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ABSTRACT
Background: The coronavirus disease 2019 (COVID-19) pandemic has impacted many aspects of daily life, including

dietary intake; however, few studies have reported its impacts on dietary behaviors and food security across multiple

countries.

Objectives: We examined self-reported impacts of COVID-19 on food behaviors, food security, and overall diet

healthfulness in 5 countries.

Methods: Adults aged 18–100 years (n = 20,554) in Australia, Canada, Mexico, the United Kingdom, and the United

States completed an online survey in November and December 2020 as part of the International Food Policy Study,

an annual, repeat cross-sectional survey. Survey measures assessed perceived impacts of the COVID-19 pandemic on

eating food prepared away from home, having food delivered from a restaurant, and buying groceries online, as well

as perceived food security and overall diet healthfulness. Regression models examined associations between each

outcome and sociodemographic correlates.

Results: Across all countries, 62% of respondents reported eating less food prepared away from home due to the

pandemic, while 11% reported eating more. Some participants reported having less food delivered from a restaurant

(35%) and buying fewer groceries online (17%), while other respondents reported more of each (19% and 25%,

respectively). An average of 39% reported impacts on their food security, and 27% reported healthful changes to their

overall diet. The largest changes for all outcomes were observed in Mexico. Participants who were younger, ethnic

minorities, or had lower income adequacy tended to be more likely to report food-related changes in either direction;

however, these relationships were often less pronounced among respondents in Mexico.

Conclusions: Respondents reported important changes in how they sourced their food during the pandemic, with

trends suggesting shifts towards less food prepared away from home and more healthful diets overall. However, changes

in diet and food behaviors occurred in both healthful and less healthful directions, suggesting that dietary responses to

the pandemic were highly variable. J Nutr 2022;152:35S–46S.
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Introduction
On 11 March 2020, the WHO declared coronavirus disease
2019 (COVID-19) to be a global pandemic (1). In response,
many countries introduced a variety of measures to curb
transmission rates and minimize the burden on health-care
systems, which fundamentally changed social, work, and daily
routines (2).

The nature and severity of COVID-19 public health measures
(and the impact of the disease itself) varied across and

within countries (2, 3). Some of the most common measures
implemented included travel bans and border closures, re-
strictions on social gatherings, temporary closure of schools
and nonessential businesses, workplace policies encouraging
employees to work from home, and mandatory face coverings in
shared public spaces (2, 4). Some countries and regions enforced
more restrictive measures for select periods of time, such as
curfews or stay-at-home orders, while others introduced fewer
measures.
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COVID-19 lockdowns and restrictions are likely to have
impacted a variety of food behaviors, such as eating out
compared with preparing meals at home, having food delivered
from restaurants, and purchasing groceries from nontraditional
sources (e.g., online or from convenience/corner stores) (5).
Similarly, COVID-19 infection rates may have impacted food
behaviors if individuals opted to avoid public contact out of fear
of contracting the virus, regardless of the public health measures
in place. Observational evidence to date suggests that self-
reported food behaviors shifted in many countries during the
COVID-19 pandemic, with most studies reporting increases in
more healthful behaviors, such as more frequent cooking, fewer
ready-made meals, and fewer fast food or takeout foods (6–15).
There is also early evidence that modes and sources of grocery
purchasing were impacted by the pandemic. Commercial retail
data from many countries have shown that the pandemic accel-
erated the already growing use of online grocery ordering (16–
18); the small number of peer-reviewed, observational studies
assessing online grocery ordering during the pandemic suggest
similar trends (13, 19, 20). In addition, stay-at-home orders and
hesitancy to visit large or crowded grocery outlets may have
increased use of convenience or corner stores as food sources.

Given these potential changes in food behaviors, dietary
intake may have shifted for many individuals throughout the
COVID-19 pandemic (5). Observational studies conducted thus
far suggest that the impacts of COVID-19 were variable, but
showed some tendency towards healthful changes (21). For
example, 2 cross-sectional studies in the United States found
that over half of adults reported dietary changes, with a larger
proportion indicating a shift towards a more healthful diet
overall, but a substantial proportion indicating less healthful
changes (6, 7). Similar conclusions were drawn from a web-
based cohort of adults in Quebec, Canada, which identified a
small increase in diet quality (measured by the Healthy Eating
Index 2015) in April and May 2020 relative to before the
pandemic (22).

Food security is a key driver of food behaviors and dietary
intake, and there is already preliminary evidence suggesting
that the COVID-19 pandemic substantially impacted the
food security of some populations (23–25). Some evidence
suggests that the food security of individuals with lower
incomes, those experiencing anxiety or depression, or those who
are otherwise socially vulnerable has been disproportionately
impacted during the pandemic (23, 25). However, the impact on
food security may also have been alleviated in some contexts
by pandemic-related financial assistance measures intended to
mitigate the economic impact of the pandemic (26). Food
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security has implications for all food behaviors and overall
diet healthfulness, and is important to assess in the context
of the financial and social challenges raised by the COVID-19
pandemic.

Although evidence of COVID-19’s impacts on diet-related
outcomes is growing, few studies have reported and compared
its impacts on food behaviors, food security, or overall diet
healthfulness across multiple countries, particularly with sample
sizes that allow for international comparisons. Among the
small number of studies that provide comparisons across
countries, there is evidence that changes in dietary behaviors
differed by country, often reflecting the status of the COVID-
19 pandemic and/or public health measures at the national
level (10, 11). For example, online, cross-sectional surveys
of adults in Ireland, Great Britain, and the United States
found that the European samples reported increases in more
healthful food habits during the pandemic, including preparing
dinners using fresh ingredients and time spent cooking. These
changes, however, were not observed in the United States, where
fewer comprehensive COVID-19 restrictions were implemented
nationwide (10, 11). Multi-country comparisons are important
for assessing how COVID-19 policies and other contextual
variables across countries may have differentially impacted food
behaviors and dietary intake.

The International Food Policy Study (IFPS) conducts annual,
repeat cross-sectional surveys on dietary patterns and policy-
relevant behaviors among adults in Australia, Canada, Mexico,
the United Kingdom, and the United States. The IFPS provides a
unique opportunity to assess self-reported impacts of COVID-
19 on dietary behaviors approximately 8 months into the
pandemic. Our study aimed to evaluate self-reported impacts
of the COVID-19 pandemic on food behaviors, food security,
and overall diet healthfulness among adults in 5 countries
with varying levels of COVID-19 infection rates and pandemic-
related restrictions (see Supplemental Table 1). This study also
explored associations between self-reported impacts and corre-
lates of interest, including sociodemographic characteristics and
COVID-19 illness status.

