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Abstract

Introduction: Muscle-strengthening and balance activities are associated with the pre-
vention of illness and injury. Age-specific Canadian 24-Hour Movement Guidelines
include recommendations for muscle/bone-strengthening and balance activities. From
2000-2014, the Canadian Community Health Survey (CCHS) included a module that
assessed frequency in 22 physical activities. In 2020, a healthy living rapid response
module (HLV-RR) on the CCHS asked new questions on the frequency of muscle/bone-
strengthening and balance activities. The objectives of the study were to (1) estimate
and characterize adherence to meeting the muscle/bone-strengthening and balance rec-
ommendations; (2) examine associations between muscle/bone-strengthening and bal-
ance activities with physical and mental health; and (3) examine trends (2000-2014) in
adherence to recommendations.

Methods: Using data from the 2020 CCHS HLV-RR, we estimated age-specific prevalence
of meeting recommendations. Multivariate logistic regressions examined associations
with physical and mental health. Using data from the 2000-2014 CCHS, sex-specific
temporal trends in recommendation adherence were explored using logistic regression.

Results: Youth aged 12 to 17 years (56.6%, 95% CI: 52.4-60.8) and adults aged 18 to
64 years (54.9%, 95% CI: 53.1-56.8) had significantly greater adherence to the muscle/
bone-strengthening recommendation than adults aged 65 years and older (41.7%, 95%
CI: 38.9-44.5). Only 16% of older adults met the balance recommendation. Meeting the
recommendations was associated with better physical and mental health. The propor-
tion of Canadians who met the recommendations increased between 2000 and 2014.

Conclusion: Approximately half of Canadians met their age-specific muscle/bone-
strengthening recommendations. Reporting on the muscle/bone-strengthening and bal-
ance recommendations elevates their importance alongside the already recognized
aerobic recommendation.

Highlights

e About half (53%) of Canadians
12 years and older meet the age-
specific muscle/bone-strengthening
recommendations, but only 16%
of older adults meet recommenda-
tions for activities that challenge
balance.

e People who met the muscle/bone-
strengthening and balance recom-
mendations reported better mental
and physical health than those who
did not meet these recommendations.

e Temporal trends suggest an increase
in adherence to muscle/bone-
strengthening and balance recom-
mendations from 2000 to 2014.

Keywords: muscle, physical activity, recommendations, 24H Guidelines, physical health,
mental health, youth, adults, older adults, adherence

Introduction

The benefits of regular aerobic physical
activity (PA) are well established.!?
Aerobic PA is often the centrepiece of
health promotion initiatives targeting
health behaviours,* with adherence to this
recommendation the cornerstone of PA
surveillance.® The recently released Canadian
24-Hour Movement Guidelines (“24H
Guidelines”) recommend a minimum of
60 min/d of moderate-to-vigorous inten-
sity physical activity (MVPA) for children
and youth (5-17 years old) and 150 min/wk
for adults (18-64 years) and older adults
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(265 years).® The guidelines also recom-
mend muscle and bone strengthening for
children and youth (>3 d/wk), muscle
strengthening for adults aged 18 to
65 years (>2 d/wk) and muscle-strength-
ening and balance activities for adults
65 years and older (strength: >2 d/wk;
balance: no minimum frequency).°

The recommendations for MVPA, muscle/
bone and balance activities were also part
of the Canadian Physical Activity Guide-
lines” that were released a decade earlier,
in 2011. (The 24H Guidelines no longer
have the requirement for 10-minute bouts
of MVPA.)

Muscle-strengthening exercise refers to
resistance training using free or machine
weights, elastic bands or one’s own body
weight.® This type of exercise plays a
unique and independent role in prevent-
ing disease and premature mortality.®?
Health benefits include increased skeletal
muscle mass and strength and bone min-
eral density, improved cardiometabolic
and physical functioning, reduced muscu-
loskeletal symptoms and reduced symp-
toms of anxiety and depression.!%!?

Muscle-strengthening exercise has often
been described as the “forgotten” PA
guideline.>*1> A 2018 review of interna-
tional efforts identified only five surveys
that included direct/explicit questions
about muscle strengthening.’ There is also
evidence to suggest that the combined
health benefits of aerobic PA and strength-
training activities is greater than those of
either activity alone.!®?

Bone-strengthening and balance-training
activities are also key components of a
healthy PA profile. Bone strengthening,
which increases resistance to fracture,
includes “movements that create impact-
and muscle-loading forces on the bone”
such as jumping, skipping and hopping.?
Balance-training activities include move-
ments that challenge postural control;
these activities help resist forces that can
lead to falls'® and maintain physical func-
tioning." Some activities provide simulta-
neous muscle and bone strengthening and
balance training, making it difficult to
define them separately. The overlap
between muscle- and bone-strengthening
exercises is particularly challenging to
assess independently. For the purpose of
this paper, we use the expression “mus-
cle/bone strengthening” to recognize that
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some activities may have benefits for
both.

In Canada, the Physical Activity, Sedentary
Behaviour and Sleep (PASS) Indicators
provide important surveillance informa-
tion on the PA levels of children, youth
and adults.?*? The proportion of Canadians
meeting PA recommendations has tradi-
tionally been reported as the proportion
meeting the aerobic component of the
24H Guidelines (i.e. 60 min/d for children
and youth or 150 min/wk for adults),®
consistent with the PASS surveillance rec-
ommendations released alongside the 24H
Guidelines.>>? Until recently, there has
been a lack of national data to assess
adherence to the muscle/bone-strengthen-
ing and balance components of the 24H
Guidelines (and the previous Canadian PA
Guidelines). As a result, the PASS
Indicators do not report on the proportion
of Canadians meeting the age-specific
muscle/bone-strengthening or balance
recommendations.

In 2020, the Public Health Agency of
Canada funded the development of the
healthy living rapid response module
(HLV-RR) in the Canadian Community
Health Survey (CCHS). The HLV-RR mod-
ule includes two questions to assess muscle/
bone-strengthening and balance activities
and allows the reporting of current preva-
lence of meeting the muscle/bone-
strengthening and balance components of
the 24H Guidelines, as well as meeting the
combined PA recommendations (MVPA +
muscle/bone strengthening + balance).

