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Abstract
Objectives To investigate whether social determinants of health (SDOH) are predictive of adherence to public health
preventive measures and to describe changes in adherence over time among parents and children.
Methods A longitudinal study was conducted in children aged 0–10 years and their parents through the TARGet Kids! COVID-
19 Study in the Greater Toronto Area, Canada (April–July 2020). This study included 335 parents (2108 observations) and 416
children (2632 observations). Parents completed weekly questionnaires on health, family functioning, socio-demographics, and
public health practices. The outcome was adherence to public health preventive measures measured separately for parents and
children. Marginal log-binomial models were fitted using repeated measures of the outcome and predictors.
Results Unemployment (RR 0.67, 95% CI: 0.47, 0.97), apartment living (RR 0.72, 95% CI: 0.53, 0.99), and essential
worker in the household (RR 0.74, 95% CI: 0.55, 1.00) were associated with decreased likelihood of adherence
among parents; however, no associations were observed for other SDOH, including family income and ethnicity.
Furthermore, there was no strong evidence that SDOH were associated with child adherence. The mean number of
days/week that parents and children adhered at the start of the study was 6.45 (SD = 0.93) and 6.59 (SD = 0.86),
respectively, and this decreased to 5.80 (SD = 1.12) and 5.84 (SD = 1.23) by study end. Children consistently had
greater adherence than parents.
Conclusion SDOH were predictive of adherence to public health preventive measures among parents but less so in children
among our sample of relatively affluent urban families. Adherence was high among parents and children but decreased over time.
Equitable approaches to support the implementation of public health guidelines may improve adherence.
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Résumé
Objectifs Voir si les déterminants sociaux de la santé (DSS) sont des prédicteurs de conformité aux mesures de prévention
sanitaire et décrire l’évolution de la conformité des parents et des enfants au fil du temps.
Méthode Nous avons mené une étude longitudinale auprès d’enfants de 0 à 10 ans et de leurs parents dans le cadre de l’étude sur
la COVID-19 menée par le groupe de recherche TARGet Kids! dans la région du Grand Toronto, au Canada (avril à juillet 2020).
L’étude incluait 335 parents (2 108 observations) et 416 enfants (2 632 observations). Les parents ont rempli un questionnaire
hebdomadaire sur la santé, le fonctionnement familial, le profil sociodémographique et les pratiques sanitaires. Le résultat était la
conformité aux mesures de prévention sanitaire, mesurée séparément pour les parents et les enfants. Des modèles log-binomiaux
marginaux ont été ajustés à l’aide de mesures répétées du résultat et des prédicteurs.
Résultats Le chômage (RR 0,67, IC de 95% : 0,47, 0,97), la vie en appartement (RR 0,72, IC de 95% : 0,53, 0,99) et la présence
d’un travailleur essentiel dans le ménage (RR 0,74, IC de 95 % : 0,55, 1,00) étaient associés à une probabilité réduite de
conformité chez les parents; par contre, aucune association n’a été observée pour les autres DSS, dont le revenu familial et
l’ethnicité. Il n’y avait pas non plus d’indications convaincantes d’une association entre les DSS et la conformité chez les enfants.
Le nombre moyen de jours/semaine où parents et enfants s’étaient conformés aux mesures de prévention sanitaire au début de
l’étude était de 6,45 (S = 0,93) et de 6,59 (S = 0,86), respectivement; ce nombre a diminué pour atteindre 5,80 (S = 1,12) et 5,84
(S = 1,23) à la fin de l’étude. La conformité des enfants était uniformément supérieure à celle des parents.
Conclusion Dans notre échantillon de familles urbaines relativement aisées, les DSS étaient des prédicteurs de conformité aux
mesures de prévention sanitaire chez les parents, mais dans une moindre mesure chez les enfants. La conformité était élevée chez
les parents comme chez les enfants, mais elle a diminué avec le temps. Des stratégies équitables d’appui à l’application des
directives sanitaires pourraient améliorer le respect de ces directives.
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Introduction

Public health measures and guidelines have been pivotal in
reducing the transmission of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and mitigating the im-
pact of the COVID-19 pandemic (Government of Canada,
2020). In Canada, a phased approach to restrictions has been
used to control spread over the course of the pandemic.
Starting in March 2020, restrictions were implemented in
Ontario that included closures of schools and non-essential
businesses, restrictions on gathering sizes, stay-at-home or-
ders, and widespread closure or restriction of access to out-
door spaces; many of these restrictions were relaxed in the
summer of 2020 as the first wave of the pandemic waned
(Detsky & Bogoch, 2020; Toronto.com, 2020). Despite the
phased approach to reopening, public health preventive
measures, including handwashing and maintaining physical
distancing, have continued to be widely recommended
(Government of Canada, 2020). In Canada, physical
distancing recommendations have included avoiding crowded
places, reducing non-essential travel and trips, commuting
outside of the busiest hours if using public transportation,
avoiding greetings that include physical contact, following
local guidelines on gathering sizes, and keeping a distance
of 2 metres (Government of Canada, 2020). A recent system-
atic review of over 170 studies indicated that current policies
of maintaining at least 1 m when physical distancing was

strongly associated with a large reduction in infection (pooled
adjusted odds ratio 0.18, 95% confidence interval 0.09, 0.38)
with distances of 2 m potentially being more effective (Chu
et al., 2020).