Methods
Study design and participants
Data were from the 2020 wave of the IFPS. Data were collected
via self-completed, web-based surveys conducted in November and
December 2020 with adults aged 18 to 100 years in Australia, Canada,
Mexico, the United Kingdom, and the United States. Respondents were
recruited through the Nielsen Consumer Insights Global Panel and
their partners’ panels. Email invitations with unique survey access links
were sent to a random sample of panelists within each country after
targeting for demographics; panelists known to be ineligible were not
invited. Potential respondents were screened for eligibility and quota
requirements based on age and sex. Surveys were conducted in English
in Australia and the United Kingdom; Spanish in Mexico; English or
French in Canada; and English or Spanish in the United States. Members
of the research team who were native in each language reviewed the
French and Spanish translations independently. The median survey time
was 44 minutes.

Respondents provided consent prior to survey completion. Respon-
dents received remuneration in accordance with their panel’s usual
incentive structure (e.g., points-based or monetary rewards, chances to
win prizes). The study was reviewed by and received ethics clearance
through a University of Waterloo Research Ethics Board (ORE#
30,829). A full description of the study methods can be found in the
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International Food Policy Study: Technical Report – 2020 Survey (Wave
4) (27).

Survey measures
Self-report survey measures examined perceived impacts of COVID-
19 on food purchasing and consumption behaviors, food security, and
changes in overall diet healthfulness. Measures using 5-point Likert
scales were used to assess participants’ perceived impacts of the COVID-
19 pandemic on their frequency of eating food prepared away from
home, having food delivered from a restaurant, buying groceries online,
and buying groceries from convenience/corner stores. Response options
included “I [eat/have/buy] a lot less …,”“I [eat/have/buy] a little less …,”
“no difference,”“I [eat/have/buy] a little more …,”and “I [eat/have/buy]
a lot more …,” with additional wording corresponding to each food
behavior. Perceived COVID-19-related impacts on food security were
assessed using the question “has the COVID-19 pandemic affected
whether your household has had enough food to eat?,” with response
options not at all, a little, and a lot. The reported healthfulness of
participants’ overall diets compared to before the COVID-19 pandemic
was assessed using a 5-point Likert-scale measure (“a lot less healthy”
to “a lot more healthy”).

It was hypothesized that being infected with and experiencing
symptoms of COVID-19 may have an impact on individuals’ food
behaviors and overall diet; therefore, COVID-19 illness status was
assessed by asking “have you had COVID-19?,” with response options
“no,” “yes–confirmed by test,” “I believe I had COVID-19, but was not
tested,” and “don’t know.”

Participant age, sex, ethnicity, education level, BMI, and per-
ceived income adequacy were collected using measures drawn from
population-level surveys within each country (28–33). BMI levels
were calculated and categorized into underweight, normal weight,
overweight, and obesity using the WHO thresholds (34). Ethnicity
measures were recoded as minority or majority and education measures
as low, medium, or high, to allow for comparisons across countries.

“Don’t know” and “refuse to answer” were available as response
options for all survey questions. The full survey measures are available
on the IFPS project website (27).

Data analysis
A total of 30,131 adults completed the survey. Respondents were
excluded for the following reasons: region was missing, ineligible, or had
an inadequate sample size (i.e., Canadian territories); invalid response
to a data quality question; survey completion time under 15 minutes;
and/or invalid responses to at least 3 of 21 open-ended measures
(n = 8378). For the analysis in this paper, a further 1199 participants
were excluded for missing data (“refuse to answer” for all COVID-19-
related variables and/or “refuse to answer” or “don’t know” for all
sociodemographic characteristic variables).

Data were weighted with poststratification sample weights con-
structed using a raking algorithm, with population estimates from the
census in each country based on age group, sex, region, ethnicity (except
in Canada), and education (except in Mexico). Estimates reported are
weighted unless otherwise specified. Analyses were conducted using SAS
statistical software (SAS Institute Inc.).

Descriptive statistics examined the weighted percentages of partic-
ipants, stratified by country, who reported changes in the frequency
of eating food prepared away from home, having food delivered
from a restaurant, buying groceries online, buying groceries from
a convenience/corner store, perceived food security, and overall
healthfulness of their diet compared to before the COVID-19 pandemic.

Multinomial logistic regression models were used to evaluate
between-country differences and potential associations between the
dependent variables and covariates of interest. All regression models
incorporated poststratification sample weights and included the
following covariates: country, age, sex, ethnicity, education level, BMI,
income adequacy, COVID-19 illness status, and perceived COVID-19
impacts on food security (except for the models assessing food security
as the dependent variable). To assess potential country differences in
the relationship between the dependent variables and covariates of

interest, additional models with country × covariate interactions were
run. A significance level of P < 0.01 was used to account for multiple
comparisons.

Results

A total of 20,554 respondents were included in the final
analytic sample (Australia, n = 4115; Canada, n = 4067;
Mexico, n = 3961; United Kingdom, n = 4058; United
States, n = 4354). Table 1 presents the characteristics of the
weighted sample, by country. Distributions of age, sex, ethnicity
(except in Canada), and education groups (except in Mexico)
correspond to the poststratification sample weights applied to
each country. Across the entire sample, 29% were classified as
having overweight and 21% as having obesity. The majority of
respondents reported high perceived income adequacy. Overall,
3.4% reported that they had contracted COVID-19 (confirmed
by a test); an additional 5.4% believed they had COVID-19, but
were not tested.

Self-reported impacts of COVID-19 on food behaviors
and overall diet

Figure 1 shows the proportions of respondents who indicated
the COVID-19 pandemic impacted their food behaviors, food
security, and overall diet. Out of the 6 measures, eating food
prepared away from home was reported to have changed
the most: across all countries, the greatest proportion of
participants reported that they ate a little less or a lot
less food prepared away from home, ranging from about
half of respondents in Australia to over three-quarters in
Mexico (Figure 1A). In contrast, only 9%–16% of respondents
reported eating more food prepared away from home. For
the remaining measures, the majority of respondents in most
countries indicated no changes. When asked about having food
delivered from a restaurant, 29%–42% of respondents reported
less deliveries, and 15%–25% reported more (Figure 1B).
Across all countries, 17%–31% of respondents reported that
the pandemic led them to purchase more groceries online,
while 13%–31% bought fewer groceries online (Figure 1C). In
terms of purchasing groceries from convenience/corner stores,
20%–37% of respondents reported buying less and 7%–29%
reported buying more (Figure 1D).

Approximately one-quarter of respondents in Australia,
Canada, and the United Kingdom reported that the pandemic
affected their food security a little or a lot, with higher
proportions in the United States (approximately 40%) and
Mexico (nearly 70%; Figure 1E).

Most respondents reported no difference in their overall diet
compared to before the pandemic. Among those who did report
a difference, a greater proportion indicated that their diet was
more healthy compared to less healthy (Figure 1F).

Weighted proportions across all response options for each of
the 6 measures are available in Supplemental Table 2.