The PA module (PAC) in earlier cycles of
the annual CCHS (2000-2014) asked par-
ticipants to self-report frequency of 22 act-
ivities over the previous 3 months. Several
of the activities could be considered to be
muscle/bone-strengthening and/or balance
exercises. While using a list of activities to
establish adherence to muscle-strengthen-
ing exercise is possible,’ there has been no
known attempt to examine the PAC in this
way.

Our study objectives were to:

(1) estimate the proportion of Canadian
youth (12-17 years), adults (18-64 years)
and older adults (=65 years) currently
meeting the age-specific muscle/bone-
strengthening and balance-activity rec-
ommendations of the 24H Guidelines;

(2) compare the demographic and clini-
cal characteristics of those categorized
as meeting the muscle/bone-strength-
ening and balance recommendations
with those meeting the combined rec-
ommendations (MVPA + muscle/bone
strengthening + balance), the aerobic
PA only recommendations (MVPA) and
none of the recommendations;

(3) examine the association between
meeting combinations of the recom-
mendations and measures of physical
and mental health; and

(4) examine age group-specific trends
in muscle/bone-strengthening and bal-
ance activities among Canadians, using
the CCHS (2000-2014).

Methods
Data source

To meet objectives 1, 2 and 3, we used the
HLV-RR data from the 2020 CCHS, and to
meet objective 4, we used annual data
from older cycles of the CCHS (2000-
2014). The CCHS is an ongoing, cross-sec-
tional survey conducted by Statistics
Canada. The survey collects self-reported
health information from a representative
sample of the Canadian household-dwell-
ing population aged 12 years and older
living in the provinces and territories. The
CCHS excludes individuals living on
reserves and Crown Lands, institutional-
ized residents, full-time members of the
Canadian forces, youth aged 12 to 17 years
living in foster care and residents in cer-
tain remote regions; this is approximately
2% of the Canadian population aged
12 years and older.

The HLV-RR data were collected between
January and March 2020, prior to the
COVID-19 pandemic. Those who com-
pleted the HLV-RR also participated in the
2020 CCHS during the data collection
period, except that the HLV-RR excluded
respondents living in the three territories
and proxy respondents. In total, 11105
non-proxy respondents completed the
HLV-RR. At the national level, the HLV-RR
had a household-level response rate of
57.0% .

Study population

The study population included those who
completed the strength and balance ques-
tions of the 2020 CCHS HLV-RR share
file (N = 10 775) or the annual CCHS
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(N = 57070 to N = 124685, depending
on the year) for the years 2000 to 2014.
The CCHS provided estimates for 2 years
combined from 2000 to 2006, and annual
estimates from 2007 onwards.

Study variables

Independent variables

Table 1 shows the variables used to
explore current prevalence (2020 CCHS
HLV-RR) and trends (2000-2014 CCHS PACs)
in age-specific muscle/bone-strengthening
and balance recommendations.

Dependent variables

Population characteristics

Characteristics examined included age
(12-17, 18-64, =65 years); sex (male,
female); immigration status (landed immi-
grant, non-immigrant); cultural/racial back-
ground (White, non-White; the category
“White” does not include Indigenous peo-
ple); household education (secondary or
less, postsecondary graduate); distribu-
tion of household income quintile (relative
measure of household income to house-
hold income of all other respondents); and
marital status (married/common law, sin-
gle [widowed/divorced/separated/never mar-
ried]). Disaggregations for gender were
calculated, but too few respondents identi-
fied as gender diverse to generate stable
results.

Health behaviours

Self-reported health behaviours included
smoking status; meeting the leisure screen
time recommendation (<2 hours per day
for youth; <3 hours per day for adults);
and meeting the sleep recommendations
(youth 12-13 years, 9-11.99 hours/night;
youth 14-17 years: 8-10.99 hours/night;
adults 18-64 years: 7-9.99 hours/night;
adults >65 years: 7-8.99 hours/night).

Physical and mental health

Measures of health included self-reported
general health (“excellent/very good” vs.
“good/fair/poor”); self-reported mental
health (“excellent/very good” vs. “good/
fair/poor”); self-reported body mass index
(BMI; under/normal weight vs. overweight/
obesity; youth: based on age- and sex-
specific BMI cut-points as defined by the
World Health Organization; adults: based
on Health Canada and World Health
Organization body weight classification
systems, corrected using the methods of
Connor Gorber et al.?); and multimorbid-
ity (self-reported diagnoses of >2 of asthma,
arthritis, cancer, diabetes, heart disease,

Vol 43, No 5, May 2023

stroke, chronic respiratory disease [in
those >35 years] and mood disorders).

Statistical analyses

Analyses were performed using SAS
Enterprise Guide v.7.1 (SAS Institute Inc.,
Cary, NC, US). For objective 1, we used
proportions and 95% confidence intervals
(CIs) conducted with proc surveyfreq to
describe adherence to the age-specific
aerobic PA only (MVPA), muscle/bone
strengthening only, balance only and
combined (muscle/bone strengthening/
balance + aerobic PA) recommendations,
overall and by sex and age group (youth,
adults and older adults).

For objective 2, we also present character-
istics of those meeting the recommenda-
tions using proportions or means and
95% ClIs. Comparisons between those
meeting and those not meeting the vari-
ous combinations of recommendations
were assessed using independent sample ¢
tests (proc surveyreg) for continuous out-
comes or chi-square (proc surveyfreq) for
categorical outcomes.

For objective 3, we assessed the associa-
tion between meeting the recommendations
or combinations of the recommendations
and measures of physical and mental
health using age-specific multivariate
logistic regression models controlling for
sex, household income and smoking sta-
tus conducted using proc surveylogistic.

For objective 4, we present the historical
prevalence (2000-2014) of those meeting
the age-specific muscle/bone-strengthen-
ing/balance recommendations by age and
sex using weighted proportions and 95%
CIs (proc surveyfreq). The prevalence of
meeting each recommendation was
graphed against time in years. Age- and
sex-specific temporal trends in prevalence
were explored using logistic regression
with time (CCHS cycle) as a continuous
variable to assess if time was a significant
predictor of meeting the recommendations
conducted using proc surveylogistic.

