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Abstract

Introduction: Since 2015, interest in the benefits of outdoor play for physical, emo-
tional, social and environmental health, well-being and development has been growing
in Canada and elsewhere.

Methods: This scoping review aims to answer the question, “How, and in what context,
is children’s and youth’s outdoor play being studied in Canada?” Included were studies of
any type on outdoor play published after September 2015 in English or French by authors
from Canadian institutions or assessing Canadian children and/or youth. Articles retrieved
from MEDLINE, CINAHL and Scopus by March 2021 were organized according to eight
priority areas: health, well-being and development; outdoor play environments; safety
and outdoor play; cross-sectoral connections; equity, diversity and inclusion; professional
development; Indigenous Peoples and land-based outdoor play; and COVID-19. Within
each priority, study design and measurement method were tallied.

Results: Of the 275 articles included, the most common priority area was health, well-
being and development (n = 239). The least common priority areas were COVID-19
(n = 9) and Indigenous Peoples and land-based outdoor play (n = 14). Cross-sectional
studies were the most common; the least common were rapid reviews. Sample sizes
varied from one parent’s reflections to 999 951 data points from health databases. More
studies used subjective than objective measurement methods. Across priorities, physical
health was the most examined outcome, and mental/emotional development the least.

Conclusion: A wealth of knowledge on outdoor play in Canada has been produced
since 2015. Further research is needed on the relationship between outdoor play and
mental/emotional development among children and youth.

Keywords: outcomes research, healthy lifestyle, well-being, child health, priorities

not exclusive to Canada or Canadian
authors), investigated the evidence on the
health, well-being and developmental
benefits of outdoor play and informed the

Introduction

The 2015 Position Statement on Active
Outdoor Play'* (Position Statement) high-

Highlights

e Since 2015, interest in the benefits
of outdoor play for physical, emo-
tional, social and environmental
health, well-being and develop-
ment has been growing in Canada
and elsewhere.

e We identified 275 Canadian articles
on outdoor play published since
2015.

e The most common focus was on
the health, well-being and develop-
mental benefits of outdoor play.
The least common focus was on
COVID-19 and Indigenous Peoples
and land-based outdoor play.

e This scoping review highlights the
dramatic expansion of outdoor
play research in Canada and pro-
poses areas for future research.

lighted the unequivocal benefits of out-
door play for children’s physical, mental,
emotional, social and environmental
health, well-being and development.’*
Two systematic reviews,** which collec-
tively identified 49 academic articles
related to outdoor play (though these are

development of the Position Statement.
These reviews, and the Position Statement,
were a galvanizing force, bringing the
many and diverse members of the outdoor
play sector together and inspiring research,
practice and policy work in Canada and
abroad. For example, the Position Statement

has been cited by more than 300 articles,
used by local Ontario government to
inform health policy efforts’ and by the
District of Saanich in a BC Supreme Court®
ruling as evidence on the benefits of risk
taking, helping the District defend their
stance on outdoor play.

Rationale and objectives

The Outdoor Play in Canada: 2021 State of
the Sector Report’” (“State of the Sector
Report”), released in October 2021, addressed
three main questions as a follow-up to the
Position Statement: how has the outdoor
play sector changed since the publication
of the Position Statement; what is the cur-
rent state of the sector; and what are the
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priorities for the sector over the next
5 years.

Addressing the first two questions involved
tracing the evolution of the outdoor play
movement in Canada since 2015 through
the organization of conferences, launch of
funding initiatives and initiation of work-
ing groups dedicated to promoting out-
door play and by conducting a scoping
review of outdoor play literature pub-
lished, in part, because of these efforts.

For example, the Position Statement was
featured in the 2015 ParticipACTION
Report Card on Physical Activity for
Children.® The Report Card showed that
there were little data on the outdoor play
habits of Canadian children and youth.
More data have since become available,
though what these show is of concern:
before the COVID-19 pandemic, only 21 %
of Canadian children and youth regularly
played outdoors,” but by April 2020, out-
door play had decreased nationally and
the levels have been slow to return, even
to pre-pandemic levels." This is an alarm-
ing trend, but one that would not have
been so clearly demonstrated had it not
been for those initial 2015 findings and
the resultant push to address this knowl-

edge gap.

The primary aim of the scoping review
was to document the efforts to build on
the foundation of research on outdoor
play in Canada since the publication of
the Position Statement.? The electronic
search conducted in spring 2021 and
updated in March 2022 identified 447 pub-
lications on outdoor play in Canada,
where play is defined as “voluntary
engagement in activity that is fun and/or
rewarding and usually driven by intrinsic
motivation” and outdoor play is defined
as “a form of play that takes place out-
doors,” in keeping with the Play, Learn
and Teach Outdoors Network (PLaTO-
Net) Terminology, Taxonomy, Ontology
Global Harmonization Project.'>!?

Because of the staggering number of pub-
lications identified, many of which focus
on play among adults, we divided the
included articles into two: on children’s
and youth’s outdoor play and on adult-
oriented outdoor play. The scoping review
presented here encompasses the literature
on children’s and youth’s outdoor play
and aims to answer the question, “How,
and in what context, is children’s and
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youth’s outdoor play being studied in
Canada?”

A scoping review that focusses on adult
outdoor play will also be prepared.

A secondary aim of this scoping review
was to build on the third question in the
State of the Sector Report,” on the outdoor
play sector’s priorities for the next 5 years.
To address this third question within the
Report, a 63-person national cross-sectoral
consultation group was brought together
to identify major priorities for the outdoor
play sector and associated actions via a
4-month consultation process. Common
priorities were identified, refined, voted
on and subsequently presented to the
broader outdoor play sector in Canada for
input to ensure representation. Through
this process, 302 Canadian stakeholders
agreed on nine major priorities. These
were subsequently endorsed by 12 review-
ers, colleagues who work in international
outdoor play sectors.” These nine priori-
ties aim to serve as a common vision for
the outdoor play sector to thrive and suc-
ceed over the next 5 years:

e Promote the health, well-being and
developmental benefits of outdoor play;

e Promote, protect, preserve and invest
in outdoor play environments;

e Advocate for equity, diversity and
inclusion in outdoor play;

e Ensure that outdoor play initiatives are
land-based and represent the diverse
cultures, languages and perspectives of
Indigenous Peoples of North America;

e Research and support data collection
on outdoor play;

e Reframe views on safety and outdoor
play;

® Leverage engagement opportunities with
the outdoors during and after COVID-19;

e Increase and improve professional devel-
opment opportunities in outdoor play;
and

e Expand and enable cross-sectoral con-
nections/collaborations.

Therefore, the secondary aim of the scop-
ing review was to categorize the included
articles according to these priorities; pro-
vide guiding information on common
methods of measurement and evaluation
within the priorities; and determine the
methodological and knowledge gaps

within each priority. By doing so, our aim
was to help identify where to focus efforts
within each priority, and where there is a
wealth of knowledge that researchers,
policy makers, educators, practitioners and
outdoor play advocates can draw on to
promote, protect and preserve access to
play in nature and the outdoors for all.

Methods

This scoping review followed the Preferred
Reporting Items for Systematic reviews
and Meta-Analysis Extension for Scoping
Review (PRISMA-ScR) guidelines' (check-
list available on request from the authors).
We also used the Arksey and O’Malley®
framework, as updated by Levac et al.!°
Accordingly, we completed the following
six steps: (1) identification of the research
question; (2) identification of relevant
studies; (3) selection of eligible studies;
(4) charting the data; (5) collating, sum-
marizing and reporting of results; and
(6) consulting with relevant stakeholders.

Search strategy

We conducted an electronic search via
three academic databases, Ovid MEDLINE,
EBSCO Cumulative Index to Nursing &
Allied Health Literature (CINAHL) and
Scopus in March 2021, using two search
concepts, “outdoor play” and “Canada.”
Other search terms used in conjunction
with the two search concepts were “free

play,” “nature play,” “risky play,” “active
play,” “unstructured play,” “unsupervised
play,” “playground,” “school ground,” “loose
parts,” “outdoor recreation,” “nature-based

recreation,” “nature experience” and “out-
door activities.” These terms were selected
based on key outdoor play terms identified
in the PLaTO-Net Terminology, Taxonomy,
Ontology Global Harmonization Project.'

KB conducted the search on 29 March
2021 and updated it on 31 March 2022.

Full search strategies for each database
are shown in Supplementary Table 1.

Study inclusion criteria

We used the population, concept and con-
text (PCC) framework!” to ensure that
studies selected for the review aligned
with our research questions. Peer-reviewed
articles published in English or French by
(first or last) authors from Canadian insti-
tutions, or works that studied a Canadian
population, published between September

Vol 43, No 1, January 2023
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2015 and March 2022 were included. No
restrictions were placed on the type of
study or article (e.g. commentaries and
reviews were included). Studies were
excluded if they did not measure or
describe outdoor play experiences and/or
literature.

The PLaTO-Net Terminology, Taxonomy,
Ontology Global Harmonization Project'
does not limit play to children, and our
searches had no limits on participant age.
However, because of the large number of
articles retrieved that met our inclusion
criteria (n = 447), we separated the data
according to age (e.g. children/youth,
< 18 years; adults, >18 years; or both).

Study selection

Articles that met the inclusion criteria
were downloaded and imported into
Covidence (Veritas Health Innovation,
Melbourne, AUS) for de-duplication. Two
reviewers (LDL and KB), working inde-
pendently, screened the titles and
abstracts of the included articles using the
PCC framework.!” Inclusion depended on
consensus between the two reviewers.
These two reviewers developed the PCC
and, before level 1 screening, engaged in a
training session where each reviewer
independently evaluated the same 10 arti-
cles against the inclusion criteria and met
to discuss challenges and questions.
During level 1 screening, these two inde-
pendent reviewers met weekly to discuss
conflicts in the screening process and
achieve consensus.

For full-text screening (level 2), this pro-
cess was repeated with a third indepen-
dent reviewer, so that at least two
reviewers (LDL, KB or NS) had to agree
on final inclusion, resolving any conflicts
through discussion to achieve consensus.

Data extraction

Three reviewers (LDL, KB and NS), work-
ing independently, used a data extraction
form developed a priori in Covidence and
pilot-tested by all three to extract data
from full texts. The reviewers met weekly
during the extraction phase to discuss any
uncertainties in ensuring standardization
of the extraction protocol. In some instances,
an article was reviewed by two reviewers
because both were on Covidence at the
same time; this served as a spot-check to
ensure consistency in their methods. Con-
sensus was achieved among all reviewers

Vol 43, No 1, January 2023

via discussions and items were re-catego-
rized if necessary.

The following data were extracted from
each article using Covidence’s extraction
template: title, country, population (chil-
dren/youth; <18 years, adults; >18 years,
or both), study design, measurement of
outdoor play and outcomes associated
with outdoor play such as quality of life;
physical, mental/emotional health; cogni-
tive, social and environmental health;
cognitive, emotional, physical and skill
development; and general well-being.

Once data were extracted, the template
containing the extracted data was down-
loaded and expanded upon to synthesize
themes related to study design and mea-
surement of outdoor play. We organized
study design into the following categories:
literature review, systematic review, meta-
analysis, scoping review, rapid review,
commentary, randomized controlled trial
(RCT), non-RCT, longitudinal, cross-sectional
or mixed methods.

Measurement of outdoor play was catego-
rized as objective or subjective. Objective
measurement included use of a device
(e.g. accelerometer, GPS); observations
(e.g. system of observing outdoor play);
and/or environmental assessment (e.g.
examination of neighbourhood correlates
of outdoor play). Subjective measurement
included proxy report (e.g. parents report-
ing on their child’s behaviour); self report;
and/or narrative (e.g. single person retell-
ing of an experience).

If the article was a commentary, we
extracted the following themes: outdoor
play as a method/facilitator of learning;
outdoor play and physical or mental well-
being; and/or outdoor play and climate
change/ecological impacts.

Finally, we extracted themes on all but
one of the nine priorities identified in the
State of the Sector Report’; the research
and data collection priority was not
included in this extraction list because all
the articles in the scoping review would
naturally align with research and data
collection.

Data synthesis

We separated extracted data into two
groups according to age (i.e. children/
youth or adults), with articles referring to

both children/youth and adults included
in both datasets. We then organized arti-
cles according to the priorities identified
in the State of the Sector Report,” recog-
nizing that many of the included articles
align with more than one priority area.
We counted the number of articles within
each priority and the type of study design
and measurement of outdoor play.

Results
Study selection

Our search for articles on outdoor play
yielded 4327 articles. After removal of
duplicates, 3736 articles underwent level 1
screening. After removal of irrelevant arti-
cles (n = 2979), 757 articles underwent
level 2 screening. Of these, we excluded
310 because they did not focus on or mea-
sure outdoor play (n = 156; 50%); they
were published before September 2015
(n = 77; 25%); they were not by a
Canadian author or did not study a
Canadian population (n = 60; 19%); they
were not considered full articles (n = 12;
4%); the full-text of the article could not
be located (n = 4; 1%); or they were not
published in English or French (n = 1;
<1%). For the full review, 447 articles
were deemed relevant; 275 articles focussed
on children/youth outdoor play and were
included in this scoping review.

See Figure 1 for a visual representation of
the screening process.

Study characteristics

An overview of the characteristics of each
included study is available in Supple-
mentary Table 2. The distribution of
included articles by year of publication is
shown in Figure 2.

In line with the inclusion criteria, all stud-
ies focussed on children and youth younger
than 18 years. More articles focussed on
children (delineated as 5-11 years old or
no age range specified for -children;
183/275) than on younger ages (<5 years;
73/275) and adolescence (12-17 years;
117/275), with considerable overlap
(118/275) in the age ranges examined.

Almost three-quarters of the articles
(74%; 204/275) examined both males and
females, 24% (65/275) did not specify
sex/gender and only a fraction looked
exclusively at either males (1%; 3/275) or
females (1%; 3/275).

Health Promotion and Chronic Disease Prevention in Canada
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FIGURE 1
PRISMA-ScR flow diagram® of the identification, screening, eligibility and inclusion of studies in this scoping review

=
S
= Articles identified through database searches Additional records identified through database
E (MEDLINE, CINAHL, Scopus), Spring 2021 searches (MEDLINE, CINAHL, Scopus), March 2022
E (n = 4220) (n=107)
=
Records after duplicates removed
(n =3736)
Records screened g
(n=757) > Records excluded

00 (n =310
'E  Did not focus on/measure outdoor play (n = 156)
1
E « Published before September 2015 (n = 77)

« Not by a Canadian author or about a Canadian

population (n = 60)

» Not full articles (n = 12)

* Full text could not be located (n = 4)

 Not in English or French (n = 1)

\
E Full-text articles assessed for eligibility - Full-text articles excluded, focus solely on adults
= (n = 447) (n=172)
20
s}
\

T
] Full-text articles included in data synthesis
S (n=275)

Abbreviation: PRISMA-ScR, Preferred Reporting Items for Systematic Reviews and Meta-Analysis Extension for Scoping Review.
2 Based on Mobher et al., 2009."®
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FIGURE 2

Distribution of articles included in the scoping review by year of publication (2015-2022)
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Note: Each bar represents the number of included articles in the review according to year of publication. Article counts for 2015 and 2022 are based on partial years; counts in 2015 were from

September to December and in 2022 from January to March.

In line with the inclusion criteria, all the
articles were written by authors from
Canadian institutions or examined a
Canadian population. Seven studies cov-
ered Canadian and international partici-
pants,’%* and a Canadian and American
research team analyzed data from interna-
tional participants in one study.?® Sample
sizes varied widely, depending on the
study design, from one parent’s observa-
tions of their son playing outdoors® to
999951 data points on unintentional inju-
ries among children and youth collected
from linked health and administrative
databases.?

Outdoor play themes

We categorized the included articles
according to one or more of the State of
the Sector Report’ priorities, in rank order:
health, well-being and development
(n = 239); outdoor play environments
(n = 155); safety and outdoor play (n = 85);

cross-sectoral connections (n = 66);
equity, diversity and inclusion (n = 48);
professional development (n = 41);

Indigenous Peoples and land-based out-
door play (n = 14); and COVID-19 (n = 9).

Vol 43, No 1, January 2023

Figure 3 shows the distribution of included
articles according to these priority themes
and year of publication.

Outdoor play study design

Cross-sectional studies were the most
common study design across the State of
the Sector Report’ priorities except for
studies in the Indigenous Peoples and
land-based outdoor play priority, for which
the most common study design was mixed
methods.

The least common study design was rapid
review. Rapid review tied as the least com-
mon design in the following priorities:
safety and outdoor play (no rapid reviews,
meta-analyses or scoping reviews); cross-
sectoral connections (no rapid reviews or
scoping reviews); equity, diversity and
inclusion (no rapid reviews, longitudinal
studies or RCTs); professional develop-
ment (no rapid reviews, meta-analyses or
scoping reviews); Indigenous Peoples and
land-based outdoor play (no rapid reviews,
longitudinal studies, meta-analyses, RCTs
or scoping reviews); and COVID-19 (no
rapid reviews, literature reviews, longitu-
dinal studies, meta-analyses, mixed methods,

non-RCTs, RCTs, scoping reviews or sys-
tematic reviews) (see Table 1 and Figure
4).

Measurement of outdoor play

Overall, more studies used subjective than
objective measures of outdoor play across
the State of the Sector Report” priorities
(see Table 2).

No subjective measure was consistently
used more than others across priorities.
Narrative measures were used less than
others, with several exceptions. For
instance, across the cross-sectoral connec-
tions and professional development priori-
ties, self report was the least used
subjective measure; across the priorities
on equity, diversity and inclusion and
Indigenous Peoples and land-based out-
door play, proxy report was the least used
subjective measure.

The most used objective measure across
priorities were device-based measures,
with four exceptions. Within the safety
and outdoor play priority, environmental
assessment was the most used objective
method of measurement; within the

Health Promotion and Chronic Disease Prevention in Canada
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FIGURE 3
Distribution of articles in this scoping review aligned with the State of the Sector Report® priority themes, by year of publication (2015-2022)
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Note: Many articles aligned with more than one priority, and articles published in a given year may count towards more than one bar.
2 Outdoor Play in Canada: 2021 State of the Sector Report.”