Between-country differences

Results from regression models (Table 2; Supplemental Table 3)
and patterns in Figure 1 demonstrate several differences across
countries. Australian respondents were significantly less likely
than respondents in the other countries to report changes in
eating food prepared away from home (in either direction) and
buying groceries less often from convenience stores (compared
with no difference). Respondents from Mexico tended to
be more likely to report changes in food behaviors than
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Figure 1. Weighted, unadjusted percentages of participants’ reported impacts of the COVID-19 pandemic on (A) eating food prepared away
from home, (B) having food delivered from a restaurant, (C) buying groceries online, (D) buying groceries from convenience/corner stores, (E) food
security, and (F) overall diet healthfulness in November to December 2020, from the International Food Policy Study (N = 20,554). Abbreviations:
COVID-19, coronavirus disease 2019.

COVID-19 impacts on food behaviors in 5 countries 39S

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/152/Supplem

ent_1/35S/6547002 by U
niversity of W

aterloo user on 15 Septem
ber 2022



Ta
b

le
2

.
R

es
ul

ts
fr

om
m

ul
tin

om
ia

ll
og

is
tic

re
gr

es
si

on
m

od
el

s
as

se
ss

in
g

se
lf-

re
po

rt
ed

im
pa

ct
s

of
th

e
C

O
V

ID
-1

9
pa

nd
em

ic
on

fo
od

be
ha

vi
or

s,
fo

od
se

cu
rit

y,
an

d
ov

er
al

ld
ie

t
he

al
th

fu
ln

es
s

am
on

g
re

sp
on

de
nt

s
of

th
e

In
te

rn
at

io
na

lF
oo

d
Po

lic
y

S
tu

dy
(N

=
20

,5
54

)1

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
ea

tf
oo

d
pr

ep
ar

ed
aw

ay
fro

m
ho

m
e?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
ha

ve
fo

od
de

liv
er

ed
fro

m
a

re
st

au
ra

nt
?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
bu

y
gr

oc
er

ie
s

on
lin

e
(fo

rd
el

iv
er

y
or

pi
ck

-u
p)

?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
bu

y
gr

oc
er

ie
s

fro
m

co
nv

en
ie

nc
e/

co
rn

er
st

or
es

?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

w
he

th
er

yo
ur

ho
us

eh
ol

d
ha

s
ha

d
en

ou
gh

fo
od

to
ea

t?

Co
m

pa
re

d
to

be
fo

re
th

e
CO

VI
D-

19
pa

nd
em

ic
,m

y
ov

er
al

l
di

et
is

…

Ie
at

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ie
at

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

Ih
av

e
a

lo
t

le
ss

/a
lit

tle
le

ss
2

Ih
av

e
a

lit
tle

m
or

e/
a

lo
t

m
or

e2

Ib
uy

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ib
uy

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

Ib
uy

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ib
uy

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

A
lit

tle
3

A
lo

t3

A
lo

tl
es

s
he

al
th

y/
A

lit
tle

le
ss

he
al

th
y4

A
lit

tle
m

or
e

he
al

th
y/

A
lo

t
m

or
e

he
al

th
y4

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

Co
un

try
5

Au
st

ra
lia

0.
28

(0
.2

4–
0.

34
)6

0.
64

(0
.4

9–
0.

84
)6

0.
64

(0
.5

4–
0.

76
)6

0.
62

(0
.5

1–
0.

76
)6

0.
35

(0
.2

9–
0.

43
)6

0.
44

(0
.3

6–
0.

52
)6

0.
41

(0
.3

4–
0.

49
)6

0.
28

(0
.2

2–
0.

34
)6

0.
27

(0
.2

3–
0.

32
)6

0.
25

(0
.1

9–
0.

33
)∗

1.
03

(0
.8

4–
1.

26
)

0.
64

(0
.5

4–
0.

76
)6

Ca
na

da
0.

51
(0

.4
2–

0.
63

)6
0.

85
(0

.6
3–

1.
13

)
0.

94
(0

.7
9–

1.
12

)
0.

84
(0

.6
8–

1.
04

)
0.

37
(0

.3
0–

0.
46

)6
0.

51
(0

.4
2–

0.
61

)6
0.

51
(0

.4
2–

0.
61

)6
0.

21
(0

.1
7–

0.
27

)6
0.

27
(0

.2
2–

0.
32

)6
0.

24
(0

.1
8–

0.
33

)6
1.

20
(0

.9
8–

1.
47

)
0.

56
(0

.4
7–

0.
67

)6

M
ex

ic
o

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

Un
ite

d
Ki

ng
do

m
0.

52
(0

.4
3–

0.
63

)6
0.

83
(0

.6
3–

1.
09

)
0.

96
(0

.8
1–

1.
14

)
0.

89
(0

.7
3–

1.
09

)
0.

45
(0

.3
6–

0.
55

)6
1.

03
(0

.8
7–

1.
21

)
0.

78
(0

.6
5–

0.
93

)6
0.

82
(0

.6
8–

1.
00

)
0.

25
(0

.2
1–

0.
29

)6
0.

23
(0

.1
8–

0.
31

)6
1.

24
(1

.0
2–

1.
52

)6
0.

62
(0

.5
2–

0.
73

)6

Un
ite

d
St

at
es

0.
49

(0
.4

0–
0.

59
)6

1.
28

(0
.9

8–
1.

67
)

0.
81

(0
.6

9–
0.

97
)6

1.
10

(0
.9

1–
1.

35
)

0.
43

(0
.3

5–
0.

52
)6

0.
90

(0
.7

6–
1.

06
)

0.
70

(0
.5

9–
0.

83
)6

0.
46

(0
.3

8–
0.

57
)6

0.
41

(0
.3

5–
0.

49
)6

0.
59

(0
.4

6–
0.

76
)6

1.
14

(0
.9

4–
1.

39
)

0.
65

(0
.5

5–
0.

77
)6

Ag
e

18
–2

9
ye

ar
s

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

30
–4

4
ye

ar
s

0.
86

(0
.7

3–
1.

01
)

0.
60

(0
.4

9–
0.

74
)6

0.
98

(0
.8

5–
1.

13
)

0.
71

(0
.6

0–
0.

83
)6

0.
96

(0
.8

1–
1.

14
)

1.
12

(0
.9

7–
1.

29
)

1.
05

(0
.9

0–
1.

21
)

0.
84

(0
.7

1–
0.

99
)6

0.
78

(0
.6

7–
0.

90
)6

0.
99

(0
.7

9–
1.

24
)

0.
81

(0
.6

9–
0.

95
)6

0.
89

(0
.7

7–
1.

03
)

45
–5

9
ye

ar
s

0.
85

(0
.7

2–
1.

00
)6

0.
33

(0
.2

6–
0.

42
)6

0.
86

(0
.7

4–
0.

99
)6

0.
37

(0
.3

1–
0.

44
)6

0.
83

(0
.6

9–
0.

