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Abstract
Background: The COVID-19 pandemic upended many aspects of daily life. For some individuals, this was an opportunity

to re-evaluate their life and make better choices, while others were overwhelmed with stressors, leading to a deterior-

ation in mental and physical health. Aim: The aim of this narrative systematic review is to explore the effects of the

COVID-19 pandemic on Mediterranean diet adherence. Methods: A systematic literature search was carried out on

PubMed, Scopus and Web of Science electronic databases utilising the search terms ‘Mediterranean diet’ AND

‘COVID-19’. This yielded 73 articles that fulfilled the inclusion criteria. Results: The data suggests that a substantial pro-
portion of individuals adhered less to the Mediterranean diet during the COVID-19 lockdown period. However, indivi-

duals receiving some form of lifestyle intervention had better adherence to the Mediterranean diet than their unassisted

counterparts. Conclusion: This emphasises the importance of professional support during times of crisis to avoid deteri-

oration of a population’s health.
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Introduction
In December 2019, a novel beta-coronavirus SARS-CoV-2
was discovered to be causing cases of severe acute respira-
tory syndrome in Wuhan, China (Zhu et al., 2020). During
February 2020, the virus spread throughout the European
continent, with Italy and Spain being mostly affected, and
was declared a global pandemic in March 2020 by the
World Health Organization (Adhanom Ghebreyesus,
2020; Alfonso Viguria and Casamitjana, 2021; Saglietto
et al., 2020). This led governments and public health
authorities to institute several restrictive measures to
contain the viral spread and prevent the healthcare
systems from being overwhelmed. However, this resulted
in suspension of medical consultations at hospitals and
clinics (Bonalumi et al., 2020). Additionally, the periods
of confinement (‘lockdowns’) disrupted individuals’ per-
sonal and professional life, with many reports of declining
mental and physical health (Hossain et al., 2020).

It is yet unsure whether the overall impact of the pan-
demic on dietary habits was a positive or negative one, as
studies reported opposing findings (Di Santo et al., 2020;
Zaragoza-Martí et al., 2021). Therefore, the effect of the
pandemic on adherence to the Mediterranean diet (MD) is

worth investigating. This is because the MD is recom-
mended by several scientific organisations, including the
American Heart Association (2020), as one of the best
diets to follow. Associated health benefits include
decreased risk of cardiovascular disease, improved insulin
sensitivity and lipid profiles, as well as decreased inflamma-
tion and body mass index (BMI) (Martínez-González et al.,
2015). Furthermore, the MD impacts the environment less
than other diets as it encourages high plant consumption
with low amounts of animal products, leading to smaller
carbon and water footprints (Dernini and Berry, 2015).
The MD is defined as the traditional nutritional regime of
habitants in areas abundant with olive groves and more
commonly, in areas close to the Mediterranean Sea
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(Kafatos et al., 2000). However, Western dietary practices
have been replacing the MD in recent years. The traditional
MD is compromised of the following food groups: seasonal
fruits and vegetables, legumes, whole grains, fish, dairy,
eggs and olive oil (main source of lipids). These food
groups are typically arranged in a diet pyramid to show
the appropriate servings of each group (Salas-Salvadó
et al., 2016).

A recent systemic review, with data from 1980 to 2015,
concluded that the countries having the highest adherence
to the MD diet were (from highest to lowest): Spain,
Greece, Italy, France, Canada, other EU countries, Japan
and USA (Zaragoza-Martí et al., 2018). In general,
Mediterranean countries have been drifting away from the
MD in recent years (Bagues et al., 2021). Globalisation
created a progressive cessation of the diet with a concurrent
shift to the Western diet, which promotes weight gain,
cancer and cardio-metabolic traits (Obeid et al., 2022).
With more time at home during the COVID-19 lockdown
periods, one would anticipate that individuals had more
time to improve their health (Orr et al., 2022). However,
impaired mental health and boredom may decrease the
motivation for healthy lifestyle choices (Hossain et al.,
2020). This narrative systematic review explores the
effect of lockdown periods on adherence to the MD.

Methodology
This is a narrative systematic review with the aim of synthe-
sis literature pertaining to the reported effects of lockdowns
on the adherence to Mediterranean diet.

Study selection and inclusion criteria
Article selection was carried out according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The article selection
process is summarised using a PRISMA flow diagram
(Figure 1). Selected articles were written in the English lan-
guage between June 2020 and November 2022. The search
was conducted independently by three authors (D.B, D.R.,
F.F.) using the electronic databases PubMed/MEDLINE,
Scopus and Web of Science, using the Medical Subject
Heading (MeSH) terms ‘Mediterranean diet’ AND
‘COVID-19’. The Boolean Operator ‘AND’ was included
to combine search terms. Epidemiological studies that
focused on changes in adherence to the Mediterranean
diet during periods of lockdown in the context of the
COVID-19 pandemic were included. Furthermore, hand-
searching was conducted to ensure that any articles
missed by the electronic search were included in this
review. The inclusion criteria for this review utilised the
PICOS question structure (Eriksen and Frandsen, 2018) in
this manner: In the general population (population), how
did COVID-19 restrictions (intervention) compared to
before their implementation (comparator) affect their diet

and adherence to the Mediterranean diet (outcome)
(Table 1)?

Exclusion criteria
Articles that were excluded from this review included: (1)
articles that were not published in the English language;
(2) articles that were not epidemiological studies (e.g.,
reviews, letters, opinion pieces, etc.); (3) articles that did
not mention adherence to the Mediterranean diet or its
main food groups during the COVID-19 pandemic; (4) arti-
cles exploring the effect of the Mediterranean diet on
COVID-19 infection and death rates.

Data extraction
The following data was extracted from the articles included
in this review: (1) Author; (2) Year of publication; (3)
Ethnicity; (4) Total number of participants and percentage
of females; (5) Mean age of participants; (6) Tool used to
assess adherence to the Mediterranean diet; (7) Main find-
ings. A quality risk assessment of all studies included in
this review can be found in supplementary materials.

Results

Overview
This narrative systematic review yielded data from 73 epi-
demiological studies across 18 different countries to help
answer the research question: ‘Did MD adherence change
during the COVID-19 pandemic?’ Dietary habits depend
largely on an individual’s culture, socioeconomic status
and various psychological factors (Nicolaidis, 2019).
Therefore, it is not surprising that life-changing events,
such as public health emergencies, have a significant
impact on one’s lifestyle, including dietary habits (Brown
et al., 2012). The data analysed reveals a mixture of positive
and negative dietary changes, as well as some unchanged
dietary habits during the COVID-19 lockdown periods.
The majority of studies described deviation away from
the MD during lockdown. This was often accompanied
by other negative habits, such as decreased physical activity
and increased screen time. The articles included in this
review and their corresponding main findings are sum-
marised in Table 2.

Variance in Mediterranean diet adherence by age
Most studies showed that the adult age group (aged >18
years) had the highest adherence to the MD when compared
to the other age groups during the COVID-19 lockdown
period (Biviá-Roig et al., 2021; Di Renzo et al., 2020;
Franco et al., 2021; Galali, 2021; Izzo et al., 2021; Pfeifer
et al., 2021; Prete et al., 2021; Sánchez-Sánchez et al.,
2020). Before the COVID-19 restrictions took place,
more than half of adult participants in a study conducted
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by Grant et al. (2021) reported low adherence to the MD.
The start of lockdown periods led some individuals to
adopt more features of the MD as part of a holistic lifestyle
change. This meant an increase in consumption of water,
legumes, vegetables, whole grains, fruits, and the use of
olive oil (Grant et al., 2021). The ‘self-improvement’
trend during lockdowns was also seen among adults in
several of the other studies reviewed (Ben Hassen et al.,
2021; Bonaccio et al., 2022b; Dragun et al., 2020; Lotti
et al., 2022).

Figure 1. PRISMA flow diagram summarising the process of article selection.

Table 1. PICOS table.

Criteria

Population General population

Intervention COVID-19 restrictions

Comparators Before and after implementation of

restrictions

Outcomes Alterations in diet and adherence to

Mediterranean diet

Study designs Observational studies
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-O

ld

gr
o
u
p
,h
o
w
ev
e
r,
h
ad

a
h
ig
h
e
r
co
n
su
m
p
ti
o
n
o
f
ca
rb
o
h
yd
ra
te
s
an
d
fi
b
re

d
u
ri
n
g
th
e
1
2

m
o
n
th
s.

D
i
R
e
n
zo

e
t
al
.
(2
0
2
0
)

It
al
y

3
5
3
3
(7
6
)

3
6
.0
±
9
.0

E
H
L
C
-C

O
V
ID
-

1
9

q
u
e
st
io
n
n
ai
re

T
h
e
re

w
as

in
cr
e
as
e
d
in
ta
ke

o
f
va
ri
o
u
s
co
m
p
o
n
e
n
ts
o
f
th
e
M
D
,
in
p
ar
ti
cu
la
r
ve
ge
ta
b
le
s

an
d
le
gu
m
e
s,
ac
co
m
p
an
ie
d
b
y
a
d
e
cr
e
as
e
in

n
o
n
-M

e
d
it
e
rr
an
e
an

fo
o
d
s.
1
7
.7
%
an
d

3
4
.4
%
o
f
p
ar
ti
ci
p
an
ts
re
p
o
rt
e
d
fe
e
lin
g
d
e
cr
e
as
e
d
an
d
in
cr
e
as
e
d
sa
ti
e
ty
,
re
sp
e
ct
iv
e
ly
.

D
i
Sa
n
to

e
t
al
.
(2
0
2
0
)

Sp
ai
n

1
2
6
(8
1
)

7
4
.3
±
6
.5

M
E
D
A
S

A
ro
u
n
d
a
th
ir
d
o
f
p
ar
ti
ci
p
an
ts

sh
o
w
e
d
d
e
cr
e
as
e
d
ad
h
e
re
n
ce

to
th
e
M
D

an
d
w
e
ig
h
t

ga
in
.

D
o
ci
m
o
e
t
al
.
(2
0
2
1
)

It
al
y

2
2
0
(5
1
)

9
.1
±
2
.9

K
ID
M
E
D

In
d
e
x

H
ig
h
ad
h
e
re
n
ce

to
th
e
M
D

w
as

sh
o
w
n
in

o
n
ly
1
8
.6
%
o
f
p
ar
ti
ci
p
an
ts
.
D
u
ri
n
g
th
e

p
an
d
e
m
ic
,
in
cr
e
as
e
s
w
e
re

se
e
n
in

th
e
n
u
m
b
e
r
o
f
m
e
al
s
an
d
sw

e
e
ts
co
n
su
m
e
d
,

le
ad
in
g
to

in
cr
e
as
e
d
ri
sk

fa
ct
o
rs

fo
r
d
e
n
ta
l
ca
ri
e
s.