TABLE 1
Articles organized according to the State of the Sector Report? priorities, by study design (n = 275)

Priorities, % (n)

Health Eauity Indigenous
Study design welllbeing and Out.door play Safety and Cross—sec-toral diversieyand Professional Peoples and COVID-19
environments  outdoor play  connections . g development land-based _
development _ _ _ inclusion _ (n=9)
— (n = 155) (n = 85) (n = 66) — (n=41) outdoor play
(n=239) (n=49) _
(n=14)
Commentary 330 3.9 (6) 2.4(2) 4.5 (3) 2.0 (1) 4.9 (2) 14.3 (2) 11.1 (1)
Cross-sectional study 51.5(123) 49.0 (76) 60.0 (51) 39.4 (26) 59.2 (29) 34.1 (14) 21.4 (3) 100.0 (9)
Literature review 9.6 (23) 123 (19) 9.4 (8) 10.6 (7) 14.3 (7) 9.8 (4) 21.4 ) 0
Longitudinal study 7.5 (18) 7.7 (12) 5.9 (5) 4.5 (3) 0 4.9 (2) 0 0
Meta-analysis 0.8 (2) 0.6 (1) 0 1.5 (1) 2.0 (1) 0 0 0
Mixed methods 10.9 (26) 13.5 (21) 10.6 (9) 18.2 (12) 10.2 (5) 14.6 (6) 35.7 (5) 0
Non-RCT intervention 5.4 (13) 5.2(8) 1.2 (1) 10.6 (7) 4.1(2) 9.8 (4) 7.1 (1) 0
RCT 5.9(14) 3.9 (6) 4.7 (4) 12.1 (8) 0 17.1(7) 0 0
Rapid review 0.4 (1) 0 0 0 0 0 0 0
Scoping review 1.7 @) 0.6 (1) 0 0 4.1(2) 0 0 0
Systematic review 6.7 (16) 6.5 (10) 5.9 (5) 3.0 6.1(3) 7.3 3) 7.1 (1) 0

Abbreviation: RCT, randomized controlled trial.

 Outdoor Play in Canada: 2021 State of the Sector Report.”
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FIGURE 4
Distribution of articles included in this scoping review aligned with the State of the Sector Report® priority themes,
categorized by study design and year of publication (2015-2022)
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Abbreviation: RCT, randomized controlled trial.

Note: As some articles were categorized according to more than one study design they may count towards more than one bar in a given year.

 Outdoor Play in Canada: 2021 State of the Sector Report.”

TABLE 2

Articles organized according to the State of the Sector Report? priorities, by measurement of outdoor play (n = 275)

Priorities, % (n)

Health,

Equity,

Indigenous Peoples

Measurement of . Outdoor play  Safetyand  Cross-sectoral . . Professional
outdoor play el ligenn environments outdoor play  connections dlyersm.r pd development LI CovID-19
development (n = 155) (n=85) (n = 66) inclusion (0 =41) outdoor play (n=9)
(n =239) - - - (n = 49) . (n=14)

Objective measures

Device 17.6 (42) 18.1 (28) 11.8 (10) 16.7 (11) 10.2 (5) 24.4 (10) 0 0

Environmental 5.9 (14) 123 (19) 12.9 (1) 6.1 @ 6.10) 7.3 0) 7.1(1) 0

assessment

Observation 13.4 (32 12.3 (19) 5.9 (5) 9.1 (6) 12.2 (6) 7.303) 7.1 (1) 0

Subjective measures

Narrative 25.5 (61) 27.7 43) 34.1(29) 39.4 (26) 32.7 (16) 36.6 (15) 50.0 (7) 22.2(2)

Proxy report 34.7 (83) 33.5 (52) 48.2 (41) 36.4 (24) 30.6 (15) 43.9 (18) 14.3 (2) 88.9 (8)

Self report 43.1(103) 40.0 (62) 35.3 (30) 34.8 (23) 53.1 (26) 24.4 (10) 28.6 (4) 44.4 (4)

2 Outdoor Play in Canada: 2021 State of the Sector Report.”

Vol 43, No 1, January 2023
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equity, diversity and inclusion priority,
observation was the most used; within the
Indigenous Peoples and land-based out-
door play priority, environmental assess-
ment and observation were the most used;
and within the COVID-19 priority, no
objective methods of measurement were
used.

Environmental assessments were the least
used objective method of measurement,
though they tied as the least used method
with observation within the outdoor play
environments, professional development,
and Indigenous Peoples and land-based
play priorities. Observation was the least
used objective method of measurement
within the safety and outdoor play priority.

Commentary themes

Across priorities, outdoor play as a method/
facilitator of learning, and outdoor play
and physical and/or mental well-being
were consistently more common than the
theme outdoor play and climate change/
ecological impact (see Table 3).

Outcomes

Overall, physical health was the most
common outcome across the State of the
Sector Report” priorities, with some excep-
tions. For the outdoor play environments
priority, physical health tied with environ-
mental health as the most common out-
come. For the equity, diversity and
inclusion and Indigenous Peoples and
land-based outdoor play priorities, social
health was the most common outcome
(see Table 4).

The least common outcome across priori-
ties was mental/emotional development,
with some exceptions. For the safety and
outdoor play priority, mental/emotional
development and quality of life were the
least common outcomes. For the cross-
sectoral connections and Indigenous Peoples
and land-based outdoor play priorities, qual-
ity of life was the least common outcome.
For the COVID-19 priority, no outcomes
were recorded on cognitive development,
cognitive health, mental/emotional devel-
opment, physical development, quality of
life and skills development.

Discussion

The number of publications on outdoor
play in Canada increased considerably
since the publication of the Position
Statement on Active Outdoor Play'? in
2015. These articles vary widely in terms
of type of publication and sample size.
Physical health was the most commonly
measured outcome of children/youth’s
outdoor play and mental/emotional devel-
opment the least. Of the State of the Sector
Report’ priorities, the most common focus
was health, well-being and developmental
benefits of outdoor play, and Indigenous
People and land-based outdoor play was
among the least common. These observa-
tions are indicative of the efforts and focus
of outdoor play research over the past 6
years and show where major gaps remain.

Many of the reviews identified in this
scoping review®# focussed primarily on
physical health outcomes. Several3’364°
also explored the social and environmen-
tal health benefits of outdoor play for chil-
dren and youth; this is encouraging given

TABLE 3

the importance of building a connection
to the land at a young age for fostering
lifelong environmental stewardship and
promoting action to mitigate climate
change.”*

Given the relative novelty of outdoor play
research in Canada, it is also not surpris-
ing that cross-sectional studies were the
most common study design as these stud-
ies are a crucial first step in understanding
the state of outdoor play across Canada.
More than half of the included studies had
sample sizes greater than 100 individuals,
and of these, more than half had sample
sizes greater than 1000 individuals (see
Supplementary Table 2). This is encourag-
ing considering criticism that has been
levelled at the broader field of outdoor
play research that it lacks sufficient
sampling.*

Another methodological criticism of out-
door play research is the lack of rigorous
study design,* such as RCTs. Such studies
are needed to validate the many correla-
tional observations on outdoor play and
health and development. Although this
scoping review identified far fewer RCTs
than other study designs, we did identify
RCTs in most priority areas, which is
encouraging. Understandably, there were
no RCTs on the priority themes of COVID-
19 or equity, diversity and inclusion
because of ethical constraints. There were
also no RCTs on the priority theme of
Indigenous Peoples and land-based out-
door play; here, the most common study
design was mixed methods, which is con-
sidered to be the most culturally appropri-
ate method for conducting research related

Articles organized according to the State of the Sector Report? priorities, by commentary theme (n = 275)

Priorities, % (n)

Equit Indigenous
Commentary Health, well-being  Outdoor play  Safetyand  Cross-sectoral . s Professional Peoples and
Themes . . diversity and COVID-19
and development  environments outdoor play  connections inclusion development land-based n=09)
(n =239) (n = 155) (n = 85) (n = 66) - (n =41) outdoor play B
(n=49) _
(n=14)
Outdoor play and
climate change/ 1.30) 1.9 B) 0 1.5 (1) 0 0 0 0
ecological impacts
Outdoor play as a
method/ facilitator 330 5.2(8) 4.7 4) 3.0 (2) 2.0 (1) 2.4 (1) 14.3 (2) 0
of learning
Outdoor play and
physical and/or 5.9 (14) 6.5 (10) 3.503) 4.5 3) 2.0 (1) 2.4 (1) 7.1 (1) 0

mental well-being

2 Qutdoor Play in Canada: 2021 State of the Sector Report.”
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TABLE 4

Articles organized according to the State of the Sector Report® priorities, by outcome (n = 275)

Priorities, % (n)

OLteome welll:llf;:lgl,an d Out_door play Safety and Cross-sec_toral Equit}f, dive_rsity Professional ln:;g‘;e:l::ds_:::elzles COVID-19
development  €™ronments  outdoor play - connections - and inlusion development % gopr pray (o=
(n =239) (n=14)
Coghnitive development 13.0 31) 15.5 (24) 12.9 (11) 16.7 (11) 10.2 (5) 17.1(7) 21.4 (3) 0
Coghnitive health 6.7 (16) 4.5 (7) 4.7 (4) 7.6 (5) 6.1 (3) 7.3 (3) 14.3 (2) 0
Environmental health 29.3 (70) 52.3 (81) 36.5 (31) 30.3 (20) 30.6 (15) 31.7 (13) 35.7 (5) 22.2(2)
General well-being 15.9 (38) 16.1 (25) 12.9 (11) 24.2 (16) 28.6 (14) 19.5 (8) 35.7 (5) 11.1 (1)
ﬁzﬁgfnrzg?onal 29() 130 2.4 Q) 7.6 (5) 2.0 (1) 49 (2 21.403) 0
Mental/emotional health ~ 24.3 (58) 18.7 (29) 9.4 (8) 21.2 (14) 30.6 (15) 9.8 (4) 35.7 (5) 11.1 (1)
Physical development 7.1 (17) 7.7 (12) 9.4 (8) 7.6 (5) 6.13) 14.6 (6) 14.3 (2) 0
Physical health 58.2 (139) 52.3 (81) 68.2 (58) 51.5 (34) 46.9 (23) 41.5(17) 35.7 (5) 77.8 (7)
Quality of life 3.8(9 4.5 (7) 242 6.1 (4) 6.13) 7.3 (3) 7.1 (1) 0
Skills development 13.0 (31) 14.8 (23) 11.8 (10) 19.7 (13) 16.3 (8) 39.0 (16) 21.4 (3) 0
Social health 39.3 (94 36.1 (56) 35.3 (30) 37.9 (25) 55.127) 19.5 (8) 64.3 (9) 22.2(2)

2 Outdoor Play in Canada: 2021 State of the Sector Report.”

to, and in conjunction with, Indigenous
Peoples. 47

The wide variety of tools used to measure
outdoor play across studies highlights the
complexity of and challenges in measur-
ing outdoor play.*®* While device-based
measures were the most commonly used
objective method of measurement of out-
door play, many studies also used sub-
jective methods.*® Combining both
objective and subjective methods may
allow for capturing more rich data on the
multidimensional components of outdoor
play, including the experiences, sensa-
tions, emotion, context and physicality of
outdoor play behaviour.”” However, the
diversity of both objective and subjective
methods used in the field poses a chal-
lenge when attempting to compare
research studies, which highlights the
need to establish broad consensus and
standardization of measurement using
valid and reliable tools—a need that the
State of the Sector Report” recognized as a
central action item for advancing research
and data collection in the field.

Strengths and limitations

Major strengths of this scoping review
include the robustness of the scoping
review process and output and our adher-
ence to PRISMA-ScR guidelines™* and the
Arksey and O’Malley" framework.

Vol 43, No 1, January 2023

Although we omitted including any manu-
scripts not published in English or French,
which would be a limitation, only one
study was excluded based on this crite-
rion. Given that the intent of this scoping
review was to identify articles published
by authors from Canadian institutions or
works that studied a Canadian popula-
tion, this does limit the generalizability to
other countries.

Another major strength of this review was
the direct link to the State of the Sector
Report” priorities; in linking to the priori-
ties, this review—and more specifically,
Supplementary Table 2, which lists the
characteristics of each included outdoor
play study and their alignment with the
State of the Sector priorities—may serve
as a practical resource and evidence base
for researchers, policy makers, educators,
practitioners, outdoor play advocates and
others seeking to address the State of the
Sector Report” priorities and affiliated actions.

Future directions

Our findings highlight several gaps in
knowledge in the outdoor play sector that
are important areas for future research.
Few articles were available on Indigenous
Peoples and land-based outdoor play.
Supporting knowledge generation with
Indigenous Peoples and promoting learn-
ing about Indigenous land-based outdoor
play may provide an opportunity to build
relationships of trust between Indigenous

and non-Indigenous peoples in Canada
and move towards reconciliation, as out-
lined in the Truth and Reconciliation
Commission of Canada: Calls to Action.”
The State of the Sector Report” described
this as a major priority, and given the cen-
tral importance and intertwined nature of
land for outdoor play, one that is embed-
ded in all other priority areas.

Another major gap was the lack of out-
comes to do with mental and emotional
development. Given the concerns about
the mental health of children and youth as
a result of the COVID-19 pandemic,” and
the parallel push to encourage children to
go outdoors for the physical and mental
benefits’>* and improved air circulation,”
investing more resources into understand-
ing and exploring the benefits of outdoor
play on mental and emotional develop-
mental is warranted.

Finally, after the launch of the State of the
Sector Report” at the Breath of Fresh Air
Outdoor Play Summit in October 2021,7°
several stakeholders expressed the need to
establish a base of knowledge on equity,
diversity and inclusion efforts in the field
of outdoor play. This scoping review iden-
tified 46 articles examining this priority.
The articles identified here (see Supple-
mentary Table 2) may serve to inform
those seeking best practices as well as
information on successful achievements
and the remaining hurdles in advancing

Health Promotion and Chronic Disease Prevention in Canada
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equity, diversity and inclusion in this
sector.

Conclusion

In this scoping review our aim was to
answer the question, “How, and in what
context, is children’s and youth’s outdoor
play being studied in Canada?” We identi-
fied 275 articles published since 2015,
with the methods of measurement varying
widely and often involving multiple tools
and types. Identified articles spanned all
priority areas of the Outdoor Play in
Canada: 2021 State of the Sector Report,”
with the greatest research effort on the
health, well-being and developmental
benefits of outdoor play and the least on
COVID-19 (which is unsurprising given
the relative recency of the start of the pan-
demic) and on Indigenous Peoples and
land-based outdoor play. This scoping
review aimed to highlight the growing
foundation of knowledge produced in
Canada since the release of the Position
Statement on Outdoor Play in 2015' and
proposes several areas where further
research is needed.
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Abstract

Introduction: We examined whether factors identified as associated with cannabis use
at age 14 to 16 years are also associated with ever use at age 12.

Methods: Participants in the AdoQuest study (n = 1852) were recruited in 2005 from
among Grade 5 students in 29 French-language elementary schools in Montréal, Canada.
Self-report data were collected from participants in Grade 5 (spring 2005) and 6 (fall
2005 and spring 2006) and from parents/guardians in 2006/07. Inclusion in the analytic
sample (n = 1076; mean age [SD] = 10.7 [0.5]) required data from participant and
parental questionnaires and data on cannabis use in Grade 6 (mean age [SD] = 11.7
[0.4]). We estimated associations between ever use at age 12 with 33 potential corre-
lates, separately in unadjusted and adjusted logistic regression models.

Results: Fifty-three participants (4.9%) reported ever use at age 12. Factors associated
with higher odds of ever use included older age, identifying as male, lower household
income, more weekly spending money, ever tried cigarettes or other tobacco products,
ever drank alcohol or binge drank, ever gambled, friends or siblings smoke cigarettes,
greater nicotine dependence, higher depressive symptoms and greater impulsivity.
Protective factors included higher levels of parental/guardian monitoring and greater
self-esteem and school connectedness.

Conclusions: Factors associated with cannabis use at later ages are also associated with
ever use at age 12. Our findings suggest that surveillance for and interventions to pre-
vent cannabis use are warranted before age 12.

Keywords: cannabis use, adolescents, early use, risk/protective factors

Highlights

e We investigated if well-established
risk factors for cannabis, alcohol
and/or tobacco use during adoles-
cence are associated with ever use
of cannabis in youth aged 12 years.

® Among 14- to 18-year-olds, higher
odds of cannabis use are associ-
ated with the use of other sub-
stances, peers or siblings who
smoke cigarettes, depressive symp-
toms and impulsivity.

e Higher levels of parental/guardian
monitoring and greater self-esteem
and school connectedness are
associated with lower odds of can-
nabis use among 14- to 18-year-olds.

e We found similar associations with
ever use of cannabis at age 12 years.

e QOur findings suggest that surveil-
lance for and interventions to pre-
vent cannabis use are warranted
for youth younger than 12 years.

Introduction

Cannabis use typically begins during ado-
lescence. In Canada, 18% of students in
Grades 7 to 12 (12-18 years old) reported
past-year cannabis use in 2018/19, includ-
ing 2% of students in Grade 7 (aged
12-13 years) and 4% of those in Grade 8
(aged 13-14 years).! In the US in 2019,
15% of Grade 8 students (aged 13-14 years)
reported lifetime cannabis use and 12%
reported past-year use.? The mean (95%
confidence interval [CI]) age of cannabis

use initiation among secondary school
students (aged 12-18 years) in Canada in
2018/19 was 14.3 (14.1-14.4) years.!

Data from the Canadian Youth Smoking
Survey (YSS; 2002-2013) show that the
mean age [SD] of initiation among
younger adolescents in Grades 7-9 (aged
12-15 years) was 12.6 [1.3] years in
2002/03 and 12.7 [1.5] years in 2004/05.}3
The mean age (95% CI) of initiation was
12.8 (12.7-12.9) in 2006,/07, when AdoQuest
data were collected (unpublished data,

personal communication from Health
Canada, 8 June 2022). This mean age
remained steady until 2012/13, then fluc-
tuated over the next 6 years, reaching 13.1
(12.9-13.2) in 2018/19 (unpublished data
from the Canadian Student Alcohol and
Drug Survey 2014-2019, personal commu-
nication from Health Canada, 8 June
2022). The net increase in age at initiation
of 12- to 15-year-olds between 2002/03
and 2018/19 was 6 months.

