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Abstract

The long-term consequences of COVID-19 on healthy behaviours (physical activity practice and healthy eating) among Cana-
dians remain largely unexplored. The objectives were (i) to describe the proportion of Canadians who reported a change in
healthy behaviours, 9 and 20 months since the beginning of COVID-19; and (ii) to identify the social determinants associated
with healthy behaviour changes. Using two representative Canadian surveys from the International COVID-19 Awareness and
Responses Evaluation study (January 2021, n = 3000; November 2021, n = 3002), reported changes in healthy behaviours were
assessed as follows: “In general, how have the following behaviours changed since the start of COVID-19?”: (1) Increase; (2) No
change; and (3) Decrease. The association between individual determinants and changes in healthy behaviours was analyzed us-
ing weighted univariate polytomous logistic regression models. In January 2021, 41% and 22% of respondents reported a decline
in physical activity and healthy eating, respectively, while in November 2021, 34% and 20% of respondents reported a decline
in physical activity and healthy eating, respectively. The main determinants associated with changes in healthy behaviours
were younger age (18-25 years), area of residency, student status, changes in bodyweight, financial concerns/insecurity, anx-
iety/depression, and ethnicity. Changes in healthy behaviours were also associated with household composition, presence of
chronic diseases, and occupation. In sum, this study depicted long-term changes in healthy behaviours during COVID-19, with
differential changes according to social determinants of health. This study highlighted the presence of health inequalities
in Canada during COVID-19 and supports the implementation of personalized programs in prevention of healthy behaviour
degradation.
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Introduction
od o tant impacts on Canadians’ lives, such as job loss and re-

Healthy behaviours, such as regular participation in physi-
cal activity and healthy eating, represent modifiable risk fac-
tors in prevention/management of chronic diseases (World
Health Organization 2013). However, in 2012-2013, approx-
imately four Canadians out of five reported the adoption of
at least one unhealthy behaviour (low level of physical activ-
ity, unbalanced diet, excess consumption of alcohol, or to-
bacco use) (Public Health Agency of Canada 2016). With the
advent of the COVID-19 pandemic, Canada reacted promptly
by imposing national lockdowns, closing non-essential shops
and businesses, imposing a vaccinal passport, and promot-
ing COVID-19 prevention behaviours (hand washing, wearing
face masks, etc.) (World Health Organization 2020; Canadian
Public Health Association 2021). These measures had impor-

duced income, increased housing and food insecurity, a re-
duction of social contacts, and a more important exposition
to stress associated with lockdowns (schoolfwork at home
and familial pressures) (Canadian Public Health Association
2021). The pandemic context highlighted significant inequal-
ities according to social determinants of health, with higher
COVID-19-related mortality rates among Canadians living in
lower income neighbourhoods, neighbourhoods with higher
levels of ethno-cultural composition, or among men com-
pared with women (Public Health Agency of Canada 2022).
Few months after the imposition of sanitary measures in re-
sponse to the COVID-19 pandemic, many high-income coun-
tries have reported a global decrease in the practice of phys-
ical activity (Gornicka et al. 2020; Karageorghis et al. 2021;
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Sonza et al. 2021, p. 19) and changes in meal routines and
types of food eaten (Gérnicka et al. 2020; Ruiz-Roso et al.
2020; Janssen et al. 2021). Early impacts of COVID-19 on
healthy behaviours varied greatly according to social deter-
minants of health, such as area of residency, age, gender,
or health status (Ruiz-Roso et al. 2020; Stanton et al. 2020;
Blom et al. 2021; Janssen et al. 2021; van der Werf et al.
2021). Changes in healthy behaviours were also exacerbated
by mental health issues, anxiety related to the pandemic situ-
ation, or socio-economical factors, such as financial situation,
education, physical access to grocery stores or food instal-
lations, occupation, or household composition, as examples
(Gornicka et al. 2020; Stanton et al. 2020; Blom et al. 2021;
Janssen et al. 2021; Sonza et al. 2021; van der Werf et al. 2021).
Although Canadian data are limited, some pieces of evidence
suggest a deterioration of healthy eating and physical activity
levels at the beginning of the COVID-19 pandemic, especially
among families (parents and children), young adults, and
women (Carroll et al. 2020; Zajacova et al. 2020; Andreacchi
et al. 2022).

Given that the actual Canadian evidence mostly focuses
on the first months of the COVID-19 pandemic, many ques-
tions remain on the long-term impacts of sanitary measures
on healthy behaviours and social inequalities later on dur-
ing the pandemic in Canada. Therefore, this study sought
(i) to describe the proportion of Canadians who reported a
change (increase/decrease) in health behaviours (physical ac-
tivity and healthy eating) 9 months (January 2021) and 20
months (November 2021) following the onset of the pan-
demic in Canada and (ii) to identify social determinants as-
sociated with reported changes in these health-related be-
haviours.

Materials and methods
The iCARE study

This study is a secondary analysis from the International
COVID-19 Awareness and Responses Evaluation study (iCARE). The
iCARE study is a Canadian initiative from the Montreal Be-
havioural Medicine Center (MBMC) composed of multiple cross-
sectional surveys conducted at different moments during the
COVID-19 pandemic, with a team of 200 international col-
laborators from 42 countries, including Canada (www.mbmc
-cmcm.ca/covid-19). The iCARE study began at the onset of
the pandemic (March 2020) and is still ongoing (Bacon et al.
2021). The main objective of the iCARE study is to examine
attitudes, knowledge, and adherence to preventive sanitary
measures to limit the transmission of COVID-19 (physical dis-
tancing, wearing a mask, washing hands, isolation, vaccina-
tion, etc.). The surveys also include a variety of questions
on how COVID-19 impacted the respondents’ lives, includ-
ing changes in healthy behaviours. Before the completion
of surveys, a summary of the project was presented to the
participants, along with the required time to complete the
surveys (15-20 min). The participants who consented were
invited to initiate the survey. The participation was volun-
tary, and no monetary compensation was offered. All data
collected were anonymous. The study was approved by the

ethics committee of the Centre Intégré Universitaire de santé
et services sociaux du Nord de I'ile de Montréal (CIUSSS-NIM)
(REB No.: 2020-2099/03-25-2020) and the ethics committee of
the Institut Universitaire de cardiologie et de pneumologie
de Québec approved this secondary analysis (F9-35881). Sup-
plementary details on the iCARE study are available online:
https://osf.io/nswecm/.

Data sources

We used two representative Canadian sampling surveys
from the iCARE study, obtained through a web panel of
a polling firm (Leger©): the fourth wave survey (January
2021, n = 3000) and the eighth wave survey (November
2021, n = 3002). The fourth survey data collection occurred
during the second wave of COVID-19 in Canada, during
which the stringency index in many provinces was the
highest following the relaxations of the first sanitary mea-
sures during the summer 2020 (Detsky and Bogoch 2021).
Although policy responses in Canada have been divergent
during the COVID-19 pandemic between provinces, new
closures of non-essential services and restrictions of social
gathering occurred from November 2020 up to February
2021 in many provinces, some of which had imposed a
curfew such as Quebec (Cameron-Clarke et al. 2021). This
period was also prior to the onset of the global vaccination
campaigns in Canada (Cameron-Clarke et al. 2021). The
eighth survey corresponds to the pre-omicron period, during
which 78% of Canadians had two doses of the COVID-19
vaccines (IHME 2023), and during which most sanitary
restrictions were lifted. We chose these two key periods
to better understand how long-term changes in sanitary
measures impact Canadian lives, the first survey in a more
coercive period and the second following a global relaxation
of public health measures throughout the country. The sec-
ondary analysis was registered on 1 June 2021 on the iCARE
Study Analysis Plans platform (Number: iCARE_SOC-0032):
https://www.mbmc-cmcm.ca/2021/covid19/icare-soc-0032-e
xploring-factors-associated-with-lifestyle-behavior-changes-
during-the-covid-19-pandemic-in-canada/.

Variables of interest

Changes in healthy behaviours

The outcomes of this study were the reported changes in
physical activity and healthy eating since the beginning of
the COVID-19 pandemic. For both surveys, each healthy be-
haviour change was questioned as follows: “In general, how
have the following behaviours changed since the start of
COVID-19?” Behaviours were “doing physical activity” and
“eating a healthy diet”. For the analyses, answer choices were
aggregated in three categories for both physical activity and
healthy eating: (1) increase in the behaviour (I do this a lot
more/I do this more); (2) no change (I do this as much as be-
fore/l don’t do this); and (3) decrease in the behaviour (I do
this a lot less/I do this less). We combined respondents who
reported no change and those who reported not doing the
behaviour since this latter category imposes an absence of
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change per se. No information about the behaviours prior the
pandemic was available.