D
ra
gu
n
e
t
al
.
(2
0
2
0
)

C
ro
at
ia

1
8
5
7
(6
3
)

1
8
±
6
.0

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

P
ar
ti
ci
p
an
ts
(m

e
d
ic
al
st
u
d
e
n
ts
)
re
p
o
rt
e
d
in
cr
e
as
e
d
in
ta
ke

o
f
fi
sh
,f
ru
it
an
d
le
gu
m
e
s
an
d

d
e
cr
e
as
e
d
in
ta
ke

o
f
d
ai
ry
,
n
u
ts
an
d
ce
re
al
s.
A
th
ir
d
o
f
p
ar
ti
ci
p
an
ts

al
so

lo
st
w
e
ig
h
t

d
u
ri
n
g
th
e
lo
ck
d
o
w
n
p
e
ri
o
d
.
A
d
h
e
re
n
ce

to
th
e
M
D

w
as

as
so
ci
at
e
d
w
it
h
b
e
tt
e
r

q
u
al
it
y
o
f
lif
e
an
d
h
ap
p
in
e
ss
,
an
d
w
it
h
d
e
cr
e
as
e
d
m
o
b
ile

p
h
o
n
e
an
d
T
V
u
sa
ge
.

F
ra
n
co

e
t
al
.
(2
0
2
1
)

Sp
ai
n

2
9
7
(5
0
)

4
2
.7
6
±
7
.7
9

P
R
E
D
IM

E
D

O
ve
ra
ll,
th
e
re

w
as
an

in
cr
e
as
e
d
ad
h
e
re
n
ce

to
th
e
M
D
am

o
n
g
Sp
an
is
h
o
ffi
ce

e
m
p
lo
ye
e
s.

In
te
re
st
in
gl
y,
th
e
re

w
as

an
in
cr
e
as
e
in

b
o
th

p
h
ys
ic
al
ac
ti
vi
ty

an
d
se
d
e
n
ta
ry

h
ab
it
s

d
u
ri
n
g
th
e
p
an
d
e
m
ic
.

G
al
al
i
(2
0
2
1
)

Ir
aq

2
1
3
7
(5
6
)

N
/A

E
B
L
C
-

C
O
V
ID
1
9

M
o
st
p
ar
ti
ci
p
an
ts
(5
6
.2
%
)
sh
o
w
e
d
m
o
d
e
ra
te

ad
h
e
re
n
ce

to
th
e
M
D

d
u
ri
n
g
lo
ck
d
o
w
n
,

w
h
ile

o
n
ly
3
.5
%
sh
o
w
e
d
h
ig
h
ad
h
e
re
n
ce
.
O
ve
ra
ll,
th
e
re

w
as

an
in
cr
e
as
e
in

h
o
m
e
m
ad
e
fo
o
d
co
n
su
m
p
ti
o
n
,
in
cl
u
d
in
g
b
o
th

h
e
al
th
y
an
d
u
n
h
e
al
th
y
fo
o
d
s.

G
al
lu
cc
io

e
t
al
.
(2
0
2
1
)

It
al
y

9
1
(4
6
)

1
6
.6
0
±
1
.2
8

D
IM

E
N
U

T
h
e
re

w
as

n
o
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

in
p
re
-
an
d
p
o
st
-p
an
d
e
m
ic
d
ie
ta
ry

h
ab
it
s.
A
ct
iv
e

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

ad
o
le
sc
e
n
ts
h
ad

a
h
ig
h
e
r
ad
h
e
re
n
ce

to
th
e
M
D
th
an

se
d
e
n
ta
ry

o
n
e
s.
H
o
w
e
ve
r,
th
e
re

is
st
ill
a
si
gn
ifi
ca
n
t
ga
p
b
e
tw

e
e
n
th
e
re
p
o
rt
e
d
d
ie
ta
ry

h
ab
it
s
an
d
id
e
al
h
ab
it
s.

G
ar
cí
a-
E
sq
u
in
as

e
t
al
.

(2
0
2
1
)

Sp
ai
n

3
0
4
1
(5
8
)

7
4
.5

M
E
D
A
S

T
h
e
lo
ck
d
o
w
n
o
ve
ra
ll,
d
id

n
o
t
ca
u
se

a
d
e
cl
in
e
in

lif
e
st
yl
e
ri
sk

fa
ct
o
rs

(d
ie
t,
al
co
h
o
l

in
ta
ke
,
w
e
ig
h
t
o
r
sm

o
k
in
g)

b
u
t
sh
o
w
e
d
an

in
cr
e
as
e
se
d
e
n
ta
ry

ti
m
e
an
d
a
re
d
u
ce
d

p
h
ys
ic
al
ac
ti
vi
ty
.
T
h
e
se

w
e
re

re
ve
rs
e
d
at
th
e
e
n
d
o
f
lo
ck
d
o
w
n
.
P
e
o
p
le
w
h
o
ad
h
e
re
d

w
e
ll
to

th
e
M
D

an
d
e
x
e
rc
is
e
d
w
e
re

p
ro
te
ct
e
d
ag
ai
n
st
d
e
ve
lo
p
in
g
u
n
h
e
al
th
ie
r
h
ab
it
s

d
u
ri
n
g
lo
ck
d
o
w
n
.
T
h
e
sa
m
e
ca
n
n
o
t
b
e
sa
id

fo
r
m
al
e
s,
e
ld
e
rl
y,
p
e
o
p
le
w
it
h
ch
ro
n
ic

m
o
rb
id
it
ie
s
an
d
th
o
se

w
it
h
a
h
ig
h
so
ci
al
is
o
la
ti
o
n
.

G
e
ri
n
i
e
t
al
.
(2
0
2
2
)

It
al
y

1
2
2
8
(N

/A
)

N
/A

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

D
u
ri
n
g
th
e
p
an
d
e
m
ic
,
th
e
re

w
as

an
o
ve
ra
ll
in
cr
e
as
e
in

fo
o
d
co
n
su
m
p
ti
o
n
w
h
ic
h
w
as

co
n
si
st
e
n
t
w
it
h
in
fo
rm

at
io
n
fo
u
n
d
in

o
th
e
r
st
u
d
ie
s.
H
o
w
e
ve
r,
a
si
m
u
lt
an
e
o
u
s

in
cr
e
as
e
o
f
ca
lo
ri
e
d
e
n
se

fo
o
d
su
ch

as
sw

e
e
ts
an
d
sn
ac
k
s
w
as

o
b
se
rv
e
d
ap
ar
t
fr
o
m

in
cr
e
as
e
d
ve
ge
ta
b
le
an
d
fr
u
it
in
ta
ke
.
T
h
is
ill
u
st
ra
te
d
p
ro
gr
e
ss
iv
e
w
o
rs
e
n
in
g
in

ad
h
e
re
n
ce

to
th
e
M
D

am
o
n
g
U
S
an
d
It
al
ia
n
p
ar
ti
ci
p
an
ts
an
d
co
u
p
le
d
w
it
h
re
d
u
ce
d

p
h
ys
ic
al
ac
ti
vi
ty
,
le
ad
s
to

w
e
ig
h
t
ga
in
.

G
ra
n
t
e
t
al
.
(2
0
2
1
)

It
al
y

2
6
7
8
(5
2
)

N
/A

P
R
E
D
IM

E
D

P
L
U
S

M
o
st
p
ar
ti
ci
p
an
ts

sh
o
w
e
d
lo
w

ad
h
e
re
n
ce

to
th
e
M
D

p
re
-c
o
n
fi
n
e
m
e
n
t,
w
h
ic
h

im
p
ro
ve
d
si
gn
ifi
ca
n
tl
y
d
u
ri
n
g
co
n
fi
n
e
m
e
n
t.
W

h
ile

th
e
co
n
su
m
p
ti
o
n
o
f
fr
u
it
,

ve
ge
ta
b
le
s,
le
gu
m
e
s
an
d
fi
sh

in
cr
e
as
e
d
,
th
e
re

w
as

al
so

an
in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f

su
ga
ry

fo
o
d
s.

G
re
e
n
(2
0
2
1
)

Is
ra
e
l

2
1
2
(N

/A
)

2
6
.2
3
±
6
.3
6

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

N
o
vi
ce

n
u
rs
in
g
st
u
d
e
n
ts
h
ad

b
e
tt
e
r
d
ie
ta
ry

h
ab
it
s
th
an

ad
va
n
ce
d
an
d
se
n
io
r
o
n
e
s.

F
u
rt
h
e
rm

o
re
,
k
n
o
w
le
d
ge

re
ga
rd
in
g
th
e
M
D

d
is
p
la
ye
d
a
p
o
si
ti
ve

in
d
ir
e
ct

e
ff
e
ct

o
n

co
n
su
m
p
ti
o
n
p
at
te
rn
s
th
ro
u
gh

su
b
je
ct
iv
e
n
u
tr
it
io
n
al
k
n
o
w
le
d
ge
.

H
an
an
i
e
t
al
.
(2
0
2
2
)

P
al
e
st
in
e

3
2
9
(N

/A
)

1
9
.5
±
1
.4

M
E
D
A
S

In
te
rm

s
o
f
ad
h
e
re
n
ce

to
th
e
M
D
;
2
4
.5
%
o
f
p
ar
ti
ci
p
an
ts
w
e
re

h
ig
h
ly
ad
h
e
re
n
t
to

th
e

M
D

d
u
ri
n
g
co
n
fi
n
e
m
e
n
t,
6
3
.3
%
w
e
re

m
o
d
e
ra
te
ly
ad
h
e
re
n
t,
w
h
ils
t
o
n
ly
1
1
.2
%
w
e
re

m
in
im
al
ly
ad
h
e
re
n
t.