All analyses were weighted using appro-
priate cycle survey weights. To account for
survey design effects, 95% Cls were esti-
mated using the bootstrap balanced repeated
replication technique with 500 replicate
weights for the 2000-2014 CCHS, and
1000 replicate weights for the 2020 CCHS.
Statistical significance was set at p < 0.05.

Results

Current adherence to recommendations
(Objective 1)

In 2020, youth (56.6%, 95% CI: 52.4-60.8%)
and adults aged 18-64 years (54.9%, 95%
CI: 53.1-56.8%) had significantly greater
adherence to the muscle/bone-strengthen-
ing recommendation than older adults
aged 65 years and older (41.7%, 95% CI:
38.9-44.5%).

Characteristics of adherence to
recommendations (Objective 2)

Across all age groups, males were signifi-
cantly more likely than females to meet
the muscle-strengthening recommenda-
tion (see Table 2). Males aged 12-17 years
and 18-64 years were also more likely to
meet the combined PA recommendations
than their female counterparts.

Because very few older adults met the
7-day balance recommendation compared
to the 2-day requirement, for all further
analyses we applied the twice-weekly
requirement. Older (=65 years) females
were more likely than older males to meet
the balance recommendation.

The proportion of Canadians meeting the
strength recommendation was lower among
landed immigrants, non-White ethnicities,
those with a lower household education
and those with lower household income
(see Table 3). The same differences were
observed for the combined PA recommen-
dations except for no difference by cul-
tural/racial background. Among older
adults, adherence to the balance recom-
mendation (>2 times per week) was sig-
nificantly lower among those with lower
household education than those with
higher household education.

Health behaviours and adherence to
recommendations (Objective 2)

Among youth and adults, there was no
statistically significant difference between
smokers and non-smokers for meeting the
muscle/bone-strengthening or combined
PA recommendations (see Table 3). Those
who met the screen time, sleep and aero-
bic PA recommendations were more likely
to meet muscle/bone-strengthening com-
bined recommendations than those who
did not.
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TABLE 1

Description of methods used to derive the independent variables used to explore current prevalence and trends in PA

Derived

. uestions used
variable Q

Variable derivation

Adherence to muscle or muscle/bone-strengthening recommendations

To classify PA as strength training, we used the following definition: “contracting the muscles against a resistance to ‘overload’ and bring about a training effect in
the muscular system. The resistance is an external force, which can be one’s own body placed in an unusual relationship to gravity (e.g. prone back extension) or
an external resistance (e.g. free weight)”.?* In addition to strength training, many PAs involve impact that benefits and strengthens muscle and bone. Impact
exercise was considered any activity with a GRF >1 x body weight on the lower extremities?>?’ including low-impact exercise (GRF 1.1-1.5 x body weight), e.g.
rollerblading and skateboarding; moderate impact exercise (GRF 1.51-3.10 x body weight), e.g. jogging, soccer and baseball; and high impact exercise (GRF >3.11

x body weight), e.g. jumping rope, ballet, volleyball.

In the past 7 days, on how many days did you do activities that increase
bone or muscle strength?

Examples of muscle/bone-strengthening activities included with the
question: lifting weights; carrying heavy loads; shovelling [snow]; doing
sit-ups; or running, jumping or doing sports that involve a quick change
in direction.

Current prevalence
(HLV-RR 2020)

The PAC asked respondents to self-report the frequency of participating
in 22 specific activities over the previous 3 months.

It was hypothesized that impact, weight training or both combined are
important for muscle/bone strengthening. The strategy was to look at
weight training alone and then combined with moderate-to-high
impact activities. A sensitivity analysis led to understanding how
adding low-impact activities affects the actual proportion of Canadians
meeting the muscle/bone-strengthening recommendation.

Muscle/bone-strengthening activities were examined as strength
training (i.e. weight training); moderate-to-high impact activities (i.e.
jogging and running, tennis, volleyball, basketball, soccer) + weight
training; and low-impact activities (i.e. walking for exercise, gardening
or yard work, popular or social dance, ice hockey, ice skating, in-line
skating or rollerblading, golfing, exercise class or aerobics, downhill
skiing or snowboarding, baseball or softball) + moderate-to-high
impact activities + weight training.

Historical trends
(CCHS 2000-2014)

Adherence to balance recommendation

Youth (12-17 years) muscle/bone strengthening: >3 days
Adults (18-64 years) muscle strengthening: >2 days

Older adults (=65 years): muscle strengthening: >3 days

The total 3-month frequency of each activity was divided by 12 to
generate an average weekly frequency (assumed 4 weeks/month).

Youth (12-17 years) muscle/bone-strengthening adherence: >3 days
Adults (18-64 years) muscle-strengthening adherence: >2 days

Older adults (=65 years) muscle-strengthening adherence: >3 days

To classify the balance activities, we applied the following definition from the Prevention of Falls Network Europe (ProFaNE) Taxonomy: “...involv[ing] the efficient
transfer of body weight from one part of the body to another or challenges specific aspects of the balance system (e.g. vestibular systems). Balance retraining
activities range from re-education of basic functional movement patterns to a wide variety of dynamic activities that target more sophisticated aspects of
balance”.” Examples include tai chi, static balance exercise (e.g. standing on one foot), dynamic balance exercise (e.g. tandem walking) or PAs with a reduced base

of support or moving to the limits of stability (e.g. downhill skiing, golfing).

In the past 7 days, on how many days did you do any activities that
improve balance?

Examples of activities included yoga, tai chi, dance, tennis, volleyball
and balance training.

Current prevalence
(HLV-RR 2020)

The PAC module asked respondents to self-report the frequency of 22
specific activities over the previous 3 months.