There have been several studies conducted globally on the
predictors of adherence to public health preventive measures,
most of which have been in adults (Barari et al., 2020;
Brankston et al., 2020; Brzezinski et al., 2020; Carvalho
et al., 2020; Coroiu et al., 2020; Farias & Pilati, 2020;
Freeman et al., 2020; Harper et al., 2020; Papageorge et al.,
2021; Papanastasiou et al., 2020; Travaglino & Moon, 2020).
However, little is known about adherence to public health
preventive measures in Canada, in particular among parents
and young children. Disparities in COVID-19 infection and
outcomes have been observed in many cities, including
Toronto, suggesting that the social determinants of health
(SDOH), such as race, ethnicity, income, gender, and house-
hold size, may increase COVID-19 risk (City of Toronto,
2020; Mein, 2020; Office of National Statistics, 2020;
Public Health Ontario, 2020a). It is currently unknown wheth-
er these social determinants are associated with physical dis-
tancing and handwashing practices. Thus, it is important to
understand the factors that are associated with adherence to
public health preventive measures to inform governmental
policy today and for the months and years to come as recurrent
outbreaks of SARS-CoV-2 are projected to occur (Kissler
et al., 2020). The primary objective of this study was to
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investigate whether the SDOH were predictive of adherence
to public health preventive measures among parents and
young children during the first several months of the SARS-
CoV-2 pandemic inOntario, Canada. The secondary objective
was to describe changes in adherence over time.

Methods

Study design and participants

The TARGet Kids! (The Applied Research Group for
Kids) COVID-19 Study of Children and Families is an
ongoing prospective longitudinal observational study of
children and families followed during the COVID-19 pan-
demic from April 2020. Healthy children from 0 to 10
years (inclusive) and their parents enrolled in the ongoing
TARGet Kids! primary care pediatric network in the
Greater Toronto Area were recruited to participate by tele-
phone. TARGet Kids! has recruited children since 2008
from pediatric or family practice clinics in the Greater
Toronto Area and has collected data at each regularly
scheduled well-child visit. It has been described previous-
ly (www.clinicaltrials.gov: NCT01869530). Exclusion
criteria for initial recruitment into the TARGet Kids!
cohort include: chi ldren with associated heal th
conditions affecting growth (e.g., failure to thrive, cystic
fibrosis), children with any acute or chronic conditions
(other than asthma and high functioning autism),
children with severe developmental delay, and families
who are unable to communicate in English (Carsley
et al., 2015).

Families enrolled in the TARGet Kids! COVID-19
Study of Children and Families were asked to complete
weekly questionnaires either over the telephone or online
through the Research Electronic Data Capture (REDCap)
about occupation, subsidies, financial security, mental
health, physical health, health behaviours, substance use,
family dynamics, parenting, childcare arrangements, eating
behaviours, and public health preventive measures. Parents
completed questionnaires on behalf of themselves and their
children. Recruitment for the TARGet Kids! COVID-19
Study of Children and Families started in March 2020 and
is ongoing throughout the pandemic. Data were prospec-
tively collected each week from the initial visit onwards.
To follow up with respondents, all invited participants were
sent two email reminders and one phone call. Data from
April 14 to July 15, 2020 were used for this study. Public
data on COVID-19 cases per day in Toronto were
downloaded from the City of Toronto on September 26,
2020 (City of Toronto, 2020). Daily case numbers based
on episode date were used from April 14 to July 15, 2020.

Ethics

Informed verbal consent was provided over the telephone.
Parents of all children participating in the TARGet Kids! co-
hort study provided informed written consent at enrollment.
Ethics approval was provided by the Research Ethics Boards
at both The Hospital for Sick Children and Unity Health
Toronto.

Predictors

Predictors were selected a priori and included social determi-
nants of health (age, sex, income, unemployment, ethnicity,
housing) and other variables hypothesized to be associated
with adherence to public health preventivemeasures (essential
worker status, child living arrangement, older adults living in
the household, parent currently pregnant, attending childcare,
family history of chronic disease). Information on predictors
was collected from two sources: (1) TARGet Kids! COVID-
19 Study of Children and Families and (2) data already col-
lected (pre-COVID) as part of the TARGet Kids! standard-
ized, parent-completed questionnaire.