Iz
zo

e
t
al
.
(2
0
2
1
)

It
al
y

1
5
1
9
(7
2
)

7
.4
±
1
.8

M
E
D
A
S

M
o
st
p
ar
ti
ci
p
an
ts
sh
o
w
e
d
m
o
d
e
ra
te

ad
h
e
re
n
ce

to
th
e
M
D

d
u
ri
n
g
lo
ck
d
o
w
n
(7
3
.5
%
),

fo
llo
w
e
d
b
y
lo
w

ad
h
e
re
n
ce

(1
4
.7
%
)
an
d
h
ig
h
ad
h
e
re
n
ce

(1
1
.7
%
).
W

h
ils
t
th
e
re

w
as

in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
n
u
ts
,
le
gu
m
e
s
an
d
ve
ge
ta
b
le
s,
th
e
co
n
su
m
p
ti
o
n
o
f
fr
u
it

an
d
ve
ge
ta
b
le
s
w
as

o
ve
ra
ll
b
e
lo
w

th
e
re
co
m
m
e
n
d
e
d
am

o
u
n
ts
.

K
e
n
d
e
l
Jo
va
n
o
vi
ć
e
t
al
.

(2
0
2
1
)

C
ro
at
ia

1
3
7
0
(5
3
)

1
2
.7
2
±
1
.1
7

K
ID
M
E
D

O
ve
ra
ll,
th
e
re

w
as

a
si
gn
ifi
ca
n
t
d
e
cr
e
as
e
in

M
D

ad
h
e
re
n
ce

an
d
p
h
ys
ic
al
ac
ti
vi
ty
,

ac
co
m
p
an
ie
d
b
y
w
e
ig
h
t
ga
in
.

K
ar
am

e
t
al
.
(2
0
2
2
)

L
e
b
an
o
n

1
0
3
0
(6
8
)

N
/A

M
e
d
D
ie
t
Sc
o
re

L
e
ss

th
an

h
al
f
o
f
p
ar
ti
ci
p
an
ts
(3
9
.2
%
)
h
ad

h
ig
h
e
r-
th
an
-a
d
e
q
u
at
e
M
D

ad
h
e
re
n
ce

d
u
ri
n
g

th
e
p
an
d
e
m
ic
.
In
cr
e
as
e
d
M
D

ad
h
e
re
n
ce

w
as

as
so
ci
at
e
d
w
it
h
e
x
e
rc
is
in
g
th
re
e
o
r

m
o
re

ti
m
e
s
p
e
r
w
e
e
k
,
liv
in
g
in

N
o
rt
h
e
rn

p
ro
vi
n
ce
s,
o
ld
e
r
ag
e
an
d
te
rt
ia
ry

e
d
u
ca
ti
o
n
al
le
ve
l.

Is
ra
e
l

3
7
9
7
(7
6
)

N
/A

I-
M
E
D
A
S

O
ve
r
h
al
f
o
f
p
ar
ti
ci
p
an
ts
st
at
e
d
th
at

th
e
ir
d
ie
t
b
e
fo
re

th
e
p
an
d
e
m
ic
w
as

o
ve
ra
ll

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

K
au
fm

an
-S
h
ri
q
u
i
e
t
al
.

(2
0
2
1
)

h
e
al
th
ie
r
th
an

w
h
at
th
e
ir
d
ie
ts
co
n
si
st
s
o
f
n
o
w
.
3
0
%
o
f
p
ar
ti
ci
p
an
ts
st
at
e
d
th
at
th
e
y

o
b
se
rv
e
d
n
o
ch
an
ge

in
th
e
ir
d
ie
t
an
d
th
e
re
m
ai
n
d
e
r
st
at
e
d
th
at

th
e
ir
d
ie
t
h
ad

im
p
ro
ve
d
d
u
ri
n
g
th
e
p
an
d
e
m
ic
.
C
h
an
ge

in
w
e
ig
h
t
w
as

re
p
o
rt
e
d
in

3
7
.2
%
o
f

p
ar
ti
ci
p
an
ts
an
d
o
f
th
e
se
,6
7
.8
%
st
at
e
d
th
at
th
e
re

w
as

w
e
ig
h
t
ga
in
w
h
ile

th
e
re
st
sa
w

w
e
ig
h
t
lo
ss
.

K
o
lo
ko
tr
o
n
i
e
t
al
.
(2
0
2
1
)

C
yp
ru
s

7
4
5
(7
4
)

3
9

M
E
D
A
S

T
h
e
re

w
as

m
o
d
e
ra
te

ad
h
e
re
n
ce

to
th
e
M
D

d
u
ri
n
g
lo
ck
d
o
w
n
b
u
t
ar
o
u
n
d
3
0
%
o
f
th
e

p
ar
ti
ci
p
an
ts

h
ad

a
h
ig
h
e
r
sc
o
re
.
T
h
e
re

w
as

in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
b
o
th

h
e
al
th
y

(v
e
ge
ta
b
le
s,
fr
u
it
s
an
d
le
gu
m
e
s)
an
d
u
n
h
e
al
th
y
(s
w
e
e
ts
an
d
so
ft
d
ri
n
k
s)
fo
o
d
s.

K
yp
ri
an
id
o
u
e
t
al
.
(2
0
2
1
)

C
yp
ru
s

1
4
8
5
(N

/A
)

3
6
±
1
2

M
e
d
D
ie
t
Sc
o
re

T
h
is
st
u
d
y
in
cl
u
d
e
d
a
to
ta
lo
f
1
4
8
5
p
ar
ti
ci
p
an
ts
fr
o
m
al
la
re
as

o
f
C
yp
ru
s.
A
d
h
e
re
n
ce

to

th
e
M
D
d
u
ri
n
g
lo
ck
d
o
w
n
w
as

m
o
re

lik
e
ly
in
m
al
e
s
an
d
m
ar
ri
e
d
p
e
o
p
le
an
d
w
as

le
ss

lik
e
ly
in

u
n
m
ar
ri
e
d
p
e
o
p
le
an
d
sm

o
ke
rs
.

L
o
tt
i
e
t
al
.
(2
0
2
2
)

It
al
y

6
5
3
(6
4
)

N
/A

M
e
d
i-
L
it
e

O
ve
ra
ll,
ad
h
e
re
n
ce

to
th
e
M
D

si
gn
ifi
ca
n
tl
y
in
cr
e
as
e
d
d
u
ri
n
g
co
n
fi
n
e
m
e
n
t,
w
it
h
a

p
ar
ti
cu
la
r
in
cr
e
as
e
in

th
e
co
n
su
m
p
ti
o
n
o
f
p
as
ta
,
le
gu
m
e
s
an
d
ve
ge
ta
b
le
s.

M
ag
n
an
o
Sa
n
L
io

e
t
al
.

(2
0
2
2
)

It
al
y

1
1
9
8
(1
0
0
)

N
/A

F
F
Q

O
ve
ra
ll,
p
ar
ti
ci
p
an
ts

h
ad

re
d
u
ce
d
ad
h
e
re
n
ce

to
th
e
M
D

d
u
ri
n
g
th
e
p
an
d
e
m
ic
,
w
h
e
n

co
m
p
ar
e
d
to

b
e
fo
re

th
e
p
an
d
e
m
ic
.
R
e
d
u
ce
d
am

o
u
n
ts
o
f
fr
u
it
s,
ve
ge
ta
b
le
s,
le
gu
m
e
s,

d
ai
ry

an
d
fi
sh

w
e
re

co
n
su
m
e
d
d
u
ri
n
g
th
e
p
an
d
e
m
ic
.

M
ar
is
ca
l-
A
rc
as

e
t
al
.

(2
0
2
1
)

Sp
ai
n

9
3
6
(4
5
)

N
/A

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

T
h
ro
u
gh
o
u
t
lo
ck
d
o
w
n
,
th
e
p
ar
ti
ci
p
an
ts

ad
h
e
re
d
ve
ry

w
e
ll
to

th
e
M
D

b
e
ca
u
se

o
f
th
e

ad
e
q
u
at
e
co
n
su
m
p
ti
o
n
o
f
le
gu
m
e
s,
ve
ge
ta
b
le
s,
fr
u
it
s,
fi
sh
,
m
e
at
,
d
ai
ry

fo
o
d
s
an
d

e
gg
s.
T
h
e
re

se
e
m
e
d
to

b
e
an

in
cr
e
as
e
d
in
te
re
st
in
p
ra
ct
is
in
g
go
o
d
h
e
al
th
,s
o
m
u
ch

so

th
at

h
av
in
g
sn
ac
k
s
b
e
tw

e
e
n
m
e
al
s
an
d
co
n
su
m
p
ti
o
n
o
f
p
ro
ce
ss
e
d
fo
o
d
s
lik
e
so
ft

d
ri
n
k
s
an
d
sw

e
e
ts
w
as

av
o
id
e
d
.

M
as
to
rc
i
e
t
al
.
(2
0
2
1
)

It
al
y

1
2
8
9
(5
2
)

1
2
.5
3
±
1
.2
5

K
ID
M
E
D

D
u
ri
n
g
th
e
lo
ck
d
o
w
n
,
p
ar
ti
ci
p
an
ts

sh
o
w
e
d
a
h
ig
h
e
r
ad
h
e
re
n
ce

to
th
e
M
D
.

M
ie
zi
e
n
e
e
t
al
.
(2
0
2
2
)

C
ro
at
ia
,

L
it
h
u
n
ia

1
3
8
8
(6
4
)

N
/A

M
E
D
A
S

T
h
e
re

w
as

n
o
st
at
is
ti
ca
lly

si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

in
e
at
in
g
h
ab
it
s
b
e
tw

e
e
n
C
ro
at
ia
n

u
n
iv
e
rs
it
y
st
u
d
e
n
ts
(M

e
d
it
e
rr
an
e
an

co
u
n
tr
y)

an
d
L
it
h
u
an
ia
n
u
n
iv
e
rs
it
y
st
u
d
e
n
ts

(n
o
n
-M

e
d
it
e
rr
an
e
an

co
u
n
tr
y)
.
O
ve
r
h
al
f
o
f
p
ar
ti
ci
p
an
ts

e
x
h
ib
it
e
d
lo
w

M
D

ad
h
e
re
n
ce
.

M
o
h
aj
e
ri
e
t
al
.
(2
0
2
1
)

Ir
an

2
5
4
0
(N

/A
)

N
/A

M
E
D
A
S

T
h
e
re

w
as

an
o
ve
ra
ll
in
cr
e
as
e
in

ad
h
e
re
n
ce

to
M
D

d
ie
t
b
e
ca
u
se

o
f
a
h
ig
h
e
r

co
n
su
m
p
ti
o
n
o
f
ve
ge
ta
b
le
s,
fr
u
it
s,
le
gu
m
e
s,
an
d
n
u
ts
w
it
h
th
e
fo
llo
w
in
g
p
e
rc
e
n
ta
ge
s

sh
o
w
in
g
co
n
su
m
p
ti
o
n
o
f
th
e
se

fo
o
d
gr
o
u
p
s
d
u
ri
n
g
lo
ck
d
o
w
n
:
7
1
.8
5
%
,
6
0
.7
0
%
,

2
4
.7
2
%
an
d
1
4
.3
3
%
re
sp
e
ct
iv
e
ly

M
o
lin
a-
M
o
n
te
s
e
t
al
.