Social determinants of healthy behaviour changes

According to the Let’s Get moving framework for increasing
physical activity from the Public Health Agency of Canada
(Public Health Agency of Canada 2018a) and the Sociologi-
cal and Environmental Factors Influencing Eating Food Behaviour
Framework proposed by Marcone et al. (2020), we identified
the following key social determinants of physical activity
and healthy eating, which were available from the iCARE
questionnaires: age, gender, cultural/racial groups, house-
hold composition (living with at least one kid or living
alone), and ruralfurban area of residency (all postal codes
with a “0” in second position were considered as rural geo-
graphical areas (Statistics Canada 2007). We also examined
socio-economical information: highest level of education
completed (primary/high school, collegefuniversity degree,
or graduate/post-graduate degree), total household income
before taxes according to the poverty thresholds in 2020-
2021 in Canada (<40 000$CAD; 40 000$CAD to <100 000$CAD;
>100000$CAD (Statistics Canada 2023)), and occupation
(workers (full-time, part-time, or self-employed), students,
not working (retired, unemployed of receiving governmen-
tal support)). We also compiled data on the presence of at
least one metabolic disease (cardiovascular disease, chronic
lung disease, hypertension, or diabetes) and known depres-
sive/anxiety disorders diagnosed by a physician or a health-
care professional. Finally, we explored the influence of the
following COVID-19-related variables that could influence the
capacity to adopt healthy lifestyles: concerns of not having
enough money for food/rent and inability to pay for food. The
detailed items, answer choices, and adjustments for analyses
are available in Table S1.

Statistical analyses

Each survey and healthy behaviour were analyzed sepa-
rately, although presented conjointly. The dependant vari-
ables (changes in physical activity and healthy eating) had
small proportions of missing data (<2%) (Table S1), we there-
fore removed these observations from analyses.

For our first objective, we calculated proportions of change
(with 95% confidence intervals (CI)) in reported healthy be-
haviours for each survey. For our second objective, we first
calculated the distribution of social determinants according
to the reported changes in healthy behaviours (decrease, no
change, and increase). Regarding social determinants, miss-
ing data ranged between 0% and 11% (Table S1). After com-
paring observations with/without missing data, we observed
differences in the observed characteristics of individuals with
missing data for income. For the analyses, we assumed that
missing data could be explained by observed variables (miss-
ing at random), although the possibility of missing not-at-
random could not be verified nor totally excluded (Austin
et al. 2021). We used multiple imputations by chained equa-
tions with 50 iterations, including all social determinants and
changes in healthy behaviours for imputing missing values in
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multivariate regression models (Austin et al. 2021). We then
combined the imputed datasets using the MI and MIANALYSE
procedures in the SAS v9.4 software (SAS Institute Inc., Cary,
NC, USA).

Social determinants were presented for each category of
reported changes in physical activity and healthy eating (de-
crease, no change, and increase) as proportions, using im-
puted data. To examine the association between social de-
terminants and changes in healthy behaviours (increase vs.
no change; decrease vs. no change), we used univariate poly-
tomous logistic regression models with “no change” as the
reference category. Each social determinant was assessed in-
dividually as an independent variable in association with
changes in healthy behaviours. For all models, we used a
sampling weight obtained as follows: (i) The results were
weighted for each province according to the gender and age
of each participant to make the respondent profile represen-
tative of the actual population in each Canadian province;
and (ii) the weight of households with/without children, the
language spoken, and the level of education were adjusted at
the national level, ensuring the results remained represen-
tative of the Canadian population. Results for polytomous
regressions were considered statistically significant with a
p < 0.0014, after a Bonferroni correction for multiple test-
ing. Individual associations were reported as odd ratios with
99.86% CI and presented as forest plots. As a sensitivity anal-
ysis, we repeated the same methods using a complete data
analysis approach, by removing respondents with missing
data for each social determinant. All analyses were conducted
with the SAS v9.4 software (SAS Institute Inc., Cary, NC,
USA).

Results

From the 3000 respondents in the January 2021 survey, a
total of 2970 participants had complete data for physical ac-
tivity, and 2965 had complete data for healthy eating. From
the 3002 respondents in November 2021 survey, a total of
2961 and 2958 participants had complete data for physical ac-
tivity and healthy eating, respectively. Figure 1 presents the
unweighted proportions of changes in physical activity and
healthy eating in January 2021 and November 2021. In Jan-
uary 2021, 41% (n = 1223) of Canadians reported a decline
in physical activity practice, while 22% reported an increase
(n = 659). Healthy eating deteriorated among 22% (n = 640)
of the respondents, while 24% (n = 711) reported an improve-
ment. In November 2021, 34% (n = 1109) of the respondents
reported a decline in physical activity, while 20% (n = 682)
reported a deterioration of their diet since the beginning of
the pandemic.

Social determinants associated with changes in
physical activity

Table S2 presents the distributions of social determinants
according to reported changes in physical activity in January
and November 2021, using imputed data. Figures 2A and
2B depict the association between individual social determi-
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Fig. 1. Unweighted reported changes* in physical activity and healthy eating since the beginning of the COVID-19 pandemic
in January and November 2021 in Canada. *Proportions with 95% confidence intervals.

@1 do this a lot more (%)
11 do this less (%)

1 do this more (%)
| do this a lot less (%)

11 do this as much as before (%)

JANUARY 2021 (N=2,970) 6.77

NOVEMBER 2021 (N=2,961) 58% 153 -

JANUARY 2021 (N=2,965) 66+ 174

NOVEMBER 2021 (N=7,958) 6.65' 16,5

165 36.6 - 25.7 .
44.4 237 .

54.4 161 -I

56.9 4 16.0 —I

nants and changes (decrease/increase) in reported physical ac-
tivity.

In January 2021, as presented in Table S2 and Fig. 2A, older
adults (>65 years) were less likely to report changes (both in-
crease and decrease) in physical activity when compared to
adults aged between 25 and 65 years, while younger adults
(18 to <25 years) were more likely to report changes (increase
and decrease). Respondents from rural areas were less likely
to report changes in physical activity (increase and decrease),
in comparison with those living in an urban area. Students,
respondents reporting a change in their bodyweight, those
who had concerns of not having enough money for food, and
those reporting an inability to pay for food/rent were more
likely to report changes in physical activity (both increase and
decrease).

Having a known diagnosis of depression/anxiety was asso-
ciated with a decrease in physical activity in January 2021.
Belonging to Asian/Middle Eastern ethnic groups, in compar-
ison with other ethnicities, was associated with an increase
in physical activity, while belonging to the Caucasian ethnic-
ity and respondents who were not working at the time of the
survey were less likely to report an increase in physical activ-
ity (Fig. 2A).

In November 2021, as presented in Table S2 and Fig. 2B,
older adults (>65 years), in comparison with adults between
25 and 65 years, and respondents who were not working at
the time of the survey compared to students or workers, were
less likely to report changes in physical activity (increase and
decrease). In contrast, students, respondents reporting an in-
crease in their bodyweight, those who had concerns of not
having enough money for food, and those reporting an inabil-
ity to pay for food/rent were more likely to report changes in
physical activity (increase and decrease).

Having a known diagnosis of depression/anxiety was asso-
ciated with a decrease in physical activity in November 2021.

Belonging to Asian/Middle Eastern ethnic groups, in compar-
ison with other ethnicities, was associated with an increase
in physical activity, along with those having a graduate/post-
graduate degree and reporting a decrease in bodyweight.
In contrast, respondents that identified themselves as Cau-
casian were less likely to report an increase in physical activ-
ity, along with respondents with at least one chronic disease
(Fig. 2B). No association was observed for gender, household
composition, household income, or workers. Similar results
were found using complete data analysis (Table S4, Figs. S1A
and S1B).

Social determinants associated with changes in
healthy eating

Table S3 presents the social determinants according to re-
ported changes in healthy eating in January and November
2021. Figures 3A and 3B depict the association between in-
dividual social determinants and changes (decrease/increase)
in reported healthy eating.