Data collected through the TARGet Kids! COVID-19
Study of Children and Families were used for the following
variables: child’s age, parent’s age, household essential work-
er status, parent unemployment due to COVID-19, number of
people in household, number of people in household 60 years
or older, family history of chronic disease (includes heart dis-
ease, diabetes, lung disease, cancer, or chronic disease), preg-
nancy status, child currently attending childcare, and calendar
time. Number of people in household was categorized as: (1)
four or less or (2) five or greater using the open-ended ques-
tion, “How many people are currently in your household?”
Family history of chronic disease was ascertained through
the question, “Does anybody in the household have a medical
history of heart disease/diabetes/lung disease/cancer/chronic
disease?” The question had a five-item response to capture
whether any of the conditions were present in the family and
which relative(s) had the condition(s). Family history of
chronic disease was recategorized into two categories: (1)
yes or (2) no, where families who answered “yes” had at least
one of the above conditions. Household essential worker sta-
tus, unemployment due to COVID-19, number of people in
household 60 years or older, pregnancy status, and child cur-
rently attending childcare were ascertained through
closed-ended “yes” or “no” questions. Calendar time
was defined continuously in weeks using the weekly
visit date. Child’s age, parent’s age, unemployment
due to COVID-19, and calendar time were time-
varying variables taken from repeated visits.

Pre-COVID-19 data were used for the following variables:
child’s sex, parent’s sex, family income before taxes, median
after-tax household income, maternal ethnicity, paternal
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ethnicity, child living arrangement, and dwelling type. A
closed-ended question with 10 response options was used to
measure family income and was recategorized as: (1) less than
$60,000; (2) $60,000 to $149,999; and (3) $150,000 or more.
Neighbourhood median after-tax household income was ob-
tained using the Statistics Canada Postal Code Conversion
File and data from the 2006 Canadian Census (Wilkins,
2009) and was categorized as: (1) less than $60,000; (2)
$60,000 to $99,999; and (3) $100,000 or more. A closed-
ended question with 20 response options was used to deter-
mine the ethnicity of the biological mother and father,
allowing for multiple response options to capture mixed eth-
nicity. Ethnicity was then categorized into 4 categories in-
formed by recent knowledge on COVID-19 risk in the
Province of Ontario: (1) European; (2) African, Southeast
Asian, South Asian; (3) Arab, Latin American, East Asian;
and (4) mixed (Guttmann et al., 2020). Child living arrange-
ment was obtained from the question, “Which of the following
best describes your child’s living arrangement?” and was cat-
egorized as: (1) both parents living in the same household; (2)
lives alternating with 2 parents in different households; and (3)
lives with one parent only. Child dwelling was ascertained by
asking the question, “Do you live in a house or apartment?”
and responses were categorized as: (1) house or (2) apartment.

Outcome

The primary outcome was adherence to public health preven-
tive measures which was defined as practicing public health
preventive measures, including staying home, limiting the
number of visitors in the home, avoiding contact with others,
keeping a distance of 2 m or more, and handwashing. The
cohort was followed up weekly to ascertain their responses
to the closed-ended questions: “Out of the last 7 days, how
many days have you and your child been practicing the fol-
lowing: (1) staying home; (2) limiting the number of visitors
in your home; (3) avoiding contact with others; (4) keeping
distance (2m ormore) from others; and (5) practicing frequent
hand washing?” At the time of questionnaire development,
mask use was not recommended and was therefore not asked.
The number of days each week that parents and children sep-
arately practiced each of the five preventive measures was
summed for a maximum of 35. For our primary analysis, the
outcome of adherence to public health preventive measures
was dichotomized to create the complete adherence category
(35 out of 35) versus incomplete adherence category (<35 out
of 35) for each week. A supplementary analysis was conduct-
ed which separately evaluated complete (7 out of 7) versus
incomplete adherence for the following three individual pub-
lic health measures: “staying home”, “limiting visitors”, and
“avoiding contact”. These three measures were evaluated sep-
arately since they showed the greatest decline from April to
July 2020. As a secondary supplementary analysis, we

evaluated the outcome of daily adherence to any public health
preventive measures as a binomial count variable by taking
the total number of days practiced for the five preventive
measures, out of a maximum of 35.

Statistical analysis

For the primary analysis, unadjusted and adjusted risk ratios
(RR) with 95% confidence intervals (CI) were estimated for
each predictor separately in relation to complete versus in-
complete adherence to public health preventive measures
using marginal log-binomial regression models (generalized
estimating equations with a log link function) including re-
peated measures of predictors and outcomes using PROC
GEE (SAS version 9.4; SAS Institute, Inc.). Marginal models
were used to account for clustering within a family for siblings
and repeated measures over time within subject. An indepen-
dent correlation matrix was used which had a better model fit
than an exchangeable structure as determined by the lower
quasi-likelihood under the independence model criterion
(QIC) goodness of fit statistic value. A priori, our model-
building strategy was to evaluate each SDOH predictor vari-
able separately in relation to adherence to public health pre-
ventive measures, and adjusted for only child’s age, child’s
sex, parent’s age, parent’s sex, and calendar time. Models
were run separately for parents (335 parents with 2108 obser-
vations) and children (416 children with 2632 observations).
As a post hoc supplemental analysis, a fully adjusted model
including all predictors in one model in relation to complete
versus incomplete adherence was conducted. For the fully
adjusted model, multicollinearity was assessed using the var-
iance inflation factors (VIF) and all VIF were <2, which did
not suggest high correlation between predictors.