(2
0
2
1
)

Sp
ai
n

3
6
,1
8
5
(7
7
.6
)

N
/A

M
E
D
A
S

R
e
su
lt
s
sh
o
w
e
d
th
at
ad
u
lt
s
fr
o
m
1
6
E
u
ro
p
e
an

co
u
n
tr
ie
s
ad
o
p
te
d
a
h
e
al
th
ie
r
d
ie
t
d
u
ri
n
g

th
e
p
an
d
e
m
ic
as

re
fl
e
ct
e
d
b
y
a
ri
se

in
M
D

ad
h
e
re
n
ce
.
M
o
st
p
ro
m
in
e
n
t
ad
h
e
re
n
ce

w
as

o
b
se
rv
e
d
in

P
o
rt
u
ga
l,
Sp
ai
n
,
G
re
e
ce

an
d
It
al
y.
5
2
.1
%
o
f
p
ar
ti
ci
p
an
ts

in
cr
e
as
e
d

h
o
m
e
co
o
k
in
g
d
u
ri
n
g
lo
ck
d
o
w
n
an
d
5
7
.8
%
d
e
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
fa
st
fo
o
d
.

M
o
ra
le
s
C
am

ac
h
o
e
t
al
.

(2
0
2
1
)

C
o
lo
m
b
ia

2
6
6
(5
3
.4
)

8
.5
±
2
.0
4

K
ID
M
E
D

C
h
ild
re
n
d
e
ve
lo
p
e
d
th
e
h
ab
it
o
f
h
av
in
g
b
re
ak
fa
st
ev
e
ry

m
o
rn
in
g
o
f
th
e
d
ay
,
w
h
ils
t
al
so

ad
d
in
g
le
gu
m
e
s
in
th
e
ir
m
e
al
s
m
o
re

th
an

o
n
ce

a
w
e
e
k
an
d
e
at
in
g
p
as
ta
o
r
ri
ce

e
ve
ry

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

d
ay
.I
t
w
as

fo
u
n
d
th
at
o
n
ly
1
2
%
o
f
ch
ild
re
n
h
ad

h
ig
h
ad
h
e
re
n
ce

to
th
e
M
D
.B

e
in
g
le
ss

th
an

9
ye
ar
s
o
ld

is
as
so
ci
at
e
d
w
it
h
h
ig
h
ad
h
e
re
n
ce

an
d
h
av
in
g
fe
m
al
e

P
ap
ad
ak
i
e
t
al
.
(2
0
2
2
)

G
re
e
ce

2
0
8
8
(4
9
)

1
5
.0
7
±
1
.4
6

K
ID
M
E
D

H
ig
h
M
D

ad
h
e
re
n
ce

w
as

o
b
se
rv
e
d
in

o
n
ly
9
.1
%
o
f
p
ar
ti
ci
p
an
ts
.
H
ig
h
M
D

ad
h
e
re
n
ce

d
u
ri
n
g
lo
ck
d
o
w
n
w
as

as
so
ci
at
e
d
w
it
h
h
ig
h
e
r
h
e
al
th
-r
e
la
te
d
q
u
al
it
y
o
f
lif
e
p
e
rc
e
p
ti
o
n

am
o
n
g
p
ar
ti
ci
p
an
ts
.

P
é
re
z-
R
o
d
ri
go

e
t
al
.

(2
0
2
1
)

Sp
ai
n

1
1
5
5
(7
1
)

N
/A

Sh
o
rt

F
F
Q

C
h
an
ge

in
fo
o
d
co
n
su
m
p
ti
o
n
d
u
ri
n
g
co
n
fi
n
e
m
e
n
t
w
as
as
se
ss
e
d
ac
co
rd
in
g
to

tr
ad
it
io
n
al

fo
o
d
gr
o
u
p
s.
F
ir
st
ly
,
p
ar
ti
ci
p
an
ts
sh
o
w
e
d
in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
u
n
h
e
al
th
y
sn
ac
k

fo
o
d
s
an
d
b
e
ve
ra
ge
s,
as

w
e
ll
as

in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
fr
e
sh

an
d
co
o
ke
d
fr
u
it
,

le
gu
m
e
s
an
d
ve
ge
ta
b
le
s.
T
h
e
re

w
as

al
so

a
h
ig
h
e
r
co
n
su
m
p
ti
o
n
o
f
d
ai
ry

p
ro
d
u
ct
s,

m
e
at
an
d
fi
sh
,b
u
t
to

a
le
ss
e
r
e
x
te
n
t,
e
gg
s.
C
o
n
su
m
p
ti
o
n
o
f
ca
rb
o
h
yd
ra
te
s
(e
.g
.,
ri
ce

an
d
p
as
ta
)
al
so

in
cr
e
as
e
d
.

P
fe
if
e
r
e
t
al
.
(2
0
2
1
)

C
ro
at
ia

4
2
8
1
(8
0
)

N
/A

M
E
D
A
S

M
o
st
p
ar
ti
ci
p
an
ts
m
ai
n
ta
in
e
d
si
m
ila
r
d
ie
ts
b
e
fo
re

an
d
d
u
ri
n
g
th
e
lo
ck
d
o
w
n
.
H
o
w
e
ve
r,

o
ve
r
h
al
f
o
f
th
e
p
ar
ti
ci
p
an
ts
in
cr
e
as
e
d
in
ta
ke

o
f
h
o
m
e
m
ad
e
fo
o
d
.
A
d
h
e
re
n
ce

to
th
e

M
D

w
as

m
o
st
ly
se
e
n
in

yo
u
n
ge
r
fe
m
al
e
s
w
it
h
n
o
rm

al
B
M
I
an
d
a
h
ig
h
e
d
u
ca
ti
o
n
al

le
ve
l.
H
ig
h
e
r
ad
h
e
re
n
ce

to
th
e
M
D

w
as

as
so
ci
at
e
d
w
it
h
in
cr
e
as
e
d
p
h
ys
ic
al
ac
ti
vi
ty
.

P
re
te

e
t
al
.
(2
0
2
1
)

It
al
y

6
0
4
(7
2
)

2
9
.8
±
1
0
.4

Q
u
e
M
D

A
ro
u
n
d
6
3
%
o
f
p
ar
ti
ci
p
an
ts

h
ad

an
o
ve
ra
ll
lo
w

ad
h
e
re
n
ce

to
th
e
M
D
,
an
d
6
7
%

in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
su
ga
ry

fo
o
d
s.
A
ro
u
n
d
5
5
%
o
f
p
ar
ti
ci
p
an
ts

re
p
o
rt
e
d
n
o

ch
an
ge

in
th
e
am

o
u
n
t
o
f
ca
rb
o
h
yd
ra
te
s,
fi
sh
,
m
e
at

an
d
o
liv
e
o
il
co
n
su
m
e
d
.

R
o
d
rí
gu
e
z-
P
é
re
z
(2
0
2
0
)

Sp
ai
n

7
5
1
4
(7
1
)

N
/A

M
E
D
A
S

O
ve
ra
ll,
th
e
re

w
as

a
st
at
is
ti
ca
lly

si
gn
ifi
ca
n
t
in
cr
e
as
e
in
ad
h
e
re
n
ce

to
th
e
M
D
d
u
ri
n
g
th
e

lo
ck
d
o
w
n
p
e
ri
o
d
.

R
o
m
e
ro
-B
la
n
co

e
t
al
.

(2
0
2
0
)

Sp
ai
n

3
1
2
(8
1
)

2
0
.5
±
4
.5
6

P
R
E
D
IM

E
D

E
at
in
g
h
ab
it
s
th
at

w
e
re

in
gr
ai
n
e
d
in

th
e
p
ar
ti
ci
p
an
ts
(h
e
al
th

sc
ie
n
ce

st
u
d
e
n
ts
)
d
id

n
o
t

ch
an
ge

si
gn
ifi
ca
n
tl
y
th
ro
u
gh
o
u
t
th
e
lo
ck
d
o
w
n
.
P
ar
ti
ci
p
an
ts
w
h
o
fo
llo
w
e
d
a
M
D

e
x
p
e
ri
e
n
ce
d
in
cr
e
as
e
d
m
in
u
te
s
o
f
d
ai
ly
si
tt
in
g,
al
th
o
u
gh

w
e
e
k
ly
p
at
te
rn
s
o
f
p
h
ys
ic
al

ac
ti
vi
ty

al
so

in
cr
e
as
e
d
.

Sá
n
ch
e
z-
Sá
n
ch
e
z
e
t
al
.

(2
0
2
0
)

Sp
ai
n

1
0
7
3
(7
3
)

3
8
.7
±
1
2
.4

P
R
E
D
IM

E
D

A
d
h
e
re
n
ce

to
th
e
M
D
in
cr
e
as
e
d
d
u
ri
n
g
th
e
lo
ck
d
o
w
n
p
e
ri
o
d
,h
o
w
e
ve
r,
u
n
h
e
al
th
y
fo
o
d

co
n
su
m
p
ti
o
n
al
so

in
cr
e
as
e
d
.
O
ve
ra
ll,
d
u
ra
ti
o
n
o
f
e
x
e
rc
is
e
d
e
cr
e
as
e
d
.

Su
le
jm
an
i
e
t
al
.
(2
0
2
1
)

K
o
so
vo

6
8
9
(7
1
)

N
/A

M
E
D
A
S

T
h
e
re

w
as

e
vi
d
e
n
ce

th
at
fa
m
ily

h
o
m
e
re
si
d
e
n
ts
,
fe
m
al
e
s,
p
e
o
p
le
fr
o
m

G
jil
an

an
d
th
o
se

w
it
h
p
ro
fe
ss
io
n
al
e
d
u
ca
ti
o
n
s
h
ad

a
h
ig
h
e
r
ad
h
e
re
n
ce

to
th
e
M
D
.
D
e
cr
e
as
e
d

co
n
su
m
p
ti
o
n
o
f
m
e
at

an
d
fi
sh
,
in
cr
e
as
e
d
co
o
k
in
g
fr
e
q
u
e
n
cy

an
d
fa
st
-f
o
o
d

co
n
su
m
p
ti
o
n
le
d
to

w
e
ig
h
t
ga
in

d
u
ri
n
g
lo
ck
d
o
w
n
.