Balance activities were examined as:

(1) sports-related activities that may challenge balance (i.e. popular or
social dance, ice hockey, ice skating, in-line skating and rollerblading,
jogging or running, golfing, downhill skiing or snowboarding, bowling,
baseball or softball, tennis, volleyball, basketball, soccer);

Historical trends
(CCHS 2000-2014)

(2) sports or exercise or leisure activities that may challenge balance
(i.e. sports-related + walking for exercise, gardening or yard work,
bicycling, home exercises, exercise class or aerobics, weight training).

Older adults (65 years): balance activities >2 days and 7 days.

The 24H Guidelines for Adults 65 Years and Older do not explicitly
state a minimum weekly frequency for balance activities. We explored
adherence to twice-weekly and daily frequencies because clinical trials
generally measure twice-weekly balance activities, but documentation
supporting the 24H Guidelines suggests that older adults should engage
daily in activities that routinely challenge balance.?®

The total 3-month frequency of each activity was divided by 12 to
generate an average weekly frequency (assumed 4 weeks/month).

Older adults (=65 years): balance activities >2 days

Abbreviations: CCHS, Canadian Community Health Survey; GRF, ground reaction force; HLV-RR, healthy living rapid response module in CCHS 2020; PA, physical activity; PAC, physical activity

module in the CCHS 2000-2014 cycles.
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Youth (12-17 years)

TABLE 2
Canadians’ adherence to individual and combined aerobic, muscle/bone-strengthening and balance PA recommendations, by age and sex, 2020

Adults (18-64 years)

Older adults (=65 years)

Recommendation met Males Females Males Females Males Females
% LCL UCL % LCL UCL % LCL UCL % LCL UCL % LCL UCL % LCL UCL
Aerobic 65.8 59.3 723 49.3" 43.0 55.7 62.3 59.2 65.3 53.9" 51.1 56.6 46.6 42.3 50.9 35.7" 32.4 38.9
Muscle and bone strength 61.8 56.0 67.6 51.2° 44.9 57.4 61.2 53.4 64.1 48.7" 46.0 51.4 49.3 44.9 53.7 354 32.1 38.6
Balance >2 d/wk N/A - - N/A - - N/A - - N/A - - 13.8 1.1 16.6 18.1" 15.2 21.1
Balance 7 d/wk N/A - - N/A - - N/A - - N/A - - 5.8 3.8 7.9 4,58 3.0 6.0
. o .
Combined muscle/bone + aerobic g 3 43, 533 390 69 300 466 436 499 349 323 35 8.6 65 108 9.2 68 115
(+ balance in older adults)
Source: Canadian Community Health Survey — Healthy Living Rapid Response Module, 2020.
Abbreviations: LCL, lower confidence limit; PA, physical activity; UCL, upper confidence limit.
E Interpret estimate with caution due to high sampling variability.
* Significantly different from males (p < 0.05).
TABLE 3

Muscle/bone strength recommendation

Balance recommendation
(older adults)

Characteristics associated with meeting the muscle/bone-strengthening, balance and combined PA recommendations, Canada, 2020

Combined muscle/bone + aerobic

(+ balance in older adults) (total sample)

Characteristics (total sample)
%a LCL ucL %a LCL ucCL %a LCL ucL

Demographics
Age, years

12-17 56.6" 52.4 60.8 - - - 41.7 36.9 46.4

18-64 54.9" 53.1 56.8 - - - 40.7 38.8 42.7

265 4.7 38.9 44.5 16.2 14.1 18.3 8.9 7.3 10.5
Sex

Male 59.1" 56.8 61.5 13.8" 11.1 16.6 40.0° 37.7 42.4

Female 46.1" 44.0 48.3 18.1° 15.2 21.1 29.5° 27.4 31.5
Marital status

Married or common law 52.8 50.6 55.0 16.4 13.6 19.2 33.7 31.6 35.7

Single® 52.2 49.7 54.6 15.9 13.0 18.8 36.0 33.7 38.4
Immigration status

Landed immigrant 45.4 41.4 49.5 18.0 12.8 23.2 26.3" 22.7 30.0

Non-immigrant 54.9" 53.1 56.6 15.8 13.5 18.1 37.3" 35.6 38.9

Vol 43, No 5, May 2023
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Muscle/bone strength recommendation

TABLE 3 (continued)
Characteristics associated with meeting the muscle/bone-strengthening, balance and combined PA recommendations, Canada, 2020

Balance recommendation

Combined muscle/bone + aerobic

Characteristics (total sample) (older adults) (+ balance in older adults) (total sample)
%a LCL UCL %a LCL UCL %a LCL UCL
Cultural/racial background
Non-White 47.5* 43.2 51.7 18.7¢ 10.3 27.1 31.4 26.9 36.0
White 53.8" 52.1 55.4 15.8 13.7 17.9 35.1 33.4 36.9
Highest household education level
Secondary or less 42.4" 38.9 45.8 12.2° 8.9 15.6 20.6" 17.8 23.4
Postsecondary graduate 54.6" 52.8 56.3 18.0° 15.4 20.6 37.7 35.9 39.5
Distribution of household income quintile
Q1 (Lowest) 41.3" 38.2 44.4 14.4 10.7 18.1 25.3" 22.4 28.3
Q2 51.1° 47.6 54.7 14.6 10.9 18.3 30.8 27.4 34.2
Q3 52.0" 48.0 56.1 14.3 10.1 18.5 34.0° 30.1 37.9
Q4 59.9" 56.1 63.7 22.8 17.2 28.4 41.0° 36.8 45.1
Q5 (Highest) 58.6" 54.9 62.3 17.9 12.5 23.4 42.1 38.6 45.7
Health behaviours
Smoking status
Smoker 52.4 47.8 56.9 8.0% 33 12.7 33.0 28.6 37.3
Non-smoker 52.6 50.8 54.3 17.1 14.8 19.5 34.9 333 36.6
Leisure screen time recommendation®
Met recommendation 56.3 54.3 58.2 18.2 15.4 21.0 37.6" 35.6 39.7
Did not meet recommendation 46.0" 43.4 48.5 13.6° 10.6 16.7 29.4 26.9 31.9
Sleep time recommendation®
Met recommendation 55.4° 53.5 57.4 18.8 15.4 22.1 38.2 36.2 40.2
Did not meet recommendation 46.9 43.8 50.1 12.7° 10.2 15.2 27.2° 24.2 30.1
MVPA®
Met recommendation 68.2" 66.3 70.2 28.6" 26.4 30.9 100" - -
Did not meet recommendation 33.2 30.9 35.4 9.6 8.3 10.9 0 - -

Source: Canadian Community Health Survey — Healthy Living Rapid Response Module, 2020.