Missingness for each predictor was 22% or less. To avoid
bias introduced from missing data or the use of single-value
imputation methods, we performed multiple imputation
(n=20) to impute missing predictor data using PROC MI
and PROC MIANALYZE in SAS. For the secondary supple-
mentary analysis, adjusted RR and 95% CI were estimated for
each predictor in relation to the average daily probability of
adherence to public health preventive measures using margin-
al log-binomial count regression models including repeated
measures of predictors and outcomes using PROC GEE
(SAS version 9.4; SAS Institute, Inc.).

Results

A total of 335 parents (2108 observations) and 416 children
(2632 observations) were included after the removal of im-
plausible values (e.g., <15 years for parent age and >7 days for
questions regarding weekly public health preventive mea-
sures) for the predictors and outcome. A detailed flowchart
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of study participants is presented in Fig. 1. Descriptive char-
acteristics of participants are shown in Table 1. The mean age
of parent respondents was 38 years and 93%were female. The
mean age of children was 4.4 years, 48% were female, and
64% had mothers of European ethnicity.

Between April 14 and July 15, 2020, participants submitted
an average of 6.3 weekly questionnaires over the telephone or
online (Table 1). Most participants completed between 2 and
10 questionnaires (79%) while 11% of participants completed
1 questionnaire and 10% completed 10–21 questionnaires.
For the first questionnaire, the average number of days that
parents and children adhered to public health preventive mea-
sures was 6.6 and 6.5 days per week, respectively. For the last
questionnaire, the average number of days that both parents
and children adhered to public health preventive measures
was 5.8 days per week (Table 1). The average number of days
that parents and children adhered to the individual public
health preventive measures is provided in Supplementary
Figures 1 and 2, respectively. Compared with COVID-19
cases in Toronto which experienced a steep decline from
April 14 through July 15, the average number of days per
week parents reported “washing hands” stayed relatively con-
sistent while parent report of “limiting visitors”, “keeping dis-
tance of 2 m or more”, “avoiding others” and “staying home”
declined over time with “limiting visitors”witnessing the least
decline and “staying home” witnessing the greatest decline
over time (Fig. 2). The reported average number of days per
week for children “limiting visitors” and “washing hands”
declined slightly from April 14 to July 15, 2020, while the
average reported number of days per week for children

“avoiding others”, “staying home” and “keeping distance of
2 m or more” declined more over time (Fig. 3).

In the adjusted analysis for parents (Table 2), there was
evidence that several SDOH were predictive of adherence to
public health preventive measures. Parent unemployment due
to COVID-19 (RR 0.67, 95% CI: 0.47, 0.97), living in an
apartment (RR 0.72, 95% CI: 0.53, 0.99), and having an es-
sential worker in the household (RR 0.74, 95% CI: 0.55, 1.00)
predicted decreased likelihood of adherence compared with
their respective reference group, after adjusting for parent
age, parent sex, child age, child sex, and calendar time. The
adjusted RR for the association between alternating or single-
parent household living arrangement compared with both par-
ents in the same household and adherence versus incomplete
adherence to public health preventive measures was 0.42
(95% CI: 0.17, 1.01). Estimates for the post hoc fully adjusted
model including all predictors in one model are found in
Supplementary Table 1. Sensitivity analysis evaluating the
outcomes “staying home”, “limiting visitors”, and “avoiding
contact” separately is provided in Supplementary Table 3.
Results for each of the three parent outcomes separately were
similar to the combined results and the direction of the ob-
served associations was similar for each outcome.

In the adjusted analysis for children (Table 3), few SDOH
were predictive of adherence. There was evidence that living
in an apartment (RR 0.80, 95%CI: 0.64, 1.00); mixed parental
ethnicity (RR 0.76, 95%CI: 0.61, 0.95); and living in a house-
hold with 4 or less people (RR 0.85, 95% CI: 0.73, 0.98) were
associated with decreased likelihood of adherence to public
health preventive measures after adjusting for parent age,

Fig. 1 Flowchart of study participants in the TARGet Kids COVID-19 Study
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Table 1 Descriptive characteristics of study participants for parents (N = 335) and children (N = 416) in the TARGet Kids COVID-19 Study fromApril
to July 2020 in the Greater Toronto Area

Characteristic N (%) missing Mean (SD) or N (%)

Child age (mean months and SD)1 0 (0%) 53 (31.4)

Child sex1 0 (0%)

Female 201 (48%)

Male 215 (52%)

Parent age (mean years and SD) 31 (9%) 38 (4.9)

Parent sex 0 (0%)

Female 312 (93%)

Male 23 (7%)

Number of weekly questionnaire submissions (mean and SD) 0 (0%) 6.3 (3.6)

Child adherence to public health measures (mean and SD) 1 (1%)

Number of days per week at first submission 6.59 (0.86)

Number of days per week at last submission 5.84 (1.23)

Parent adherence to public health measures (mean and SD) 1 (1%)