99
)6

0.
71

(0
.6

1–
0.

83
)6

0.
88

(0
.7

5–
1.

02
)

0.
55

(0
.4

6–
0.

66
)6

0.
45

(0
.3

8–
0.

52
)6

0.
50

(0
.3

9–
0.

64
)6

0.
62

(0
.5

2–
0.

73
)6

0.
80

(0
.6

9–
0.

93
)6

≥6
0

ye
ar

s
0.

91
(0

.7
8–

1.
08

)
0.

25
(0

.1
9–

0.
32

)6
0.

71
(0

.6
1–

0.
83

)6
0.

21
(0

.1
7–

0.
26

)6
0.

82
(0

.6
7–

1.
00

)
0.

66
(0

.5
6–

0.
77

)6
0.

86
(0

.7
3–

1.
01

)
0.

40
(0

.3
2–

0.
50

)6
0.

22
(0

.1
9–

0.
26

)6
0.

20
(0

.1
4–

0.
28

)6
0.

46
(0

.3
8–

0.
55

)6
0.

70
(0

.5
9–

0.
82

)6

Se
x

Fe
m

al
e

1.
32

(1
.1

9–
1.

45
)6

1.
03

(0
.8

8–
1.

20
)

1.
14

(1
.0

3–
1.

25
)6

0.
98

(0
.8

7–
1.

11
)

0.
97

(0
.8

6–
1.

10
)

1.
25

(1
.1

3–
1.

38
)6

1.
04

(0
.9

4–
1.

15
)

1.
01

(0
.8

9–
1.

15
)

0.
95

(0
.8

5–
1.

06
)

0.
91

(0
.7

6–
1.

08
)

1.
54

(1
.3

7–
1.

73
)6

1.
20

(1
.0

9–
1.

33
)6

M
al

e
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
Et

hn
ic

ity
7

M
aj

or
ity

gr
ou

p
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
M

in
or

ity
gr

ou
p

1.
38

(1
.1

9–
1.

59
)6

1.
36

(1
.1

3–
1.

65
)6

1.
39

(1
.2

2–
1.

58
)6

1.
29

(1
.1

0–
1.

50
)6

1.
65

(1
.4

1–
1.

92
)6

1.
08

(0
.9

4–
1.

23
)

1.
45

(1
.2

7–
1.

65
)6

1.
59

(1
.3

5–
1.

87
)6

1.
58

(1
.3

8–
1.

80
)6

1.
68

(1
.3

6–
2.

07
)6

1.
04

(0
.8

9–
1.

21
)

1.
27

(1
.1

2–
1.

45
)6

Ed
uc

at
io

n
le

ve
l8

Lo
w

0.
56

(0
.5

0–
0.

63
)6

0.
50

(0
.4

2–
0.

60
)6

0.
79

(0
.7

1–
0.

89
)6

0.
55

(0
.4

8–
0.

64
)6

0.
94

(0
.8

1–
1.

09
)

0.
55

(0
.4

9–
0.

62
)6

0.
76

(0
.6

7–
0.

86
)6

0.
67

(0
.5

8–
0.

78
)6

1.
02

(0
.9

0–
1.

16
)

1.
12

(0
.9

1–
1.

38
)

0.
75

(0
.6

5–
0.

86
)6

0.
55

(0
.4

8–
0.

62
)6

M
ed

iu
m

0.
74

(0
.6

6–
0.

85
)6

0.
69

(0
.5

7–
0.

84
)6

0.
87

(0
.7

7–
0.

99
)6

0.
70

(0
.6

0–
0.

81
)6

0.
88

(0
.7

4–
1.

04
)

0.
73

(0
.6

4–
0.

83
)6

0.
87

(0
.7

7–
1.

00
)6

0.
75

(0
.6

4–
0.

89
)6

1.
03

(0
.9

0–
1.

19
)

1.
28

(1
.0

2–
1.

60
)6

0.
90

(0
.7

8–
1.

05
)

0.
73

(0
.6

4–
0.

83
)6

Hi
gh

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

BM
I

Un
de

rw
ei

gh
t

(<
18

.5
kg

/m
2 )

0.
85

(0
.6

2–
1.

18
)

0.
70

(0
.4

4–
1.

11
)

0.
90

(0
.6

6–
1.

22
)

1.
00

(0
.7

2–
1.

41
)

1.
31

(0
.9

2–
1.

86
)

1.
06

(0
.7

8–
1.

45
)

1.
08

(0
.7

9–
1.

48
)

1.
36

(0
.9

5–
1.

96
)

1.
05

(0
.7

7–
1.

45
)

1.
59

(0
.9

8–
2.

57
)6

1.
15

(0
.8

2–
1.

61
)

0.
82

(0
.5

9–
1.

13
)

N
or

m
al

w
ei

gh
t

(1
8.

5–
24

.9
kg

/m
2 )

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

Ov
er

w
ei

gh
t(

25
.0

–
29

.9
kg

/m
2 )

1.
04

(0
.9

2–
1.

18
)

1.
17

(0
.9

7–
1.

42
)

1.
07

(0
.9

5–
1.

21
)

1.
04

(0
.9

0–
1.

21
)

1.
02

(0
.8

7–
1.

19
)

0.
93

(0
.8

2–
1.

06
)

0.
97

(0
.8

5–
1.

10
)

0.
98

(0
.8

3–
1.

14
)

0.
86

(0
.7

5–
0.

98
)6

0.
79

(0
.6

3–
1.

00
)

1.
50

(1
.2

9–
1.

75
)6

1.
10

(0
.9

7–
1.

25
)

Ob
es

ity
(≥

30
kg

/m
2 )

1.
04

(0
.9

1–
1.

20
)

1.
28

6
(1

.0
3–

1.
58

)
1.

08
(0

.9
5–

1.
24

)
1.

08
(0

.9
2–

1.
28

)
1.

03
(0

.8
6–

1.
23

)
0.

95
(0

.8
2–

1.
10

)
1.

07
(0

.9
3–

1.
24

)
1.

03
(0

.8
6–

1.
24

)
0.

88
(0

.7
6–

1.
03

)
0.

78
(0

.6
1–

1.
00

)6
2.

01
(1

.7
1–

2.
37

)6
1.

15
(1

.0
0–

1.
33

)

M
is

si
ng

0.
70

(0
.5

9–
0.

82
)6

0.
80

(0
.6

3–
1.

03
)

0.
93

(0
.7

9–
1.

10
)

0.
79

(0
.6

5–
0.

96
)6

1.
06

(0
.8

7–
1.

29
)

0.
77

(0
.6

5–
0.

92
)6

0.
90

(0
.7

6–
1.

07
)

0.
85

(0
.6

9–
1.

05
)

1.
25

(1
.0

5–
1.

49
)6

1.
59

(1
.2

2–
2.

06
)6

1.
06

(0
.8

7–
1.