In January 2021, as presented in Table S3 and Fig. 3A,
older adults (>65 years) in comparison with adults from
25 to 65 years were less likely to report changes in
healthy eating (both increase and decrease). Respondents
who were not working at the time of the survey (com-
pared with students or workers) and Caucasians (compared
with other ethnic groups) were less likely to report changes
(increase and decrease). Belonging to Asian/Middle East-
ern ethnicities (compared with other ethnic groups), stu-
dents, those with a known diagnosis of depression/anxiety,
those reporting an increase in their bodyweight, and re-
spondents who had concerns of not having enough money
for food and inability to pay for food/rent were more likely
to report changes in healthy eating (both increase and
decrease).
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Fig. 2. (A and B) Association between social determinants of health and reported changes in physical activity in January 2021
(pane A) and November 2021 (pane B). Results presented as weighed unadjusted odd ratios with 99.86% confidence intervals,
after Bonferroni correction. Results from combined datasets from multiple imputations by chained reactions (50 imputations).

CI, confidence intervals; OR, odd ratio.

January 2021

ASociaI determinants Decrease physical activity vs no change OR 99.86% Cl  Increase physical activity vs no change OR 99.86% ClI
Age (Reference: 25-64 years old)
18 to 24 years —— 212 1.32 3.40 —_—— 235 136 4.04
265 years = e 0.84 0.61 1.16 - 0.74 0.48 1.1
Gender (Reference: Men)
Women - 1.29 0.99 1.68 —— 1.09 0.79 1.51
Area of living (Reference: Urban)
Rural 0.58 0.39 0.86 —— 0.55 0.32 0.94
Ethnicity (Reference: other ethnies)
Caucasians vs non caucasians i 0.70 047 1.05 o 0.46 0.29 0.74
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Impacts of Covid-19
Concerns of not having enough money for food /rent (vs none) — 1.52 112 2.06 —— 1.69 1.19 241
Inability to pay for food (vs none) — 205 136 3.00 —— 245 154 390
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18 to 24 years — 1.51 0.96 239 o 1.54 0.92 257
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Student (vs working / not working) —— 21 1.25 3.55 —_— 1.96 1.09 3.50
Not working (vs working/student) L 0.74 0.56 0.98 — 0.63 0.45 0.87
Health status
> 1 chronic disease (vs none) - 090 068 118 i 060 043 084
Depression / Anxiety (vs none) —— 1.51 112 2,03 —-—— 1.05 0.73 1.50
Changes in body weight (reference: no change)
Increase weight — 4.70 3.43 6.45 - 1.54 1.06 2.25
Decrease weight - 134 0.84 214 e — 257 1.71 3.88
Impacts of Covid-19
Concerns of not having enough money for food /rent (vs none) ——— 1.7 1.28 2.27 a— 1.65 1.18 231
Inability to pay for food (vs none) —— 2.16 1.46 3.20 e — 1.84 1.16 291

0 2 4 6 8 0 1 2 3 4 5

Younger adults (18-25 years), in comparison with adults
between 25 and 65 years, were more likely to report a de-
crease in healthy eating, along with respondents with an an-
nual income of <40 000$ and respondents living with at least
one child in January 2021. Finally, reporting a decrease in
bodyweight was associated with an increase in healthy eat-
ing, while respondents living alone were less likely to report
an increase in healthy eating.

In November 2021, as presented in Table S3 and Fig. 3B,
older adults (>65 years) in comparison with adults between
25 and 65 years were less likely to report changes (in-
crease/disease) in healthy eating, along with respondents who
were not working at the time of the survey. Respondents
who reported working at the time of the survey, those with
a known diagnosis of depression/anxiety, those reporting

an increase in their bodyweight, and respondents who had
concerns of not having enough money for food and inabil-
ity to pay for food/rent were more likely to report changes
in healthy eating (both increase and decrease). Respondents
from the First Nations (compared with other ethnic groups)
and respondents living with at least one child were more
likely to report a decrease in healthy eating in November
2021. Finally, belonging to Asian/Middle Eastern ethnicities
(compared with other ethnic groups), having a graduate/post-
graduate degree, and reporting a decrease in bodyweight
were associated with an increase in healthy eating, while
those who belong to the Caucasian ethnicity were less likely
to report an increase in healthy eating (Fig. 3B). Similar re-
sults were found using complete data analysis (Table S5, Figs.
S2A and S2B).
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Fig. 3. (A and B) Association between social determinants of health and reported changes in healthy eating in January 2021
(pane A) and November 2021 (pane B). Results presented as weighed unadjusted odd ratios with 99.86% confidence intervals,
after Bonferroni correction. Results from combined datasets from multiple imputations by chained reactions (50 imputations).

CI, confidence intervals; OR, odd ratio.

A

Social determinants Decrease healthy eating vs no change OR 99.86% Cl  Increase healthy eating vs no change OR 99.86% CI
Age (Reference: 25-64 years old)
18 to 24 years - 164 104 258 L — 134 083 214
265 years - 0.32 0.20 0.51 il 0.65 0.45 0.94
Gender (Reference: Men)
Women A 1.21 0.89 163 i 1.06 0.79 142
Area of living (Reference: Urban)
Rural —— 1.04 0.67 161 S 0.65 0.39 1.07
Ethnicity (Reference: other ethnies)
Caucasians vs non caucasians - 0.62 0.41 0.95 = 0.50 0.33 0.75
Afro-americans / latino-americans S — 1.77 0.80 3.92 .- 1.80 0.77 4.22
Asians / Middle-east —— 1.78 1.13 281 —, 175 1.10 279
First nations - 2.02 0.79 5.17 1 ] 227 0.90 5.71
Household composition
Living with = 1 kid vs no kid —— 1.58 1.13 2.20 il 1.14 0.78 1.65
Living alone vs not living alone - 0.75 0.55 1.02 il 0.64 0.46 0.89
Household Income (Reference: 40,000 to 99,999$)
<40,000% .l 1.51 1.02 223 - 1.38 0.94 2.02
2100,0008 L el 1.15 0.74 1.78 B L 1.17 0.78 1.78
Education (Reference: Primary/high school)
College / University degree —— 1.12 0.77 1.63 ] 1.27 0.88 1.84
Graduate or Postgraduate degree — 0.97 0.49 1.92 - 1.68 0.95 2.98
Occupation (reference: Other occupation status)
Ful-time / Part-time/ Self-employed (vs student/not working) - 122 0.90 166 - 126 0.94 1.70
Student (vs working / not working) —— 2.64 1.65 4.24 — 1.87 1.13 3.09
Not working (vs working/student) - 0.58 0.42 0.80 i 0.67 0.49 0.91
Health status
2 1 chronic disease (vs none) il 0.99 0.73 1.35 —— 0.98 0.72 1.33
Depression / Anxiety (vs none) — 270 1.93 3.77 . 1.47 1.04 2.08
Changes in body weight (reference: no change)
Increase weight —l,— 4.67 3.16 6.88 —— 1.42 1.02 1.99
Decrease weight — 1.78 0.99 3.20 — 2.41 1.57 3.68
Impacts of Covid-19
Concerns of not having enough money for food /rent (vs none) — 230 1.68 3.16 — 1.70 1.23 234
Inability to pay for food (vs none) —l, 3.49 230 5.29 —l—— 249 1.63 3.82
0 2 4 6 8 0 1 2 3 4 5 6
-
= November 2021
Social determinants Decrease healthy eating vs no change OR 99.86% CI  Increase healthy eating vs no change OR 99.86% CI
Age (Reference: 25-64 years old)
18 to 24 years il 1.34 0.83 217 el 1.34 0.83 214
265 years Ll 0.34 0.22 0.55 il 0.65 0.45 0.94
Gender (Reference: Men)
Women E al 1.00 0.74 1.36 il 0.86 0.64 1.15
Area of living (Reference: Urban)
Rural i 0.87 0.56 1.35 il 0.70 0.45 1.09
Ethnicity (Reference: other ethnies)
Caucasians vs non caucasians i 0.86 0.53 1.39 - 0.38 0.26 0.57
Afro-americans / latino-americans L — 1.70 0.73 3.94 S SE— 2.05 0.95 4.41
Asians / Middle-east R 0.91 0.52 1.60 o — 2.29 1.49 3.51
First nations - 224 1.10 4.55 A 1.64 0.77 3.46
Household composition
Living with > 1 kid vs no kid —— 1.56 111 218 - 1.37 0.98 191
Living alone vs not living alone i 0.86 0.63 1.18 il 0.97 0.71 1.31
Household Income (Reference: 40,000 to 99,999$)
<40,000% i 1.1 0.76 161 . 0.99 0.68 145
2100,000$ - 0.82 0.54 1.24 - 1.14 0.78 1.67
Education (Reference: Primary/high school)
College / University degree - 1.11 075 1.64 o 1.01 0.69 147
Graduate or Postgraduate degree - 1.09 0.57 2.10 — 1.75 1.02 3.00
Occupation (reference: Other occupation status)
Full-time / Part-time/ Self-employed (vs student/not working) ——— 1.75 1.27 241 - 1.35 1.00 1.82
Student (vs working / not working) - 149 0.88 252 - 1.30 0.76 221
Not working (vs working/student) - 0.55 0.40 0.77 i 0.73 0.54 0.99
Health status
2 1 chronic disease (vs none) e n 0.90 0.65 123 i 0.84 0.62 1.14
Depression / Anxiety (vs none) —— 2.00 144 278 - 1.41 101 196
Changes in body weight (reference: no change)
Increase weight — 609 418 889 —— 228 161 324
Decrease weight . 1.55 0.85 2.81 R — 3.97 2.66 5.92
Impacts of Covid-19
Concerns of not having enough money for food /rent (vs none) 21 1.52 293 —— 1.69 1.25 230
Inability to pay for food (vs none) 297 1.96 4.50 e 212 1.40 3.20
0 2 4 6 10 0 2 4 6 8