Number of days per week at first submission 6.45 (0.93)

Number of days per week at last submission 5.80 (1.12)

Maternal ethnicity 70 (21%)

European 169 (64%)

African, Southeast Asian, South Asian 36 (14%)

Arab, Latin American, East Asian 35 (13%)

Mixed 25 (9%)

Paternal ethnicity 75 (22%)

European 184 (71%)

African, Southeast Asian, South Asian 33 (13%)

Arab, Latin American, East Asian 20 (8%)

Mixed 23 (9%)

Unemployed due to COVID-192 11 (1%)

Yes 244 (13%)

No 1853 (87%)

Family income 57 (17%)

Less than $60,000 24 (9%)

$60,000 to $149,999 96 (34%)

$150,000 or more 158 (57%)

Median neighbourhood household income 8 (2%)

Less than $60,000 86 (26%)

$60,000 to $99,999 191 (59%)

$100,000 or more 50 (15%)

Essential worker 0 (0%)

Yes 111 (33%)

No 224 (67%)

Child living arrangement 52 (15%)

Both parents in the same household 273 (96%)

Single-parent household 8 (3%)

Alternating household 2 (1%)

Dwelling type 99 (29%)

Apartment 36 (15%)

House 200 (85%)

Number of people in the household 25 (7%)

4 or less 250 (81%)

5 or more 60 (19%)
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parent sex, child age, child sex, and calendar time. The adjust-
ed RR for the association between alternating household liv-
ing arrangement compared with both parents in the same
household and adherence versus incomplete adherence to
public health preventive measures was 1.34 (95% CI: 0.98,
1.84). Estimates for the post hoc fully adjusted model are
found in Supplementary Table 2. Similar results were obtain-
ed for the supplementary analysis using the separate outcomes
(Supplementary Table 4), although some additional statistical-
ly significant predictors of adherence to limiting visitors were

observed, including the child currently attending childcare
(RR 0.90, 95% CI: 0.83, 0.97) and family history chronic
disease (RR 0.92, 95% CI: 0.88, 0.98).

Similar results were found for the secondary supplementa-
ry analysis using marginal log-binomial count regression
models for the outcome of average daily probability of adher-
ing to public health preventive measures practices. However,
effect sizes were smaller due to the scale of the outcome. For
parents, unemployment due to COVID-19 and living in an
apartment still predicted less adherence but were no longer

Table 1 (continued)

Characteristic N (%) missing Mean (SD) or N (%)

Household member age 60 or older 18 (5%)

Yes 26 (8%)

No 291 (92%)

Child currently attends childcare 21 (6%)

Yes 54 (17%)

No 260 (83%)

Parent is currently pregnant 19 (6%)

Yes 11 (3%)

No 305 (97%)

Family history of chronic disease3 21 (6%)

Yes 88 (28%)

No 226 (72%)

1 The predictors of child age and child sex were based on the sample size for children (N = 416) while all other predictors were based on the sample size
for parents (N = 335)
2N represents the number of observations (N = 2108) since the predictor was measured weekly
3 Includes heart disease, diabetes, lung disease, cancer, or chronic disease for anybody in the household

Fig. 2 LOESS smoothing
average number of days per week
parents practiced each of the 5
public health measures (y1-axis)
as self-reported from April 14 to
July 15, 2020, and corresponding
data from Toronto Public Health
from the same time period on the
COVID-19 cases per day (y2-axis)
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significant, while a family income of between $60,000 and
$149,999 became a significant predictor of less adherence
on any given day (Supplementary Table 5). For children, an
essential worker living in the household, currently attending
daycare, and family history of chronic disease became signif-
icant predictors of less adherence on any given day
(Supplementary Table 6).

Discussion

The SDOH were predictive of adherence to public health pre-
ventive measures for parents but less so for their young chil-
dren among this study population during the first several
months of the pandemic between April 14 and July 15, 2020
in the Greater Toronto Area. Over this period, adherence to
public health measures was high for both parents and children
with a decline over time.

The considerable decline in average adherence to public
health preventive measures corresponded to easing of public
health restrictions (Government of Ontario, 2020) and a decrease
in the number of COVID-19 cases in the city of Toronto over the
same time period (City of Toronto, 2020). Greater adherence to
public health preventive measures was consistently observed for
children as compared with parents, suggesting that parents may
be more protective of their children’s behaviours than their own.
School closures during this period may also have allowed chil-
dren to physically distance (Public Health Ontario, 2020b). It
should be noted that public health guidelines regarding public
health preventive measures changed over the study period while
our measures of public health preventive measures and our def-
inition of adherence did not change.

Previous research analyses investigating the relationship
between the SDOH and adherence to public health preventive
measures during COVID-19 found that younger adults and
males had less adherence (Brankston et al., 2020; Brouard
et al., 2020; Coroiu et al., 2020; Papanastasiou et al., 2020).
We found modest but non-significant evidence that younger
parents were less likely to adhere. However, we also found
modest but non-significant evidence that female parents were
also less likely to adhere. Pre-pandemic and pandemic
healthcare behavioural research indicates that women are
more likely than men to follow health-care guidelines
(Olcaysoy Okten et al., 2020; Rogers et al., 2010). However,
women have been shown to constitute the majority of essen-
tial workers, such as in grocery stores, healthcare, long-term
care, and childcare (Canadian Women’s Foundation, 2020;
Public Health Ontario, 2020a), which may help explain the
structural factors that impact the ability to adhere.