T
ae
ym

an
s
e
t
al
.
(2
0
2
1
)

Sw
it
ze
rl
an
d

8
2
1
(N

/A
)

N
/A

b
M
D
SC

O
n
ly
0
.9
%
o
f
p
ar
ti
ci
p
an
ts

w
e
re

fu
lly

ad
h
e
re
n
t
to

th
e
M
D
.
N
u
tr
it
io
n
/d
ie
te
ti
cs

m
aj
o
rs

w
e
re

m
o
re

ad
h
e
re
n
t
to

th
e
M
D

th
an

o
th
e
r
h
e
al
th

sc
ie
n
ce

st
u
d
e
n
ts
.
M
o
st

re
sp
o
n
d
e
n
ts
re
p
o
rt
e
d
n
o
al
co
h
o
l,
b
e
e
r
o
r
sp
ir
it
co
n
su
m
p
ti
o
n
in

th
e
p
re
ce
d
in
g

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

w
e
e
k
,
w
h
ils
t
o
n
ly
0
.2
%
o
f
p
ar
ti
ci
p
an
ts
re
p
o
rt
d
ri
n
k
in
g
e
x
ce
ss
iv
e
am

o
u
n
ts
o
f
al
co
h
o
l

(>
7
u
n
it
s
p
e
r
d
ay
).

Tu
rk
i
e
t
al
.
(2
0
2
2
)

T
u
n
is
ia

1
0
8
2
(7
4
)

3
2
.5
±
1
2
.0

M
E
D
A
S

O
ve
ra
ll
M
D

ad
h
e
re
n
ce

w
as

m
e
d
iu
m
-l
o
w

d
u
ri
n
g
lo
ck
d
o
w
n
.
H
ig
h
M
D

ad
h
e
re
n
ce

w
as

as
so
ci
at
e
d
w
it
h
ag
e
,
p
ro
fe
ss
io
n
,
h
o
u
se
h
o
ld

w
e
lf
ar
e
p
ro
x
y
an
d
lo
ca
ti
o
n
,
w
it
h

p
ar
ti
ci
p
an
ts

fr
o
m

ce
n
tr
e
-e
as
t
T
u
n
is
ia
sh
o
w
in
g
th
e
h
ig
h
e
st
ad
h
e
re
n
ce
.

U
m
ak
an
th
an

an
d

L
aw

re
n
ce

(2
0
2
2
)

G
e
rm

an
y

2
0
2
9
(7
5
)

3
8
.9
±
1
1
.3

M
E
D
A
S

T
h
o
se

w
h
o
ad
h
e
re
d
to

C
o
vi
d
-1
9
p
re
ve
n
ti
o
n
m
e
as
u
re
s
h
ad

b
e
tt
e
r
ad
h
e
re
n
ce

to
th
e

M
D
.
T
h
is
st
u
d
y
d
e
m
o
n
st
ra
te
d
th
at

th
o
se

w
it
h
h
e
al
th
ie
r
e
at
in
g
h
ab
it
s,
o
ve
ra
ll
h
av
e

b
e
tt
e
r
h
e
al
th

b
e
h
av
io
u
rs
.

V
e
n
tu
ra

e
t
al
.
(2
0
2
1
)

Sp
ai
n

3
4
6
4
(4
8
)

N
/A

K
ID
M
E
D

T
h
is
st
u
d
y
in
cl
u
d
e
d
in
d
iv
id
u
al
s
<
1
7
ye
ar
s
o
f
ag
e
,
o
f
w
h
o
m

5
3
.2
%
sh
o
w
e
d
o
p
ti
m
al

ad
h
e
re
n
ce

to
th
e
M
D
,
w
it
h
ch
ild
re
n
u
n
d
e
r
6
ye
ar
s
h
av
in
g
th
e
h
ig
h
e
st
ad
h
e
re
n
ce
.

V
ill
o
d
re
s
e
t
al
.
(2
0
2
1
)

Sp
ai
n

8
9
9
(5
4
)

N
/A

K
ID
M
E
D

T
h
is
st
u
d
y
in
cl
u
d
e
d
a
to
ta
lo
f
8
9
9
p
re
-a
d
o
le
sc
e
n
t
p
ar
ti
ci
p
an
ts
.
T
h
e
re

w
as

n
o
si
gn
ifi
ca
n
t

d
if
fe
re
n
ce

b
e
tw

e
e
n
th
e
d
e
gr
e
e
o
f
M
D

ad
h
e
re
n
ce

b
e
fo
re

an
d
d
u
ri
n
g
th
e
p
an
d
e
m
ic
,

e
x
ce
p
t
in

th
e
fi
rs
t
ye
ar

o
f
se
co
n
d
ar
y
e
d
u
ca
ti
o
n
,
w
h
e
re

M
D

ad
h
e
re
n
ce

w
as

h
ig
h
e
r

d
u
ri
n
g
lo
ck
d
o
w
n
.

C
as
e-
co

n
tr
o
ls
tu
d
ie
s

B
iv
iá
-R
o
ig
e
t
al
.
(2
0
2
2
)

Sp
ai
n

1
0
2
(3
3
)

4
5
.5
±
1
1
.8

M
E
D
A
S

W
h
ils
t
th
e
re

w
as

n
o
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

in
th
e
p
ar
ti
ci
p
an
ts
’
d
ie
t,
th
is
st
u
d
y
ju
st
ifi
e
s

th
e
n
e
e
d
o
f
p
ro
gr
am

s
to

re
d
u
ce

d
e
p
re
ss
io
n
an
d
an
x
ie
ty

an
d
im
p
ro
ve

lif
e
st
yl
e
fo
r

p
o
te
n
ti
al
fu
tu
re

p
an
d
e
m
ic
s.

B
o
n
ac
ci
o
e
t
al
.
(2
0
2
2
a)

It
al
y

4
4
0
0

N
/A

M
e
d
C
o
vi
d
-1
9

Sc
o
re

P
ar
ti
ci
p
an
ts
sh
o
w
e
d
an

o
ve
ra
ll
in
cr
e
as
e
d
ad
h
e
re
n
ce

to
th
e
M
D
d
u
ri
n
g
th
e
co
n
fi
n
e
m
e
n
t

p
e
ri
o
d
.
T
h
is
w
as

as
so
ci
at
e
d
w
it
h
in
cr
e
as
e
d
w
e
al
th
,
e
d
u
ca
ti
o
n
an
d
m
al
e
se
x
.

C
in
q
u
e
e
t
al
.
(2
0
2
2
)

It
al
y

3
5
7
(3
3
)

6
1
±
1
2

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

A
ll
p
ar
ti
ci
p
an
ts

w
e
re

d
ia
gn
o
se
d
w
it
h
N
A
F
L
D
.
B
e
fo
re

th
e
lo
ck
d
o
w
n
,
5
6
%
o
f
th
e

p
ar
ti
ci
p
an
ts

w
e
re

fo
llo
w
in
g
a
b
al
an
ce
d
M
D
,
w
h
ic
h
re
d
u
ce
d
to

ar
o
u
n
d
5
0
%
af
te
r

lo
ck
d
o
w
n
.
W

it
h
re
ga
rd
s
to

w
e
ig
h
t
ch
an
ge
,
af
te
r
th
e
lo
ck
d
o
w
n
th
e
re

w
as

4
8
%
w
h
o

h
ad

a
in
cr
e
as
e
in
b
o
d
y
w
e
ig
h
t,
3
5
%
w
h
o
lo
st
w
e
ig
h
t
an
d
1
7
%
w
h
o
se

w
e
ig
h
t
re
m
ai
n
e
d

th
e
sa
m
e
.

G
ra
b
ia
e
t
al
.
(2
0
2
1
)

P
o
la
n
d

2
1
9
(N

/A
)

N
/A

M
E
D
A
S

W
h
ils
t
n
o
p
ar
ti
ci
p
an
t
w
as

fu
lly

ad
h
e
re
n
t
to

th
e
M
D
,
th
e
m
aj
o
ri
ty

o
f
th
o
se

w
it
h
T
1
D
M

(c
as
e
s)
an
d
n
o
n
-T
1
D
M

(c
o
n
tr
o
ls
)
w
e
re

m
o
d
e
ra
te
ly
ad
h
e
re
n
t.
D
ia
b
e
ti
cs

h
ad

si
gn
ifi
ca
n
tl
y
h
ig
h
e
r
co
n
su
m
p
ti
o
n
o
f
fr
u
it
s,
ve
ge
ta
b
le
s,
m
e
at
,
b
u
tt
e
r,
o
il
an
d
se
af
o
o
d
.

P
ro
sp
e
ct
iv
e
st
u
d
ie
s

B
ar
tl
e
tt
e
t
al
.
(2
0
2
1
)

A
u
st
ra
lia

1
6
7
1
(7
3
)

6
3
.4
±
7
.1
7

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

R
e
su
lt
s
sh
o
w
e
d
in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
sn
ac
k
s
an
d
w
e
ig
h
t
ga
in

d
u
ri
n
g
th
e

lo
ck
d
o
w
n
,
h
o
w
e
ve
r,
th
e
re

w
as

a
sl
ig
h
t
im
p
ro
ve
m
e
n
t
in

ad
h
e
re
n
ce

to
th
e
M
D
.

B
e
n
H
as
se
n
e
t
al
.
(2
0
2
2
)

Q
at
ar

3
5
6
(4
2
)

N
/A

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

D
u
ri
n
g
th
e
C
O
V
ID
-1
9
p
an
d
e
m
ic
,
4
5
.5
%
o
f
p
ar
ti
ci
p
an
ts
at
e
h
e
al
th
ie
r
d
ie
ts
w
it
h

in
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
fr
u
it
s
an
d
ve
ge
ta
b
le
s.
4
2
.4
%
ch
o
se

h
e
al
th
ie
r
fo
o
d
s
an
d

5
3
.1
%
re
d
u
ce
d
th
e
n
u
m
b
e
r
o
f
u
n
h
e
al
th
y
fo
o
d
s.