29
)

0.
74

(0
.6

2–
0.

88
)6

(C
on

tin
ue

d)

40S Supplement

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/152/Supplem

ent_1/35S/6547002 by U
niversity of W

aterloo user on 15 Septem
ber 2022



Ta
b

le
2

.
(C

on
tin

ue
d)

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
ea

tf
oo

d
pr

ep
ar

ed
aw

ay
fro

m
ho

m
e?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
ha

ve
fo

od
de

liv
er

ed
fro

m
a

re
st

au
ra

nt
?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
bu

y
gr

oc
er

ie
s

on
lin

e
(fo

rd
el

iv
er

y
or

pi
ck

-u
p)

?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

ho
w

of
te

n
yo

u
bu

y
gr

oc
er

ie
s

fro
m

co
nv

en
ie

nc
e/

co
rn

er
st

or
es

?

Ha
s

th
e

CO
VI

D-
19

pa
nd

em
ic

af
fe

ct
ed

w
he

th
er

yo
ur

ho
us

eh
ol

d
ha

s
ha

d
en

ou
gh

fo
od

to
ea

t?

Co
m

pa
re

d
to

be
fo

re
th

e
CO

VI
D-

19
pa

nd
em

ic
,m

y
ov

er
al

l
di

et
is

…

Ie
at

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ie
at

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

Ih
av

e
a

lo
t

le
ss

/a
lit

tle
le

ss
2

Ih
av

e
a

lit
tle

m
or

e/
a

lo
t

m
or

e2

Ib
uy

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ib
uy

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

Ib
uy

a
lo

t
le

ss
/a

lit
tle

le
ss

2

Ib
uy

a
lit

tle
m

or
e/

a
lo

t
m

or
e2

A
lit

tle
3

A
lo

t3

A
lo

tl
es

s
he

al
th

y/
A

lit
tle

le
ss

he
al

th
y4

A
lit

tle
m

or
e

he
al

th
y/

A
lo

t
m

or
e

he
al

th
y4

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

AO
R(

99
%

CI
)

In
co

m
e

ad
eq

ua
cy

9

Hi
gh

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

[re
f]

Lo
w

1.
16

(1
.0

2–
1.

32
)6

0.
92

(0
.7

6–
1.

12
)

1.
16

(1
.0

3–
1.

31
)6

0.
96

(0
.8

3–
1.

11
)

1.
10

(0
.9

5–
1.

27
)

0.
81

(0
.7

1–
0.

92
)6

1.
15

(1
.0

1–
1.

30
)6

0.
97

(0
.8

3–
1.

13
)

4.
63

(4
.0

9–
5.

23
)6

8.
75

(7
.3

1–
10

.4
9)

6
2.

08
(1

.8
2–

2.
37

)6
0.

95
(0

.8
3–

1.
08

)
CO

VI
D-

19
ill

ne
ss

st
at

us
N

o
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
Ye

s–
co

nfi
rm

ed
by

te
st

1.
58

(1
.1

1–
2.

24
)6

1.
71

(1
.1

2–
2.

62
)6

1.
71

(1
.2

8–
2.

27
)6

1.
64

(1
.1

9–
2.

25
)6

2.
65

(1
.9

6–
3.

58
)6

1.
59

(1
.2

0–
2.

11
)6

2.
05

(1
.5

5–
2.

71
)6

1.
83

(1
.3

4–
2.

49
)6

1.
91

(1
.4

2–
2.

58
)6

2.
91

(1
.9

3–
4.

38
)6

1.
83

(1
.3

2–
2.

53
)6

1.
94

(1
.4

7–
2.

56
)6

Ib
el

ie
ve

Ih
ad

CO
VI

D-
19

,b
ut

w
as

no
tt

es
te

d

1.
10

(0
.8

6–
1.

42
)

1.
19

(0
.8

5–
1.

65
)

1.
20

(0
.9

7–
1.

49
)

1.
29

(1
.0

0–
1.

67
)

1.
20

(0
.9

2–
1.

56
)

1.
13

(0
.9

1–
1.

41
)

1.
17

(0
.9

4–
1.

46
)

1.
36

(1
.0

5–
1.

76
)6

2.
07

(1
.6

7–
2.

58
)6

2.
48

(1
.7

9–
3.

43
)6

1.
20

(0
.9

3–
1.

56
)

1.
23

(0
.9

9–
1.

54
)

CO
VI

D-
19

im
pa

ct
s

on
fo

od
se

cu
rit

y
A

lit
tle

1.
80

(1
.5

7–
2.

06
)6

2.
37

(1
.9

6–
2.

87
)6

1.
96

(1
.7

4–
2.

22
)6

1.
80

(1
.5

6–
2.

08
)6

2.
69

(2
.3

2–
3.

12
)6

1.
82

(1
.6

1–
2.

07
)6

2.
38

(2
.1

0–
2.

69
)6

2.
92

(2
.5

0–
3.

41
)6

—
—

2.
00

(1
.7

3–
2.

30
)6

1.
44

(1
.2

7–
1.

63
)6

A
lo

t
1.

78
(1

.4
0–

2.
27

)6
2.

91
(2

.1
6–

3.
92

)6
2.

50
(2

.0
3–

3.
07

)6
2.

34
(1

.8
5–

2.
96

)6
3.

68
(2

.9
2–

4.
63

)6
2.

70
(2

.2
0–

3.
32

)6
3.

09
(2

.5
1–

3.
81

)6
4.

69
(3

.7
1–

5.
93

)6
—

—
3.

48
(2

.8
1–

4.
33

)6
2.

45
(1

.9
8–

3.
04

)6

N
ot

at
al

l/d
on

’t
kn

ow
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
[re

f]
—

—
[re

f]
[re

f]

1
A

bb
re

vi
at

io
ns

:A
O

R
,a

dj
us

te
d

od
ds

ra
tio

;C
O

V
ID

-1
9,

co
ro

na
vi

ru
s

di
se

as
e

20
19

.
2
Pa

rt
ic

ip
an

ts
re

po
rt

in
g

th
at

th
ey

[e
at

/h
av

e/
bu

y]
“a

lo
t

le
ss

/a
lit

tle
le

ss
”

or
“a

lit
tle

m
or

e/
a

lo
t

m
or

e”
co

m
pa

re
d

w
ith

“n
o

di
ffe

re
nc

e/
do

n’
t

kn
ow

.”
3
Pa

rt
ic

ip
an

ts
re

po
rt

in
g

th
at

th
e

C
O

V
ID

-1
9

pa
nd

em
ic

af
fe

ct
ed

w
he

th
er

th
ei

r
ho

us
eh

ol
d

ha
d

en
ou

gh
fo

od
to

ea
t

by
“a

lit
tle

”
or

“a
lo

t”
co

m
pa

re
d

w
ith

“n
ot

at
al

l/d
on

’t
kn

ow
.”