Studies have found that those able to work from home
or who had flexible work arrangements were better able to
adhere to public health preventive measures (Brankston
et al., 2020; Papageorge et al., 2021; Papanastasiou et al.,
2020) while those living in apartments were less able to adhere
(Papanastasiou et al., 2020). Consistent with these results, we
found that parents who were essential workers and parents and
children living in apartments were less able to adhere to public
health preventive measures. These findings were expected as
essential workers required to work in-person and those living
in smaller spaces may find it more challenging to physically
distance. Parent unemployment due to COVID-19 was asso-
ciated with decreased likelihood of adherence to public health
preventive measures in parents, which could be explained
by their having more time to run essential errands and needing
to find work. An alternating household living arrangement for

Fig. 3 LOESS smoothing
average number of days per week
children practiced each of the 5
public health measures (y1-axis)
as reported by their parents from
April 14 to July 15, 2020, and
corresponding data from Toronto
Public Health from the same time
period on the COVID-19 cases
per day (y2-axis)
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Table 2 Unadjusted and adjusted risk ratios (RR) and 95% confidence
intervals (CI) for the association between social determinants of health
and parents’ average weekly adherence versus incomplete adherence to

public health measures during the COVID-19 pandemic from April to
July 2020 (n = 335 unique parents and 2108 repeated observations) esti-
mated using marginal log-binomial regression models

Parent

Explanatory variable Unadjusted RR (95% CI) Adjusted RR1 (95% CI)

Parent age2 1.01 (0.99, 1.03) 1.02 (0.99, 1.05)

Parent sex

Female 0.66 (0.45, 0.96) 0.70 (0.47, 1.05)

Male REF REF

Family income

Less than $60,000 0.96 (0.64, 1.44) 1.01 (0.68, 1.51)

$60,000 to $149,999 0.83 (0.63, 1.08) 0.80 (0.61, 1.04)

$150,000 or more REF REF

Median neighbourhood household income

Less than $60,000 0.84 (0.57, 1.25) 0.81 (0.55, 1.20)

$60,000 to $99,999 0.92 (0.66, 1.28) 0.92 (0.67, 1.28)

$100,000 or more REF REF

Unemployed due to COVID-19

Yes 0.65 (0.44, 0.95) 0.67 (0.47, 0.97)

No REF REF

Dwelling type

Apartment 0.72 (0.53, 0.98) 0.72 (0.53, 0.99)

House REF REF

Maternal ethnicity

African, Southeast Asian, South Asian 0.92 (0.62, 1.37) 0.94 (0.64, 1.37)

Arab, Latin American, East Asian 0.93 (0.63, 1.38) 0.89 (0.60, 1.34)

Mixed 0.93 (0.64, 1.35) 0.93 (0.62, 1.38)

European REF REF

Paternal ethnicity

African, Southeast Asian, South Asian 0.99 (0.68, 1.46) 1.02 (0.70, 1.48)

Arab, Latin American, East Asian 0.95 (0.62, 1.44) 0.95 (0.62, 1.43)

Mixed 0.70 (0.45, 1.08) 0.68 (0.42, 1.09)

European REF REF

Essential worker

Yes 0.74 (0.55, 0.99) 0.74 (0.55, 1.00)

No REF REF

Number of people in the household

4 or less 0.84 (0.61, 1.16) 0.88 (0.63, 1.24)

5 or more REF REF

Household member age 60 or older

Yes 1.26 (0.80, 1.97) 1.31 (0.87, 1.98)

No REF REF

Child living arrangement3

One-parent or alternating household 0.46 (0.20, 1.05) 0.42 (0.17, 1.01)

Both parents in the same household REF REF

Child currently attends childcare

Yes 1.00 (0.69, 1.45) 0.98 (0.67, 1.44)

No REF REF
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children predicted decreased likelihood of adherence in par-
ents but the opposite in children, perhaps due to parents taking
greater precautions for children while transporting children
between houses. Interestingly, living in a household with 5
or more people predicted an increased likelihood
of adherence in children, which could be due to the greater
need to practice public health preventive measures in larger
households to protect household members or less need to play
or participate in activities outside the home.

We did not find evidence that a family history of chronic
disease predicted adherence, in contrast with Papanastasiou
et al. (2020) who found that chronic health conditions related
to risk of complications fromCOVID-19 were associated with
adherence to publ ic heal th prevent ive measures
(Papanastasiou et al., 2020). This could be due to our family
history of chronic disease variable having been defined more
broadly and to the younger age of our study participants.
Further, we did not find evidence that living with older adults
or pregnant persons predicted adherence, which could be at-
tributed to a lack of targeted public health messaging.