Compared with later use, early substance
use carries greater risk of eventual abuse
and dependence as well as higher risks for
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poor outcomes in adulthood (e.g. lower
educational attainment, substance depen-
dence, crime, early pregnancy).* Yet little
is known about factors associated with
early cannabis use. Using data from the
annual, cross-sectional National Survey
on Drug Use and Health, Forman-Hoffman
et al.’ found that 5.5% of participating 12-
to 14-year-olds (n =~ 85 000) in the US
reported ever having used cannabis. The
researchers also found a greater likelihood
of early cannabis use associated with
older age, male sex, White non-Hispanic
ethnicity, household income below the
federal poverty level (as defined by the US
government), living in a large urban area,
having ever used alcohol or tobacco, life-
time history of major depressive episodes
and having been involved in serious phys-
ical fights at school.’

We reviewed 19 longitudinal studies in
which cannabis use onset in adolescence
or young adulthood was the outcome.®*
Only 2 of the 19 studies examined onset of
cannabis use prior to age 14 years. In the
first, Baily and Hubbard® recruited Grades
6 through 8 students (n = 3454) at base-
line and assessed cannabis use a year
later. Of 1091 Grade 6 students, 9.7% had
initiated cannabis use by Grade 7.
“Importance of communication within the
family” was protective and “ability to
communicate within the family” was a
risk factor. Bailey and Hubbard remarked
that this finding was contrary to their
expectations and speculated that the
“‘ability to communicate within the fam-
ily’ represents a dimension of liberal
acceptance on the part of parents or a
dimension of precociousness on the part
of the young adolescents.”*?% They found
no relationship between onset of cannabis
use and peer attachment, school attach-
ment, adults’ and friends’ attitudes
towards alcohol use or cannabis use, or
peer use of alcohol or cannabis.

In the second study, Tang and Orwin’
used data from the US National Survey of
Parents and Youth (1998-2004) in which
seven nationally representative age
cohorts (i.e. 9-15-year-olds at baseline,
with each age treated as a separate cohort)
of never cannabis users were each fol-
lowed for 2 years. Risk factors for initia-
tion by age 13 years included parental
drug use (not defined by a specific drug),
friends’ cannabis use, participants’ own

smoking and drinking, and having been
offered cannabis.” Parental monitoring
was protective.”

Onset of smoking and drinking tends to
occur earlier than onset of cannabis use,!
and risk and protective factors for tobacco
and alcohol use in young adolescents
might also be related to early cannabis use.
Therefore, we consulted systematic reviews
of risk and protective factors for adolescent
onset of cigarette smoking® and drinking,
in addition to the 19 studies on cannabis
use onset,*?* to identify factors consistently
associated with use of these substances.

Because early cannabis use has particularly
harmful long-term effects on physical and
mental health,”3* and given the dearth of
studies addressing use before age 14 years,
we sought to determine whether factors
associated with adolescent cannabis, tobacco
and alcohol use are also associated with
ever use of cannabis at age 12 years.

This study adds to the two extant longitu-
dinal studies®” examining early initiation
of cannabis use by examining a much
broader range of potential risk and protec-
tive factors (i.e. sociodemographic charac-
teristics, lifestyle factors, characteristics of
the social environment, psychological
characteristics and pubertal status) in a
large population-based sample of Grade 5
and Grade 6 Canadian youth (10-12 years
old).

Methods
The AdoQuest study

We drew data from the first three waves of
the six-wave AdoQuest study. In spring
2005, we randomly sampled 40 French-
language schools in Greater Montréal
(Quebec, Canada) with more than 90 stu-
dents in Grade 5. We invited equal num-
bers of schools according to tertile
groupings of a school socioeconomic sta-
tus (SES) indicator.®*® Of the invited
schools, 29 (72.5%) agreed to participate,
including 10 in the high, 10 in the moder-
ate and 9 in the low SES grouping.
Students were recruited from all Grade 5
classes in participating schools.

We collected data in classroom-adminis-
tered questionnaires once in Grade 5
(spring 2005) and twice in Grade 6 (fall

2005 and spring 2006). Parents/guardians”
completed mailed self-report question-
naires in 2006/07. Participants provided
assent and parents/guardians provided
informed consent.

Baseline characteristics of AdoQuest study
participants aligned with those of two pro-
vincially representative samples of Quebec
youth3> (data available on request from
the authors).

Ethics approval

The study received approval from the
institutional review boards of Concordia
University (Concordia Ethics form 2006
number: UH2006-063) and the Centre de

recherche du Centre Hospitalier de
I’'Université de Montréal (ADOQUEST
F9-60229).
Study design

Data for ever use of cannabis were drawn
from participant questionnaires completed
in Grade 6 (i.e. fall 2005 and/or spring
2006). The value retained for analysis
indicated whether the participant had ever
reported cannabis use at either of these
two time points. Data for 22 factors inves-
tigated as potentially associated with ever
use were collected in Grade 5 or 6 (i.e.
spring 2005, fall 2005 and/or spring 2006);
for analysis, we retained the Grade 6 value
of the factor unless the Grade 5 value was
the only one available.

Data on nine variables (i.e. older sibling(s),
lone parent family, parental education,
household income, parental cannabis use,
parental alcohol use and binge drinking,
parental monitoring, parental attachment)
were drawn from the parent questionnaire
completed in 2006/07 (i.e. after partici-
pant data were collected), and data on
two variables (i.e. parental smoking,
home smoking ban) were collected in
both participant and parent question-
naires. Because we could not ascertain the
temporal ordering of the retained value of
the potential correlate and the report of
ever use, we consider the study design to
be cross-sectional.

Study variables

Cannabis use was measured in the fall of
Grade 6 with two questions: (1) “In your

* While the questionnaire was addressed to students’ parents, responses may have included those of other guardians or parental figures.
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Potential correlate

TABLE 1

Source

Potential correlates of ever use of cannabis associated with adolescent onset of cannabis,
alcohol or tobacco use in extant longitudinal studies

Direction?

Sociodemographic characteristics

Older age

Male sex

Older siblings

Lone parent family

Lives with step-parent

Lower parental education

Low socioeconomic status

Lifestyle

Ever used/uses tobacco

Uses other tobacco products

Ever drank/drinks alcohol

Frequent or high dose drinking

Cannabis
Cannabis
Smoking
Drinking
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Smoking
Drinking
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Smoking
Drinking
Smoking
Cannabis
Cannabis
Smoking
Drinking

Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Cannabis
Drinking
Smoking
Cannabis
Cannabis
Cannabis
Cannabis

Cannabis

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

Andrews et al.?

von Sydow et al.?
Wellman et al.”
Donovan?

Brook et al."
Fergusson and Horwood'*
Hammer and Vaglum'
Korhonen et al.”™

von Sydow et al.??
Wellman et al.”
Donovan?

Atherton et al.®
Atherton et al.®
Fergusson et al.”
Guxens et al.'®
Hammer and Vaglum'
von Sydow et al.?
Wade and Pevalin?
Wellman et al.”
Donovan?

Wellman et al.”
Fergusson et al.”
Pedersen et al."”
Wellman et al.”

Donovan?

Brook et al.”
Coffey et al."”
D'Amico and McCarthy™
Guxens et al.’®
Korhonen et al."
Pedersen et al."”
Tang and Orwin’
von Sydow et al.?
Donovan?
Wellman et al.?
Guxens et al.’®

Tang and Orwin’

van den Bree and Pickworth?'

von Sydow et al.?

Coffey et al."”

Risk
Protective
Risk
Equivocal
Risk
Risk
Risk
Protective
Risk
Equivocal
Equivocal
Risk
Protective
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk

None

Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk

Continued on the following page
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Potential correlate

TABLE 1 (continued)
Potential correlates of ever use of cannabis associated with adolescent onset of cannabis,

Substance

alcohol or tobacco use in extant longitudinal studies

Source

Direction?

Risky alcohol use
Drinking to intoxication

Greater lifetime alcohol use
Poor academic performance

Greater physical activity

Social environment

Parents use cannabis/other drugs

Parents smoke cigarettes

Siblings smoke cigarettes
Parents drink alcohol

Parents binge/drink heavily

Peers smoke cigarettes

Smoking banned at home
Satisfactory parental support

Poor relationship with mother
Greater family attachment

Lower parental support

Higher parental monitoring

Psychological characteristics

Nicotine dependence

Higher self-esteem

Higher depressive symptoms

Higher impulsivity

Lower school connectedness

Mid-late puberty

Cannabis
Cannabis
Cannabis
Smoking
Drinking
Smoking

Cannabis
Cannabis
Cannabis
Cannabis
Smoking
Drinking
Smoking
Drinking
Cannabis
Cannabis
Cannabis
Smoking
Drinking
Smoking

Cannabis

Cannabis
Cannabis
Drinking
Cannabis
Cannabis

Smoking

Cannabis
Smoking
Smoking
Drinking
Smoking
Drinking
Smoking
Drinking

Cannabis
Smoking
Drinking

Guxens et al.'
Korhonen et al.™
Spechler et al.”°
Wellman et al.”»
Donovan?

Wellman et al.®

Andrews et al.®

Fergusson and Horwood™

Washburn and Capaldi**

Korhonen et al.”
Wellman et al.”
Donovan®
Wellman et al.”
Donovan®
Korhonen et al.”®
Guxens et al.’®
Korhonen et al.”®
Wellman et al.”
Donovan®
Wellman et al.”
Brook et al."
Brook et al."

von Sydow et al.”?
Wade and Pevalin?
Donovan?
Atherton et al.’
Tang and Orwin’

Wellman et al.>

von Sydow et al.”?
Wellman et al.?
Wellman et al.?
Donovan?
Wellman et al.?
Donovan?
Wellman et al.?

Donovan?*

Patton et al.*®
Patton et al.*®

Patton et al.*®

Risk
Risk
Risk
Risk
Risk
Risk

Risk
Risk
Risk
Protective
Risk
Risk
Risk
Risk
Protective
Risk
Protective
Risk
Risk
Risk

Protective

Risk
Protective
Risk
Protective
Protective

Protective

Risk
Protective
Risk
Equivocal
Risk
Risk
Risk
Risk

Risk
Risk
Risk

2 "Risk" factors were found to have a direct association and "protective" factors an inverse association with initiation of the target substance. Factors labelled "equivocal" had contradictory associa-
tions with onset of tobacco or alcohol use in the cited systematic review.
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whole life, have you ever consumed can-
nabis (marijuana, pot, hashish)?” (Pos-
sible answers were “No,” “Yes,” or “I
don’t know what cannabis is”); and
(2) “In the past year, how many times did
you consume cannabis?” We asked both
questions again in the spring of Grade 6,
but this time the second question referred
to a 6-month time frame. Response
options at both time points were “I don’t
know what cannabis is,” “I have never
consumed cannabis in my entire life” and
“from 1-2 to 40+ times.” Participants
who answered “No, I have never...” or “I
don’t know...” at both assessments were
classified as not having used cannabis;
those who answered “Yes” or endorsed
using cannabis any number of times at
either assessment were classified as hav-
ing used cannabis.

We selected the 33 potential correlates of
cannabis use based on the literature as
well as on their availability in the
AdoQuest study (see Table 1). These
included 8 sociodemographic characteris-
tics (i.e. age, sex, older siblings, two-par-
ent family, parents education, household
income, neighbourhood deprivation index,
participant’s weekly spending money);
10 lifestyle factors (i.e. ever tried ciga-
rettes, ever tried other tobacco products,
ever drank alcohol, ever binge drank, ever
gambled, perceived academic perfor-
mance, hours/day of TV, hours/day of
computer games, frequency of reading not
assigned for school, weekly physical activ-
ity); 9 characteristics of the social envi-
ronment (i.e. parents use cannabis,
parents smoke cigarettes, parents drink
alcohol, parents binge drink, smoking
banned at home, siblings smoke ciga-
rettes, friends smoke cigarettes, parental
monitoring, quality of caregiver—child
relationship); 5 psychological characteris-
tics (i.e. feel mentally or physically depen-
dent on nicotine, self-esteem, depressive
symptoms, impulsivity, school connected-
ness); and pubertal status.*® Details on
these variables, including questionnaire
items, response choices, their coding for
analyses and their psychometric proper-
ties (for derived scales), are available from
the authors on request.

Data analysis

Data analyses were conducted with Stata
version 14.2 (Stat Corp LLC, College
Station, TX, US).
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TABLE 2
Baseline characteristics of AdoQuest study participants not
retained and retained for analyses

Characteristic NZ: r:et7a7i2;ed (:e:tali 3;2)
Mean age (SD) 10.80 (0.59) 10.74 (0.51)
Female sex, % 55.5 52.6
Has older siblings, % N/A? 533
Lone parent family, % N/A? 17.8
Both parents university educated, % 13.1 16.7
Household income <CAD 40000, % N/A? 18.1
High neighbourhood economic deprivation, % 25.2 20.2
Weekly spending money >CAD 6, % 329 25.6
Ever try cigarettes, % 21.1 16.7
Ever try other tobacco products®, % 11.9 12.0
School performance average or lower, % 62.1 57.5
>5 hours of TV per day, % 7.9 6.5
>5 hours of video games per day, % 7.0 5.3
Reading frequency less than weekly (not for school), % 30.2 259
<2 times per week of physical activity, % 31.3 30.9
Parents smoke cannabis, % N/A* 8.1
Parents smoke cigarettes, % 43.3 36.1
Parents drink alcohol, % N/A? 96.3
Parents binge drink, % N/A* 56.8
Smoking allowed in home, % 58.0 50.0
Siblings smoke cigarettes, % 16.4 10.6
Friends smoke cigarettes, % 15.2 12.0
Parental monitoring sometimes or less, % N/A? 0.5
Frequent/constant problems in parent—child relationship, % N/A? 133
Feel dependent on nicotine, % 7.9 5.3
Low self-esteem¢, % 46.4 41.5
High degree of depressive symptoms¢, % 30.7 30.1
Low school connectedness®, % 42.8 37.9
Pre-pubertal status, % 10.8 113

Abbreviation: N/A, not applicable.

20nly 51-55 parents of non-retained participants completed the parent questionnaire and provided data on these characteris-

tics, precluding accurate comparisons with retained participants.

b Other tobacco products include cigars, pipe, bidis, chewing tobacco and snuff.

¢ Low = lowest tertile; high = highest tertile.

Analytic sample

In Grade 5, 1801 students (mean age
[SD] = 10.7 [0.6] years) provided data. By
Grade 6, an additional 51 students joined
the study (mean age [SD] of all Grade 6
participants = 11.7 [0.4] years), yielding a
total 1852 participants. To develop the
analytic sample, we first retained partici-
pants whose parents had completed the
parental questionnaire in 2006/07 (n =
1127; 61% of 1852). Then we retained
those participants who had provided data
on cannabis use (n = 1076; 95% of 1127).

Of the 1076 participants retained, 975
(90.6%) completed all three waves; 100
(9.3%) completed two waves and only 1
(0.1%) completed one wave.

Missing values

We used multiple imputation to account
for missing values, with predictive mean
matching with 10 nearest neighbour com-
parators for continuous and ordinal vari-
ables®” and logistic regression for binary
variables. We employed von Hippel’s®
two-step calculation to determine the
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number of imputation sets needed to pro-
duce replicable estimates of standard
errors. All variables to be examined in the
analyses, including ever use, were entered
into the imputation models.

Analyses

We estimated the association for each
potential correlate in two models only, an
unadjusted model and then an adjusted
model that included sociodemographic
characteristics that were correlated with
cannabis use (i.e. age, sex, household
income and participants’ weekly spending
money). Because the unadjusted and
adjusted models for each potential corre-
late constitute a single hypothesis test, we
did not correct for multiple comparisons.*
We did not estimate associations for
potential correlates in an omnibus model
(i.e. one that included all potential corre-
lates) because omnibus models may
include variables on the causal pathway
for other covariates,*® which could lead to
attenuated estimates.* We conducted
logistic regression analyses with cluster
robust standard errors to minimize bias in
variance estimates related to clustering by
school.*

Results

Participants

Based on recommendations on how to report
descriptive data from the Strengthening
the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines,” we
compared characteristics of AdoQuest
study participants retained for analysis
(n = 1076) with those of participants who
were lost to follow-up since inception or
missing data on the variables of interest
(n = 776) (see Table 2). Large differences
between groups could indicate possible
selection bias.

Although data for most variables were
drawn from the baseline participant ques-
tionnaire, data for eight variables (i.e.
older siblings, lone parent family, house-
hold income, parental cannabis use,
parental drinking, parental binge drink-
ing, parental monitoring, parent-child
relationship) were collected in parental
questionnaires only. Because only 51 to
55 parents of the 773 AdoQuest study par-
ticipants not retained for analysis com-
pleted the parent questionnaire, we did
not report estimates for these variables in

Vol 43, No 1, January 2023

TABLE 3

Bivariate associations between participant characteristics

and ever use of cannabis at age 12 (n = 1076)

Characteristic % Missing values n? % Used
Sociodemographic

Age in years 0

<11 320 3.1

211 756 5.7
Sex 0

Female 566 3.6

Male 510 7.7
Has older siblings 1.2

No 497 3.6

Yes 566 5.8
Two-parent family 1.2

Yes 874 4.1

No 189 8.5
Parents’ education 0.5

Both completed university 179 2.8

One completed university 280 3.9

Neither completed university 612 5.7
Household income in CAD 16.6

< 40000 162 9.3

40000-79 999 339 6.2

> 80000 396 2.8
Neighbourhood deprivation 33

Low 481 5.0

Moderate 350 4.9

High 210 5.2
Weekly spending money in CAD 8.6

0 445 3.2

1-5 286 4.6

26 252 9.1

Lifestyle

Ever try cigarettes 0

No 896 1.1

Yes 180 239
Every try other tobacco products® 0

No 947 2.0

Yes 129 26.4
Ever drink alcohol 0.3

No 760 0.8

Yes 313 15.0
Ever binge drink 0.2

No 1002 29

Yes 72 33.3

Continued on the following page
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TABLE 3 (continued)

Bivariate associations between participant characteristics
and ever use of cannabis at age 12 (n = 1076)

Characteristic % Missing values n % Used

Ever gamble 0.2

No 856 33

Yes 218 11.0
School performance 1.4

Better than average 451 3.6

Average 577 5.0

Worse than average 33 18.2
TV in hours/day 0

<1 187 3.2

1-2 490 4.3

>3 399 6.5
Video games in hours/day 0.2

<1 454 5.3

1-2 400 43

>3 220 5.5
Reading (not for school) 5.1

Monthly or less 183 8.4

Monthly 81 5.3

Weekly 440 5.8

Daily 317 3.5
Physical activity in times/week 0.2

<2 332 6.3

34 329 3.0

25 413 5.3

Social environment

Parents use cannabis 0.7

No 982 4.5

Yes 87 9.2
Parents smoke cigarettes 0

No 638 3.6

Yes 388 7.2
Parents drink alcohol 0.7

No 40 5.0

Yes 1029 4.9
Parents binge drink 0.5

No 463 5.0

Yes 608 4.9
Smoking banned at home 0

No 538 6.3

Yes 538 3.5
Parental monitoring 0

Often or less frequent* 122 11.5

Always 954 4.1

Health Promotion and Chronic Disease Prevention in Canada
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Continued on the following page

this group as they would likely be impre-
cise and biased.