4
Pa

rt
ic

ip
an

ts
re

po
rt

in
g

th
at

th
ei

r
ov

er
al

ld
ie

t
is

“a
lo

t
le

ss
he

al
th

y/
a

lit
tle

le
ss

he
al

th
y”

or
“a

lit
tle

m
or

e
he

al
th

y/
a

lo
t

m
or

e
he

al
th

y”
co

m
pa

re
d

to
be

fo
re

th
e

C
O

V
ID

-1
9

pa
nd

em
ic

,c
om

pa
re

d
w

ith
“n

o
di

ffe
re

nc
e/

do
n’

t
kn

ow
.”

5
Fu

ll
cr

os
s-

co
un

tr
y

co
m

pa
ris

on
s

ar
e

pr
ov

id
ed

in
S

up
pl

em
en

ta
lT

ab
le

3.
6
P

<
0.

01
.

7
E

th
ni

ci
ty

ca
te

go
rie

s
as

pe
r

ce
ns

us
qu

es
tio

ns
as

ke
d

in
ea

ch
co

un
tr

y:
1)

in
A

us
tr

al
ia

,m
aj

or
ity

in
di

ca
te

s
th

e
pa

rt
ic

ip
an

t
on

ly
sp

ea
ks

E
ng

lis
h

at
ho

m
e

an
d

m
in

or
ity

in
di

ca
te

s
th

e
pa

rt
ic

ip
an

t
sp

ea
ks

a
la

ng
ua

ge
be

si
de

s
E

ng
lis

h
at

ho
m

e;
2)

in
C

an
ad

a,
th

e
U

ni
te

d
K

in
gd

om
,a

nd
th

e
U

ni
te

d
S

ta
te

s,
m

aj
or

ity
in

di
ca

te
s

th
e

pa
rt

ic
ip

an
t

is
W

hi
te

ra
ce

an
d

m
in

or
ity

in
di

ca
te

s
th

e
pa

rt
ic

ip
an

t
is

of
ot

he
r

et
hn

ic
ity

;a
nd

3)
in

M
ex

ic
o,

m
aj

or
ity

in
di

ca
te

s
th

e
pa

rt
ic

ip
an

t
is

no
ni

nd
ig

en
ou

s
an

d
m

in
or

ity
in

di
ca

te
s

th
ey

ar
e

in
di

ge
no

us
.

8
Pa

rt
ic

ip
an

ts
w

er
e

as
ke

d,
“w

ha
t

is
th

e
hi

gh
es

t
le

ve
lo

f
fo

rm
al

ed
uc

at
io

n
th

at
yo

u
ha

ve
co

m
pl

et
ed

?”
R

es
po

ns
es

w
er

e
ca

te
go

riz
ed

as
lo

w
(c

om
pl

et
ed

se
co

nd
ar

y
sc

ho
ol

or
le

ss
),

m
ed

iu
m

(s
om

e
po

st
se

co
nd

ar
y

qu
al

ifi
ca

tio
ns

),
or

hi
gh

(u
ni

ve
rs

ity
de

gr
ee

or
hi

gh
er

)a
cc

or
di

ng
to

co
un

tr
y-

sp
ec

ifi
c

cr
ite

ria
.

9
Pa

rt
ic

ip
an

ts
w

er
e

as
ke

d,
“t

hi
nk

in
g

ab
ou

t
yo

ur
to

ta
lm

on
th

ly
in

co
m

e,
ho

w
di

ffi
cu

lt
or

ea
sy

is
it

fo
r

yo
u

to
m

ak
e

en
ds

m
ee

t?
”

R
es

po
ns

e
op

tio
ns

w
er

e
ve

ry
ea

sy
,e

as
y,

an
d

ne
ith

er
ea

sy
no

r
di

ffi
cu

lt,
w

hi
ch

w
er

e
al

lc
at

eg
or

iz
ed

as
hi

gh
in

co
m

e
ad

eq
ua

cy
,a

nd
di

ffi
cu

lt
an

d
ve

ry
di

ffi
cu

lt,
w

hi
ch

w
er

e
ca

te
go

riz
ed

as
lo

w
in

co
m

e
ad

eq
ua

cy
.

COVID-19 impacts on food behaviors in 5 countries 41S

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/152/Supplem

ent_1/35S/6547002 by U
niversity of W

aterloo user on 15 Septem
ber 2022



respondents in the other countries, but were significantly more
likely to report that the pandemic affected their food security
(i.e., having enough food to eat) a little or a lot. Similarly, US
respondents were more likely than respondents in Australia,
Canada, and the United Kingdom to report COVID-19-related
impacts on their food security. Mexican respondents were more
likely than those in all other countries to report that their
overall diet was more healthy compared to before COVID-19.
Participants’ reported changes in having food delivered from
a restaurant showed the fewest differences between countries
across all 6 outcomes.

Sociodemographic characteristics and self-reported
impacts of COVID-19

Self-reported impacts of the pandemic also differed across
sociodemographic characteristics. As Table 2 indicates, respon-
dents who reported that they had a confirmed case of COVID-
19 were more likely to report changes in all of the food
behaviors and overall diet healthfulness, in either direction. Both
respondents with confirmed and unconfirmed COVID-19 were
more likely to report that COVID-19 had an impact on their
food security.

Across the demographic variables, older participants tended
to be less likely to report changes in food behaviors, overall diet
healthfulness, and food security compared to participants aged
18 to 29 years. Female respondents were more likely than males
to report eating less food prepared away from home, having less
food delivered from a restaurant, buying more groceries online,
and changes to the overall healthfulness of their diet (in either
direction).

Respondents who reported that COVID-19 impacted their
food security a little or a lot were more likely to report changes
in all of the food behaviors and overall diet healthfulness,
in either direction (i.e., more or less). Respondents with low
income adequacy were more likely to report eating less food
away from home, having less food delivered from a restaurant,
buying fewer groceries from convenience stores, and having a
less healthy diet compared to before the COVID-19 pandemic.
They were also less likely to report buying more groceries
online, and more likely to report that the pandemic had
impacted their food security.

Respondents of a minority ethnicity were more likely
than those from a majority ethnicity to report changes in
either direction for eating food prepared away from home,
having food delivered from a restaurant, buying groceries from
convenience/corner stores, and buying fewer groceries online.
Ethnic minority respondents were also more likely to report that
COVID-19 impacted their food security a little and a lot, and
were more likely to report that their diet was more healthful
than before the pandemic.

Respondents with low and medium education levels tended
to be less likely to report changes in food behaviors or overall
diet healthfulness (in either direction). No association was
observed between education level and perceived food security.