D
e
A
m
ic
is
e
t
al
.
(2
0
2
2
)

It
al
y

4
6
3
(8
3
.3
7
)

5
2
.5

M
E
D
A
S

T
h
e
co
n
fi
n
e
d
gr
o
u
p
d
e
m
o
n
st
ra
te
d
im
p
ro
ve
d
ad
h
e
re
n
ce

to
th
e
M
D

an
d
a
d
e
cr
e
as
e
in

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

fo
o
d
ad
d
ic
ti
o
n
an
d
b
in
ge

e
at
in
g
b
e
h
av
io
u
r.
T
h
e
fa
ct

th
e
te
le
m
e
d
ic
in
e
w
as

u
se
d
m
ay

h
av
e
ai
d
e
d
in

th
is
im
p
ro
ve
m
e
n
t
si
n
ce

it
in
cr
e
as
e
d
th
e
lin
k
b
e
tw

e
e
n
h
e
al
th
ca
re

p
ro
fe
ss
io
n
al
s
an
d
p
ar
ti
ci
p
an
ts
d
u
ri
n
g
lo
ck
d
o
w
n
.T

h
e
re
fo
re
,a

w
e
ll
m
o
n
it
o
re
d
w
e
ig
h
t

lo
ss

p
ro
gr
am

w
as

b
e
n
e
fi
ci
al
in

re
d
u
ci
n
g
w
e
ig
h
t
ga
in

d
u
ri
n
g
C
O
V
ID
.

F
ai
e
n
za

e
t
al
.
(2
0
2
2
)

It
al
y

A
d
u
lt
s:
1
2
3
(8
2
.6
)

C
h
ild
re
n
7
3
(4
9
%
)

A
d
u
lt
s:
4
3
.4
±

0
.5

C
h
ild
re
n
:

1
1
.5
±
0
.3

A
d
u
lt
s:
M
e
d
i

L
it
e

Q
u
e
st
io
n
n
ai
re

C
h
ild
re
n
:

K
ID
M
E
D

Q
u
e
st
io
n
n
ai
re

A
d
u
lt
s
ga
in
e
d
w
e
ig
h
t
in
vi
e
w
o
f
d
e
cr
e
as
e
d
p
h
ys
ic
al
ac
ti
vi
ty

an
d
m
o
re

h
o
u
rs

d
e
d
ic
at
e
d

to
sl
e
e
p
,w

h
ils
t
th
e
ch
ild
re
n
ga
in
e
d
w
e
ig
h
t
d
u
e
to

se
co
n
d
ar
ily

ch
an
ge
s
in
d
ie
t.
A
h
ig
h

p
e
rc
e
n
ta
ge

o
f
ad
u
lt
s
an
d
ch
ild
re
n
d
id
n
o
t
p
e
rf
o
rm

re
gu
la
r
e
x
e
rc
is
e
d
u
ri
n
g
lo
ck
d
o
w
n

w
as

al
so

n
o
ti
ce
d
.
C
h
ild
re
n
sh
o
w
e
d
m
o
st
ly
th
e
d
ir
e
ct

co
rr
e
la
ti
o
n
s
b
e
tw

e
e
n
d
ie
ta
ry

ch
an
ge
s
an
d
B
M
I.
T
h
is
in
cl
u
d
e
d
d
e
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
fr
e
sh

fr
u
it
,
fi
sh

an
d

in
cr
e
as
e
in

ce
re
al
s,
ca
rb
o
h
yd
ra
te
s,
d
ai
ry

an
d
o
liv
e
o
il.

G
ia
ca
lo
n
e
e
t
al
.
(2
0
2
0
)

D
e
m
ar
k

2
4
6
2
(7
1
.1
)

N
/A

M
E
D
A
S

R
e
su
lt
s
sh
o
w
e
d
th
at

ar
o
u
n
d
3
0
%
o
f
p
ar
ti
ci
p
an
ts

w
e
re

e
at
in
g
m
o
re

m
e
al
s,
sn
ac
k
s,

ga
in
in
g
w
e
ig
h
t
an
d
p
e
rf
o
rm

in
g
fe
w
e
r
p
h
ys
ic
al
ac
ti
vi
ti
e
s
d
u
ri
n
g
th
e
lo
ck
d
o
w
n
.
T
h
is

co
u
ld

b
e
b
e
ca
u
se

re
si
d
e
n
ts
m
o
re

ti
m
e
at

h
o
m
e
,
le
ad
in
g
to

in
cr
e
as
e
d
co
o
k
in
g

fr
e
q
u
e
n
cy

an
d
a
h
ig
h
e
r
d
e
gr
e
e
o
f
e
m
o
ti
o
n
al
e
at
in
g.
W
o
m
e
n
w
e
re

m
o
re

lik
e
ly
to

b
e

af
fe
ct
e
d
th
an

m
e
n
in

th
is
st
u
d
y.

Im
az
-A
ra
m
b
u
ru

e
t
al
.

(2
0
2
1
)

Sp
ai
n

2
6
7
(7
6
)

2
0
.0
9
±
4
.0
4

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

R
e
su
lt
s
sh
o
w
e
d
th
at
M
D
ad
h
e
re
n
ce

am
o
n
g
h
e
al
th
ca
re

st
u
d
e
n
ts
in
cr
e
as
e
d
an
d
th
at
th
is

w
as

d
u
e
to

m
o
re

co
n
su
m
p
ti
o
n
o
f
fr
u
it
s,
o
liv
e
o
il,
n
u
ts
an
d
ve
ge
ta
b
le
s.
P
h
ys
ic
al

ac
ti
vi
ty

w
as

in
cr
e
as
e
d
as

w
e
ll.

M
ar
co
s-
P
ar
d
o
e
t
al
.

(2
0
2
2
)

Sp
ai
n

3
0
(1
0
0
)

6
4
.4
3
±
4
.5
8

P
R
E
D
IM

E
D

P
ar
ti
ci
p
an
ts

w
e
re

d
iv
id
e
d
in
to

u
n
h
e
al
th
y
an
d
h
e
al
th
y
lif
e
st
yl
e
gr
o
u
p
s.
B
o
th

gr
o
u
p
s

in
vo
lv
e
d
e
x
h
ib
it
e
d
w
o
rs
e
n
in
g
o
f
ch
o
le
st
e
ro
l,
H
D
L
an
d
is
o
m
e
tr
ic
k
n
e
e
e
x
te
n
si
o
n

st
re
n
gt
h
p
ar
am

e
te
rs

d
u
ri
n
g
co
n
fi
n
e
m
e
n
t.
In
p
ar
ti
cu
la
r,
th
e
fo
rm

e
r
gr
o
u
p
d
is
p
la
ye
d
a

w
o
rs
e
n
in
g
in

L
D
L
an
d
n
o
n
-H

D
L
lip
id
s,
fa
t
m
as
s/
h
e
ig
h
t,
tr
u
n
ca
l
fa
t
m
as
s,
to
ta
l
fa
t

m
as
s,
b
o
n
e
m
in
e
ra
l
d
e
n
si
ty

o
f
fe
m
o
ra
l
n
e
ck

an
d
h
an
d
gr
ip

st
re
n
gt
h
.

M
e
d
ra
n
o
e
t
al
.
(2
0
2
1
)

Sp
ai
n

2
9
1
(4
8
)

1
2
.1
±
2
.1

K
ID
M
E
D

W
h
ile

ad
h
e
re
n
ce

to
th
e
M
D

in
cr
e
as
e
d
d
u
ri
n
g
lo
ck
d
o
w
n
,
p
h
ys
ic
al
ac
ti
vi
ty

d
e
cr
e
as
e
d

an
d
sc
re
e
n
ti
m
e
in
cr
e
as
e
d
.
T
h
e
re
fo
re
,
th
e
re

w
as

an
o
ve
ra
ll
d
e
cl
in
e
in
h
e
al
th

d
u
ri
n
g

lo
ck
d
o
w
n
.

R
u
gg
ie
ro

e
t
al
.
(2
0
2
1
)

It
al
y

3
1
6
1
(6
0
)

5
7
.7
±
1
5
.4

A
LT

R
IS
C
O
V
ID
-1
9
/

M
o
li-
L
O
C
K

A
su
b
st
an
ti
al
p
ro
p
o
rt
io
n
o
f
th
e
p
ar
ti
ci
p
an
ts
(3
8
.8
%
)
re
p
o
rt
e
d
in
cr
e
as
e
d
ad
h
e
re
n
ce

to

th
e
M
D
an
d
lo
ca
lly

gr
o
w
n
p
ro
d
u
ce
,w

h
ic
h
w
as

as
so
ci
at
e
d
w
it
h
w
e
al
th

an
d
o
ld
e
r
ag
e
.

Sh
an
m
u
ga
m

e
t
al
.
(2
0
2
1
)

V
ar
io
u
s

4
9
4
(6
1
)

3
3
.4
±
0
.5
8

U
n
ti
tl
e
d

q
u
e
st
io
n
n
ai
re

T
h
e
m
aj
o
ri
ty

o
f
p
ar
ti
ci
p
an
ts
(5
5
%
)
re
p
o
rt
e
d
w
e
ig
h
t
ga
in
d
u
ri
n
g
th
e
lo
ck
d
o
w
n
p
e
ri
o
d
.

T
h
e
sa
m
e
in
d
iv
id
u
al
s
al
so

re
p
o
rt
e
d
in
cr
e
as
e
d
fr
e
q
u
e
n
cy

o
f
m
e
al
s,
le
ss

p
h
ys
ic
al

ac
ti
vi
ty

an
d
lo
w
e
r
ad
h
e
re
n
ce

to
th
e
M
D
.

Su
m
al
la
-C

an
o
e
t
al
.

(2
0
2
2
)

Sp
ai
n

1
6
8
(6
7
)

N
/A

M
E
D
A
S

P
ar
ti
ci
p
an
ts

m
ai
n
ta
in
e
d
th
e
sa
m
e
le
ve
l
o
f
co
n
su
m
p
ti
o
n
o
f
ve
ge
ta
b
le
s,
fr
u
it
s,
fi
sh
,

le
gu
m
e
s,
st
ar
ch
e
s,
w
h
it
e
an
d
re
d
m
e
at
.
T
h
e
fr
e
q
u
e
n
cy

o
f
co
o
k
in
g
w
as

in
cr
e
as
e
d

d
u
ri
n
g
th
e
lo
ck
d
o
w
n
b
u
t
th
e
re

w
as

d
e
cr
e
as
e
d
co
n
su
m
p
ti
o
n
o
f
su
ga
ry

d
ri
n
k
s,
lo
w

al
co
h
o
lic

d
ri
n
k
s
an
d
sp
ir
it
s.
A
ro
u
n
d
8
0
%
o
f
p
ar
ti
ci
p
an
ts
w
e
re

ad
h
e
re
n
t
to

th
e
M
D
.