Overall, there were few notable differ-
ences in the estimates for the 21 variables
that we compared across groups, with two
possible exceptions. Of participants not
retained, 32.9% reported that they had
weekly spending money of CAD 6 or more
compared to 25.6% of participants retained
for analysis; and of parents in the not
retained group, 43.3% smoked cigarettes
compared to 36.1% of parents in the
retained group.

Missing data

The proportion of missing values ranged
from 0 (9 variables) to 16.6% (household
income; see Table 3). The median (inter-
quartile range) proportion of missing val-
ues was 0.5% (0-3.4). We therefore
created 20 imputed datasets. Comparisons
of imputed and raw data show that the
imputations produce similar distributions.
Further, sensitivity analyses with com-
plete cases only yield similar estimates to
those using imputed datasets (data avail-
able on request from the authors).

Correlates of cannabis use

Fifty-three participants (4.9%) reported
ever use of cannabis by the end of Grade 6
(mean age [SD] = 11.7 [0.4] vyears).
Table 3 presents bivariate relationships
between participant characteristics and
ever use of cannabis. Table 4 presents
unadjusted and adjusted odds ratios (OR)
and 95% CI from the logistic regression
analyses.

We note one caveat in interpreting our
findings. Categories for five variables (i.e.
never tried cigarettes, never drank, par-
ents used cannabis, parents did not drink,
pre-pubertal status) had low frequencies
and few participants in those categories
initiated cannabis use. This affected our
ability to report precise estimates, and the
magnitude of the estimates for these vari-
ables should be interpreted with caution.

Of the 33 variables investigated as poten-
tial correlates, 17 were associated with
ever use in adjusted models. Four of eight
sociodemographic characteristics (i.e. older
age, identifying as male, lower household
income, having more spending money)
were associated with higher odds of ever
use, as were 5 of 10 lifestyle factors (i.e.
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TABLE 3 (continued)
Bivariate associations between participant characteristics
and ever use of cannabis at age 12 (n = 1076)

Characteristic % Missing values n % Used

Parent—child relationship 0.9

:’)rc(;:sls;:)nllil or less frequent 142 7.0

No/almost no problems 924 4.6
Siblings smoke 3.4

No 929 3.8

Yes 110 15.5
Friends smoke 3.9

No 910 2.9

Yes 124 21.0

Psychological

Feel dependent on nicotine 0

No 1019 3.4

Yes 57 31.6
Self-esteem 0.2

Low 446 8.7

Moderate 342 2.1

High 286 2.1
Depressive symptoms 6.4

Low 357 3.9

Moderate 347 43

High 303 6.6
Impulsivity 10.4

Low 320 1.9

Moderate 330 3.0

High 314 11.2
School connectedness 7.1

Low 379 7.4

Moderate 401 4.5

High 220 2.3
Pubertal status 7.7

Pubertal/post-pubertal 881 5.3

Pre-pubertal 112 1.8

2 Calculated prior to imputation.

b Other tobacco products include cigars, pipe, bidis, chewing tobacco and snuff.

< Often or less frequent includes never (n = 0), rarely (n = 1), sometimes (n = 4) and often (n = 117).

4 Includes constant problems (n = 0), frequent problems (n = 15) and occasional problems (n = 127).

ever tried cigarettes, ever tried other
tobacco products, ever drank alcohol, ever
binge drank and ever gambled).

Of the nine social environmental influ-
ences investigated, two (i.e. sibling/s smoke
cigarettes, friends smoke cigarettes) were
positively associated with ever use and
one (i.e. parental monitoring) was
inversely associated with ever use.

Vol 43, No 1, January 2023

All five psychological characteristics were
associated with ever use. Three (i.e. feel-
ing dependent on nicotine, higher depres-
sive symptoms, greater impulsivity) were
associated with higher odds, and two (i.e.
greater self-esteem and higher school con-
nectedness) were associated with lower
odds. Pubertal status was unrelated to
ever use of cannabis.

Discussion

This study is one of the few to identify
factors associated with cannabis use
among children younger than 14. We
found that 5% of Grade 6 students in the
AdoQuest study (who were on average
11.7 years old in the spring of Grade 06)
reported that they had ever used canna-
bis. This is a full year before the mean age
of onset reported among Canadian stu-
dents in Grade 7 to 9, who were on aver-
age 12.8 years old when we conducted
our study. It is not yet clear whether legal-
ization has significantly affected age at
onset or the prevalence of early cannabis
use among youth in Canada, although 2%
and 4% of students in Grade 7 and 8,
respectively, reported past-year cannabis
use in 2018/19.!

While the frequency of early cannabis use
as well as the frequency of its risk factors
can change over time in response to con-
textual changes such as legalization, the
associations between these exposures and
early onset are not likely to change sub-
stantially, especially over relatively short
time spans such as a decade. As an anal-
ogy, despite decades of research and pro-
found changes in the tobacco-related
context, the main risk factors for the onset
of cigarette smoking (i.e. parents’ smok-
ing, friends’ smoking, psychosocial char-
acteristics) have not changed significantly
in decades. Thus, although more than a
decade has passed since the AdoQuest
study data were collected, the risk factors
for early onset have likely also not
changed notably and therefore the find-
ings we report continue to be relevant
today.

We found that a wide range of sociodemo-
graphic, lifestyle, social environmental
and psychological factors known to be
associated with cannabis use in middle to
late adolescence®?** and with adolescent
smoking® and drinking® have similar
associations with cannabis use at an ear-
lier age. A notable finding in the current
study are the associations among Grade 6
children for numerous correlates includ-
ing use of combustible cigarettes, other
tobacco products and alcohol. Although
causal inference is limited given the study
design, it is possible that the social envi-
ronmental and psychological risk factors
we identified (e.g. friends and siblings
smoking, lower parental monitoring,
lower self-esteem, depressive symptoms,
impulsivity and low school connectedness)
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Has older siblings
No
Yes
Two-parent family
Yes
No
Parents’ education
Both university
One university
Neither university
Household income®
Neighbourhood deprivation
Low
Moderate
High
Weekly spending money®

Lifestyle

Ever try cigarettes
No
Yes
Every try other tobacco products®
No
Yes
Ever drink alcohol
No
Yes
Ever binge drink
No
Yes
Ever gamble
No
Yes
School performance
Better than average
Average

Worse than average

Ref
1.56 (0.82, 3.00)

Ref
2.11 (1.03, 4.30)

Ref
1.44 (0.43, 4.78)
2.19 (0.74, 6.42)
0.85 (0.77, 0.94)

Ref
0.97 (0.49, 1.92)
1.06 (0.46, 2.43)
1.59 (1.23, 2.05)

Ref
27.81 (11.57, 66.82)

Ref
17.48 (10.55, 28.97)

Ref
22.25 (10.29, 48.11)

Ref
16.79 (9.71, 29.05)

Ref
3.60 (1.97, 6.58)

0.71 (0.39, 1.30)
Ref
4.08 (1.71,9.72)

Associations between participant character-irsl:i?:: l-z:l:d ever use of cannabis at age 12 (n = 1076)
Characteristic Unadjusted odds ratio Adjusted odds ratio?
(95% CI) (95% CI)
Sociodemographic
Age®
<11 Ref Ref
211 1.56 (1.13, 2.15) 1.39 (1.06, 1.84)
Sex
Female Ref Ref
Male 3.62 (1.68, 7.82) 3.76 (1.72, 8.23)

Ref
1.82 (0.95, 3.48)

Ref
1.32 (0.55, 3.19)

Ref
1.19 (0.34, 4.22)
1.23 (0.39, 3.86)
0.86 (0.79, 0.95)

Ref
0.80 (0.43, 1.49)
0.73 (0.31, 1.74)
1.54 (1.20, 1.98)

Ref
22.03 (9.31, 52.14)

Ref
13.36 (7.28, 24.52)

Ref
19.78 (7.40, 38.03)

Ref
11.75 (6.18, 22.32)

Ref
2.95 (1.55, 5.62)

0.79 (0.44, 1.44)
Ref

2.63 (0.96, 7.21)
Continued on the following page
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signal vulnerabilities underpinning early
use of multiple substances that are ame-
nable to intervention. At a minimum,
these data suggest that children who
report early cannabis use are also at
higher risk of early use of combustible
cigarettes and alcohol, such that interven-
tion to curb early onset of cannabis use
should take polysubstance wuse into
account.

In contrast to reports that parental lifetime
and past-year cannabis use was associ-
ated with use by adolescents aged 12 to
17 years,**¢ we did not detect an associa-
tion in the current study. We also found
no association between parental smoking,
drinking or binge drinking and early can-
nabis use. It is possible that young chil-
dren are not yet cognizant of parental
substance use so that role modelling of
these behaviours is not yet an influence in
terms of offspring substance use behav-
iours. Alternatively, our analyses were
simply underpowered to detect these
associations (i.e. only 87 parents reported
cannabis use and only 40 did not drink
alcohol). The relationship between paren-
tal substance use behaviours and early
cannabis use warrants further study.

Early and frequent cannabis use has long-
term implications for outcomes in young
adulthood. Specifically, earlier cannabis
use is linked to harmful effects on atten-
tion, memory and decision-making, and
mental health.**3* In addition, cannabis
use before age 15 is associated with lower
educational attainment; higher frequency
of binge drinking, coupled with an
increased risk of future alcohol abuse/
dependence and greater alcohol-related
harms; higher frequency and greater
quantity of cannabis consumption and
higher risk of cannabis use disorder symp-
toms; and more frequent use of other
illicit drugs by age 30.* Further, substance
use trajectory studies indicate that risky
behaviours, which can cluster in youth,
are strongly related to substance use and
abuse in early adulthood and beyond.*
Our data thus underscore that early can-
nabis use prevention interventions are
critical for vulnerable children who
already exhibit signs of engaging in other
risky behaviours. Consequently, substance
use interventions should be comprehen-
sive, addressing numerous substances and
risky behaviours concurrently.

Strengths and limitations

Study strengths include the large popula-
tion-based sample and the investigation of
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TABLE 4 (continued)

Associations between participant characteristics and ever use of cannabis at age 12 (n = 1076)

Characteristic Unadjusted odds ratio Adjusted odds ratio®
(95% CI) (95% CI1)
TV hours/day® 1.44 (0.95, 2.17) 1.32 (0.87, 2.00

1.07 (0.75, 1.54)
0.82 (0.71, 0.95)
1.03 (0.79, 1.34)

Video games hours/day”
Reading (not for school)®
Physical activity®

Social environment

Parents use cannabis

No Ref

Yes 2.19 (0.95, 5.06)
Parents smoke cigarettes

No Ref

Yes 2.06 (1.09, 3.91)
Parents drink alcohol

No Ref

Yes 0.99 (0.21, 4.61)
Parents binge drink

No Ref

Yes 0.99 (0.59, 1.67)
Smoking banned at home

No Ref

Yes 0.54 (0.32, 0.91)

0.42 (0.26, 0.68)
0.79 (0.54, 1.16)

Parental monitoring
Parent—child relationship®

Siblings smoke

No Ref

Yes 4.56 (2.54, 8.54)
Friends smoke

No Ref

Yes 8.57 (5.33, 13.79)

Psychological

Feel dependent on nicotine

No Ref

Yes 12.98 (6.94, 24.24)
Self-esteem®¢ 0.47 (0.38, 0.57)
Depressive symptoms®¢ 1.31(0.99, 1.74)
Impulsivity>d 2.45 (1.82, 3.29)
School connectedness®? 0.65 (0.52, 0.83)

Pubertal status
Pubertal/post-pubertal Ref

Pre-pubertal 0.36 (0.10, 1.37)

)
0.95 (0.67, 1.35)
0.84 (0.71, 1.00)
0.95 (0.73, 1.24)

Ref
1.86 (0.72, 4.83)

Ref
1.59 (0.78, 3.23)

Ref
1.82 (0.37, 9.03)

Ref
0.96 (0.59, 1.57)

Ref
0.63 (0.37, 1.07)
0.56 (0.36, 0.88)
0.94 (0.68, 1.32)

Ref
4.23 (2.28,7.83)

Ref
8.82 (5.20, 14.98)

Ref

12.16 (6.02, 24.58)

0.45 (0.34, 0.58)
1.34 (1.01, 1.79)
2.38(1.67, 3.39)
0.69 (0.54, 0.90)

Ref
0.30 (0.08, 1.18)

Abbreviations: Cl, confidence interval; OR, odds ratio; Ref, reference; SD, standard deviation.
Note: Estimates in bold font indicate that the CI excludes the null.

2 Adjusted for age, sex, household income and weekly spending money.

b Entered into analyses as a continuous variable.

¢ Other tobacco products include cigars, pipe, bidis, chewing tobacco and snuff.

4 OR represents the odds per a 1 SD change in the correlate.
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a wide range of potential risk and protec-
tive factors. Limitations include its cross-
sectional study design, which limits
causal inference, and the use of self-report
data, which may have contributed to
recall error and/or misclassification bias.
Loss to follow-up may have resulted in
selection bias.

As the AdoQuest study was not designed
as a cannabis use study, some potential
correlates such as siblings’ or friends’ can-
nabis use were not measured. Given the
33 separate potential associations exam-
ined, some statistically significant findings
may be attributable to chance. However,
this seems unlikely as our findings align
with those from numerous previous stud-
ies. In addition, the sample is 93% White,
which may limit generalizability.

Finally, data collection predated legaliza-
tion of non-medicinal cannabis use in
Canada in 2018. However, legalization
appears to have had little effect on ever or
current (i.e. monthly or more frequently
in the past year) cannabis use among
Canadian high school students.*® More-
over, the effect of legalization on age at
onset is as yet unknown, but it is not
likely to have altered factors associated
with early use.®

Conclusion

We found that many characteristics asso-
ciated with cannabis use in mid to late
adolescence are also associated with early
use. Our findings suggest that surveillance
for cannabis use and preventive interven-
tion use are warranted even earlier than
age 12. Interventions should incorporate
consideration of impulsivity, other risky
behaviours (e.g. tobacco use, drinking or
gambling) and having friends who smoke
as well as encouraging parents/guardians
to monitor their children’s whereabouts.
Surveillance to detect trends in risk factors
is needed because these may differ across
study populations or with time.

Future studies should assess early and
later predictors of frequency and quantity
of cannabis use. Moreover, studies should
consider both individual and contextual
level correlates or predictors, as illustrated
by our finding that higher household
income was inversely related to cannabis
use after adjusting for weekly spending
money, while having more spending
money was directly related to cannabis
use after adjusting for household income.
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Finally, replication is critical because dif-
ferent methods across studies can lead to
different conclusions. In particular, repli-
cation studies using data collected post-
legalization are needed to investigate
whether risk factors for early cannabis use
might have changed since 2018.
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Abstract

Introduction: The COVID-19 pandemic has had major economic, social and psychologi-
cal consequences for adolescents and young adults. It is unclear whether those with a
history of adverse childhood experiences (ACEs) were particularly vulnerable. We
examined whether a history of ACEs was associated with financial difficulties, lack of
emotional support, feeling stressed/anxious, feeling down/depressed, increased alcohol
and/or cannabis use and increased conflict with parents, siblings and/or intimate part-
ners among 16- to 21-year-olds during the pandemic.

Methods: Data were collected in November and December 2020 from respondents aged
16 to 21 years (n = 664) participating in the longitudinal and intergenerational Well-
being and Experiences Study (Wave 3) conducted in Manitoba, Canada. Age-stratified
associations between ACEs and pandemic-related stressors/symptoms were examined
with binary and multinomial logistic regression.

Results: A history of ACEs was associated with pandemic-related financial difficulties
(adjusted relative risk ratio [aRRR] range: 2.44-7.55); lack of emotional support (aRRR
range: 2.13-26.77); higher levels of feeling stressed/anxious and down/depressed
(adjusted odds ratio [aOR] range: 1.78-5.05); increased alcohol and cannabis use (aOR
range: 1.99-8.02); and increased relationship conflict (aOR range: 1.98-22.59). Fewer
associations emerged for older adolescents and these were not to the same degree as for
young adults.

Conclusion: Adolescents and young adults with a history of ACEs reported increased
odds of pandemic-related stressors and symptoms, and may need more resources and
greater support compared to peers without an ACE history. Differences in results for
adolescents and young adults suggest that interventions should be tailored to the needs
of each age group.

Keywords: SARS-CoV-2, child abuse, neglect, substance use, mental health, emotional
support, interpersonal conflict, financial hardship

Highlights

The COVID-19 pandemic has exac-
erbated financial, social and psy-
chological difficulties for young
people.