Discussion

The results of this study depicted that more than one
third of respondents reported a decline in physical activity, 9
months and 20 months after the onset of the COVID-19 pan-
demic, while around one fifth of respondents reported a dete-
rioration in healthy eating. In contrast, more than 20% of re-
spondents reported an improvement in physical activity prac-
tice and healthy eating during the same period, highlighting
the presence of health inequalities in these lifestyle habits
adoption in reaction to the COVID-19 pandemic in Canada.

Our data suggest differential responses to COVID-19 to-
wards physical activity practice and healthy eating, with sim-

January 2021

ilar proportions of change in January and November 2021.
To our surprise, multiple social determinants of health were
associated with both a degradation and an improvement in
healthy behaviours, such as age, area of living, ethnicity, stu-
dent status, mental health, bodyweight changes, or finan-
cial concerns related to the COVID-19 pandemic. Health in-
equalities have persistently been present in Canada, result-
ing in socio-economical or political differences among sub-
groups of the population in comparison with others (Public
Health Agency of Canada 2018b). The advent of the COVID-
19 pandemic highlighted these social disparities, notably
with increased COVID-19 mortality rates among the more
deprived subgroups (Public Health Agency of Canada 2022).
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Some social determinants of health are strongly intercorre-
lated, sometimes with synergetic influences on healthy be-
haviours, which bring important challenges when comes
the time to study them as a whole (MSSS 2012; Pampalon
et al. 2013). As such, complex interactions that we could
not capture in the present study could explain why we ob-
served both improvement and degradation of healthy be-
haviours. Indeed, in the current study, social determinants
were examined independently and some were not covered
in the surveys (marital status, neighborhood composition,
food skills, health literacy, friends and family networks, re-
ligious context, immigration status, housing, environmen-
tal facilitators and barriers of healthy behaviours, and food
marketing, to name a few) (Kelly et al. 2009; Public Health
Agency of Canada 2018a; Marcone et al. 2020). Given the
lack of more complete information, predictive models would
not have been enough informative or valid, which limited
our exploration to univariate models instead. To explain
the changes in both directions that we observed, we thus
suspect there could be unobserved interactions with other
key social determinants that the surveys were not able to
capture.

In current study, we identified key determinants that were
consistently associated with healthy behaviour changes, such
as age, area of residency, occupation, presence of diagnosed
depression/anxiety, financial concerns, or difficulties related
to the COVID-19 pandemic, among others. Similar to our re-
sults, data collected from the BC Speak Survey from British
Columbia Centre for Disease Control at the early stages of
the COVID-19 pandemic noted a decline by 26% of physical
activity for transport among younger adults (18-30 years), es-
pecially among those living in an urban area of residency,
those reporting a change in their mental health, and respon-
dents without children (Samji et al. 2021). A cross-sectional
study from four high-income countries (USA, UK, France, and
Australia) during the early COVID-19 period observed a de-
cline in physical activity in the USA and Australia in com-
parison with the pre-COVID era, where younger adults had
a greater decline compared with other age groups. Although
France had an increase in physical activity compared with
the pre-COVID era, younger French adults had the lowest lev-
els of unplanned physical activity in comparison with other
countries (Karageorghis et al. 2021). These drops in physi-
cal activity practice at the beginning of the COVID-19 pan-
demic were consequent with the tremendous changes occur-
ring in the structures and resources for an active lifestyle,
notably the closure of universities and the encouragement
to study at home (Samji et al. 2021). Regarding healthy eat-
ing, a decline in fruits and vegetables consumption by 13%
was observed among younger Canadian adults, in compari-
son with 11% for the global population (Samji et al. 2021).
This study also observed that younger adults and students
were keener to report an improvement in physical activity,
suggesting other social determinants within age groups that
may have interacted with the pandemic context (Samji et al.
2021). At an international level, a systematic review includ-
ing 24 studies observed an overall reduction of diet quality
among college students, with more binge eating, snacking,
skipping breakfast, or increased cooking at home (Jehi et al.
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2023). Data at the beginning of the COVID-19 pandemic from
Germany also noted that individuals who reported emotion-
ally driven changes in their dietary intake were more likely to
be younger adults, but also women, immigrants, and individ-
uals with a higher body mass index (Biihlmeier et al. 2022).
Interestingly, data from the province of Quebec, Canada, sug-
gested that students had increased symptoms of depression
and anxiety in 2021, in comparison with prior to COVID-19
(Gouin et al. 2023). Other early COVID-19 Canadian studies
reported similar results regarding age groups, student sta-
tus, or area of residency (Dubé et al. 2020qa; Bertrand et al.
2021).

While COVID-19 had an important impact on physical ac-
tivity practice, Canadians reported both improvement and
degradation of healthy eating, with approximately 50% who
did not report any change. A cohort study conducted in Que-
bec observed an overall small increase in diet quality during
the first COVID-19 lockdown, with a higher intake in greens
and beans, vegetables, dairy products, proteins, and whole
grains (Lamarche et al. 2021). Interestingly, improved diet
quality was more prevalent among younger adults, individu-
als with obesity, and lower education (Lamarche et al. 2021).
Early COVID-19 evidence suggests both favorable and detri-
mental consequences of lockdowns on eating habits. As ex-
amples, adults were more likely to cook at home (Kaddatz
and Badets 2020; Lamarche et al. 2021), to prioritize local
food products and to improve their food/cooking skills at
home (Nielsen et al. 2022). In comparison with Canadian
data, a cross-sectional study from the Netherlands done at
the beginning of COVID-19 observed similar proportions in
healthy eating changes, where healthy changers (improve-
ment in healthy eating) were more likely to favorize essen-
tial than non-essential food products and had overall more di-
verse dietary patterns than those who reported not changing
their diet (Dijksterhuis et al. 2022). Among 16 European coun-
tries during the first COVID-19 lockdown, an overall higher
adherence to the Mediterranean diet (index of healthy eat-
ing) was observed among adults, notably with reduced fre-
quency of eating out and more cooking at home. Countries
with the highest levels of restrictions were more likely to
have an improvement in their dietary behaviours, with in-
creased fruits, vegetables, or fish intake (Molina-Montes et
al. 2021). On the other hand, COVID-19 also had negative im-
pacts on healthy eating habits. An online survey conducted
in May 2020 among adults from Quebec, Canada, revealed
an overall increase in eating frequency and higher desire of
eating comfort/enjoyment foods, which could be correlated
to higher stress levels during the same period (Nielsen et al.
2022). Early COVID-19 data in the USA also suggested an in-
crease in unhealthy weight control behaviours among young
adults (mostly females), such as increased food consumption,
snacking, reduction of dietary intake due to alteration in ap-
petite, using food to cope with stress, or increase in eating
disorder symptoms. These changes in eating behaviours were
strongly associated with financial difficulties, food insecurity,
or depressive/anxiety symptoms (Simone et al. 2021).