Respondents with BMIs corresponding to obesity were
more likely to report eating more food prepared away from
home and that their diet was less healthy than before the
pandemic and less likely to report buying more groceries online
compared to respondents with BMIs corresponding to normal
weight. Respondents with BMIs corresponding to overweight
and obesity were less likely than those with normal weight to
report that the pandemic impacted their food security a little or
a lot, respectively.

Between-country differences in sociodemographic
effects

Statistically significant interactions between country and the
covariates of interest were observed for eating food prepared
away from home (country × age, country × ethnicity),
having food delivered from a restaurant (country × age,
country × sex, country × ethnicity, country × food security),
buying groceries online (country × ethnicity, country × ed-
ucation, country × income adequacy, country × COVID-
19 illness status), buying groceries from convenience stores
(country × age, country × sex, country × COVID-19 illness
status, country × food security), food security (country × age,
country × education, country × income adequacy, coun-
try × COVID-19 illness status), and overall diet healthfulness
(country × age, country × food security). Some notable
interaction results are highlighted in the following paragraphs.
Illustrations of all significant interactions are provided in
Supplemental Figure 1.

Many of the significant interactions were a result of
differences in the magnitude, rather than direction, of covariate-
outcome relationships across countries. For example, a signifi-
cant interaction between country × age for eating food prepared
away from home indicated that the inverse relationship between
age and eating more food prepared away from home during
the pandemic was weaker in Mexico than it was in the other
countries. Similarly, the relationship between income adequacy
and reporting that COVID-19 impacted food security a little
was present in all countries, but less pronounced among
Mexican respondents.

In comparison, some interactions revealed contrasting results
across countries. For example, in the United States, female
respondents were less likely than males to report having
more food delivered from a restaurant during the COVID-19
pandemic, while minimal differences by sex were observed in
the other countries. Mexican respondents who reported that the
pandemic impacted their food security a lot were less likely than
those who reported no impacts to have more food delivered
during the pandemic, while the opposite was observed in the
other countries. Further, in Mexico, respondents with high
income adequacy were more likely to buy more groceries online
than before the pandemic, but there were minimal differences
by income adequacy in the other countries.

Discussion

Our findings indicate that approximately 8 months into
the pandemic, many respondents reported changes in food
consumption and purchasing behaviors, overall diet, and food
security; however, the impact was highly variable, sometimes
with inverse relationships across countries and demographic
groups.

The largest impacts observed were for reductions in eating
food prepared away from home. These results reflect those
reported in other early COVID-19 studies from Canada, the
United States, and the United Kingdom, which have found
that individuals reported more time spent cooking, making
more meals from scratch, and eating fewer ready-made or
takeout meals (8, 10, 11, 14, 15). Similar trends were observed
across all countries, but differences in magnitude were apparent:
over three-quarters of Mexican respondents reported eating
less food prepared away from home, compared to less than
half of respondents in Australia. It is difficult to identify the
source of these cross-country differences; however, cultural
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differences may have played a role. In Mexico, it was very
common to go out for lunch at restaurants or fondas prior to
the pandemic (as opposed to bringing a lunch from home, as
is more common in the United States and Canada). Therefore,
as more employees began to work from home, a major source
of food prepared away from home disappeared. It also may
be that in Australia, where COVID-19 lockdowns were more
localized, impacts on food behaviors were less pronounced over
the broader population compared to other countries. Although
the Australian state of Victoria had just emerged from a strict
lockdown period prior to our data collection, the remainder of
Australia had been predominantly living as usual, with very few
COVID-19 cases and minimal to no restrictions (35). Overall,
the reported reductions in eating food prepared away from
home may be a positive outcome of the increased time spent
at home during the pandemic, as greater consumption of meals
prepared outside the home has been associated with poorer diet
quality and weight gain (36). Whether these reductions in eating
out are offset by increases in other less healthful food behaviors
remains to be seen, as does the extent to which these changes
will persist in the long run.

A smaller but still meaningful proportion of respondents
reported changes in their frequency of having food delivered
from a restaurant, buying groceries online, and buying groceries
from a convenience store. More than one-third of respondents
in Canada, Mexico, the United Kingdom, and the United States
had less food delivered from a restaurant, and close to that
many reported buying more groceries online in Mexico, the
United Kingdom, and the United States. Over a quarter of all
Mexican, UK, and US respondents bought fewer groceries from
convenience stores. However, despite these general trends, a
notable proportion of respondents also reported changes in the
opposite direction, suggesting differential impacts of COVID-19
on individuals. Changes in food delivery and grocery behaviors
were again largest in Mexico, which may be partly explained by
the COVID-19 restrictions in place at the time of data collection:
nationwide school closures were in place in Mexico (as opposed
to more varied regional restrictions in other countries), which
would have had far-reaching implications on employment and
the day-to-day schedules of households with children (37).
Another explanation may be the lower income levels of the
Mexican population overall, and therefore the larger proportion
of individuals vulnerable to the financial and social shifts of
the pandemic. Alternatively, the disproportionate percentage of
highly educated individuals in our Mexican sample may have
played a role, given that higher income groups in Mexico are
more likely than lower income groups to use online grocery
ordering (38).

There is limited comparable evidence thus far on restaurant
food delivery and grocery sources during the pandemic in the
regions analyzed in this study; however, 1 study of adults in
European countries, including the United Kingdom, reported
increases in online grocery shopping during the pandemic,
similar to the results observed in this study (13). Similarly,
results from a study assessing sales at a Dutch online super-
market found that online grocery sales increased substantially
overall at the onset of COVID-19, and fluctuated throughout
the pandemic in tandem with local hospital admission rates
(20). Sales data reported by industry sources also suggest that
the growth of both restaurant food delivery and online grocery
ordering accelerated substantially during the pandemic (16–18,
39–42). If use of these online food sources continues to grow
after the pandemic, it will be important to monitor whether
and how restaurants and retailers incorporate novel marketing

strategies into the online shopping experience, and whether the
healthfulness of online grocery and meal purchases differ from
those of traditional in-store purchases.

In line with some estimates, over a quarter of respondents
in all countries experienced at least some impacts on their
household’s food security as a result of the pandemic. The
proportion of respondents affected by the pandemic was highest
in Mexico, where the COVID-19 pandemic was associated with
reductions in food security among households with children
(43). The overall evidence thus far suggests that the pandemic
had significant impacts on food security in many populations,
particularly among those who are more socially vulnerable
(23, 25, 43). However, there has been evidence of government
safety nets mitigating the pandemic’s impacts on rates of food
insecurity (26), and our results reflect this to some extent:
income supports were made available early in the pandemic
in Australia, Canada, the United Kingdom, and the United
States, but were not available in Mexico until October 2020 (see
Supplemental Table 1), where the proportion of respondents
reporting food security impacts was highest.