Abbreviations: LCL, lower confidence limit; MVPA, moderate-to-vigorous intensity physical activity; PA, physical activity; UCL, upper confidence limit.

2 Per cent meeting recommendation.
b Widowed, divorced, separated or never married.
¢ <2 hours per day for youth; <3 hours per day for adults.

4 Youth 12-13 years, 9-11.99 hours/night; youth 14-17 years, 8-10.99 hours/night; adults 18-64 years, 7-9.99 hours/night; adults 65 years, 7-8.99 hours/night.
¢ Children and youth (5-17 years), 260 min/d of MVPA; adults (18-64 years) and older adults (>65 years), =150 min/wk.

£ Interpret estimate with caution due to high sampling variability.
* Significantly different between groups (p < 0.05).
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Among older adults, statistically signifi-
cant differences were observed across all
recommendations with non-smokers and
those who met the screen, sleep and aero-
bic PA recommendations more likely to
meet the balance recommendation.

Association between recommendation
adherence and health (Objective 3)

Meeting the age-specific muscle/bone-
strengthening, balance and combined PA
recommendations was associated with a
significantly reduced likelihood of multi-
morbidity and increased likelihood of
excellent and very good perceived mental
and general health (see Table 4). In addi-
tion, among older adults, meeting the bal-
ance recommendations was associated
with a reduced likelihood of overweight
and obesity.

Trends in adherence to recommendations
(Objective 4)

Figures 1 and 2 show age- and sex-specific
trends in meeting the muscle/bone-
strengthening and balance recommenda-
tions, respectively. The difference between
Figures 2a and 2b are largely due to the
addition of leisure activities; these can—
but do not always—challenge balance.
Walking, gardening/yard work and cycling
are three of the most popular leisure activ-
ities, with 71% of older adults reporting
walking, 49% reporting gardening/yard
work and 24 % reporting cycling in 2014.
Removal of these activities to assess bal-
ance resulted in a decline in adherence to
the balance recommendation from 76.1%
to 46.9% (data not shown).

At all ages, the odds of adhering to the
muscle/bone-strengthening recommenda-
tions, regardless of the activities (i.e.
weight lifting, moderate-to-high or low-to-
high impact), increased over time, with
the greatest increase observed among
older adults. Among older adults, the
odds of adhering to the balance recom-
mendation using either sports or com-
bined sports/exercise/leisure activities
also increased over time. While results
indicate a small, but linear association
with cycle/year, Figures 1 and 2 show
cycle-by-cycle differences are not neces-
sarily linear.

Discussion

Our findings show that approximately
57% of youth aged 12-17 years, 55% of

Vol 43, No 5, May 2023

adults aged 18-64 years, and 42% of older
adults aged =65 years currently (in 2020)
meet the muscle/bone-strengthening PA
recommendations from the 24H Guidelines.
In addition, 16% of older adults engage in
activities that challenge balance at least
twice per week. Meeting either the mus-
cle/bone-strengthening or balance recom-
mendations alone or in combination with
sufficient MVPA was associated with bet-
ter physical and mental health. Results of
the time trend analysis found that in all
age groups, there was a small but signifi-
cant increase in the proportion of
Canadians who met the muscle/bone-
strengthening and balance recommenda-
tions from 2000 to 2014.

Comparisons with the literature

Very few national surveillance systems
include ways to assess participation in
muscle- and bone-strengthening activities
and almost none assess balance activi-
ties.® Internationally, the prevalence of
meeting the strength-training recommen-
dation ranges from 16% to 57% among
youth (>3 times per week) 433 and from
3% to 70% among adults (most report
between 10-30%; >2 times per week).3
Prevalence of sufficient balance training
among older adults ranges from 9% to
349% 143637 The Canadian prevalence esti-
mates for muscle/bone-strengthening and
balance recommendations tend towards
the higher end of this range. Comparing
prevalence globally should be done with
caution, however, given the variation in
survey questions and methods.

Other studies have also shown that
females’14,30»32,34,38-42 Older adults’14,30,34,38-43
people living at or in households with
lower education,3*384%4* people at lower
income,**-42 some non-White ethnicities,
those with poorer self-rated health,384042
current smokers*** and those with over-
weight or obesity3*33%42 are less likely to
meet the strength-training recommenda-
tion. In addition, among older adults, suf-
ficient balance exercise is lower with
increasing age,'* among females®3>* and
among those with lower education,%
lower income,* poor self-rated health?” or
obesity.3¢37

Evidence gathered in Janssen and LeBlanc’s
systematic review,* which informed the
24H Guidelines recommendations,® sug-
gests that youth that engage in high
impact activities (e.g. jumping) have bet-
ter bone mass accrual or bone structure.

Muscle-strength training has been consis-
tently associated with a reduction in all-
cause mortality and in cardiovascular
disease incidence and better physical
functioning among adults.® Similarly,
older adults’ (=65 years) engagement in
balance and functional training is associ-
ated with better physical functioning."

Findings from the present study confirm
associations between meeting the recom-
mendation and multimorbidity and per-
ceived physical and mental health. The
findings also suggest that meeting either
recommendation alone or in combination
with sufficient MVPA is associated with
better physical and mental health. This
supports the concept that all activity is
health promoting and provides people
with choice for being active. While the
effect of strength or balance training on
adults’ health-related quality of life is
uncertain,® our results for self-reported
physical health suggest a cross-sectional
association.

Results of the present study do not show a
significant association between meeting
the strength-training recommendation and
self-reported overweight/obesity. While
others have observed an association (with
self-reported and objectively measured
BMI),** BMI may not be an ideal health
outcome in relation to strength training.
Strength training may not result in sub-
stantial changes to a person’s BML* and
conversely, BMI does not provide a com-
plete picture of body composition.®
Future work would benefit from looking
at other measures of adiposity and health
status.