Additionally, we observed recurrent associations between
financial concerns and difficulty to pay for food/rent and
reported changes in healthy behaviours in both surveys.
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Evidence from the Canadian literature suggests that COVID-
19 had consequences on food access and financial security to
buy food, especially at the beginning of the pandemic (Dubé
et al. 2020b). Interestingly, in fall 2020, approximately 10%
of Canadians aged 12 or older reported having some level
of food insecurity in the last year, in comparison with 13%
in 2017/2018, which was more prominent among respon-
dents who were younger, were less educated, those receiv-
ing social assistance/employment insurance, lone parents,
or those identifying as Afro-Americans or indigenous ethnic
groups (Polsky and Garriguet 2022). In the USA, COVID-19
hit students hard with drops in income from job loss com-
bined with high expenses for scholarships and limited ac-
cess to food pantries or federal nutrition assistance, which
led to a rise in food insecurity among this subgroup of the
population (Laska et al. 2020). At the beginning of the pan-
demic, nearly a third of American households were food in-
secure (Schanzenbach and Pitts 2020), which resulted in in-
creasing snacks and processed foods in detriment of fresh
foods (Gonzdlez-Monroy et al. 2021; Lee et al. 2023). Simi-
larly with Canadian data, other social determinants of health
associated with food insecurity in the USA include ethnic-
ity (non-Hispanic blacks or Hispanic), living in households
with children, loss of income, lower age, and lower educa-
tion (Ng et al. 2023). Food insecurity during lockdown has also
been associated with increased risk of mental illness among
American low-income households, with 2.6- and 2.5-fold in-
creases in anxiety and depression, respectively (Fang et al.
2021; Talham and Williams 2023). In Quebec, data from 2020
to 2021 suggested that young adults experiencing financial or
food insecurity had an increase in depressive/anxiety symp-
toms during this time (Gouin et al. 2023). Again, the associ-
ations between financial insecurity and both improvement
and degradation of healthy behaviours highlight that the so-
cial inequalities affected specific subgroups of the popula-
tion differently, probably according to unobserved interac-
tions with other social determinants of health in the current
study.

Although published literature on the early impacts of
COVID-19 pandemic is widespread, data on the long-term
impact of the COVID-19 pandemic remain scarce. A report
from the Institut National de Santé Publique du Québec ob-
served a decline of 45% in physical activity in comparison
with pre-COVID-19 era among adults in Quebec in February
2021. Young adults were also keener to report both a dete-
rioration and an improvement in physical activity practice
in comparison with older age groups. This report also ob-
served both improvement and degradation of healthy eat-
ing later during the COVID-19 pandemic (fast food and fruits
and vegetable consumption), where age, immigration status,
gender, financial concerns, and household composition were
identified as potential key determinants of eating behaviour
changes (Durette et al. 2021). Unfortunately, the impact of
COVID-19 on physical activity and healthy eating during the
pre-omicron period remains largely unexplored.

This study has numerous strengths. First, we used large
and representative samples of the Canadian population. We
also used two surveys with identical items and questions,
which allowed us to explore potential variations in respon-

dents’ habits at different moments during the COVID-19 pan-
demic. This study is also a rare exploration of long-term im-
pacts of the pandemic on healthy behaviours and their so-
cial determinants in Canada, which gives additional insights
about the importance of health inequalities in response to
COVID-19. This study also has limits. First, the cross-sectional
nature of both surveys should be considered in the interpre-
tation of associations, which could be bidirectional and pre-
cludes any causal inferences. Although surveys were identi-
cal, the respondents were not the same and thus, we could
not compare changes in healthy behaviours between peri-
ods. Longitudinal studies with pre-COVID-19 data would have
been optimal to better assess trends of changes in healthy be-
haviours, along with studying the causal relationship with so-
cial determinants. Second, the iCARE study was not initially
designed to assess healthy behaviour changes. Consequently,
the methods used to assess changes in physical activity or
healthy eating were not validated or optimized. For exam-
ple, we observed smaller proportions of respondents report-
ing changes in physical activity in November 2021 in com-
parison with January 2021, which was unexpected given the
question formulation. The answers in November 2021, espe-
cially for physical activity, seemed more associated with re-
cent changes rather than depicting the overall change since
the beginning of the pandemic, which suggests the presence
of a potential confusion on the temporal referent. Validated
tools such as accelerometers, food frequency questionnaires,
24 h food recalls, or objective biomarkers would have been
more informative about changes in food quality, nutrients
intake, or metabolic equivalents, although the fast-changing
evolution of the COVID-19 pandemic and the constant adap-
tation of surveys required more adaptative data collection
tools. Another limitation is the absence of information with
pre-pandemic behaviours, which limits our capacity to appre-
ciate the importance of change reported. For example, an ath-
lete with an important decline in physical activity would be
classified in the same behaviour change category as a student
who stopped walking to school. This problem is also present
with respondents reporting not doing the behaviour prior the
onset of the COVID-19 pandemic, which were classified in the
“no change” category.

Nine and 20 months after the beginning of the COVID-
19 pandemic, we observed differential changes in physi-
cal activity and healthy eating, with both an improvement
and degradation in healthy behaviours. These behavioural
changes were associated with key social determinants, in-
cluding age, area of residency, ethnicity, socio-economical
factors or health status, and food or financial insecurities,
as examples. Interestingly, this study also observed unequal
distributions of social determinants associated with healthy
behaviour changes, suggesting that COVID-19 had long-term
consequences on both improvement and degradation in
healthy behaviours among Canadians’ lives and highlight-
ing the persistence of health inequalities in Canada during
the pandemic. Although additional longitudinal studies cov-
ering the whole COVID-19 are warranted, this study sup-
ports the development and implementation of preventive,
supporting, or legislative programs personalized to specific
subgroups to decrease social inequalities in health when

186 Appl. Physiol. Nutr. Metab. 49: 179—189 (2024) | dx.doi.org/10.1139/apnm-2023-0206



http://dx.doi.org/10.1139/apnm-2023-0206

Appl. Physiol. Nutr. Metab. Downloaded from cdnsciencepub.com by 90.195.140.35 on 09/17/24

confronted to an emergency state like COVID-19. The pan-
demic still ongoing, national and community efforts should
be driven towards tackling these discrepancies, to prevent
further degradation in healthy behaviours for future pan-
demic states.

Take-home message

Canadians reported both an improvement and degra-
dation in physical activity and healthy eating during
COVID-19. These behavioral differences suggest health in-
equalities in the Canadian population in reaction to the
pandemic.

Acknowledgements

We thank Mariam Atoui, Essé Julien Atto, and Dialufuma
Maximilien for their support and expertise in the statisti-
cal analyses. We thank Catherine Séguin and Sophie Duval
for their help with ethical approval and administrative sup-
port. We thank the iCARE team: lead investigators: Kim L.
Lavoie, PhD, University of Quebec at Montreal (UQAM) and
CIUSSS-NIM, Canada; Simon L. Bacon, PhD, Concordia Uni-
versity and CIUSSS-NIM, Canada. Collaborators (in alphabet-
ical order): Argentina: Nora Granana, PhD, Hospital Durand;
Australia: Jacqueline Boyle, PhD, Monash University; Margie
Danchin, PhD, Melbourne Medical School; Joanne Enticott,
PhD, Monash University; Jessica Kaufman, PhD, Murdoch
Children’s Research Institute; Austria: Alexandra Kautzky-
Willer, MD, Medizinische Universitdt Wien; Brazil: Eduardo
Caputo, PhD, Universidade Federal de Pelotas; Canada: Mo-
hamad Baydoun, PhD, University of Regina; Andrea Ger-
shon, PhD, Sunnybrook Research Institute; Ariane Bélanger-
Gravel, PhD, Université Laval; Tavis Campbell, PhD, Univer-
sity of Calgary; Linda Carlson, PhD, University of Calgary;
Kim Corace, PhD, University of Ottawa; Rubee Dev, PhD, Uni-
versity of British Colombia; Olivier Drouin, MD, CHU Sainte-
Justine/Université de Montréal; Gary Garber, PhD, Univer-
sity of Ottawa/Public Health Ontario; Samir Gupta, MD, Uni-
versity of Toronto; Catherine Herba, PhD, UQAM; Jack Jed-
wab, PhD, Canadian Institute for Identities and Migration and
the Association for Canadian Studies; Keven Joyal-Desmarais,
PhD, Concordia University; Eric Kennedy, PhD, York Uni-
versity; Joanne Liu, PhD, McGill University; Sandra Pelaez,
PhD, Université de Montréal; Paul Poirier, MD, Université
Laval; Justin Presseau, PhD, University of Ottawa; Eli Puter-
man, PhD, University of British Columbia; Joshua Rash, PhD,
Memorial University; Johanne Saint-Charles, PhD, UQAM,; Jo-
vana Stojanovic, PhD, Concordia University; Michael Spivock,
PhD, Shared Services Canada; Genevieve Szczepanik, PhD,
MBMC; Michael Vallis, PhD, Dalhousie University; Colombia:
Mariantonia Lemos-Hoyos, PhD, Universidad EAFIT; Cyprus:
Angelos Kassianos, PhD, University of Cyprus; France: Gre-
gory Ninot, PhD, Université de Montpellier; Mathieu Be-
raneck, PhD, Université de Paris, CNRS; Germany: Beate
Ditzen, PhD, Heidelberg University; Greece: Theodora Sk-
oura, PhD, Aretaieio Hospital Athens University; India: Delfin
Lovelina Francis, MDS (PhD), Saveetha Dental College and
Hospitals, SIMATS; Ireland: Hannah Durand, PhD, National