Older adolescents and young adults
with a history of adverse childhood
experiences (ACEs) were more vul-
nerable to pandemic-related stres-
sors and symptoms compared to
their peers without an ACEs history.
Young adults with a history of
ACEs may need additional resources
that provide financial assistance,
address mental health concerns,
foster emotional support, reduce
substance use and facilitate posi-
tive relationships.

Older adolescents with a history of
ACEs may benefit from interven-
tions that improve feelings of
depression and foster emotional
support and healthy relationships
with parents.

Psychological first aid that pro-
vides practical and emotional sup-
port may be a suitable approach
for supporting recovery from the
pandemic.
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Introduction

The first COVID-19 case was identified in
Manitoba, Canada, on 12 March 2020, and
on 20 March 2020 the province declared a
state of emergency.! Several public health
measures were implemented to mitigate
SARS-CoV-2 transmission, including restric-
tions on public gatherings and closures of
schools and non-essential businesses.!
After 1 May 2020, new cases diminished
substantially and restrictions eased.!
Infection rates increased again in August
2020, and by November 2020 critical-level
disease containment restrictions were
enacted.! Gathering sizes were extremely
limited and non-essential businesses were
ordered to close.

Stressors resulting from these public
health measures, such as unemployment,
have disproportionately impacted young
populations.? The economic, social and
psychological consequences of the COVID-
19 pandemic have been particularly
problematic for adolescents and young
adults.*® Those who were exposed to child
maltreatment and other adversities in
childhood may have been especially
vulnerable.

Adverse childhood experiences (ACEs) are
stressful, potentially traumatic events that
threaten a child’s sense of living in a safe,
stable and nurturing environment.® ACEs
typically refer to abuse (physical, sexual
and emotional); neglect (physical and
emotional); exposure to intimate partner
violence (IPV); and household challenges
(substance abuse and mental illness in the
household, parental separation or divorce,
and parental incarceration or problems
with police).® ACEs may also include
spanking, parental gambling, foster care
or child protection involvement, living in
an unsafe community, poverty and peer
victimization.”®

ACEs research has uncovered an extensive
range of outcomes that can have repercus-
sions across the lifespan.’ For example,
meta-analytic results indicate robust asso-
ciations between ACEs and poor mental
(e.g. depression, anxiety, substance abuse)
and physical health.! An ACEs history can
also hinder the formation of healthy rela-
tionships, and has been associated with
lower perceived social support" and a
higher risk for interpersonal conflict."* In

addition, ACEs can negatively impact
socioeconomic status in adulthood, includ-
ing education, employment and income."?
Consequently, a childhood adversity his-
tory presents a substantial burden on
health and well-being; it is important to
determine if this burden was exacerbated
during the COVID-19 pandemic.

Vulnerability to the effects of stressful life
events, such as the pandemic, among peo-
ple with a history of ACEs is hypothesized
to arise via a mechanism known as stress
sensitization.' It is theorized that physio-
logical changes occur in response to child-
hood adversities (conceptualized as “toxic
stress”!®) as an adaptive mechanism to
help the child survive in their adverse
environment.!® These adaptations, however,
can disrupt physiological systems and
functioning including neural, neuroendo-
crine, metabolic and immune functioning.!®
For instance, alterations to brain structure
and activity are linked to dysregulation of
stress responses, fear learning, emotion
regulation, executive functioning and
reward processing.'® In the face of chronic
exposure to toxic stress during childhood,
regulatory functions are increasingly sen-
sitized to subsequent stressors. Individuals
with a history of ACEs have lower thresh-
olds of stress tolerance that are associated
with increased risk of potentially harmful
physiological, emotional and behavioural
responses.*1¢ Several studies have observed
stress sensitization among survivors of
childhood adversity, whose risk of psy-
chopathology after traumatic events is
high compared with people without histo-
ries of adversity.!”%

The literature on how individuals with a
history of ACEs are faring during the
COVID-19 pandemic is sparse. Three stud-
ies conducted in China early in the pan-
demic (February and March 2020)—two
with post-secondary student samples and
one with a sample of rural adolescents—
found significant associations between
ACEs and self-reported symptoms of acute
stress, anxiety and depression.?* To our
knowledge, no studies have investigated
associations between a history of ACEs
and pandemic-related financial difficul-
ties, emotional support, substance use or
interpersonal conflict. It is also possible
that any associations between ACEs and
pandemic-related impacts differ by age
group. The transition from adolescence to

emerging adulthood typically involves
greater independence from parents/care-
givers as well as added responsibility.*
Young adults may experience more life
stressors than adolescents and may have
less access to and/or reliance on family
resources.

The objectives of our study were to esti-
mate the associations between a history of
ACEs and self-reported stressors and
symptoms (financial difficulties; lack of
emotional support; high levels of feeling
stressed/anxious and down/depressed;
increased alcohol consumption and can-
nabis use; and increased conflict with par-
ents’, siblings and/or an intimate partner)
during the pandemic among older adoles-
cents and young adults.

Methods
Data and sample

A community sample of older adolescents
(aged 16 or 17 years) and young adults
(aged 18-21 years) was drawn from the
longitudinal and intergenerational Well-
being and Experiences (WE) Study, con-
ducted in Manitoba, Canada. Baseline
recruitment for Wave 1 in 2017-18 (N =
1002; aged 14-17 years) involved random
digit dialling (21 %), referrals (40.6%) and
community advertisements (38.4%) to
contact parents or caregivers and adoles-
cents from Winnipeg and surrounding
rural areas. Sampling method differences
were not detected for sex, age, ethnicity
and several ACEs.? Postal codes (Forward
Sortation Area) and demographic charac-
teristics were monitored to ensure the
adolescent  sample resembled the
Winnipeg population based on character-
istics of age, sex, household income and
ethnicity.®

The adolescents were recontacted to par-
ticipate in Wave 2 in 2019 (n = 748) and
in Wave 3 from November to December
2020 (n = 664; 66.3% of the original ado-
lescent cohort; aged 16-21 years), with
online questionnaires administered by text
or email. Compared to Wave 1 respon-
dents, a larger proportion of Wave 3
respondents were female and had a higher
household income; no differences were
detected in respondent age.

* While the question about conflict specifically asked about parents only, responses may have included other guardians or parental figures.
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Written informed consent was obtained
from all participants. The University of
Manitoba Health Research Ethics Board
granted ethics approval (#HS24159/
H2020:359).

Measures

Adverse childhood experiences

Sixteen ACEs were assessed: seven child
maltreatment ACEs; peer victimization;
and eight household challenges ACEs.
Most ACEs were assessed at Wave 3 and
pertained to respondents’ experiences
before they were 16 years old; exceptions
are noted below. Because of mandatory
child abuse reporting laws for minors,
assessments of child maltreatment ACEs
differed depending on respondent age at
Wave 3. For adults, physical abuse, sexual
abuse, emotional abuse, physical neglect
and emotional neglect were measured
using the Childhood Trauma Questionnaire
(CTQ).* These ACEs were scored accord-
ing to CTQ instructions and dichotomized
according to established cut-points.®

For adolescents, emotional neglect was
also measured using the CTQ. Emotional
abuse was assessed using a single item
adapted from the Childhood Experiences
of Violence Questionnaire (CEVQ)?:
“How many times has a parent or guard-
ian said hurtful or mean things to you?”
Responses of “once a month” or more fre-
quently were coded “yes.”

For adults, exposure to physical IPV was
assessed with a question adapted from the
CEVQ?%: “How many times did you see or
hear any one of your parents, step-parents
or guardians hit each other or another
adult in your home?” Responses of “3 to 5
times” or more were coded “yes.” For
adolescents, exposure to verbal IPV was
also assessed with a question adapted
from the CEVQ?: “How often have you
seen or heard adults say hurtful or mean
things to another adult in your home?”
Responses of “once a month” or more fre-
quently were coded “yes.”

Spanking was assessed at Wave 1 with
one question adapted from the CEVQ¥
referring to a typical year when the
respondent was aged 10 years or younger:
“How often do you remember an adult
spanking you with their hand on your bot-
tom (bum)?” Responses of “2 to 3 times a
year” or more were coded “yes.”

Vol 43, No 1, January 2023

For adolescents and young adults sepa-
rately, each child maltreatment ACE was
combined into a single dichotomous vari-
able indicating exposure to “any” child
maltreatment ACE. The remaining ACEs
were assessed in the same way for all
respondents.

Peer victimization was measured at Waves
1 and 2, with seven items assessing the
frequency of past-year exposure to physi-
cal, verbal, social and cyber victimization
as well as three types of discriminatory
victimization. A response of “once a
month” or more frequently at either wave
was coded “yes.” The seven items were
then combined into a single dichotomous
variable for exposure to “any” peer
victimization.

Measurement of household challenges
ACEs included problems with alcohol
and/or drugs (two items); mental health
problems such as depression or anxiety
(one item); parental separation or divorce
(one item); parental problems with police
(one item); parental problems with gam-
bling (one item); foster care placement
and/or contact with a child protective
organization (two items); household run-
ning out of money for rent/mortgage and/
or basic necessities such as food or cloth-
ing (a proxy for poverty; two items); and
living in an unsafe community (one item).
Poverty and unsafe community were
assessed at Wave 1. Because of a low
prevalence of several household chal-
lenges items in the sample, a single
dichotomous variable was computed to
indicate exposure to “at least one.” The
ACEs measures are outlined in Table 1,

and additional details are available
elsewhere.®

COVID-19 pandemic impacts

Self-reported stressors and symptoms

experienced during the COVID-19 pan-
demic were identified at Wave 3. Financial
hardship was assessed with the question
“Have you or your family experienced
financial difficulties because of the
COVID-19 pandemic?” We recoded the
five ordinal response options as “not at
all/a little,” “some” and “quite a bit/a
lot.” Emotional support was assessed with
the question “Have you felt emotionally
supported during the COVID-19 pan-
demic?” with the same response options
recoded as “not at all,” “a little,” “some”
and “quite a bit/a lot.” Stress/anxiety and
depression were each assessed with one
question asking whether the respondent

felt “stressed or anxious...” or “down or
depressed because of the COVID-19 pan-
demic”; response options were dichoto-
mized as “quite a bit/a lot” versus
“some/a little/not at all.” Changes in alco-
hol consumption and cannabis use were
assessed with two questions (e.g. “Has
your consumption of alcohol changed due
to the COVID-19 pandemic?”). The response
options for each question were “increased,”
“remained the same” and “decreased”;
these response options were dichotomized
as “increased” versus “remained the
same/decreased.” Changes in conflict
with parents, siblings and intimate part-
ners were assessed with three questions
(e.g. “Has conflict with your parents
changed due to the COVID-19 pan-
demic?”). The response options for each
question were also dichotomized as
“increased” versus “remained the same/
decreased.”

Covariates

Sociodemographic characteristics were
respondent age at Wave 3, stratified by
older adolescents (16 or 17 years) and
young adults (18-21 years); male and
female sex at Wave 1; race/ethnicity
reported at Wave 1; parents’ highest level
of education at Wave 1; and household
income reported by the parent at Wave 1.

Data analysis

Descriptive statistics for sociodemographic
characteristics, COVID-19 pandemic stres-
sors and symptoms, and ACEs were com-
puted for the total sample and by age
group. Associations between ACEs and
financial hardship and emotional support
were assessed with multinomial logistic
regression; associations between ACEs
and feeling stressed/anxious and down/
depressed, increased alcohol consumption
and cannabis use, and increased conflict
with parents, siblings and intimate part-
ners were assessed with binary logistic
regression. We stratified models by age
group because of the potential differences
in adolescents’ and young adults’ life
stages as well as differences in the mea-
surement of ACEs. Models were first
unadjusted and then adjusted for sex, age
and household income. Analyses were
conducted in Stata version 16.1 (StataCorp
LLC, College Station, TX, US). Of note,
exponentiated coefficients are computed
in Stata as relative risk ratios in multino-
mial logistic regression, whereas odds
ratios are computed in binary logistic
regression.
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TABLE 1
Measures of adverse childhood experiences

ACE Source Age of respondent, years WE Study wave
Child maltreatment ACE
Physical abuse @Oz 18-21 3
Sexual abuse CTQ* 18-21 3
Emotional abuse ce= 1821 3
CEVQY 16-17 3
Physical neglect cTQ* 18-21 3
Emotional neglect CTQ* All ages 3
Exposure to physical IPV Adapted from the CEVQ” 18-21 3
Exposure to verbal [PV Adapted from the CEVQ” 16-17 3
Spanking Adapted from the CEVQ” All ages 1
Peer victimization gi:::?obzrn(;;t:el:ﬁ;nshufyerﬁyw; All ages 1,2
Household challenges ACE
Household problems with alcohol and/or drugs Adapted from the ACE Questionnaire®! All ages 3
Household mental illness Adapted from the ACE Questionnaire’' All ages 3
Parental separation or divorce Adapted from the ACE Questionnaire®' All ages 3
Parental problems with police Adapted from the ACE Questionnaire’' All ages 3
Parental problems with gambling Developed for this questionnaire All ages 3
;(:;iz tciizeo[:;cneir;(:inotnand/or contact with a child Developed for this questionnaire All ages 3
Household running out of money (proxy for poverty) Developed for this questionnaire All ages 1
Living in an unsafe community Manitoba Youth Health Survey” All ages 1

Abbreviations: ACE, adverse childhood experience; CEVQ, Childhood Experiences of Violence Questionnaire; CTQ, Childhood Trauma Questionnaire; IPV, intimate partner violence; WE Study,

Well-being and Experiences Study.

Results

The Wave 3 sample (n = 664) comprised
60.5% (n = 401) young adults and 39.5%
(n = 262) older adolescents. Compared to
older adolescents, young adults had
greater odds of reporting “quite a bit/a
lot” of financial difficulties (odds ratio
[OR] = 1.83, 95% confidence interval
[CI]: 1.04-3.20) and lower odds of report-
ing conflict with siblings (OR = 0.60;
95% CI: 0.38-0.95) (see Table 2). No
other age group differences were detected.

Age-stratified associations between ACEs
and self-reports of pandemic-related finan-
cial difficulties were adjusted for age, sex,
race/ethnicity, parental education and
household income. The biserial correla-
tion between household income and finan-
cial difficulties (r,,, = —0.34; standard
error = 0.04) was determined to be suffi-
ciently low for inclusion in the model.?
Among young adults, all ACEs (except
spanking) were associated with increased
relative risk of reporting “quite a bit/a lot”
of financial difficulties rather than “not at
all/a little” (adjusted relative risk ratio
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[aRRR] range: 2.59-4.99). Older adoles-
cents with a history of emotional abuse,
being spanked, any child maltreatment
ACE and any household challenge ACE
had increased relative risk of “some”
financial difficulties rather than “not at
all/a little” (aRRR range: 2.44-7.55) (see
Table 3).

Among young adults, all ACEs (except
spanking) were associated with increased
relative risk of feeling emotionally sup-
ported “not at all” rather than “quite a
bit/a lot” (aRRR range: 4.11-26.77).
Among older adolescents, all child mal-
treatment ACEs and peer victimization
were associated with increased relative
risk of feeling less emotionally supported
(aRRR range: 2.36-26.11) (see Table 4).

Emotional abuse (adjusted OR [aOR] =
1.78; 95% CI: 1.03-3.08) and physical
neglect (aOR = 1.90; 95% CI: 1.06-3.41)
among young adults were associated with
increased odds of feeling stressed/anxious
“quite a bit/a lot.” Greater odds of feeling
down/depressed “quite a bit/a lot” were
found among young adults with histories

of emotional abuse, physical neglect and
any household challenge ACE (aOR range:
1.95-2.67) and among older adolescents
with histories of emotional abuse, emo-
tional neglect, exposure to verbal IPV, any
child maltreatment ACE and peer victimi-
zation (aOR range: 1.89-5.05) (see Table 5).

In the sample, 80% of young adults and
50% of older adolescents consumed alco-
hol (data not shown). For young adults,
physical abuse, sexual abuse, emotional
abuse, emotional neglect and peer victim-
ization histories were associated with
greater odds of reporting increased pan-
demic-related alcohol consumption (aOR
range: 2.27-6.27). No associations
between ACEs and increased alcohol con-
sumption emerged among older adoles-
cents (see Table 5).