A significant time trend (2000-2014) was
observed for all age groups, suggesting
small increases in adherence to the mus-
cle-strengthening and balance recommen-
dations. Bennie et al.,”! using data from
the COMPASS study, found that the preva-
lence of meeting the strength-training rec-
ommendation among secondary school
students declined significantly, from
57.0% to 48.5%, between 2015 and 2019.

Other studies have observed increasing
trends in muscle-strengthening exercise
among adults. In Canada, using longitudi-
nal data from the National Population
Health Survey, which assessed PA using
the same module from the 2000-2014
CCHS, Perks® found that weight training
significantly increased from 1994 to 2011.
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Muscle/bone strength recommendation

TABLE 4
Associations between meeting the muscle/bone-strengthening, balance and combined PA recommendations and health outcomes, Canada, 2020

Balance recommendation

Combined muscle/bone + aerobic

Health outcomes (total sample) (older adults) (+ balance in older adults) (total sample)

%" LCL ucL aoR® LCL UuCL % LCL ucL aoR¢ LCL ucL % LCL ucL aoR® LCL ucL
BMI category
Overweight and obese 51.9 49.7 54.1 0.91 0.77 1.07 13.8" 11.5 16.0 0.54 0.39 0.74 33.8 31.6 359 0.98 0.82 1.17
Under and normal weight 54.5 51.7 57.4 1.00 = = 22.0" 17.9 26.2 1.00 - - 37.2 34.2 40.1 1.00 - -
Multimorbidity status®
2+ chronic conditions 37.4° 33.8 41.1 0.68 0.57 0.82 9.9" 7.5 12.2 0.47 0.34 0.66 18.9° 15.8 22.0 0.79 0.62 1.00
<2 chronic conditions 54.5° 52.8 56.3 1.00 - - 18.7 16.0 21.5 1.00 = = 36.8 35.0 38.5 1.00 = =
Self-reported mental health
Excellent/very good 55.5% 53.6 57.4 1.36 1.18 1.56 17.5 14.9 20.2 1.43 1.01 2.02 36.7 34.9 38.6 1.32 1.12 1.57
Good/fair/poor 46.7" 43.9 49.4 1.00 = = 12.6" 9.7 15.6 1.00 = - 30.5 27.6 33.4 1.00 - -
Self-reported general health
Excellent/very good 58.3" 56.2 60.4 1.65 1.44 1.90 20.5 17.1 23.9 1.80 1.33 2.44 41.2° 39.1 43.2 1.84 1.55 2.18
Good/fair/poor 43.2" 40.7 45.6 1.00 = = 11.9" 9.7 14.1 1.00 - - 24.2 21.7 26.7 1.00 - -

Source: Canadian Community Health Survey — Healthy Living Rapid Response module, 2020.

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; LCL, lower confidence limit; PA, physical activity; UCL, upper confidence limit.

Per cent of population meeting recommendation.

bQdds ratios for muscle/bone strength and combined PA recommendations adjusted for age, sex, income and smoking status.

©0dds ratios for balance recommendation adjusted for sex, income and smoking status.

4For youth, based on age- and sex-specific BMI cut-points as defined by the World Health Organization; for adults, based on Health Canada and World Health Organization body weight classification systems.

eSelf-reported diagnosis of >2 diseases (cancer, diabetes, cardiovascular disease, chronic respiratory disease in those >35 years) and mood and/or anxiety disorders.

* Significantly different between groups (p < 0.05).
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FIGURE 1

Sex-specific temporal trends in adherence to the muscle/bone-strengthening recommendations in youth, adults and older adults®
based on weight training, moderate-to-high impact activities and low-to-high impact activities, CCHS, 2000-2014
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Abbreviations: CCHS, Canadian Community Health Survey; HLV-RR, healthy living rapid response module.

Note: Adherence to the muscle/bone-strengthening recommendation from the 2020 CCHS HLV-RR is shown to the right of the vertical dotted line.
2 Youth aged 12-17 years, adults aged 18-64 years and older adults aged >65 years.
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FIGURE 2

Sex-specific temporal trends in adherence to the balance recommendation® based on
a) sports-related activities and b) sports, exercise or leisure activities, CCHS, 2000-2014
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Abbreviations: CCHS, Canadian Community Health Survey; HLV-RR, healthy living rapid response module.
Note: Adherence to the balance recommendation from the 2020 CCHS HLV-RR is shown to the right of the vertical dotted line.

2 22 times per week in older adults aged >65 years.

Alongside increases in weight training,
increases in total leisure PA were observed
except among those aged 65 years and
older.”> Among Australian adults, the
prevalence of sufficient muscle-strength-
ening activity increased from 6.4% to
12.0% (p,.,q < 0.0001) between 2001 and
2010.% Using data from Behavioral Risk
Factor Surveillance System surveys, Bennie
et al.® found a small but statistically
significant increase (29.1% to 30.3%,
Diena < 0.0001) in the prevalence of suffi-
cient muscle-strengthening activity among
adults in the United States between 2011
and 2017. There are no known studies
that have looked at time trends in balance
exercise.

Surveillance considerations

While using the 2000-2014 CCHS PAC pro-
vided a way to compare previous data
with more recent data from the HLV-RR
module, several differences between the
modules limit the comparison. These dif-
ferences include the sampling frame of the
surveys; seasons of data collection; recall
period (3 months for the older PAC vs.
past 7 days for the new HLV-RR module);
number of questions (22 activities in the
older PAC vs. 2 items with broad examples
in the new HLV-RR module); and activi-
ties/examples (activities in the older PAC

Health Promotion and Chronic Disease Prevention in Canada
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grouped under “weight training,” “moderate-
to-high impact” and “low-to-high impact,”
based on assumptions of strength/balance
contributions vs. activities in the new
HLV-RR module presenting broad exam-
ples of muscle/bone-strengthening activi-
ties [lifting weights, carrying heavy loads,
shovelling, sit-ups, running, jumping
sports] and balance activities [yoga, tai
chi, dance, tennis, volleyball and balance
training]).