‘ Canadian Science Publishing

University of Ireland, Galway; Oonagh Meade, PhD, Na-
tional University of Ireland, Galway; Gerry Molloy, PhD, Na-
tional University of Ireland, Galway; Chris Noone, PhD, Na-
tional University of Ireland, Galway; Italy: Stefania Padu-
ano, PhD, University of Modena and Reggio Emilia; Vale-
ria Raparelli, PhD, Sapienza—University of Rome; Kenya:
Hildah Oburu, PhD, University of Nairobi; Saudi Arabia:
Abu Zeeshan Bari, PhD, Taibah University; Slovakia: Iveta
Nagyova, PhD, PJ Safarik University—UP]JS; Switzerland: Su-
sanne Fischer, PhD, University of Zurich; Turkey: Ceprail
Simsek, MD Health Science University; UK: Joanne Hart,
PhD, Manchester University; Lucie Byrne-Davis, PhD, Univer-
sity of Manchester; Nicola Paine, PhD, Loughborough Uni-
versity; Susan Michie, PhD, University College London; USA:
Michele Okun, PhD, University of Colorado; Sherri Sheinfeld
Gorin, PhD, University of Michigan; Johannes Thrul, PhD,
John Hopkins University; Claudia Trudel-Fitzgerald, PhD, Har-
vard T.H. Chan School of Public Health; Abebaw Yohannes,
PhD, Azusa Pacific University. Students (in alphabetical or-
der): Australia: Shrinkhala Dawadi, MSc, Monash Univer-
sity; Kushan Ranakombu, PhD, Monash University; Brazil:
Daisuke Hayashi Neto, BA, Unicamp; Canada: Frédérique
Deslauriers, BA, UQAM and CIUSSS-NIM; Amandine Gagnon-
Hébert, BA, UQAM and CIUSSS-NIM; Vincent Gosselin
Boucher, PhD, UQAM, University of British Colombia;
Mahrukh Jamil, BA, Concordia University and CIUSSS-NIM;
Camille Léger, BSc, UQAM and CIUSSS-NIM; Callum MacLeay,
BA, UQAM and CIUSSS-NIM; Ariany Marques Vieira, MSc, Con-
cordia University and CIUSSS-NIM; Sarah O’Connor, RD, MSc,
Université Laval; Zackary van Allen, PhD, University of Ot-
tawa; Colombia: Susana Torres, MSc, Universidad EAFIT. Com-
munity participants: Canada: Sophie Duval, MSc; Johanne
O’Malley; Katherine Séguin, BA; Kyle Warkentin; India: Sarah
Nethan.

Article information

History dates

Received: 15 May 2023

Accepted: 21 August 2023

Accepted manuscript online: 11 October 2023
Version of record online: 3 November 2023

Copyright

© 2023 The Author(s). This work is licensed under a Creative
Commons Attribution 4.0 International License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original author(s) and
source are credited.

Data availability

The iCARE data were acquired after the approval of a Re-
search Material Distribution Agreement with the Montreal
Behavioural Medicine Centre, with legal prohibition to any
transfers, sharing, release, or distribution of research mate-
rial to any entity or individual.

Appl.Physiol. Nutr. Metab.49: 179-189 (2024) | dx.doi.org/10.1139/apnm-2023-0206 187



http://dx.doi.org/10.1139/apnm-2023-0206
https://creativecommons.org/licenses/by/4.0/deed.en_GB

Appl. Physiol. Nutr. Metab. Downloaded from cdnsciencepub.com by 90.195.140.35 on 09/17/24

‘Canadian Science Publishing

Author information

Author ORCIDs

Ariane Bélanger-Gravel https://orcid.org/
0000-0002-3136-4603

Author notes

For the iCARE study team: The complete list of iCARE study
collaborators appears in the “Acknowledgements” section.
Present address for Ariane Bélanger-Gravel: Louis-Jacques-
Casault Pavillon, 1055, du Séminaire Avenue, Suite 5419,
Quebec City, QC G1V 0A6.

Author contributions
Conceptualization: SO, AB, iCST
Data curation: SO

Formal analysis: SO

Funding acquisition: AB, iCST
Investigation: SO, AB, iCST
Methodology: SO, AB

Project administration: SO, AB, iCST
Resources: AB, iCST

Software: SO

Supervision: AB

Validation: SO, AB

Visualization: SO

Writing - original draft: SO

Writing - review & editing: SO, AB, iCST

Competing interests
The authors declare there are no competing interests.

Funding information

SO holds a Doctoral Research Fellowship from the Fonds
de recherche santé du Québec (FRSQ) (2018-2019) and a
Doctoral Research Fellowship from the Canadian Institutes
of Health Research (2019-2024). iCARE is supported by the
Canadian Institutes of Health Research (CIHR: MM1-174903;
MS3-173099; SMC-151518), the Canada Research Chairs Pro-
gram (950-232522, Chair holder: Dr. Kim L. Lavoie), the
Fonds de recherche du Québec—santé (FRQ-S: 251618 and
34757), the Fonds de recherche du Québec—Société et culture
(FRQSC: 2019-SE1-252541), and the Ministére de ’Economie
et de I'Innovation du Québec (2020-2022-COVID-19-PSOv2a-
51754). Study sponsors had no role in the design of the
database and data collection.

Supplementary material

Supplementary data are available with the article at https:
/[doi.org/10.1139/apnm-2023-0206.

References

Andreacchi, A.T., Yoshida-Montezuma, Y., Colley, R.C., Smith, B.T., Van-
derloo, L.M., and Anderson, L.N. 2022. Changes in chronic disease
risk factors and current exercise habits among Canadian adults living
with and without a child during the COVID-19 pandemic. Statistics
Canada.

Austin, P.C., White, LR., Lee, D.S., and van Buuren, S. 2021. Missing data
in clinical research: a tutorial on multiple imputation. Can. J. Cardiol.
37(9): 1322-1331. d0i:10.1016/j.cjca.2020.11.010. PMID: 33276049.

Bacon, S.L., Lavoie, K.L., Boyle, J., Stojanovic, J., and Joyal-Desmarais, K.
2021. International assessment of the link between COVID-19 related
attitudes, concerns and behaviours in relation to public health poli-
cies: optimising policy strategies to improve health, economic and
quality of life outcomes (the iCARE Study). BMJ Open, 11(3): e046127.
do0i:10.1136/bmjopen-2020-046127. PMID: 33707274.

Bertrand, L., Shaw, KA., Ko, J., Deprez, D., Chilibeck, P.D., and Zello,
G.A. 2021. The impact of the coronavirus disease 2019 (COVID-19)
pandemic on university students’ dietary intake, physical activity,
and sedentary behaviour. Appl. Physiol. Nutr. Metab. 46(3): 265-272.
d0i:10.1139/apnm-2020-0990. PMID: 33449864.

Blom, V., Lonn, A., Ekblom, B., Kallings, L.V., Vdisinen, D., Hemmings-
son, E., et al. 2021. Lifestyle habits and mental health in light of the
two COVID-19 pandemic waves in Sweden, 2020. Int. J. Environ. Res.
Public Health, 18(6). doi:10.3390/ijerph18063313.

Biihlmeier, J., Frolich, S., Ludwig, C., Knoll-Pientka, N., Schmidt, B.,
Focker, M., and Libuda, L. 2022. Changes in patterns of eating habits
and food intake during the first German COVID-19 lockdown: re-
sults of a cross-sectional online survey. Eur. J. Nutr. 61(6): 3293-3306.
d0i:10.1007/s00394-022-02919-7. PMID: 35759031.

Cameron-Clarke, E., Breton, C., Sim, P., Tatlow, H., Hale, T., Wood, A.,
et al. 2021. Variation in the Canadian provincial and territorial re-
sponses to COVID-19. Blavatnik School of Government, University of
Oxford. Available from https://www.bsg.ox.ac.uk/research/covid-19-g
overnment-response-tracker [accessed 9 January 2023].

Canadian Public Health Association. 2021. Review of Canada’s initial re-
sponse to the COVID-19 pandemic. Available from https://[www.cpha
.cajreview-canadas-initial-response-covid-19-pandemic.