Close to half (52%) of young adults and
one-third (33%) of older adolescents in
the sample used cannabis (data not
shown). For young adults, all ACEs except
physical abuse and spanking were associ-
ated with greater odds of increased pan-
demic-related cannabis use (aOR range:

Vol 43, No 1, January 2023




TABLE 2
Sociodemographic characteristics, pandemic-related stressors and symptoms, and ACEs, in the total sample and by age group

Sample, % (n)

Characteristic, stressor/symptom, ACE Total Older adolescents aged 16 Young adults aged OR'
(n = 664) or 17 years 18-21 years (95% CI)
(n=262) (n = 401)
Characteristic

Mean age (SD), years 17.97 (1.22) 16.73 (0.45) 18.79 (0.80) -
Sex®

Male (reference) 45.3 (299) 50.0 (130) 42.3 (169) 1.00

Female 54.7 361) 50.0 (130) 57.8 (231) 1.37 (1.00-1.87)
Household income, CAD®

<49999 (reference) 15.1 (100) 14.9 (39) 15.3 (61) 1.00

50000-99999 36.5 (241) 35.5(93) 37.1(148) 1.02 (0.63-1.64)

100000-149999 23.5 (155) 24.4 (64) 22.8 (91) 0.91 (0.54-1.52)

>150000 20.9 (138) 21.4 (56) 20.6 (82) 0.94 (0.55-1.58)

No response 4.1 (27) 3.8 (10) 4.3 (17) 1.09 (0.45-2.62)

Pandemic-related stressors and symptoms

Financial difficulties

Not at all/a little (reference) 74.3 (459) 79.0 (188) 71.3 (271) 1.00

Some 14.6 (90) 13.0 (31) 15.5 (59) 1.32 (0.82-2.12)

Quite a bit/a lot 11.2 (69) 8.0 (19) 13.2 (50) 1.83 (1.04-3.20)"
Felt emotionally supported

Quite a bit/a lot (reference) 48.0 (303) 48.2 (120) 47.9 (183) 1.00

Some 24.4 (154) 22.5 (56) 25.7 (98) 1.15 (0.77-1.71)

A little 19.0 (120) 19.3 (48) 18.9 (72) 0.98 (0.64-1.51)

Not at all 8.6 (54) 10.0 (25) 7.6 (29) 0.76 (0.42-1.36)
Feeling stressed/anxious “quite a bit/a lot”

No (reference) 52.7 (343) 56.6 (146) 50.1 (197) 1.00

Yes 47.3 (308) 43.4 (112) 49.9 (196) 1.30 (0.95-1.78)
Feeling down/depressed “quite a bit/a lot”

No (reference) 63.8 (410) 65.1 (166) 62.9 (244) 1.00

Yes 36.2 (233) 34.9 (89) 37.1 (144) 1.10 (0.79-1.53)
Increased alcohol consumption (n = 434)

No (reference) 81.8 (346) 80.8 (97) 82.2 (249) 1.00

Yes 18.2 (77) 19.2 (23) 17.8 (54) 0.91 (0.53-1.57)
Increased cannabis use (n = 278)

No (reference) 64.9 (174) 67.1 (53) 64.0 (121) 1.00

Yes 35.1 (94 32.9 (26) 36.0 (68) 1.15 (0.66-2.00)
Increased conflict with parents

No (reference) 77.8 (439) 74.8 (160) 79.7 (279) 1.00

Yes 22.2 (125) 25.2 (54) 20.3 (71) 0.75 (0.50-1.13)
Increased conflict with siblings (n = 592)

No (reference) 83.7 (462) 79.2 (164) 86.4 (298) 1.00

Yes 16.3 (90) 20.8 (43) 13.6 (47) 0.60 (0.38-0.95)"
Increased conflict with partner in intimate relationship (n = 288)

No (reference) 73.7 (193) 72.3 (60) 74.3 (133) 1.00

Yes 26.3 (69) 27.7 (23) 25.7 (46) 0.90 (0.50-1.62)

Continued on the following page
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TABLE 2 (continued)

Sociodemographic characteristics, pandemic-related stressors and symptoms, and ACEs, in the total sample and by age group

Sample, % (n)
Characteristic, stressor/symptom, ACE Total Older adolescents aged 16 Young adults aged OR’
(n = 664) or 17 years 18-21 years (95% CI)
(n=262) (n = 401)
ACE

Physical abuse

No — — 89.8 (343) =

Yes - - 10.2 39) =
Sexual abuse

No — — 81.7 (316) =

Yes - - 18.4 (71) =
Emotional abuse

No 73.8 (475) 64.3 (162) 79.9 313) =

Yes 26.2 (169) 35.7 (90) 20.2 (79) =
Physical neglect

No = = 82.6 (322 =

Yes - - 17.4 (68) =
Emotional neglect

No (reference) 86.2 (556) 85.6 (219) 86.6 (337) 1.00

Yes 13.8 (89) 14.5 (37) 13.4 (52) 0.91 (0.58-1.44)
Exposure to IPV (physical or verbal)

No 84.7 (533) 70.3 (175) 94.2 (358) =

Yes 15.3 (96) 29.7 (74) 5.8 (22) =
Spanking®

No (reference) 70.2 (436) 71.7 (177) 69.3 (259) 1.00

Yes 29.8 (185) 28.3 (70) 30.8 (115) 1.12 (0.79-1.60)
Any child maltreatment ACE

No 43.3 (270) 40.1 (99) 45.5 (171) =

Yes 56.7 (353) 59.9 (148) 54.5 (205) =
Peer victimization®<

No (reference) 60.8 (351) 56.3 (129) 63.8 (222) 1.00

Yes 39.2 (226) 43.7 (100) 36.2 (126) 0.73 (0.52-1.03)
Any household challenge ACE

No (reference) 34.4 (195) 35.3 (78) 33.8(117) 1.00

Yes 65.6 (372) 64.7 (143) 66.2 (229) 1.07 (0.75-1.52)

Abbreviations: ACE, adverse childhood experience; CAD, Canadian dollar; Cl, confidence interval; IPV, intimate partner violence; OR, odds ratio.

Note: Age group differences were not tested for the ACEs that differed in measurement depending on the age of the respondent at Wave 3 (i.e. physical abuse, sexual abuse, physical neglect,

exposure to IPV and any child maltreatment ACE).
2 Adolescents are the reference group.

b Collected at Wave 1.

< Collected at Wave 2.

p < 0.05.

*p < 0.01.

**p < 0.001.

1.99-5.14). Among older adolescents,
emotional neglect was associated with
increased cannabis use (aOR = 8.02; 95%
CI = 1.26-51.17) (see Table 5).

Among young adults, emotional abuse,
physical neglect, any child maltreatment
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ACE and peer victimization were associ-
ated with greater odds of increased con-
flict with parents (aOR range: 1.98-2.60)
and siblings (aOR range: 2.16-2.61); a his-
tory of sexual abuse was also associated
with increased sibling conflict (aOR =
2.56; 95% CI: 1.20-5.45) (see Table 6).

Among older adolescents, emotional abuse,
emotional neglect, exposure to verbal IPV,
any child maltreatment ACE and peer vic-
timization were associated with higher
odds of increased conflict with parents
(aOR range: 3.39-8.79); peer victimiza-
tion was associated with increased sibling
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TABLE 3
Associations between ACEs and self-reported financial difficulties due to the COVID-19
pandemic, by age group

Financial difficulties,
aRRR? (95% CI)

ACE

“Some” versus “not at all/a
little”

“Quite a bit/a lot” versus “not at
all/a little”

Young adults aged 18-21 years
Physical abuse
Sexual abuse
Emotional abuse
Physical neglect
Emotional neglect
Exposure to physical IPV
Spanking®
Any child maltreatment ACE
Peer victimization®
Any household challenge ACE
Older adolescents aged 16 or 17 years
Emotional abuse
Emotional neglect
Exposure to verbal IPV
Spanking®
Any child maltreatment ACE
Peer victimization®*
Any household challenge ACE

1.39 (0.53-3.65)
1.70 (0.82-3.54)
1.47 (0.70-3.08)
1.69 (0.78-3.68)
1.02 (0.40-2.56)
1.32 (0.32-5.39)
1.00 (0.51-1.96)
1.08 (0.58-2.02)
1.14 (0.58-2.23)
1.68 (0.82-3.44)

2.44 (1.02-5.81)
1.62 (0.55-4.82)
1.78 (0.73-4.32)
2.45 (1.00-6.01)
3.15 (1.18-8.45)"
2.18 (0.84-5.68)
7.55 (1.97-29.02)™

2.59 (1.04-6.49)"
3.33 (1.52-7.30)"
4.99 (2.36-10.58)™
4.57 (2.14-9.77)*
4.14 (1.84-9.30)"
4.35 (1.46-12.94)"
1.37 (0.67-2.79)
2.69 (1.28-5.64)
3.38 (1.60-7.13)"
4.39 (1.58-12.18)"

0.94 (0.27-3.29)
2.56 (0.67-9.76)
1.09 (0.33-3.64)
0.89 (0.25-3.17)
2.25 (0.63-7.99)
1.12 (0.33-3.84)
2.14 (0.45-10.14)

Abbreviations: ACE, adverse childhood experience; aRRR, adjusted relative risk ratio; Cl, confidence interval; IPV, intimate

partner violence.

2 Adjusted for age, sex, race/ethnicity, parental education and household income.

b Collected at Wave 1.
¢ Collected at Wave 2.
"p < 0.05.

“p <0.01.

**p < 0.001.

conflict (aOR = 3.09; 95% CI: 1.41-6.77)
(see Table 6).

About half (53%) of young adults and
41% of older adolescents were in an inti-
mate relationship (data not shown).
Young adults with histories of physical,
sexual and emotional abuse, physical and
emotional neglect, exposure to physical
IPV, any child maltreatment ACE and any
household challenge ACE had higher odds
of reporting increased conflict with their
partner (aOR range: 2.72-8.15); this was
also the case for older adolescents with
any household challenge ACE (aOR =
22.59; 95% CI: 1.94-263.30) (see Table 6).

Discussion
The current findings demonstrated an

association between a history of ACEs and
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several self-reported stressors and symp-
toms related to the COVID-19 pandemic.
These findings support the stress sensiti-
zation hypothesis, which suggests that
individuals with ACEs are particularly
susceptible to negative outcomes after
exposure to subsequent life stressors.!416-2
The COVID-19 pandemic has been an
acutely stressful life event that has exacer-
bated and prolonged financial, social and
psychological difficulties, particularly for
young people.**° As hypothesized, this
study indicates that ACEs increased vul-
nerability among older adolescents and
young adults.

The findings are consistent with and con-
tribute to the scant existing literature.”*
The analysis identified pandemic-related
stressors and symptoms associated with a

history of ACEs that have not been exam-
ined previously. Furthermore, while stud-
ies conducted in the early months of the
COVID-19 pandemic are important, it is
possible that experiences changed over
time. The current study was conducted 8
to 9 months after the declaration of the
COVID-19 pandemic and demonstrates its
enduring impact. Importantly, as well as
experiencing more problems during the
pandemic, adolescents and young adults
with an ACE history may have greater dif-
ficulty recovering when it is over. The
results of this study indicate that older
adolescents and young adults with an
ACE history may need increased supports
and resources that provide financial assis-
tance, address mental health concerns,
foster emotional support, reduce substance
use and facilitate positive relationships.

Psychological first aid (PFA) is a recom-
mended intervention for providing practi-
cal, social and emotional support in the
context of crisis events.*® Components
of PFA outlined by the World Health
Organization include providing non-intru-
sive practical care and support to address
basic needs, promote safety and a sense of
calm and provide connections to addi-
tional resources.®® Emerging evidence,
summarized in a recent review, indicated
several strengths of PFA to support chil-
dren and families, though there was a
notable lack of studies involving youth
populations.? Investigations of the effec-
tiveness of PFA for addressing COVID-19
pandemic-related stressors and mental
health symptoms among older adolescents
and young adults with an ACE history are
warranted. In addition to providing imme-
diate support in response to the pandemic,
upstream strategies for primary preven-
tion of ACEs as well as interventions to
treat the psychological effects of ACEs are
needed. Such strategies will be important
to support young people to better cope
with future stressful situations, including
the possibility of future epidemics or
pandemics.

Different trends in the findings for older
adolescents and young adults indicate the
need for age group-specific interventions.
For young adults, associations were
observed between ACEs and reporting
financial difficulties, not feeling emotion-
ally supported, reporting increased alco-
hol and cannabis use, and increased
conflict with siblings and an intimate part-
ner. Associations were not observed to the
same degree among older adolescents.
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TABLE 4

Associations between ACEs and self-reported emotional support during the COVID-19 pandemic, by age group

ACE

Felt emotionally supported,
aRRR? (95% ClI)

“Some” versus “quite a bit/a lot”

“A little” versus
“quite a bit/a lot”

“Not at all” versus
“quite a bit/a lot”

Young adults aged 18-21 years
Physical abuse
Sexual abuse
Emotional abuse
Physical neglect
Emotional neglect
Exposure to physical IPV
Spanking®
Any child maltreatment ACE
Peer victimization®*
Any household challenge ACE
Older adolescents aged 16 or 17 years
Emotional abuse
Emotional neglect
Exposure to verbal IPV
Spanking®
Any child maltreatment ACE
Peer victimization®*

Any household challenge ACE

1.41 (0.50-4.03)
0.86 (0.39-1.87)
3.55 (1.55-8.12)"
2.43 (1.03-5.70)"
5.17 (1.69-15.80)"
1.30 (0.27-6.22)
0.70 (0.37-1.31)
1.36 (0.78-2.36)
1.07 (0.57-2.00)
1.28 (0.70-2.34)

1.92 (0.88-4.16)
6.80 (1.87-24.71)™
2.78 (1.24-6.24)*
1.53 (0.68-3.45)
1.85 (0.90-3.80)
1.15 (0.55-2.42)
1.63 (0.75-3.58)

2.66 (1.03-6.89)
2.72 (1.33-5.55)"
9.10 (4.12-20.07)"
5.09 (2.24-11.52)™
12.05 (4.05-35.88)™
3.93 (1.11-13.98)"
1.18 (0.63-2.22)
3.11 (1.67-5.81)™
2.13 (1.11-4.06)"
2.26 (1.12-4.59)

2.67 (1.26-5.68)"
7.52 (2.20-25.75)"
2.36 (1.07-5.22)"
2.57 (1.16-5.71)"
5.45 (2.23-13.33)™
2.59 (1.20-5.61)"
2.75 (1.03-7.36)"

4.28 (1.27-14.35)"
4.38 (1.56-12.31)"
10.76 (3.83-30.23)™
12.23 (4.51-33.16)™
26.77 (7.69-93.22)
5.74 (1.21-27.31)"
2.40 (0.97-5.93)
6.88 (2.21-21.40)™
5.50 (2.13-14.16)
4.11 (1.25-13.49)

6.47 (2.35-17.82)
26.11 (6.78-100.48)
2.28 (0.84-6.19)
1.08 (0.36-3.23)
5.84 (1.76-19.35)"
2.44 (0.86-6.94)
1.57 (0.51-4.87)

Abbreviations: ACE, adverse childhood experience; aRRR, adjusted relative risk ratio; Cl, confidence interval; IPV, intimate partner violence.

2 Adjusted for age, sex, race/ethnicity, parental education and household income.

b Collected at Wave 1.
¢ Collected at Wave 2.
"p < 0.05.

“p <0.01.

*p < 0.001.

The strong associations between ACEs
and COVID-19 challenges observed in
young adults indicate a need to prioritize
additional supports for this age group. By
contrast, fewer associations between ACEs
and feeling down/depressed and increased
conflict with parents emerged among
young adults than among older adoles-
cents. Although fewer associations were
found for older adolescents overall and
not to the same degree as for young
adults, the results emphasize interven-
tions that foster emotional support, healthy
relationships with parents, and improve
feelings of depression as key target areas
for supporting older adolescents during
and after the COVID-19 pandemic.

Reports of financial difficulties as a result
of the measures implemented to contain
the pandemic, particularly among young
adults with an ACE history, are consistent
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with research conducted prior to the pan-
demic.”® Recent research has indicated
that material hardship due to financial
strain is associated with poor self-rated
health, sleep problems, depression and
suicidal thoughts in early adulthood.®
Young workers disproportionately experi-
enced underemployment and unemploy-
ment during the COVID-19 pandemic.>%
Support that alleviates financial strain
during and after the pandemic is impera-
tive for this age group.

Furthermore, increased odds of elevated
alcohol and cannabis use in young adults
with a history of ACEs is concerning. The
present study did not examine reasons for
increased substance wuse, but coping
motives for increased alcohol consump-
tion among college students during the
pandemic have been reported.?*® Substance
use is a common, but potentially harmful,

means of coping.* For instance, excessive
consumption may result in injury and
death, addiction and long-term physical
and mental health conditions.** Public
health strategies aimed at reducing sub-
stance use among young adults are
needed.

Young adults and older adolescents with
an ACE history reported elevated interper-
sonal conflict. Conflict with parents, sib-
lings and intimate partners can be
normative. However, research has also
found that such conflict increases the risk
of internalizing and externalizing prob-
lems.#* Family conflict in adolescence
has also been associated with a lack of
closeness in relationships with parents
and with romantic partners in adult-
hood.** Findings from this work indicate
that several child maltreatment ACEs are
related to increased conflict among
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TABLE 5

Associations between ACEs and feeling stressed/anxious and down/depressed “quite a bit/a lot”
and self-reported increase in alcohol and cannabis use due to the COVID-19 pandemic, by age group

aoR’ (95% CI)

ACE Feeling stressed/anxious
“quite a bit/a lot”

Feeling down/depressed
“quite a bit/a lot”

Increased alcohol

. Increased cannabis use
consumption

Young adults aged 18 to 21 years
Physical abuse
Sexual abuse
Emotional abuse
Physical neglect
Emotional neglect
Exposure to physical IPV
Spanking®
Any child maltreatment ACE
Peer victimization®<
Any household challenge ACE
Older adolescents aged 1617 years
Emotional abuse
Emotional neglect
Exposure to verbal [PV
Spanking®
Any child maltreatment ACE

Peer victimization®*

1.12 (0.54-2.33)
1.46 (0.83-2.57)
1.78 (1.03-3.08)"
1.90 (1.06-3.41)"
1.27 (0.67-2.39)
1.69 (0.63-4.55)
0.78 (0.49-1.26)
1.11 (0.72-1.72)
1.43 (0.89-2.29)
1.59 (0.97-2.61)

1.15 (0.65-2.03)
1.41 (0.67-2.97)
0.88 (0.48-1.60)
0.94 (0.51-1.73)
1.27 (0.72-2.22)
1.75 (0.98-3.14)
1.06 (0.56-2.00)

1.50 (0.72-3.11)
1.43 (0.82-2.51)
1.98 (1.16-3.38)"
1.95 (1.09-3.47)
1.49 (0.80-2.80)
1.74 (0.66-4.56)
0.78 (0.47-1.28)
1.44 (0.91-2.28)
1.46 (0.90-2.38)

2.67 (1.54-4.62)

1.89 (1.02-3.51)"

5.05 (2.15-11.86)™

2.03 (1.07-3.88)"
1.36 (0.70-2.65)
2.32 (1.22-4.42)"
2.16 (1.13-4.15)"
1.72 (0.84-3.51)

5.34 (2.09-13.64)™

2.27 (1.05-4.93)"

6.27 (2.94-13.37)™

1.73 (0.74-4.04)

4.37 (1.91-10.01)™

3.07 (0.87-10.81)
0.94 (0.45-1.97)
2.20 (1.12-4.35)"
2.27 (1.18-4.38)
1.44 (0.69-2.98)

0.96 (0.32-2.92)
4.48 (0.96-20.99)
0.47 (0.13-1.72)
1.10 (0.34-3.62)
0.92 (0.29-2.96)
0.55 (0.18-1.65)
0.81 (0.19-3.39)

2.06 (0.79-5.42)
3.80 (1.71-8.43)"
2.58 (1.25-5.35)"
5.14 (2.31-11.43)™
3.02 (1.31-7.01)"
4.61 (1.26-16.86)"
1.00 (0.48-2.11)
2.68 (1.33-5.39)"
1.99 (1.02-3.88)"
4.07 (1.64-10.05)"

1.18 (0.37-3.69)
8.02 (1.26-51.17)
1.89 (0.62-5.71)
1.04 (0.30-3.64)
1.84 (0.47-7.23)
0.43 (0.13-1.47)
0.74 (0.19-2.78)

Any household challenge ACE

Abbreviations: ACE, adverse childhood experience; aOR, adjusted odds ratio; Cl, confidence interval; IPV, intimate partner violence.