The new 2020 module may provide more
room for interpretation of balance and
muscle strengthening, whereas the old
module may misclassify some activities
based on the applied assumptions of the
movements conducted. The new module
question likely also captures activities
beyond traditional weight lifting.

It is, however, important to acknowledge
that the range of strength-training options/
activities has evolved over time, with
power vyoga, Pilates and weight-based
workouts, for example, becoming more
popular. Therefore, what is defined as
strength training, its promotion or market-
ing (including through the 24H Guidelines)
and the equipment and resources avail-
able for this training may have influenced
prevalence over time. While the preva-
lence of strength training in 2020 is

provided alongside 2000-2014 trends as
an exploratory exercise, it is not appropri-
ate to directly compare the estimates.

Current Canadian estimates of adherence
to the muscle/bone-strengthening recom-
mendations using the new 2020 CCHS
HLV-RR module exceed those observed
internationally. Prevalence estimates are
likely influenced by variation in the sur-
veillance question(s) used.* Most popula-
tion surveys ask specific questions about
strength training, but several ask about a
range of activities that could strengthen
muscles or improve balance. International
estimates are largely based on questions
referencing traditional forms of strength
training such as weight lifting or calis-
thenics. In fact, some surveys ask respon-
dents to not include aerobic activities in
their responses.®®* Many activities that
would improve aerobic fitness could also
strengthen muscles and improve balance.
It is, however, not clear to what extent dif-
ferent strength-training activities influence
health outcomes.

The new module used in the CCHS
HLV-RR does not include a measure of
intensity or duration. While current rec-
ommendations are based on minimum
weekly frequencies, future work is needed
to understand whether intensity and

Vol 43, No 5, May 2023




duration have important implications for
health. In addition, the muscle/bone-
strengthening recommendation in the 24H
Guidelines was informed by resistance
training studies. Therefore, it is recom-
mended that future measures also assess
resistance training separately. Future work
is also needed to assess the reliability of
the HLV-RR module to assess trends and
to better understand how including differ-
ent examples may change estimates, and
whether the module requires further
adjustment.

Strengths and limitations

Strengths of this study include the use of
large, nationally representative samples of
Canadian youth and adults to examine
historical trends and current prevalence of
adherence to muscle/bone-strengthening
and balance recommendations. Further,
the HLV-RR module allowed for the exam-
ination of the sociodemographic and
behavioural characteristics of those meet-
ing recommendations. While it was not
possible to assess the criterion validity of
the new module, assessing associations
with indicators of health provided a
means to assess construct validity.
Historically, the validity of muscle-
strength training exercise questions has
been rarely assessed,’ largely due to a
lack of comparison measures that require
few resources to obtain.

All data used in this study are cross-sec-
tional, making it impossible to examine
causal associations with health or to
ascertain within-person changes. However,
repeated cross-sectional surveys account
for the non-stationary nature of the
Canadian population. It was also not pos-
sible to directly compare the older (2000-
2014) and the newer (2020) results due to
differences in methodology. Finally, in
both modules, activities are self-reported
and subject to recall and response biases.

Conclusions

Results of this study suggest that approxi-
mately half of Canadians meet the mus-
cle/bone-strengthening recommendation
but only 16% of older adults meet the bal-
ance recommendation from the 24H
Guidelines. Temporal trends suggest that
adherence to both recommendations
increased between 2000 and 2014. Meeting
either recommendation alone or in combi-
nation with sufficient MVPA is associated
with better physical and mental health.

Vol 43, No 5, May 2023

Surveillance reporting on the muscle/
bone-strengthening and balance compo-
nents of the Canadian 24H Guidelines
alongside the already recognized aerobic
PA recommendation provides important
information on another health behaviour
associated with optimal health among
Canadians.
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Abstract

Introduction: Sex differences exist in children’s obesity rates, dietary patterns and tele-
vision viewing. Television continues to be a source of unhealthy food advertising expo-
sure to children in Canada. Our objective was to examine sex differences in food
advertising exposure in children aged 2 to 17 years across four Canadian English-
language markets.

Methods: We licensed 24-hour television advertising data from the company Numerator
for January through December 2019, in four cities (Vancouver, Calgary, Montréal and
Toronto) across Canada. Child food advertising exposure overall, by food category, tele-
vision station, Health Canada’s proposed nutrient profiling model, and marketing tech-
niques were examined on the 10 most popular television stations among children and
compared by sex. Advertising exposure was estimated using gross rating points, and sex
differences were described using relative and absolute differences.

Results: Both male and female children were exposed to an elevated level of unhealthy
food advertising and a plethora of marketing techniques across all four cities. Differences
between sexes were evident between and within cities. Compared to females, males in
Vancouver and Montréal viewed respectively 24.7% and 24.0% more unhealthy food
ads/person/year and were exposed to 90.2 and 133.4 more calls to action, 93.3 and 97.8
more health appeals, and 88.4 and 81.0 more products that appeal to children.

Conclusion: Television is a significant source of children’s exposure to food advertising,
with clear sex differences. Policy makers need to consider sex when developing food
advertising restrictions and monitoring efforts.

Keywords: children, adolescents, sex differences, food advertising, marketing techniques,
television exposure

Highlights

e Children continue to be exposed to
unhealthy food and beverage
advertising on television.

e Targeted advertising based on eth-
nicity, age and sex is used to influ-
ence consumer subpopulations.

e Differences in male and female
exposure to food advertising, includ-
ing unhealthy foods, and market-
ing techniques were evident between
and within cities in Canada.

e Policy makers should consider sex
when developing food advertising
restrictions and planning monitor-
ing efforts.