Previous research appears to show aU-shaped trend for the
relationship between income and adherence to public health
preventive measures. Those with lower income (<$30,000)
were less able to avoid public transportation and comply with
quarantine (Brankston et al., 2020) while those with higher
income (>$110,000) were more likely to participate in activ-
ities with someone outside their household (Brankston et al.,
2020). Another study found that living in a lower-income
neighbourhood was associated with reduced physical distanc-
ing and working outside the home was the main reason (Jay
et al., 2020). Individuals with lower income are overrepresent-
ed in public-facing work with high proximity to others (Public
Health Ontario, 2020a) and may be less able to adhere, while
those with higher incomes may have greater ability to adhere.

The present study found modest but non-significant evidence
that having a family income between $60,000 and $149,999
as compared with $150,000 or more predicted decreased like-
lihood of adherence in parents.

Similar to a previous study that investigated the relation-
ship between race and adherence to public health preventive
measures and did not find strong associations (Papageorge
et al., 2021), we found no evidence that ethnicity was predic-
tive of adherence. These findings may appear to conflict with
local and provincial data demonstrating that COVID-19 dis-
proportionately impacts racialized groups; however, to the
best of our knowledge, there have been no population-based
data on race or ethnicity as predictors of adherence to public
health preventive measures in Canada. Data from Toronto
Public Health showed that racialized individuals represented
83% of reported COVID-19 cases but made up 52% of
Toronto’s population (City of Toronto, 2020), with similar
trends in the United States and United Kingdom (Centers for
Disease Control and Prevention, 2020; Chen &Krieger, 2020;
Mein, 2020; Office of National Statistics, 2020). Data from
Toronto Public Health has also shown that individuals living
in households considered lower income and in households
with five or more people were overrepresented in COVID-
19 cases (City of Toronto, 2020). With respect to both income
and ethnicity, our study does not represent all of the City of
Toronto. We had a high-income sample where 57% of partic-
ipants had a total family income of $150,000 or more per year,
while 19% of Torontonians had a total household income of
$150,000 or more based on 2015 estimates (Statistics Canada,
2017). Moreover, the majority of Torontonians are racialized
(Statistics Canada, 2017) while 64% of study participants
were of European ethnicity on the maternal side and 71% on
the paternal side. Both factors limit generalizability of our
findings and are the primary reason we did not see an

Table 2 (continued)

Parent

Explanatory variable Unadjusted RR (95% CI) Adjusted RR1 (95% CI)

Parent is currently pregnant

Yes 0.96 (0.54, 1.69) 1.01 (0.57, 1.79)

No REF REF

Family history of chronic disease

Yes 1.00 (0.76, 1.31) 1.02 (0.77, 1.33)

No REF REF

1Risk ratios were adjusted for child age, child sex, parent age, parent sex, and weekly visit except for parent age which was adjusted for child age, child
sex, and parent sex, and parent sex which was adjusted for child age, child sex, and parent age
2 Estimates provided for every 1-year increase in age
3 For child living arrangement, “one-parent household” and “alternating household” categories were combined due to small cell size

CI, confidence interval; RR, risk ratio; REF, reference
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Table 3 Unadjusted and adjusted risk ratios (RR) and 95% confidence
intervals (CI) for the association between social determinants of health
and children’s average weekly adherence versus incomplete adherence

during the COVID-19 pandemic from April to July 2020 (n = 416 unique
children and 2632 repeated observations) estimated using marginal log-
binomial regression models

Child

Explanatory variable Unadjusted RR (95% CI) Adjusted RR1 (95% CI)

Child age2 1.00 (0.97, 1.02) 0.97 (0.94, 1.00)

Child sex

Female 0.90 (0.80, 1.05) 0.92 (0.80, 1.06)

Male REF REF

Family income

Less than $60,000 0.98 (0.74, 1.30) 1.03 (0.78, 1.37)

$60,000 to $149,999 1.01 (0.87, 1.18) 1.01 (0.87, 1.17)

$150,000 or more REF REF

Median neighbourhood household income

Less than $60,000 0.90 (0.70, 1.13) 0.86 (0.69, 1.07)

$60,000 to $99,999 0.94 (0.77, 1.16) 0.94 (0.78, 1.14)

$100,000 or more REF REF

Unemployed due to COVID-19

Yes 0.90 (0.72, 1.11) 0.91 (0.74, 1.12)

No REF REF

Dwelling type

Apartment 0.77 (0.62, 0.96) 0.80 (0.64, 1.00)

House REF REF

Maternal ethnicity

African, Southeast Asian, South Asian 0.96 (0.78, 1.19) 1.00 (0.82, 1.21)

Arab, Latin American, East Asian 0.97 (0.78, 1.20) 0.94 (0.76, 1.15)

Mixed 1.06 (0.84, 1.32) 1.10 (0.91, 1.33)

European REF REF

Paternal ethnicity

African, Southeast Asian, South Asian 1.04 (0.86, 1.26) 1.05 (0.86, 1.27)