(c
on
tin
ue
d)
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T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

A
u
th
o
r,
Y
e
ar

E
th
n
ic
it
y

To
ta
l
p
ar
ti
ci
p
an
ts

(%
fe
m
al
e
)

M
e
an

ag
e

(y
e
ar
s)

To
o
l
u
se
d
to

as
se
ss

M
D

ad
h
e
re
n
ce

M
ai
n
fi
n
d
in
gs

R
an

d
o
m
is
ed

-c
o
n
tr
o
lle

d
st
u
d
ie
s

A
rr
ie
ta
-B
ar
to
lo
m
é
e
t
al
.

(2
0
2
2
)

Sp
ai
n

8
1
(1
7
)

5
7
.2
±
1
1
.6

M
D
S

M
D
S
sc
o
re
s
fo
r
th
e
M
D

sh
o
w
e
d
a
si
gn
ifi
ca
n
t
in
cr
e
as
e
fr
o
m

p
re
-
to

p
o
st
-c
ar
d
ia
c

R
e
h
ab
ili
ta
ti
o
n
.
T
h
e
re

w
as

a
9
%
in
cr
e
as
e
in

in
d
iv
id
u
al
s
fa
lli
n
g
u
n
d
e
r
th
e
h
ig
h
ly

ad
h
e
re
n
t
ca
te
go
ry
.

G
o
n
za
le
z-
R
am

ir
e
z
e
t
al
.

(2
0
2
2
)

Sp
ai
n

1
0
4
(7
3
)

N
/A

P
R
E
D
IM

E
D

T
h
e
in
te
rv
e
n
ti
o
n
gr
o
u
p
sh
o
w
e
d
in
cr
e
as
e
d
ca
rb
o
h
yd
ra
te

co
n
su
m
p
ti
o
n
an
d
a
d
e
cr
e
as
e

in
fa
t
co
n
su
m
p
ti
o
n
w
h
e
n
co
m
p
ar
e
d
to

th
e
co
n
tr
o
l.
D
u
ri
n
g
th
e
p
an
d
e
m
ic
,
th
e
re

w
e
re

si
gn
ifi
ca
n
t
d
if
fe
re
n
ce
s
in

o
th
e
r
fo
o
d
gr
o
u
p
s
su
ch

as
fr
u
it
s,
ve
ge
ta
b
le
s,

p
ro
ce
ss
e
d
m
e
at

an
d
re
d
m
e
at
.

N
at
al
u
cc
i
e
t
al
.
(2
0
2
1
)

It
al
y

3
0
(1
0
0
)

5
3
.5
±
7
.6

P
R
E
D
IM

E
D
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However, certain studies concluded that individuals
aged over 45 years had better adherence scores compared
to the younger population (Casas et al., 2022; Giacalone
et al., 2020; Kyprianidou et al., 2021). This finding could
be the result of the elderly perceiving their higher risk of
mortality from the COVID-19 virus than other age
groups, which led to their decision to stay at home and
eat healthier meals (Giacalone et al., 2020). It could also
be the case that with increasing age, more time was dedicated
to preparation of meals, causing an increased consumption of
vegetables, fruits, and legumes (Álvarez-Gómez et al., 2021).

Regarding the paediatric and adolescent populations,
most studies showed that older children (10–15 years)
had a better adherence to the MD, which might imply that
parents were more conscious of the ongoing crisis and
opted to cook more traditional MD meals (Mastorci et al.,
2021; Kenđel Jovanović et al., 2021). Indeed, one study
listed that this high adherence could be attributed to spend-
ing more time at home eating home-cooked meals instead
of fast food. Most parents also spent more time at home
due to teleworking, which translated to taking better care
of their diet and buying less snacks and sweets (Kenđel
Jovanović et al., 2021). Two studies revealed that better
adherence was observed between the ages of 2–5 years
(Ventura et al., 2021; Censi et al., 2022). Censi et al.
(2022) reported that only a third of the participants had an
optimal KIDMED score. A diet with poor quality may inter-
rupt growth and development of the child and can lead to
increased risk of chronic diseases appearing later on in
life (Shenkin, 2006).

Variance in Mediterranean diet adherence by sex
Females appeared to adhere to the MD less when compared
to their male counterparts (Ben Hassen et al., 2022; Boaz
et al., 2021; Bonaccio et al., 2022b; Cheikh Ismail et al.,
2020; Cirillo et al., 2021; Izzo et al., 2021; Kyprianidou
et al., 2021; Sumalla-Cano et al., 2022). Before the pan-
demic, Boaz et al. (2021) found that both sexes abided by
a healthy diet. However, significantly more women than
men had a worsening in diet quality during the pandemic
due to increased consumption of Western dietary compo-
nents, such as pastries, cheese and meat instead of vegeta-
bles, fruits and legumes (Boaz et al., 2021). This was
often coupled with increased frequency of daily meals,
which can lead to obesity (Cheikh Ismail et al., 2020).

Conversely, some studies found that males were less
adherent to the MD than females. According to El
Khoury and Julien (2021), men reduced their intake of
vegetables, rice and pasta and replaced them with fried
potatoes, chips, fish, alcohol, red meat and poultry.
Another study found that male participants were consuming
more sweets than the female participants, even though
females skipped breakfast frequently and ate a higher
variety of snacks (Izzo et al., 2021). García-Esquinas
et al. (2021), reported that older males tend to be socially
isolated or feel lonely, live in poor housing conditions

and those suffering from chronic morbidities have an
increased risk of decreasing adherence to the MD during
lockdown due to their increased vulnerability to restric-
tions. Nonetheless, at least six studies concluded that
there were no significant differences in adherence to the
MD based on sex (Álvarez-Gómez et al., 2021; Censi
et al., 2022; Di Renzo et al., 2020; Prete et al., 2021;
Sánchez-Sánchez et al., 2020; Ventura et al., 2021).

The main limitation in some of these studies was the fact
that self-reported questionnaires were utilised, which are
known to lead to self-reporting bias and recall bias (Di
Renzo et al., 2020; Izzo et al., 2021; Kyprianidou et al.,
2021; Sánchez-Sánchez et al., 2020; Shanmugam et al.,
2021). Additionally, one of the featured studies pointed
out another limitation that it had a larger proportion of
female participants than males (Sánchez-Sánchez et al.,
2020).

Variance in Mediterranean diet adherence by country
Spain. Spanish epidemiological studies make up the largest
proportion (36%) of articles identified and reviewed. Most
Spanish studies reported an overall increased adherence
to the MD during lockdowns (Álvarez-Gómez et al.,
2021; Arrieta-Bartolomé et al., 2022; Biviá-Roig et al.,
2021; Carbayo Herencia et al., 2021; Casas et al., 2022;
Cobos-Palacios et al., 2021; Franco et al., 2021;
Imaz-Aramburu et al., 2021; Mariscal-Arcas et al.,
2021; Medrano et al., 2021; Pérez-Rodrigo et al., 2021;
Rodríguez-Pérez et al., 2020; Sánchez-Sánchez et al.,
2020; Ventura et al., 2021). However, some studies noted
that while MD adherence increased, the amount of
unhealthy foods consumed (e.g., sugary drinks) also
increased. Moreover, individuals became more sedentary
and exercised less (Pérez-Rodrigo et al., 2021;
Sánchez-Sánchez et al., 2020). One study also reported an
increase in anxiety and smoking levels (Biviá-Roig et al.,
2021). A substantial number of studies reported minimal
changes in MD adherence during lockdown (Bagues
et al., 2021; Biviá-Roig et al., 2020; Romero-Blanco
et al., 2020; Sumalla-Cano et al., 2022; Villodres et al.,
2021), while only three studies reported an overall
decreased adherence (Di Santo et al., 2020; Marcos-Pardo
et al., 2022; Morales Camacho et al., 2021). Of note, all
three Spanish randomised-controlled trials that were con-
ducted during lockdown periods reported a significant
improvement in participants’ dietary habits in the interven-
tion group (García Pérez de Sevilla et al., 2021;
Gonzalez-Ramirez et al., 2022; Zaragoza-Martí et al.,
2021). These individuals were provided with a personalised
diet and exercise plan, and in some cases, a personal trainer.
This emphasises the importance of professional support
during challenging times to encourage healthier habits in
the general population.

Italy. Italian epidemiological studies make up the second
largest proportion (26%) of articles identified and reviewed.
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Unlike their Spanish counterparts, an overall trend in MD
adherence cannot be deduced from the Italian studies.
Seven studies reported an increased adherence to the MD
during lockdowns, particularly homemade foods
(Bonaccio et al., 2022b; De Amicis et al., 2022; Di Renzo
et al., 2020; Grant et al., 2021; Lotti et al., 2022;
Mastorci et al., 2021; Ruggiero et al., 2021). This was asso-
ciated with older age, increased wealth, and male sex
(Bonaccio et al., 2022b). However, three studies reported
no change in MD adherence (Cinque et al., 2022;
Galluccio et al., 2021; Izzo et al., 2021) and seven
reported decreased adherence, with increased consump-
tion of processed and sugary foods attributable to
boredom (Bonaccio et al., 2022a; Censi et al., 2022;
Cirillo et al., 2021; Docimo et al., 2021; Gerini et al.,
2022; Magnano San Lio et al., 2022; Prete et al., 2021).
Variance may be due to cultural differences between
Italy’s geopolitical regions. In fact, one study that
included participants from various geopolitical regions
reported that Northern and Central regions showed
healthier lifestyle habits, as evidenced by lower BMIs,
when compared to Southern regions (Di Renzo et al.,
2020).

Eastern European countries. The two Cypriot epidemio-
logical studies are in accordance with each other and
report mild increases in MD adherence during lockdown.
Individuals that were residing in rural areas, unmarried,
male, and physically active were more likely to be adherent
to the MD (Kolokotroni et al., 2021; Kyprianidou et al.,
2021). Meanwhile, the Croatian population experienced a
decrease in MD adherence during lockdown (Kenđel
Jovanović et al., 2021; Pfeifer et al., 2021), with the excep-
tion of a select subpopulation of medical students, who
showed improved dietary habits and physical activity
(Dragun et al., 2020), suggesting that this behavioural
pattern may be influenced by their education. A study
from Kosovo reported increased MD adherence in
females, especially those with higher educational attain-
ment. However, a significant proportion of participants
experienced weight gain due to additional meals and
unhealthy snacks consumed (Sulejmani et al., 2021).
Interestingly, Polish females with type 1 diabetes mellitus
were consuming more fruit, vegetables, and seafood than
their non-diabetic counterparts during lockdowns (Grabia
et al., 2021).