In terms of overall diet healthfulness, about 40%–60% of
respondents across all countries reported changes in their diet
compared to before the COVID-19 pandemic. A slight trend
towards healthful changes was apparent in all countries, but a
notable proportion reported less healthful changes as well. The
bidirectional nature of these results suggests that the impacts
of COVID-19 on dietary intake have been highly variable,
and these results to some extent mirror the evidence available
thus far on COVID-19 dietary patterns. A study assessing self-
reported dietary changes among adults in Los Angeles Country
in July 2020 reported results similar to those observed in the
current study: 28% reported eating more healthful food and
25% reported eating less healthful food since the beginning of
the pandemic (7). A similar study of adults from the United
States in October 2020 found that among the three-quarters
of respondents who reported their household’s eating habits
had changed, 64% and 19% reported more healthful and less
healthful eating habits, respectively (6). Values from the latter
study suggest greater increases in overall diet healthfulness than
those observed among US respondents in this study; however,
this may be explained by the previous study’s focus on changes
in eating habits across the respondent’s entire household (6).

This study also provided a preliminary look at potential
associations between COVID-19-related dietary changes and
sociodemographic characteristics. Country-by-covariate inter-
actions confirmed that the relationships between individual
characteristics and COVID-19-related dietary outcomes were
not always consistent across countries. There were strong rela-
tionships between income-related variables (income adequacy
and COVID-19 impacts on food security) and changes in
food behaviors and overall diet, with results suggesting that
respondents of lower socioeconomic status were more likely
to have their food behaviors and overall diet impacted by the
pandemic. In particular, respondents with low income adequacy
were far more likely than those with higher income adequacy to
report that COVID-19 has impacted whether their household
has had enough food to eat, and more likely to indicate that
their diet is less healthful than before the pandemic. However,
in Mexico, lower-income respondents were sometimes less likely
to report increased frequency of food behaviors like purchasing
groceries online, which may be due to limited access to online
grocery ordering among lower income groups in Mexico, whose
internet access is more likely to be limited to a mobile phone
(38).
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Associations also suggested that older respondents were
less likely to report changes in food behaviors, overall diet,
and food security, and female participants were more likely
to report some healthier shifts in food behaviors in response
to the pandemic, such as less eating food prepared away
from home and less food delivered from a restaurant. It is
possible that the more stable income provided by pensions
among older adults in most countries in this study may have
partially mitigated the financial-related impacts of COVID-19
on their food behaviors relative to younger people. Interaction
results, however, indicated that the age-outcome relationships
were often less pronounced in Mexico. Respondents reporting
a minority ethnicity were more likely than those of majority
ethnicities to report healthful changes in their overall diet, while
respondents with higher BMI values were more likely to report
a less healthful diet since the COVID-19 pandemic compared
to those classified as having a normal BMI. Previous studies
have reported similar associations with sociodemographic
characteristics: a study among Los Angeles County adults found
that non-Hispanic Black and Hispanic/Latino respondents were
more likely than non-Hispanic Whites to report healthful
dietary changes following COVID-19, while respondents who
were younger or had BMIs corresponding to obesity were more
likely to report less healthful changes (7). In a survey among
adults living in England, young adults and those from minority
ethnic groups reported greater impacts of COVID-19 on their
purchasing decisions of more healthful foods (9).

In addition to sociodemographic variables, the current
study also observed associations between study outcomes and
COVID-19 illness status. Respondents who had contracted
COVID-19 (confirmed by test) were more likely than those who
had not to report changes in all examined food behaviors and
overall diet (in both directions); again, this relationship was
often less pronounced among Mexican respondents. Further
research will be required to identify the characteristics of
individuals who made healthful and less healthful changes in
response to the COVID-19 pandemic.

Strengths and limitations

This study is among the first to examine COVID-19-related
changes in food behaviors and food security across multiple
countries. The large sample sizes and consistent methods across
countries provide valuable insights into these outcomes across
countries and sociodemographic groups. This study is, however,
subject to limitations common to survey research. Respondents
were recruited using nonprobability-based sampling; therefore,
the findings do not provide nationally representative estimates.
For example, although the data were weighted by age group,
sex, region, ethnicity (except in Canada), and education level
(except in Mexico), the Mexico sample had notably higher
levels of education and lower levels of overweight and obesity
compared to national benchmark estimates. In other countries,
estimates of overweight and obesity in the study sample were
similar or somewhat lower than national benchmarks. Further,
the study relied on self-reported changes in behaviors, which
are important and valuable indicators of change in the absence
of pre- and postpandemic data; however, the responses assessed
in the current study may be subject to social desirability bias
or recall bias. Given that our study queried respondents’ food
behaviors in the present tense, our results are also limited to the
time of data collection (November–December 2020), meaning
that behavioral changes that occurred earlier in the pandemic
may not have been captured. Future research should assess
changes in behaviors and health status using data from before,

during, and after the pandemic, where possible. Lastly, the
analyses in this paper did not consider subnational differences.
There were likely strong regional differences in the way the
pandemic was experienced, particularly in countries where
COVID-19 restrictions were largely under state or provincial
control, including Canada, the United States, and Australia.
For example, exploratory analyses within Australia indicated
much higher prevalences of changes in food behaviors and food
security among respondents in the state of Victoria—where
a strict 4-month lockdown period (July–October 2020) had
just been lifted prior to our data collection (44)—compared to
other Australian respondents (data not shown). Therefore, a full
examination of the impact of COVID-19 on dietary patterns
will require a closer examination of subnational trends at the
regional level.

Conclusions

The data reported here provide empirical evidence from
5 countries on significant shifts in food behaviors, food
security, and overall diet during the COVID-19 pandemic.
Approximately 8 months into the pandemic, the largest change
reported was a decrease in eating food prepared away from
home, but shifts towards ordering less food from restaurants,
buying more groceries online, and buying fewer groceries
from corner stores were also observed. Many respondents
reported impacts on their household’s food security, as well as
some shifts towards a more healthful diet overall. However,
changes in both directions were observed for all outcomes,
suggesting that the response to COVID-19 was highly variable.
Reported changes for all outcomes tended to be largest
in Mexico, where national COVID-19-related policies and
other contextual factors may have played a role. Across all
5 countries, individuals with characteristics corresponding to
a lower socioeconomic status, as well as those experiencing
food security effects from the pandemic, were more likely to
report shifts in their dietary patterns, suggesting that COVID-
19 response plans should include a focus on these populations.
In light of the results observed in this study, decision-makers
should consider how existing or future food policies (e.g.,
national dietary guidance, food labeling, marketing restrictions)
could be leveraged to encourage healthful dietary changes and
discourage less healthful changes in the contexts of current
or future pandemics. Perhaps more importantly, social safety
nets that guarantee income among citizens will be critical
to help to build resilience of populations to the economic
shocks and subsequent impacts on food security resulting from
pandemics. Longitudinal research is needed to evaluate whether
the observed changes persist after the pandemic, and there is a
need for research and policy to catch up with the rapid change
in food purchasing practices, particularly in the digital market.
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