2 Adjusted for age, sex, race/ethnicity, parental education and household income.

b Collected at Wave 1.

¢ Collected at Wave 2.

*p < 0.05.
*p <0.01.
*p < 0.001.

parents, siblings and intimate partners for
young adults and increased conflict among
parents for older adolescents. The home
environment and relationships with par-
ents, siblings and partners during the pan-
demic should be considered along with
post-pandemic recovery strategies. Inter-
ventions designed to help young people
effectively deal with interpersonal conflict
and facilitate positive relationships are
recommended.

Strengths and limitations

Strengths of the current study include
(1) the measurement of child maltreatment
using an instrument that has demonstrated
good psychometric properties, and (2) the
examination of individual ACEs, with the
exception of household challenges ACEs.
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This analysis was based on a community
sample from Manitoba, Canada. The sam-
ple was comparable to the population
from which it was drawn, but not neces-
sarily representative of older adolescents
and young adults. In addition, some dif-
ferences were noted between the baseline
and Wave 3 samples that suggest non-
random attrition. It is possible that indi-
viduals experiencing stressors and symptoms
were underrepresented. However, it is
important to note that 66.3% of the origi-
nal adolescent cohort from baseline was
maintained at Wave 3. Owing to the
nature of the data, causal inferences can-
not be made. Even so, the ACEs occurred
before respondents were 16 years of age,
which for young adults aged 18 to 21
years, preceded onset of the COVID-19
pandemic. Another shortcoming is that

older adolescents were not asked about all
ACEs. As well, pandemic-related stressors
and symptoms were identified based on
respondents’ self-reports rather than on
validated tools; however, these self-reports
were specific to the pandemic. It was also
not possible to develop a standardized
COVID-19 instrument before administra-
tion of the Well-being and Experiences
(WE) Study: Wave 3. Data on living situa-
tions during the pandemic were not avail-
able, and we were unable to determine
whether this accounted for some of the
differences observed between adolescents
and young adults. Finally, the sample size
was relatively small, and when stratified,
yielded a low prevalence of some ACEs.
As a result, power was limited and aggre-
gation of household challenge ACEs was
necessary. For this same reason, it was
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TABLE 6

Associations between ACEs and self-reported increase in relationship conflict due to the COVID-19 pandemic, by age group

ACE

Increased conflict,

aoR’ (95% CI)

With parents

With siblings

With a partner

Young adults aged 18-21 years
Physical abuse
Sexual abuse
Emotional abuse
Physical neglect
Emotional neglect
Exposure to physical IPV
Spanking®
Any child maltreatment ACE
Peer victimization®
Any household challenge ACE
Older adolescents aged 16 or 17
Emotional abuse
Emotional neglect
Exposure to verbal IPV
Spanking®
Any child maltreatment ACE
Peer victimization®<

Any household challenge ACE

2.11 (0.88-5.03)
1.12 (0.55-2.26)
2.12 (1.13-3.99)"
1.98 (1.00-3.90)"
1.68 (0.80-3.50)
0.59 (0.16-2.24)
1.14 (0.62-2.13)
2.10 (1.15-3.84)"
2.60 (1.40-4.81)™
1.55 (0.79-3.05)

3.39 (1.65-6.98)"

8.79 (3.42-22.60)™
4.15 (1.93-8.91)™

1.18 (0.55-2.55)
4.17 (1.78-9.75)™
3.63 (1.71-7.73)"

1.68 (0.60—4.71)
2.56 (1.20-5.45)"
2.16 (1.05-4.47)
2.58 (1.23-5.41)"
1.07 (0.43-2.69)
1.04 (0.27-4.11)
1.15 (0.57-2.34)
2.58 (1.25-5.32)"
2.61 (1.28-5.31)"
1.73 (0.80-3.72)

1.16 (0.54-2.49)
1.03 (0.36-2.99)
1.47 (0.66-3.27)
1.03 (0.46-2.30)
0.95 (0.43-2.07)
3.09 (1.41-6.77)"

8.15 (2.80-23.69)™
3.68 (1.63-8.34)"
5.43 (2.29-12.84)*
2.72 (1.14-6.47)"
6.41 (2.33-17.61)™
5.06 (1.13-22.62)*
1.74 (0.81-3.73)

3.25 (1.37-7.75)"
1.91 (0.85-4.28)

2.80 (1.03-7.58)"

0.55 (0.15-2.07)
1.49 (0.35-6.41)
0.97 (0.26-3.58)
2.61 (0.72-9.44)
2.00 (0.48-8.29)
1.12 (0.32-3.92)

1.42 (0.62-3.26)

2.51 (0.95-6.60)

22.59 (1.94-263.30)"

Abbreviations: ACE, adverse childhood experience; aOR, odds ratio; Cl, confidence interval; IPV, intimate partner violence.

2 Adjusted for age, sex, race/ethnicity, parental education and household income.

b Collected at Wave 1.
¢ Collected at Wave 2.
p < 0.05.

“p <0.01.

**p < 0.001.

not possible to examine interactions by
sex or stratify by sex.

Conclusion

Research has shown that the COVID-19
pandemic has taken a heavy toll on older
adolescents and young adults.>> The cur-
rent study found that the impact was even
greater for those with a history of child-
hood adversity. Differences between the
experiences of older adolescents and young
adults suggest that interventions be tai-
lored to the needs of each age group.
ACEs were found to be associated with
many pandemic-related impacts among 18-
to 21-year-olds, which suggests that young
adults with a history of ACEs may be a
group that could benefit from additional
resources including both practical and emo-
tional support. Fewer associations between
ACEs and pandemic-related impacts emerged
among 16- and 17-year-olds. Nonethe-
less, interventions that foster emotional
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support and healthy relationships with
parents and improve feelings of depres-
sion are warranted for older adolescents
during and after the pandemic. PFA may
be a suitable approach for supporting
recovery from the COVID-19 pandemic.
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Abstract

Introduction: Current published long-term provincial or territorial congenital anomaly
data are lacking for Canada. We report on prevalence (per 1000 total births) and trends
in 1997-2019, in Alberta, Canada, for selected congenital anomalies. Associated risk
factors are also discussed.

Methods: We used data from the Alberta Congenital Anomalies Surveillance System
(ACASS) to calculate the prevalence and perform chi-square linear trend analyses.

Results: From 1997 to 2019, the overall prevalence of neural tube defects was stable, at
0.74 per 1000 total births. The same was true for spina bifida (0.38), orofacial clefts
(1.99), more severe CHDs (transposition of the great arteries, 0.38; tetralogy of Fallot,
0.33; and hypoplastic left heart syndrome, 0.32); and gastroschisis (0.38). Anencephaly,
cleft palate and anorectal malformation significantly decreased with a prevalence of 0.23,
0.75 and 0.54 per 1000 total births, respectively. Significantly increasing trends were
reported for anotia/microtia (0.24), limb reduction anomalies (0.73), omphalocele (0.36)
and Down syndrome (2.21) and for hypospadias and undescended testes (4.68 and 5.29,
respectively, per 1000 male births).

Conclusion: Congenital anomalies are an important public health concern with signifi-
cant social and societal costs. Surveillance data gathered by ACASS for over 40 years
can be used for planning and policy decisions and the evaluation of prevention strate-
gies. Contributing genetic and environmental factors are discussed as is the need for
continued surveillance and research.

Keywords: congenital anomalies, surveillance, prevalence, trends, Alberta

Highlights

The Alberta Congenital Anomalies
Surveillance System reports preva-
lence of anomalies and trends from
1997 to 2019 among live births,
stillbirths and terminations of
pregnancy at less than 20 weeks
gestation.

Overall prevalence of each of the
following was stable, showing no
significant trends: neural tube
defects, spina bifida, orofacial
clefts, cleft lip with or without cleft
palate, severe congenital heart
defects and gastroschisis.
Anencephaly, cleft palate and ano-
rectal malformations show signifi-
cantly decreasing trends.
Anotia/microtia, ventricular septal
defects, hypospadias, undescended
testes, limb reductions, omphalo-
cele and Down syndrome show
significantly increasing trends.
Precise risk factors are challenging
to address, supporting the need for
continued congenital anomalies
surveillance and research to be
integral to public health.
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Introduction

Congenital anomalies surveillance in
Alberta started in 1963 in response to mal-
formations caused by thalidomide in the
late 1950s. In addition to collecting data
on structural congenital anomalies, this
surveillance system included all physical
and neurodevelopmental disabilities of
children and included adults. In 1979, the
Alberta government restricted surveillance
to only congenital anomalies. In 1982, the
government proposed to discontinue con-
genital anomaly surveillance completely,
but agreed to transfer the surveillance sys-
tem to the Alberta Children’s Hospital,
Department of Medical Genetics, without
transfer of funds. Funds were secured by
grant applications until 1994, when the
government resumed funding.

The Alberta Congenital Anomalies Surveil-
lance System (ACASS), a provincial popu-
lation-based program, has data from 1980.
Current, published long-term national,
provincial or territorial congenital anom-
aly data are lacking for Canada.

The objectives of this paper are to report
prevalence rates and trends for neural
tube defects (NTDs), anotia/microtia, oro-
facial clefts, anorectal malformations, spe-
cific congenital heart defects (CHDs),
hypospadias, undescended testes, limb
reduction anomalies, gastroschisis, ompha-
locele and Down syndrome for 1997 to
2019, using data from ACASS. These data
allow for other Canadian provinces and
territories and the Canadian Congenital
Anomalies Surveillance System (CCASS)
to compare rates and trends.

ACASS is one of the only surveillance sys-
tems in Canada with data on termination
of pregnancies at less than 20 weeks ges-
tation with more complete ascertain-
ment to contribute to better prevalence

estimates. Although inclusion of ascer-
tainment of termination of pregnancies
was recommended for CCASS in 1997,! it
has not been sufficiently achieved.

ACASS also provides context to the
reported rates and trends, which is neces-
sary for valid interpretation. Currently,
CCASS reports numbers without context
via their Public Health Infobase,> with
their last comprehensive report published
in 2013 with data to 2009.3

Methods

ACASS is primarily a passive system that
relies on health care professionals and
administrative data for case ascertainment
as opposed to an active system where
trained surveillance staff abstract case
data. Still, it is best described as a hybrid
system because we have both aspects,
with legal permission to access patient
medical records including supporting doc-
umentation (e.g. reports from consulta-
tions, operations, cytogenetics, diagnostic
imaging and pathology). Thus, we can
verify or clarify diagnoses including those
that occur after termination of pregnan-
cies at less than 20 weeks gestation.
Eligible cases are born in Alberta to moth-
ers who reside in Alberta at the time of
delivery. Cases that have structural, syn-
dromic, chromosomal, neoplasm, endo-
crine and/or metabolic abnormalities are
ascertained for up to 1 year after delivery.
Anomalies are coded using the Royal
College of Paediatrics and Child Health
(RCPCH) adaptation of the International
Classification of Diseases, 10th Revision
(ICD-10). Only selected congenital anoma-
lies are included in this paper; however,
data for additional anomalies are
available.*

Multiple ascertainment sources are used
(see Table 1) to include live births and

TABLE 1

stillbirths (>20 weeks gestation and/or
> 500 g) born since 1 January 1980. Data
since 1 January 1997 also include early
fetal deaths and termination of pregnan-
cies (<20 weeks gestation and/or <500 g),
which is why this paper focusses on the
period 1 January 1997 to 31 December
2019.

The ACASS methodology is described in
greater detail by Lowry et al.*

Alberta Vital Statistics provided denomi-
nators. We calculated prevalence as num-
ber of cases divided by total number of
live births and stillbirths and, for hypo-
spadias and undescended testes, as num-
ber of cases divided by total number of
male live births and stillbirths, with 95%
confidence intervals. Chi-square linear
trend analysis was performed.

As this Registry is a part of public health
surveillance in Alberta, which is covered
by provincial legislation, no ethics approval
is required from Alberta Health or the
University of Calgary.

Results

Table 2 shows the case prevalence for
selected congenital anomalies per 1000
total births. The overall rate of NTDs is
0.74 and of orofacial clefts is 1.99. The
most frequent CHDs are septal defects
(ventricular septal defects [VSDs] at 3.10
and atrial septal defects [ASDs] at 2.01).
The rates of the more severe CHDs,
including hypoplastic left heart syndrome
(HLHS; 0.32), transposition of the great
arteries (0.38) and tetralogy of Fallot
(0.33), are comparable. Gastroschisis and
omphalocele rates are similar (0.38 and
0.306, respectively). The rate of Down syn-
drome is 2.21. The prevalence, per 1000
total male births, of hypospadias is 4.68
and of undescended testes is 5.29.

Sources of data for the Alberta Congenital Anomalies Surveillance System

Physicians’ Notice of Birth

Alberta Vital Statistics

Medical Certificate of Death

Medical Certificate of Stillbirth

Case notifications from Alberta Hospital Health Records Department via the Congenital Anomalies Reporting Form (CARF)
Alberta Children’s Hospital (Calgary) and Stollery Children’s Hospital (Edmonton)

All Alberta hospitals

Outpatient Clinics (e.g. genetics, prenatal, metabolics)

Specialty data sources

Calgary and Edmonton Pathology

Vol 43, No 1, January 2023

Alberta Precision Laboratories (e.g. Cytogenetics, Newborn Metabolic Screening)
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TABLE 2
Case prevalence of selected congenital anomalies in Alberta, 1997-2019

Congenital anomaly

ICD-10 RCPCH code

Prevalence per 1000 total births?

(95% CI)

NTDs (all) QO00..., QO1..., QO5... 0.74 (0.69-0.79)

Anencephaly Q00.00, Q00.01, Q00.1 0.23 (0.20-0.26)

Spina bifida QO5... 0.38 (0.35-0.42)
Anotia/microtia Q16.0, Q17.2 0.24 (0.21-0.27)

Orofacial clefts (all) Q35...,Q36...,Q37... 1.99 (1.91-2.08)

CLP Q36...,Q37... 1.23 (1.17-1.30)

Cleft palate only Q35... 0.75 (0.70-0.81)
Anorectal malformations Q42... 0.54 (0.50-0.58)
CHDs

Transposition of the great arteries Q20.11, Q20.3, Q20.5 0.38 (0.34-0.42)

Tetralogy of Fallot Q21.3...,Q21.82 0.33 (0.30-0.36)
VSD Q21.0 3.10 (3.00-3.21)
ASD® Q21.1... 2.01 (1.93-2.10)
Hypoplastic left heart syndrome Q23.4 0.32 (0.29-0.35)

Hypospadias®

Undescended testes"* Q53...
Limb reduction

Gastroschisis Q79.3
Omphalocele Q79.2
Down syndrome Q90...

Q54... (exclude Q54.4)

O/ o0y Q20

4.68 (4.51-4.87)
5.29 (5.10-5.48)
0.73 (0.68-0.78)
0.38 (0.35-0.42)
0.36 (0.32-0.39)
2.21 (2.12-2.30)

Source: Alberta Congenital Anomalies Surveillance System

Abbreviations: ASD, atrial septal defect; CHD, congenital heart defect; Cl, confidence interval; CLP, cleft lip with or without cleft
palate; ICD-10, International Classification of Diseases, 10th Revision; NTD, neural tube defect; RCPCH, Royal College of

Paediatrics and Child Health; VSD, ventricular septal defect.
2 Total number of births (1997-2019) = 1074927.

b >36 weeks gestation.

< Per male births only; total number of male births (1997-2019) = 550712.

Results from the chi-square linear trend
analyses for 1997-2019 are shown in
Table 3. While there are no significant
trends for NTDs overall or for spina bifida,
anencephaly is significantly decreasing.
Rates for cleft palate are also decreasing,
while cleft lip with or without cleft palate
(CLP) and overall orofacial clefts rates
show no significant change. Anorectal mal-
formation rates are significantly decreas-
ing. Although the majority of selected CHD
rates show no change, VSD rates are sig-
nificantly increasing. Rates of both hypo-
spadias and undescended testes show
significant increases, as do limb reductions.
Gastroschisis has stabilized, while ompha-
locele is significantly increasing, as is
Down syndrome.

Discussion

Neural tube defects

NTDs show no significant change
(p = 0.0585). Anencephaly prevalence
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rates started to decline in 2016 and contin-
ued to 2019. In contrast, spina bifida rates
have remained stable.

Anencephaly rates are influenced by very
early termination of pregnancies and per-
haps by the terminology used to describe
prenatal findings, for example, “absent
calvarium,” which is coded in ICD-10
RCPCH under the musculoskeletal system
(Q75.8) and not with anencephaly/exen-
cephaly. As a result, such cases are not
classified as NTDs.

Acrania can progress to exencephaly and
anencephaly.® The method of termination
often precludes an accurate postmortem
diagnosis.

The most recent statistics from the Public
Health Agency of Canada (PHAC) use data
to 2014 and show no trend for NTDs.?

Folic acid fortification was introduced in
Canada in 1998 and has had a significant
impact on the prevalence of NTDs.
Nevertheless, a substantial number of
such defects remain,® which may be due
to red blood cell folate levels being below
906 nmol/L and/or the need to supple-
ment with vitamin B127 or inositol.?
Additional risk factors include maternal
obesity, diabetes mellitus and the use of
anticonvulsants and folic acid antagonists.’

Anotia/microtia

Most clinicians and surveillance programs
classify anotia/microtia into four catego-
ries, with type 4 anotia the most severe
and type 1 being a smaller ear with nor-
mal structure. Some studies record only
types 2 to 4,° which include most ACASS
cases. While the rate sharply dropped in
2019, ACASS closely monitors the overall
significantly increasing trend, which remains
unexplained.

