coronavirus” [tiab]
3 nCoV [tiab]
4 covid-19 [tiab
5 covid [ti[ab] : 1. COVID-19
6 SARS-CoV-2 [tiab]
7 COVID-19 [Mesh]
8 Sets 1-7 were combined with “OR”
9 “stay-at-home order*’[tiab]
10 lockdown™[tiab]
11 confinement[tiab
12 shutdown*[t[iab]] 2. lockdown
13 quarantine” [tiab]
14 Sets 9-13 were combined with “OR”
15 “mediterranean diet™”
16 “Diet, Mediterranean”’[Mesh]| 3. mediterranean diet
17 Sets 15-16 were combined with “OR”
18 Sets 8 and 14 and 17 were combined with “AND” 1 and 2 and 3 combined

Search string for PubMed:

((coronavirus [tiab] OR “novel coronavirus” [tiab] OR nCoV [tiab] OR covid-19 [tiab] OR covid [tiab] OR SARS-CoV-2 [tiab]
OR COVID-19 [Mesh]) AND (“stay-at-home order*” [tiab] OR lockdown™ [tiab] OR confinement [tiab] OR shutdown* [tiab] OR
quarantine® [tiab]) AND (“mediterranean diet”” OR “Diet, Mediterranean’[Mesh]))

Records found on PubMed: Records identified through PUBMED searching: n = 20

Search string for Embase:

((coronavirus:ti,ab OR “novel coronavirus”:tiab OR nCoV:ti,ab OR covid-19:ti,ab OR covid:ti,ab OR SARS-CoV-2:ti,ab
OR ‘COVID-19 ‘/exp) AND (“stay-at-home order*”:ti,ab OR lockdown™:ti,ab OR confinement:ti,ab OR shutdown*:ti,ab OR
quarantine®:ti,ab) AND (“mediterranean diet*” OR ‘Diet, Mediterranean’/exp))
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Records found on Embase: Records identified through Embase searching: n = 21

Search string for Web of Science:

((coronavirus OR “novel coronavirus” OR nCoV OR covid-19 OR covid OR SARS-CoV-2 OR COVID-19) AND (“stay-at-home
order” OR lockdown™ OR confinement OR shutdown* OR quarantine) AND (“mediterranean diet”” OR “Diet, Mediterranean”))
Records found on Web of Science:

Records identified through Embase searching: n = 16

Search strategy Cochrane library:

((coronavirus:ti,ab OR “novel coronavirus”:ti,ab OR nCoV:ti,ab OR covid-19:ti,ab OR covid:ti,ab OR SARS-CoV-2:ti,ab OR [mh
COVID-19]) AND ((“stay-at-home” NEAR/2 order®):ti,ab OR lockdown*:ti,ab OR confinement:ti,ab OR shutdown™*:ti,ab OR
quarantine®:ti,ab) AND ((“mediterranean” NEAR/2 diet*) OR [mh “Diet, Mediterranean”]))

Records found:
Records identified through Cochrane library searching: n = 0

Records identified on May 4, 2021:
Records identified from:
PubMed (n = 20)
Embase (n = 21)
Web Of Science (n = 16)
Cochrane library (n = 0)

Total identified records (n = 57)

Records removed before screening:
Duplicate records removed (n = 30)
Records marked as ineligible by automation tools (n = 0)
Records removed for other reasons (n = 0)

tRecords removed by automation tools (n = 23+1)
Records removed by authors (n = 6)

Total identified studies after duplicate removal (n = 27)

Screening:

Records screened (n = 27)

Reports sought for retrieval (n = 17)
Reports assessed for eligibility (n = 17)
Studies included in review (n = 12)