Middle eastern countries. Most Palestinian medical students
were moderately adherent to the MD (63.3% of study popu-
lation) during lockdown, with the majority more likely to be
engaged in physical activity, longer sleep duration and less
screen time than the rest of the study population. In this
study, MD adherence was not significantly associated
with mental health, while physical activity and sleep were
significantly associated (Hanani et al., 2022). An Iraqi
study reported increased consumption of both healthy and
unhealthy foods during lockdown, with most participants

being moderately adherent to the MD. However, around
half of participants reported a deterioration in lifestyle
during the pandemic and a third of participants reported
weight gain (Galali, 2021). An Israeli study revealed that
60% of participants experienced a deterioration in dietary
habits, with 25% of participants experiencing weight gain
and only 17% experiencing weight loss. Poor diet and
weight gain were associated with increased odds of experi-
encing anxiety during confinement (Kaufman-Shriqui et al.,
2021). In the United Arab Emirates, participants shifted
towards Western dietary components during lockdowns
(Cheikh Ismail et al., 2020). In contrast, Omani adults
were found to improve their dietary habits during lock-
downs, with 51.3% reducing their intake of unhealthy
foods. Participants were inclined to buy from local food
sources online and did not stockpile items (Ben Hassen
et al., 2021).

Discussion
While a mixture of positive and negative lifestyle changes
were observed during the COVID-19 pandemic, it seems
that the majority of epidemiological studies discussed in
this review reported reduced adherence to the MD. In a con-
siderable proportion of these studies, reduced MD adher-
ence was associated with other negative habits, such as
increased screen time and reduced physical activity. This
coincided with other dietary habits reported. In fact, a quan-
titative cross-sectional study from Turkey (Coşkun et al.,
2022) reported weight gain in 59.1% of participants
working from home during the lockdown period.
Additionally, weight gain was associated with higher
work hours, daily sedentary time and Non-Healthy Diet
Index scores. Similar findings were seen in some of the
studies featured in this review, where decreased MD adher-
ence was associated with reduced physical activity (Izzo
et al., 2021; Karam et al., 2022), increased screen time
(Cheikh Ismail et al., 2020; Medrano et al., 2021) and
increased anxiety levels (Biviá-Roig et al., 2022;
Bonaccio et al., 2022a).

In contrast, an American qualitative study (Orr et al.,
2022) reported improvements in females’ diet during lock-
down, despite decreased sleep quality and increased stress.
Interestingly, participants reported stress and poor sleep
quality as the key factors that led them to improve their
diets; hence, the importance of managing stress as part of
a holistic lifestyle intervention. The trends in food con-
sumption during the pandemic can be further highlighted
using artificial intelligence technology. A study by
Eftimov et al. (2020) analysed the type of recipes added
to a popular food website during the lockdown period.
Results showed dramatic increases in recipes containing
pulses, soup and tortillas, as well as moderate decreases
in recipes containing fish, grains and wine. These findings
support the notion that individuals may have tried to use
the lockdown as a chance to improve their dietary habits,
as was also seen in some of the studies in this review
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(Dragun et al., 2020; Kaufman-Shirqui et al., 2021; Hanani
et al., 2022).

Several international health organisations issued dietary
recommendations during the first wave of the COVID-19
pandemic. In general, it is established that there is no
single supplement that can reliably prevent or treat
COVID-19 infection (Associação Brasileira de
Nutrologia, 2020). However, it is recommended that indivi-
duals obtain a variety of micronutrients from food and
vitamin D from graded sun exposure. In addition, at risk
groups (e.g., breastfeeding mothers, chronically ill) may
benefit from supplements during the pandemic (Centers
for Disease Control and Prevention, 2021). With regards
to meals consumed, it is ideal for individuals to purchase
fresh produce in favour of processed foods, in addition to
using less oil and sugar when preparing meals (American
Society for Nutrition, 2020).

When devising public health strategies, it is important to
consider additional factors influencing nutrition that tran-
scend the individual. On a community level, food may be
unequally distributed between households, which dispro-
portionately affects lower socioeconomic classes. This
may be due to the ‘panic-buying’ and ‘stock-piling’ phe-
nomena in response to fear of food shortages, which inev-
itably contributes to increased shortages, especially
among those who cannot afford to buy in bulk (Timmer,
2010; Vo and Thiel, 2006). The latter population includes
the elderly, frail and chronically ill, in whom nutritional
deficiencies may have devastating health effects (Bialek
et al., 2020). On a national level, increased economic uncer-
tainty and altered consumer behaviours during pandemics
make it increasingly difficult to keep up with the demand
(Vo and Thiel, 2006). On a global level, pandemics bring
about altered patterns of food distribution and shipping,
which invariably affects all areas dependent on land, air
and sea transportation of goods, especially across inter-
national borders (Gostin, 2006).

In reality, the COVID-19 pandemic delivered a blow to
the dietary aspect of Mediterranean lifestyle that has been in
steady decline during recent decades. A recent study by
Quarta et al. (2021) reported moderate-to-weak MD adher-
ence in Southern European countries, which are tradition-
ally Mediterranean countries. Only 11% of participants
were in the highly adherent group, while over half of parti-
cipants were in the minimally adherent group. This level of
MD adherence was only slightly higher that that obtained
by non-Mediterranean Balkan countries in the same
study. However, olive oil was still the main source of fat
in the Mediterranean countries. The shift of women from
following traditional domestic roles to being part of the
workforce, as well as the fast-paced modern lifestyles
may be important contributors to the abandonment of the
MD (Patino-Alonso et al., 2014). Several studies note that
older females that occupy more traditional roles show
increased adherence to the MD when compared to
younger females (Kontogianni et al., 2008; Sanchez-Villegas
et al., 2002). Interestingly, a Moroccan study showed no

significant differences in MD adherence between males
and females. This could be due to the fact that female par-
ticipants occupied more traditional roles and spend more
time preparing meals (Bedmar, 2011).

Similar findings emerged in this review, as overall,
decreased MD adherence was seen mostly in young
females (Ben Hassen et al., 2022; Boaz et al., 2021),
whilst higher MD adherence was more likely in the older
age groups (Casas et al., 2022; Giacalone et al., 2020).
When compared to men, women are more likely to be emo-
tional eaters, thus resulting in increased unhealthy food
consumption out of fear, boredom, or anxiety (Waller and
Osman, 1998). Additionally, women who had the added
responsibility of household maintenance might have
turned to food as a coping mechanism (Spoor et al.,
2007). It is known that prolonged stress leads to increased
cortisol levels, which in turn leads to increased feeling of
hunger (Ben Hassen et al., 2021; Sumalla-Cano et al.,
2022). Increased stress among Spanish university students
was associated with decreased MD adherence, especially
in females and in those with subjects requiring communica-
tion of own ideas (Chacón-Cuberos et al., 2019). Studies in
this systematic review report mixed levels of MD adherence
among university students and individuals of higher educa-
tional attainment (Dragun et al., 2020; Hanani et al., 2022;
Taeymans et al., 2021). Therefore, further investigation is
needed into the specific cultural societal factors associated
with MD decline. This being said, public health strategies
need to consider the root cultural causes of decreased MD
adherence, apart from acute exacerbation by a public
health emergency.

The epidemiological studies in this review have varying
strengths and limitations. Most studies were able to gather a
large number of participants due to the use of online ques-
tionnaires. While this is associated with improved general-
isability, there is limited expression of individual
experiences and elaborated responses. Moreover, self-
reported questionnaires are subject to self-reported bias
and recall bias (Di Renzo et al., 2020; García-Esquinas
et al., 2021; Grant et al., 2021; Pfeifer et al., 2021). Some
studies included questionnaires in different languages to
cater to a multilingual population, which may improve
response accuracy. However, variation between languages
may result in differences in interpretation by participants,
hence, requiring laborious validation processes (Cheikh
Ismail et al., 2020). Some countries, such as Spain and
Italy, featured in multiple studies. This is beneficial as it
provides a greater understanding of the overall trends in
that country and any variances between regions.

The strengths and limitations of the reviewed epidemio-
logical studies in part depend on the tool used to assess MD
adherence. These tools have several common strengths,
chiefly, ease of administration, low-cost and proven valid-
ity. However, common limitations when using self-reported
questionnaires are non-response bias, acquiescence bias and
recall bias. The most popular tools to assess MD adherence
in adults were the Mediterranean Diet Adherence Screener

14 Nutrition and Health 0(0)



(MEDAS) and its international variant (I-MEDAS). MEDAS
and I-MEDAS are composed of 14 and 11 questions,
respectively, relating to the core food groups consumed as
part of the MD. Since MEDAS was designed for use by
adults in Mediterranean countries, it has limited applicability
in non-Mediterranean regions and in children (Schröder
et al., 2011). However, I-MEDAS can be used in the latter
scenarios (Abu-Saad et al., 2019). Other commonly used
tools include the Food Frequency Questionnaire (FFQ),
which utilises a list of foods and assesses the frequency and
amount of consumption (Resnicow et al., 2000), as well as
Medi-Lite (Gnagnarella et al., 2018) and QueMD (Sofi
et al., 2017), which relate to the frequency of consumption
of core food groups of the Mediterranean diet. These have
similar strengths and limitations to the MEDAS questionnaire.
A popular tool to assess MD adherence in children was the
KIDMED questionnaire, which is specifically designed for
use in children and adolescents (Serra-Majem et al., 2004).

The main limitation of this study is it being a narrative
systematic review, rather than a meta-analysis. Hence, stat-
istical data from the reviewed epidemiological studies have
not been re-analysed and combined. Instead an in-depth
view and discussion of the general findings from each
study was provided. While every effort has been made to
capture all the relevant epidemiological studies, some
may have been missed by the search strategy employed.

Conclusion
While varying dietary patterns are seen among different
populations, the large proportion of individuals experien-
cing decreased adherence to the MD is of concern.
Increased boredom, anxiety and screen time are all factors
that have been reported as possible causes for the increase
in appetite and ‘comfort foods’ consumed during confine-
ment. As noted in interventional studies, individuals
having support from professionals showed improved
dietary habits during lockdowns. Therefore, professional
support is of utmost importance in scenarios of public
health emergencies so that individuals avoid behaviours
that are detrimental to their health.
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