Risk factors include male sex, maternal
diabetes and obesity, Hispanic ethnicity,
advanced maternal age, high parity, multi-
fetal gestation, cold symptoms and viral
infection.” Luquetti et al. summarized the
epidemiology and genetics of microtia,
including higher risks associated with
Asian, Pacific Islander, Native/Alaskan
and Indigenous ethnicities.” Living at an
altitude greater than 2000 m is a risk fac-
tor, but this risk factor does not apply in
Alberta (Calgary is at 1048 m and Edmonton
at 645 m). Maternal smoking and alcohol
are reported as risk factors in nonisolated
cases' and alcohol exposure in isolated
cases."! Known teratogens include thalido-
mide, isotretinoin and mycophenolate
mofetil.!!

Orofacial clefts

The overall rates for CLP have remained
stable in Alberta for over 40 years and in
other jurisdictions for over 30-50 years.'
In contrast, cleft palate has shown a sig-
nificantly declining trend (see Table 3). A
decline in California has been reported for
CLP, but not for cleft palate (1987-2010),
suggesting a possible contribution of folic
acid fortification to this decline.!®* Lowry et
al." compared the period prior to the
introduction of folic acid fortification
(1993-1997) with two periods after
(2000-2004 and 2012-2016), in Alberta,
and reported no decline for total CLP
cases or for isolated cases over the three
timeframes.
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Chi-square linear trend analyses and p val-[ll:lsahsfselected anomalies in Alberta, 1997-2019
Congenital anomaly Trend direction Chi—s.quare p value
analysis (X?LT)

NTDs (all) No significant change 3.58 0.0585
Anencephaly Decreasing 7.00 0.0082
Spina bifida No significant change 0.01 0.9203

Anotia/microtia Increasing 5.67 0.0173
Orofacial clefts (all) No significant change 0.88 0.3482
CLP No significant change 0.32 0.5716
Cleft palate only Decreasing 5.05 0.0246

Anorectal malformations Decreasing 10.39 0.0013

CHDs
Transposition of the great arteries No significant change 1.14 0.2857
Tetralogy of Fallot No significant change 0.90 0.3428
VSD Increasing 4.79 0.0286
ASD? No significant change 0.08 0.7773
Hypoplastic left heart syndrome No significant change 2.26 0.1328

Hypospadias Increasing 55.83 < 0.0001

Undescended testes? Increasing 14.22 0.0002

Limb reduction Increasing 4.49 0.0341

Gastroschisis No significant change 0.07 0.7913

Omphalocele Increasing 12.07 0.0005

Down syndrome Increasing 23.54 < 0.0001

Abbreviations: ASD, atrial septal defect; CHD, congenital heart defects; CLP, cleft lip with or without cleft palate; LT, linear

trend; NTD, neural tube defect; VSD, ventricular septal defect.

2 >36 weeks gestation.

A decline was reported in prevalence of
orofacial clefts for 1994-2017 in Ontario,
especially for cleft palate; however, data
from stillbirths and terminations of preg-
nancy were lacking.” The only national
Canadian reported data covers 2005-2014
and show no change in trend for CLP but
a possible downward trend for cleft
palate.?

Risk factors include active and passive
smoking; alcohol consumption, particu-
larly binge drinking; and maternal obesity.
Gene polymorphisms also play a role.!®!”
Meta-analysis of maternal supplementa-
tion suggests that periconception intake of
folic acid plus multivitamins can reduce
occurrence as well as recurrence.'® The
Hutterite Brethren, whose smoking and
alcohol consumption is limited and nutri-
tion probably adequate, had zero cases of
cleft lip with cleft palate in 1980-2016."

Anorectal malformations

The overall trend is significantly decreas-
ing (p = 0.0013). A 2007 ACASS study for
the years 1990-2004 showed stable rates®
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that compared favourably with the results
of other studies of that time. The current
decline is for both isolated and associated
anomaly cases. Khanna et al.?! reviewed
genetic factors contributing to the etio-
pathogenesis of isolated cases and con-
cluded that a number of copy number
variants and/or single nucleotide variants
contributed to the defect. Families with
autosomal dominant inheritance are
reported to exist.?

Risk factors include maternal smoking,
maternal body mass index (BMI) greater
than 30, assisted reproductive technology,
maternal chronic respiratory disease,
maternal use of anti-asthmatic medica-
tions, hypnotics and benzodiazepine.?
Zwink and Jenetzky?*? report inconsistent
results for the protective effects of folic
acid supplements.

Zwink and Jenetzky®* found that in the
majority of studies in their systematic
review approximately 60% of cases have
an associated anomaly; this compares
with 82% of ACASS cases. This difference
should be interpreted with caution, as

inclusion criteria and case classification
differed. Other studies may only include
live-born and surgically treated cases.

Congenital heart defects

The more severe anomalies show no sig-
nificant trends with similar case preva-
lence rates (per 1000 total births: HLHS,
0.32; tetralogy of Fallot, 0.33; and transpo-
sition of the great arteries, 0.38). Ohman
et al.® reported a decrease of live births
with HLHS in Sweden, and suggest that
this decrease was due to increased prena-
tal detection and termination of pregnan-
cies. This highlights the importance of
ascertaining termination of pregnancies to
determine more accurate prevalence.

While the prevalence of ASDs remained
stable between 1997 and 2019 (p = 0.7773),
the prevalence of VSDs has statistically
significantly increased (p = 0.0286),
likely because small septal defects are bet-
ter diagnosed as a result of advances in
echocardiography and heart ultrasound.
However, ACASS does not accept patent
foramen ovales, ASDs in premature
infants or ASDs that are smaller than
3 mm and spontaneously close; con-
versely, ACASS does accept VSDs, regard-
less of their size, the need for intervention
or their spontaneous closing.

Although most CHDs are multifactorial,
genetic diagnoses have been reported in
15.7% of cases that have a severe CHD
requiring surgery or therapeutic interven-
tion in the first year of life.** Cases with a
known aneuploidy were excluded.?* There
is emerging evidence that complex single-
gene disorders often present as isolated
CHDs prenatally, as complete phenotyp-
ing may not be possible.?* In the past two
decades, genetic variants have been asso-
ciated with nonsyndromic or isolated
CHDs, particularly for highly conserved
transcription factors essential for cardiac
development (e.g. GATA4 variants associ-
ated with tetralogy of Fallot, ASDs, VSDs,
atrioventricular septal defects and pulmo-
nary stenosis).2

Reported risk factors for CHDs include
teratogens (e.g. thalidomide, isotretinoin,
anticonvulsants, potassium channel block-
ers, lithium, alcohol), nutritional deficien-
cies (e.g. vitamin A, vitamin B3) and
maternal conditions (diabetes, obesity,
phenylketonuria, viral infections and
hyperthermia).?” Dolk et al.?® reported sig-
nificant associations with low maternal
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education, vaginal infections, maternal
clotting disorders and prescriptions for the
anticlotting medication enoxaparin. With
limited evidence to support such an asso-
ciation, more research is needed to con-
firm this reported increased risk with
enoxaparin. Although the data did not
support a protective effect of folic acid
supplementation, risk was significantly
increased for mothers with diets particu-
larly low in fruits and vegetables, empha-
sizing the need to consider the entire
dietary context.?

Placental abnormalities (e.g. low placental
weight, altered gene expression in placen-
tal tissue) have also been reported to be
associated with CHDs.” A more compre-
hensive framework has been proposed to
include the environmental complement to
the genome, an emerging field of the
exposome.® Instead of a siloed approach,
the interplay between internal and exter-
nal prenatal environmental exposures that
influence placental vascularization and
subsequent fetal growth and development
needs to be advanced.*

Hypospadias

The prevalence of hypospadias for both
isolated and nonisolated cases peaked in
2015 and shows an overall significant
increase (p < 0.0001) for 1997-2019. It is
difficult to compare prevalence rates
because of methodological differences,
such as differences in the degree of sever-
ity, the inclusion of surgical cases only
and whether rates are for total births ver-
sus male births. The EUROCAT report
showed wide variability per 1000, with
Portugal at 0.51 and Mainz (Germany) at
3.68.%

George et al.** have described the chal-
lenges with associations to determine the
etiology of hypospadias and summarized
the genetic and environmental factors.
Consistent associated risk factors include
a positive family history, low birth weight
and/or small gestational age, maternal
hypertension, preeclampsia, multiple ges-
tations, placental insufficiency, diabetes
mellitus and exposures to certain drugs
such as progesterone derivatives or val-
proic acid. Evidence is inconsistent for
risk factors such as maternal age and
weight, paternal or maternal occupations
and agriculture practices.

Genetic variants, such as the diacylglyc-
erol kinase kappa (DGKK) variants, have
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been shown to be significant risk factors.*
In California, cases with the DGKK vari-
ants and residential proximity to pesticide
application had the highest odds ratios for
hypospadias.* In Nova Scotia, the highest
prevalence rates of hypospadias were in
two counties that were associated with
intense farming.*® The prevalence of iso-
lated hypospadias in the Hutterite
Brethren is approximately double that of
the general Alberta population, which
may be associated with farming and agri-
cultural practices.?

Undescended testes

While there was a sharp drop in rates of
undescended testes in 2019, the trend
from 1997 to 2019 shows a significant
increase (p = 0.0002). These results have
to be interpreted with caution, as this con-
dition may resolve spontaneously or may
in fact be retractile testes. A more accurate
prevalence would be determined by know-
ing which full-term and normal birth-
weight cases came to orchidopexy.
Surgical numbers could include preterm
and low birth-weight babies. Hence, the
difficulty in obtaining a true prevalence
rate.

ACASS does not accept cases born before
37 weeks gestation or with a birth weight
of less than 2500 g, but considers these
to be physiological and caused by
immaturity.

Although the etiology is likely multifacto-
rial, there are some familial cases as well
as multiple susceptibility genes.** Con-
sistent risk factors are maternal smoking
and diabetes, while maternal obesity,
alcohol use, use of analgesics and expo-
sure to endocrine-disrupting chemicals,
such as agricultural pesticides, are incon-
sistently reported as risk factors.’” No dif-
ferences were reported in the prevalence
of undescended testes in the Hutterite
population and the general Alberta
population.?

Limb reductions

Since 1980, rates have fluctuated® and we
report a significant increase (p = 0.0341)
for 1997-2019. As one case may have
multiple limb reduction anomalies, we
report both anomaly and case rates. Our
rate of 0.73/1000 total births is compara-
ble to studies from, for example, northern
Netherlands (0.64/1000 for 1981-2017),
which did not report a trend.*

Results of studies of folic acid, with or
without supplements, reducing the risk of
limb reductions are equivocal,*’ but it is
clear that folic acid fortification has had
no effect in Alberta. In most cases, the
precise cause is unknown. Bergman et
al.* recently found that an etiological
cause was more likely to be identified in a
case when more than one limb is affected
or in a multiple congenital anomalies case
with one affected limb, compared to cases
with one limb affected and no other con-
genital anomalies. Risk factors include
maternal smoking, pregestational diabe-
tes, gestational hypertension, maternal
age less than 25 years, upper respiratory
tract infection in the first trimester, anti-
epileptic medications and lower educa-
tional level of parents.*

Gastroschisis

An increase in the prevalence of gastros-
chisis was noted in the early 1970s in
many jurisdictions. In Alberta, the rate
rose from 0.15 to 0.57/1000 total births
between 1980 and 2011. Rates subse-
quently declined every year and have now
stabilized (see Figure 1), which coincides
with a decline in the number of teenage
pregnancies (mothers <20 years old) (see
Figure 2). Young maternal age is a known
risk factor, and the percentage of mothers
younger than 20 years in Alberta fell from
7.3% in 2000 to 1.8% in 2019.*

A recent Canadian study using 2006-2017
data found similar results to those of
ACASS for trend and a decrease in moth-
ers younger than 20 years.* However, the
North-South classification methodology
the authors used and their interpretation
of a geographical variation is problem-
atic.*? An Ontario study (2012-2018) reported
no trend.” Neither study included early
fetal deaths or terminations.*

Additional social risk factors include
maternal smoking, use of marijuana, illicit
drugs and alcohol, low BMI, poor nutri-
tion and socioeconomic disadvantage.®
There are fewer exposures to many of
these risk factors in the Hutterite popula-
tion, where there were no cases of gas-
troschisis between 1980 and 2016."° A
recently recognized risk factor is exposure
to wildfires during pre-pregnancy and the
first trimester.**

While gastroschisis is usually an isolated
anomaly, 28% of ACASS cases (data not
shown) had a co-occurring anomaly; this
is similar to findings in a study from
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FIGURE 1
Trend for gastroschisis in Alberta, 1997-2019
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Sweden,* but was not mentioned by
either of the recent Canadian studies.**
Although gastroschisis is usually sporadic,
there are familial reports of inheritance,
including parent to child, full siblings, half
siblings and distant relatives.*® Geospatial
studies have reported some provincial dif-
ferences and clusters, with urban/rural
differences in Ontario.*

Omphalocele

Comparable prevalence rates of omphalo-
cele per 1000 total births have been

recorded for several jurisdictions despite
differing study years: 0.31 for 1997-2016;*
0.47 for 1993-2014;* and 0.38 for 2005-
2011.% Neither trends for live births*
nor for total births* were reported, but
ACASS has a significantly increased trend
for 1997-2019 (p = 0.005) (see Figure 3).

Associated anomalies, which include a
malformation in another organ system,
chromosomal abnormalities and syn-
dromes, are present in 78% of cases
recorded by ACASS. Trisomy 18 is very

FIGURE 2
Proportion of births to women >35 years compared with women <20 years,
as a percentage of total births in Alberta, 1997-2019
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common, but a wide variety of abnormal
karyotypes have been reported.

Risk factors include maternal age greater
than 35 years or less than 20 years, mater-
nal obesity and diabetes mellitus. Risks
for exposures to smoking and alcohol are
inconclusive.®® A recent study has linked
first trimester broad spectrum penicillin
treatment with a reduced risk.™

Down syndrome

Down syndrome is significantly increasing
(p < 0.0001) and is strongly correlated
with increasing maternal age. In 1983,
approximately 4% of mothers were 35
years or older; in 2019, 24% were in that
age group.*

Frequently associated major malforma-
tions include CHDs and duodenal atresia.
As most live-born infants with trisomy 21
require ongoing health services, ascertain-
ing associated anomalies can help with
future health care planning.

Strengths and limitations

The strengths of this study are supported
by the principal features of ACASS and
include long-term baseline data, which
are fundamental for valid descriptive and
analytic studies. Additional features
include provincial population-based cov-
erage, multiple sources of ascertainment,
ability to critically assess notifications and
verify diagnoses that are reported to the
system, and the expertise of ACASS
personnel.

A limitation is that ACASS is technically a
“passive” system, although it is aug-
mented by active components, such as
access to hospital records and correspon-
dence with attending physicians for verifi-
cation. ACASS primarily depends on
others for case notifications and thus may
not have complete ascertainment. The
best systems, practised in many US States
(e.g. Texas, Utah) and European and
South American countries, have “active”
ascertainment.

Conclusion

Congenital anomalies occur in approxi-
mately 3-5% of live births and 15% of
stillbirths. They are an important public
health concern and have significant social
and societal costs. The majority of con-
genital anomalies are multifactorial, with
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FIGURE 3
Trend for omphalocele in Alberta, 1997-2019
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established risk factors often requiring a
change in behaviour, which can be chal-
lenging (e.g. smoking and alcohol cessa-
tion, better control of maternal obesity
and diabetes, folic acid/multivitamin sup-
plementation and better nutrition).

Congenital anomalies surveillance data
can be used for planning and policy deci-
sions and the evaluation of prevention
strategies, as exemplified by the success of
folic acid fortification in the prevention of
NTDs. These data are also required to
respond to real and potential emerging
threats such as Zika virus and the identifi-
cation of congenital Zika syndrome. Many
congenital anomalies surveillance pro-
grams now track outcomes of COVID-19
infection in pregnancy.

While funding is often challenging to
obtain and maintain in Canada, PHAC is
working with the provinces and territories
to enhance CCASS data with more local
datasets, which will provide more accu-
rate prevalence rates of congenital anoma-
lies across Canada. The last comprehensive
congenital anomaly report published by
PHAC used Canadian Institute for Health
Information data from 1998-2009.% The
British Columbia Health Status Registry
was a world-class congenital anomalies
surveillance system and after 70 years, the
data were archived in 2021. Their last
report was in 2005 using data to 2002.
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With over 40 years in operation, ACASS
has the most published prevalence data in
Canada and provides context for more
prevention. Congenital anomalies surveil-
lance constitutes an essential data source
for further research and to guide public
health actions.™
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Release notice

Canadian Cancer Statistics:
A 2022 special report on cancer prevalence

B3 Tweet this article

Just released!
Canadian Cancer Statistics: A 2022 special report on cancer prevalence was released on November 8, 2022.

This publication is produced through a collaboration between the Canadian Cancer Society, Statistics Canada and the Public Health
Agency of Canada, with data provided by the provincial and territorial cancer registries and analyses completed by Statistics Canada
and the Canadian Partnership Against Cancer. It provides estimates of cancer prevalence by cancer type, sex, age, geographic region,
duration, neighbourhood income and urban and rural status for adults, and by cancer type for childhood cancers.

Highlights include:

e At the beginning of 2018, over 1.5 million people in Canada were living with or beyond cancer. Of those, approximately 60%
were diagnosed 5 to 25 years prior.

® 1in 24 Canadians had been diagnosed with at least one cancer in the previous 25 years.
e  The number of people living with or beyond cancer in Canada continues to increase.

e At the beginning of 2018, breast and colorectal cancers combined accounted for nearly half (47.1%) of all 25-year prevalent
cancers among females, with an estimated 328 125 breast cancer cases and 88 150 colorectal cancer cases.

e At the beginning of 2018, prostate and
colorectal cancers combined accounted
for half (49.8%) of all 25-year preva-
lent cancers among males, with an
estimated 301 840 prostate cancer
cases and 103 370 colorectal cancer
cases.

Access or download the latest Canadian
Cancer Statistics and related resources.
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Researchers from the Public Health Agency of Canada also contribute to work published in other journals. Look for the
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