Arab, Latin American, East Asian 0.96 (0.76, 1.22) 1.00 (0.80, 1.26)

Mixed 0.77 (0.61, 0.98) 0.76 (0.61, 0.95)

European REF REF

Essential worker

Yes 0.95 (0.81, 1.12) 0.98 (0.83, 1.15)

No REF REF

Number of people in the household

4 or less 0.84 (0.72, 0.99) 0.85 (0.73, 0.98)

5 or more REF REF

Household member age 60 or older

Yes 1.10 (0.85, 1.44) 1.15 (0.92, 1.43)

No REF

Child living arrangement

One-parent household 0.78 (0.50, 1.24) 0.75 (0.48, 1.20)

Alternating household 2.18 (1.33, 3.57) 1.34 (0.98, 1.84)

Both parents in the same household REF REF

Child currently attends childcare

Yes 0.95 (0.76, 1.17) 0.93 (0.75, 1.16)

No REF REF
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association between ethnicity or income and adherence. The
greater proportion of COVID-19 infection and outcomes in
individuals who are racialized, lower income, or living in
larger households may be explained by the influence of struc-
tural factors such as racism, social exclusion, and housing
(Public Health Ontario, 2020a). These structural factors lead
to the disproportionate number of racialized individuals work-
ing in essential worker jobs, taking public transportation, and
living in crowded housing—all of which lack appropriate pro-
tections and lead to the inability to follow public health pre-
ventive measures.

To our knowledge, the current study is the first to explore
the relationship between the SDOH and adherence to public
health preventivemeasures among parents and young children
during the COVID-19 pandemic. The study had several
strengths, including the use of repeated individual measures,
allowing for greater precision in estimates, and exploration of
adherence to public health preventive measures over time.
Limitations of this study include the relatively small sample
size and relatively low follow-up rate. Furthermore, our study
is nested within the TARGet Kids! primary care pediatric
network and reflects parents and children recruited from se-
lected primary care practices and is not a population-based
representative sample. The sample had a relatively high in-
come and education as compared with the overall population.
The findings from this study may be not generalizable to other
populations and national data on parents and children are
needed. Furthermore, the potential for residual confounding
(e.g., additional predictors not controlled for, unmeasured
health conditions, primary mode of transportation, and
neighbourhood density) as well as measurement error and
desirability bias due to self-report is possible due to the nature
of questionnaires. Unmeasured confounding could reduce the
conservativeness of estimates while desirability bias could
increase them. Last, the fast-paced nature of the

pandemic created a lag between questionnaire develop-
ment, administration, and completion, making it difficult
to capture other measures of public health guidance like
masking as the understanding of the pandemic and sub-
sequent guidelines changed. Furthermore, at the time of
questionnaire development, nuances regarding the adher-
ence to public health measures were not asked, such as
whether participants stayed at home for the whole day
(or had outside time) and whether they avoided in-
person contact with those they do not live with.

Conclusion

Public health preventive measures have been a necessary pub-
lic health intervention in preventing COVID-19 transmission.
Understanding the factors that facilitate or prevent adherence
to these measures is important. In this study, we found that
intermediary determinants of health, such as housing, employ-
ment, and child living arrangement, were predictive of
adherence for parents but less so for their children. Equitable
approaches to supporting parents in implementing public
health preventive measures, especially for those unemployed,
living in apartments, or having non-traditional child living
arrangements, and appropriate workplace protections (e.g.,
plexiglass shields, masking, paid sick-leave policies) for
essential workers, may help increase adherence to public
health preventive measures. Future research is needed to
understand the underlying reasons for decreased likelihood
of adherence, including neighbourhood, public transportation,
and other structural factors. Additionally, future research
should investigate whether measures of protection are in place
for situations where adherence to public health preventive
measures is not possible. This research will help identify

Table 3 (continued)

Child

Explanatory variable Unadjusted RR (95% CI) Adjusted RR1 (95% CI)

Parent is currently pregnant

Yes 0.90 (0.58, 1.27) 0.93 (0.63, 1.36)

No REF REF

Family history of chronic disease

Yes 0.96 (0.81, 1.14) 0.95 (0.81, 1.13)

No REF REF

1Risk ratios were adjusted for child age, child sex, parent age, parent sex, and weekly visit except for child age which was adjusted for child sex, parent
age, and parent sex, and child sex which was adjusted for child age, parent sex, and parent age
2 Estimates provided for every 1-year increase in age

CI, confidence interval; RR, risk ratio; REF, reference
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effective strategies to prevent COVID-19 transmission for at-
risk families.

Contributions to knowledge

What does this study add to existing knowledge?

& This study contributes novel results describing the adherence
to public health preventive measures among parents and
children during the COVID-19 pandemic and an understand-
ing of how social determinants of health are associated with
adherence.

What are the key implications for public health interventions,
practice, or policy?

& The results of this study may inform public health interven-
tions or policy by identifying variables associated with lack
of adherence to public health preventive measures during the
COVID-19 pandemic.
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