Carroll, N., Sadowski, A., Laila, A., Hruska, V., Nixon, M., and Ma, D.W.L,,
2020. The impact of COVID-19 on health behavior, stress, financial
and food security among middle to high income Canadian fami-
lies with young children. Nutrients, 12(8). doi:10.3390/nu12082352.
PMID: 32784530.

Detsky, A.S., and Bogoch, LI. 2021. COVID-19 in Canada: experience and
response to waves 2 and 3. JAMA, 326(12): 1145-1146. doi:10.1001/
jama.2021.14797. PMID: 34424275.

Dijksterhuis, G.B., van Bergen, G., de Wijk, R.A., Zandstra, E.H., Kaneko,
D., and Vingerhoeds, M. 2022. Exploring impact on eating behaviour,
exercise and well-being during COVID-19 restrictions in the Nether-
lands. Appetite, 168: 105720. doi:10.1016/j.appet.2021.105720. PMID:
34597741.

Dubé, E., Hamel, D., Rochette, L., Dionne, M., and Tessier, M.,Institut na-
tional de santé publique du Québec. 2020a. COVID-19-pandémie et
pratique d’activité physique, sommeil et préoccupation a I’égard du
poids. Gouvernement du Québec.

Dubé, E., Hamel, D., Rochette, L., Dionne, M., Tessier, M., and Plante,
C. 2020b. COVID-19-pandémie et insécurité alimentaire. Institut na-
tional de santé publique du Québec.

Durette, G., Gonzalez-Sicilia, D., Lemétayer, F., Paquette, M.-C., and Pi-
geon, E. 2021. Habitudes de vie, qualité du sommeil et préoccupation
a I’égard du poids en contexte de COVID-19: portrait de la situation
et pistes d’action. Gouvernement du Québec.

Fang, D., Thomsen, M.R., and Nayga, R.M.J. 2021. The association between
food insecurity and mental health during the COVID-19 pandemic.
BMC Public Health, 21(1): 607. doi:10.1186/s12889-021-10631-0.
PMID: 33781232.

Gonzdlez-Monroy, C., Gomez-Gomez, I, Olarte-Sinchez, C.M., and
Motrico, E. 2021. Eating behaviour changes during the COVID-19 pan-
demic: a systematic review of longitudinal studies. Int. J. Environ. Res.
Public Health, 18(21). doi:10.3390/ijerph182111130.

Gérnicka, M., Drywien, M.E., Zielinska, M.A., and Hamutlka, J. 2020. Di-
etary and lifestyle changes during COVID-19 and the subsequent
lockdowns among polish adults: a cross-sectional online survey
PLifeCOVID-19 study. Nutrients, 12(8). doi:10.3390/nu12082324.

Gouin, J.-P., MacNeil, S., de la Torre-Luque, A., Chartrand, E.,
Chadi, N., Rouquette, A., et al. 2023. Depression, anxiety, and
suicidal ideation in a population-based cohort of young adults
before and during the first 12 months of the COVID-19 pan-
demic in Canada. Can. J. Public Health, 114(3): 368-377.
d0i:10.17269/s41997-023-00772-7.

188 Appl. Physiol. Nutr. Metab. 49: 179—189 (2024) | dx.doi.org/10.1139/apnm-2023-0206



http://dx.doi.org/10.1139/apnm-2023-0206
https://orcid.org/0000-0002-3136-4603
https://doi.org/10.1139/apnm-2023-0206
http://dx.doi.org/10.1016/j.cjca.2020.11.010
https://pubmed.ncbi.nlm.nih.gov/33276049
http://dx.doi.org/10.1136/bmjopen-2020-046127
https://pubmed.ncbi.nlm.nih.gov/33707274
http://dx.doi.org/10.1139/apnm-2020-0990
https://pubmed.ncbi.nlm.nih.gov/33449864
http://dx.doi.org/10.3390/ijerph18063313
http://dx.doi.org/10.1007/s00394-022-02919-7
https://pubmed.ncbi.nlm.nih.gov/35759031
https://www.bsg.ox.ac.uk/research/covid-19-government-response-tracker
https://www.cpha.ca/review-canadas-initial-response-covid-19-pandemic
http://dx.doi.org/10.3390/nu12082352
https://pubmed.ncbi.nlm.nih.gov/32784530
http://dx.doi.org/10.1001/jama.2021.14797
https://pubmed.ncbi.nlm.nih.gov/34424275
http://dx.doi.org/10.1016/j.appet.2021.105720
https://pubmed.ncbi.nlm.nih.gov/34597741
http://dx.doi.org/10.1186/s12889-021-10631-0
https://pubmed.ncbi.nlm.nih.gov/33781232
http://dx.doi.org/10.3390/ijerph182111130
http://dx.doi.org/10.3390/nu12082324
http://dx.doi.org/10.17269/s41997-023-00772-7

Appl. Physiol. Nutr. Metab. Downloaded from cdnsciencepub.com by 90.195.140.35 on 09/17/24

Institute for Health Metrics and Evaluation (IHME). 2023. Covid-19 pro-
jections: vaccine coverage. Available from https://covid19.healthdata
.org/canada?view=vaccinations&tab=trend [accessed 9 January 2023].

Janssen, M., Chang, B.P.I,, Hristov, H., Pravst, 1., Profeta, A., and Mil-
lard, J. 2021. Changes in food consumption during the COVID-19 pan-
demic: analysis of consumer survey data from the first lockdown
period in Denmark, Germany, and Slovenia. Front. Nutr. 8: 635859.
doi:10.3389/fnut.2021.635859.

Jehi, T., Khan, R., Halawani, R., and Dos Santos, H. 2023. Effect of COVID-
19 outbreak on the diet, body weight and food security status of stu-
dents of higher education: a systematic review. Br. J. Nutr. 129(11):
1916-1928. England. doi:10.1017/S0007114522002604.

Kaddatz, J., and Badets, N. 2020. Health habits during the COVID-19 pan-
demic. The Vanier Institutes of the Family.

Karageorghis, C.I., Bird, J.M., Hutchinson, J.C., Hamer, M., Delevoye-
Turrell, Y.N., Guérin, S.M.R., et al. 2021. Physical activity and
mental well-being under COVID-19 lockdown: a cross-sectional
multination study. BMC Public Health, 21(1): 988. doi:10.1186/
$12889-021-10931-5.

Kelly, M.P., Stewart, E., Morgan, A., Killoran, A, Fischer, A., Threlfall, A.,
and Bonnefoy, J. 2009. A conceptual framework for public health:
NICE’s emerging approach. Public Health, 123(1): e14-e20. doi:10.
1016/j.puhe.2008.10.031.

Lamarche, B., Brassard, D., Lapointe, A., Laramée, C., Kearney, M., Coté,
M., et al. 2021. Changes in diet quality and food security among
adults during the COVID-19-related early lockdown: results from
NutriQuébec. Am. J. Clin. Nutr. 113(4): 984-992. d0i:10.1093/ajcn/
nqaa363.

Laska, M.N,, Fleischhacker, S., Petsoulis, C., Bruening, M., and Stebleton,
M.J. 2020. Addressing college food insecurity: an assessment of fed-
eral legislation before and during coronavirus disease-2019. J. Nutr.
Educ. Behav. 52(10): 982-987. d0i:10.1016/j.jneb.2020.07.001.

Lee, M.M., Poole, M.K,, Zack, R.M., Fiechtner, L., Rimm, E.B., and Kenney,
E.L. 2023. Food insecurity and the role of food assistance programs
in supporting diet quality during the COVID-19 pandemic in Mas-
sachusetts. Front. Nutr. 9. Available from https:/[www.frontiersin.org/
articles/10.3389/fnut.2022.1007177. doi:10.3389/fnut.2022.1007177.

Marcone, M.F., Madan, P., and Grodzinski, B. 2020. An overview of the so-
ciological and environmental factors influencing eating food behav-
ior in Canada. Front. Nutr. 7. Available from https://[www.frontiersin.
orgfarticles/10.3389/fnut.2020.00077. doi:10.3389/fnut.2020.00077.

Ministeére de la santé et des services sociaux (MSSS). 2012. La santé et ses
déterminants: Mieux comprendre pour mieux agir. Gouvernement
du Québec.

Molina-Montes, E., Uzhova, 1., Verardo, V., Artacho, R., Garcia-Villanova,
B., Jests Guerra-Herndndez, E., et al. 2021. Impact of COVID-19 con-
finement on eating behaviours across 16 European countries: the
COVIDiet cross-national study. Food Qual. Prefer. 93: 104231. doi:10.
1016/j.foodqual.2021.104231.

Ng, Y., Chang, M., Robertson, M., Grov, C., Maroko, A., Zimba, R., et al.
2023. Food insecurity during the first year of COVID-19: employment
and sociodemographic factors among participants in the CHASING
COVID Cohort Study. Public Health Rep. 138(4): 671-680. d0i:10.1177/
00333549231170203.

Nielsen, D.E., Karamanoglu, I, Yang Han, H., Labonté, K., and
Paquet, C. 2022. Food values, food purchasing, and eating-
related outcomes among a sample of Quebec adults during the
COVID-19 pandemic. Can. J. Diet. Pract. Res. 1-8. d0i:10.3148/
cjdpr-2022-030.

Pampalon, R., Hamel, D., Alix, C., and Landry, M. 2013. Une stratégie et
des indicateurs pour la surveillance des inégalités sociales de santé
au Québec. Institut national de santé publique du Québec, Québec,
Canada.

Polsky, J.Y., and Garriguet, D. 2022. Household food insecurity in Canada
early in the COVID-19 pandemic. Stat. Can. Health Rep. 33(2): 15-26.

Public Health Agency of Canada. 2016. How healthy are Canadians?
A trend analysis of the health of Canadians from a healthy living
and chronic disease perspective. Public Health Agency of Canada,
Ottawa.

Public Health Agency of Canada. 2018a. A common vision for
increasing physical activity and reducing sedentary living in
Canada: let’s get moving. Government of Canada. Available

‘Canadian Science Publishing

from https://www.canada.ca/en/public-health/services/publications/h
ealthy-living/lets-get-moving.html.

Public Health Agency of Canada. 2018b. Key health inequalities in
Canada: a national portrait. Public Health Agency of Canada, Ottawa.
Available from https://[www.canada.ca/content/dam/phac-aspc/docu
ments/services/publications/science-research/key-health-inequalities
-canada-national-portrait-executive-summary/key_health_inequalit
ies_full report-eng.pdf [accessed 7 November 2020].

Public Health Agency of Canada. 2022. Social inequalities in COVID-19
mortality by area- and individual-level characteristics in Canada, Jan-
uary 2020 to December 2020/March 2021. PHAC, Ottawa, Ontario,
Canada. Available from https://health-infobase.canada.ca/src/doc/in
equalities-deaths/TechnicalReport_COVIDMortalityInequalities.pdf.

Ruiz-Roso, M.B., de Carvalho Padilha, P., Matilla-Escalante, D.C., Brun, P.,
Ulloa, N., Acevedo-Correa, D., et al. 2020. Changes of physical activity
and ultra-processed food consumption in adolescents from different
countries during COVID-19 pandemic: an observational study. Nutri-
ents, 12(8). doi:10.3390/nu12082289.

Samji, H., Dove, N., Ames, M., Barbic, S., Sones, M., and Leadbeater, B.
2021. Impacts of the COVID-19 pandemic on the health and well-
being of young adults in British Columbia: a report by the British
Columbia Centre for Disease Control, COVID-19 Young Adult Task
Force. British Columbia Centre for Disease Control. Provincial Health
Services Authority.

Schanzenbach, D., and Pitts, A. 2020. How much has food insecu-
rity risen? Evidence from the Census Household Pulse Survey.
Institute for Policy Research Rapid Research Report. Available
from https://www.ipr.northwestern.edu/documents/reports/ipr-rapid
-research-reports-pulse-hh-data-10-june-2020.pdf [accessed 11 July
2023].

Simone, M., Emery, R.L., Hazzard, V.M., Eisenberg, M.E., Larson, N., and
Neumark-Sztainer, D. 2021. Disordered eating in a population-based
sample of young adults during the COVID-19 outbreak. Int. J. Eat. Dis-
ord. 54(7): 1189-1201. doi:10.1002/eat.23505.

Sonza, A., da Cunha de Sa-Caputo, D., Sartorio, A., Tamini, S., Seixas, A.,
Sanudo, B., et al. 2021. COVID-19 lockdown and the behavior change
on physical exercise, pain and psychological well-being: an interna-
tional multicentric study. Int. ]J. Environ. Res. Public Health, 18(7).
doi:10.3390/ijerph18073810.

Stanton, R., To, Q.G., Khalesi, S., Williams, S.L., Alley, S.J., Thwaite, T.L.,
et al. 2020. Depression, anxiety and stress during COVID-19: associ-
ations with changes in physical activity, sleep, tobacco and alcohol
use in Australian adults. Int. J. Environ. Res. Public Health, 17(11).
doi:10.3390/ijerph17114065.

Statistics Canada. 2007. How postal codes map to geographic areas. Gov-
ernmental. Available from https://www150.statcan.gc.ca/n1/pub/92f0
138m/2007001/4144811-eng.htm#2 [accessed 9 January 2023].

Statistics Canada. 2023. Market Basket Measure (MBM) thresholds for the
reference family by Market Basket Measure region, component and
base year; Table: 11-10-0066-01. Available from https:/fwww150.sta
tcan.gc.caftl/tbl1/en/tv.action?pid=1110006601 [accessed 17 February
2023].

Talham, CJ., and Williams, F. 2023. Household food insecurity during the
COVID-19 pandemic is associated with anxiety and depression among
US- and foreign-born adults: findings from a nationwide survey. J.
Affect. Disord. 336: 126-132. doi:10.1016/j.jad.2023.05.081.

van der Werf, ET., Busch, M., Jong, M.C., and Hoenders, H.J.R. 2021.
Lifestyle changes during the first wave of the COVID-19 pandemic: a
cross-sectional survey in the Netherlands. BMC Public Health, 21(1):
1226. doi:10.1186/s12889-021-11264-z.

World Health Organization. 2013. Global action plan for the prevention
and control of noncommunicable diseases 2013-2020. In WHO Press.
World Health Organization, Geneva, Switzerland. Available from ht
tps:/[www.who.int/publications/i/item/9789241506236.

World Health Organization. 2020. Coronarivus disease 2019
(COVID-19). World Health Organization. Available from https:
[[www.who.int/docs/default-source/coronaviruse/situation-reports/2
0200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10.

Zajacova, A., Jehn, A., Stackhouse, M., Denice, P., and Ramos, H. 2020.
Changes in health behaviours during early COVID-19 and socio-
demographic disparities: a cross-sectional analysis. Can. J. Public
Health, 111(6): 953-962. d0i:10.17269/s41997-020-00434-y.

Appl. Physiol. Nutr. Metab. 49: 179—-189 (2024) | dx.doi.org/10.1139/apnm-2023-0206 189



http://dx.doi.org/10.1139/apnm-2023-0206
https://covid19.healthdata.org/canada?view=vaccinations&tab=trend
http://dx.doi.org/10.3389/fnut.2021.635859
http://dx.doi.org/10.1017/S0007114522002604
http://dx.doi.org/10.1186/s12889-021-10931-5
http://dx.doi.org/10.1016/j.puhe.2008.10.031
http://dx.doi.org/10.1093/ajcn/nqaa363
http://dx.doi.org/10.1016/j.jneb.2020.07.001
https://www.frontiersin.org/articles/10.3389/fnut.2022.1007177
http://dx.doi.org/10.3389/fnut.2022.1007177
https://www.frontiersin.org/articles/10.3389/fnut.2020.00077
http://dx.doi.org/10.3389/fnut.2020.00077
http://dx.doi.org/10.1016/j.foodqual.2021.104231
http://dx.doi.org/10.1177/00333549231170203
http://dx.doi.org/10.3148/cjdpr-2022-030
https://www.canada.ca/en/public-health/services/publications/healthy-living/lets-get-moving.html
https://www.canada.ca/content/dam/phac-aspc/documents/services/publications/science-research/key-health-inequalities-canada-national-portrait-executive-summary/key_health_inequalities_full_report-eng.pdf
https://health-infobase.canada.ca/src/doc/inequalities-deaths/TechnicalReport_COVIDMortalityInequalities.pdf
http://dx.doi.org/10.3390/nu12082289
https://www.ipr.northwestern.edu/documents/reports/ipr-rapid-research-reports-pulse-hh-data-10-june-2020.pdf
http://dx.doi.org/10.1002/eat.23505
http://dx.doi.org/10.3390/ijerph18073810
http://dx.doi.org/10.3390/ijerph17114065
https://www150.statcan.gc.ca/n1/pub/92f0138m/2007001/4144811-eng.htm#2
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1110006601
http://dx.doi.org/10.1016/j.jad.2023.05.081
http://dx.doi.org/10.1186/s12889-021-11264-z
https://www.who.int/publications/i/item/9789241506236
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
http://dx.doi.org/10.17269/s41997-020-00434-y


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