Introduction

In the United States, the prevalence of
obesity among children aged 6 to 11 years
is 20.3% (21.3% of males and 19.2% of
females), while rates for children aged 12

to 19 are 21.2% (22.5% of males and
19.9% of females).! In Canada, rates of
obesity are lower but remain a public
health concern;? in 2015, 10.4% of chil-
dren aged 5 to 11 years had obesity (12.3%
of males and 8.5% of females), while

rates were higher for those aged 12 to 17
(16.9% of males and 10.6% of females).3

A contributing factor to obesity is poor
diets. Over time, the diets of Canadian
children have shifted; currently 50% of
their daily dietary intake is from foods
containing added sugar, fat and salt,
increasing children’s risk of obesity and
other chronic illnesses.* Compared to
females, males consume slightly more
ultra-processed foods, that is, foods that
go through multiple processes and contain
added fats, sugars and sodium.*

Unhealthy foods are heavily marketed to
children in a variety of media and
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settings.” The World Health Organization
considers unhealthy food marketing to
children a harmful influence on their
dietary behaviour as it impacts their food
preferences, requests and consumption of
energy-dense food.*” Children are vulner-
able to marketing due to their limited abil-
ity to understand the persuasive purpose
of advertising.® This is exacerbated when
food companies promote products using
appealing marketing techniques, like car-
toon characters or popular athletes.”?
Adolescents are susceptible to food mar-
keting due to their neurocognitive and
psychosocial development, which includes
their growing independence, susceptibility
to peer influence and desire to fit in."

Consumers are influenced by the groups
they identify with, and marketers leverage
this to appeal to subpopulations. Food
companies sometimes use individual
characteristics, like ethnicity, to provoke
familiarity and a sense of belonging in
their advertising.'>"® Although sex-based
targeted marketing has been shown in
tobacco and alcohol advertising, we need
to investigate if it is used in food advertis-
ing given that research has shown that,
compared to females, males view more
and are more influenced by food
marketing.!41°

Canadians aged 2 to 17 years watch
between 13.9 and 17.3 hours of television
weekly, with males watching more than
females.!’® This high level of viewership
exposes children to a myriad of unhealthy
food advertisements (ads).!” One study in
Canada showed that there were 13.4 food
ads per hour on children’s channels dur-
ing peak viewing times.!” This is a con-
cern; a meta-analysis also showed that
exposure to food advertisements increased
short-term food consumption by an aver-
age of 60 kcal more than for children who
were not exposed.!®

Quebec is the only Canadian jurisdiction
with legislation restricting advertising to
children.” Quebec’s Consumer Protection
Act protects children less than 13 years
old from all commercial advertising
directed at children.?® Although imperfect,
research has shown that, compared to
children in Ontario, French-speaking chil-
dren in Quebec are exposed to fewer
child-appealing marketing techniques in
food advertising on television.” In the rest
of Canada, 15 food and beverage compa-
nies self-regulate their advertising to

Vol 43, No 5, May 2023

children through the Canadian Children’s
Food and Beverage Advertising Initiative.
This initiative has been shown to be inef-
fective.?>?* Other countries, such as Chile,
Ireland, Mexico, Norway and the United
Kingdom have statutory television adver-
tising restrictions.?

Few studies have examined children’s
exposure to food advertisements on televi-
sion in Canada; most have examined ad
frequency.”? In addition, most studies
investigating television exposure have
focussed on one jurisdiction for a period
of one month.?* There is also a paucity
of research on sex differences in children’s
exposure to television food advertising
that could help inform food advertising
regulations.

In this study, we compared children’s food
advertisement exposures by sex in four
cities across Canada over the course of
2019. We hypothesized that, compared to
females, males would be exposed to a
greater number of unhealthy food ads.

Methods
Data collection

Twenty-four-hour television advertising
data collected from January 1 to December
31, 2019, for 57 select food and beverage
categories and 2475 unique ads, were
licensed from Numerator, a company pro-
viding audience profiling services in
Canada. These data included the broad-
cast frequency, viewership metrics for
audience categories (e.g. general popula-
tion, children, adolescents and/or adults),
the name of the featured company and
brand, and the broadcast day, time and
station.

Television viewership data were collected
from a stratified sampling of households
by Numeris, a company that measures
media and audiences. Households with a
landline are randomly selected from
across Canada and asked to complete a
telephone survey that collects demo-
graphic information. All households that
complete this survey are available for
recruitment. To ensure that the panel is
geographically representative, all phone
numbers are assigned a geographical code
according to location. Households are
then randomly selected from each geo-
graphical area. Numeris also uses an itera-
tive marginal weighting technique to
maximize the reliability of the sample

data and minimize any statistical bias.
The recruitment process is conducted reg-
ularly throughout the year to replace
households that have been removed from
the panel. The number of individuals on a
Numeris panel can vary as people join or
leave the panel; the average sample of
children per month was 77 males and
71 females in Vancouver, 99 males and
85 females in Calgary, 66 males and
72 females in the Montréal English market
(“Montréal English”) and 138 males and
143 females in Toronto. Participants wore
portable recording trackers that monitored
their television-viewing habits. Numerator
then weighted these data by population
characteristics such as age, sex, house-
hold size, television reception type, region
and telephone to approximate market-
level viewership of commercial and non-
commercial programming.

Television data were examined for four
major English-language media markets
across Canada (Toronto, Montréal [the
English market only], Calgary and Vancouver).
The 10 television stations with the highest
viewership during peak viewing times for
children aged 2 to 17 years were selected
for each market. The 57 food and bever-
age categories, which have been pub-
lished elsewhere,® were selected out of
112 possible options because they are
among the most advertised to children, as
determined by previous research,? and
are of public health concern (e.g. they are
high in fat, salt and sugar). The other food
categories (e.g. tofu, diet products) were
not included in this study because they
are not heavily advertised on television or
particularly consumed by children.

Frequencies

Food advertisement frequency was drawn
from Numerator’s AdQuest platform.
Frequencies were weighted by the number
of products featured in an advertisement
and the number of times the advertise-
ment was broadcast. For example, an
advertisement featuring two products and
broadcast 500 times would have a
weighted frequency of 1000. Any adver-
tisement featuring four or more products
was limited to a weighting multiplier of 3,
so the weighted frequency of an advertise-
ment with five products airing 500 times
was 1500. This formula is how Numerator
weights the gross ratings point (GRP)
based on products being advertised. To
maintain consistency, the research team
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did the same with the frequency for all
advertisements.

Exposures

Numerator expresses exposure to adver-
tisements as ratings, which reflect the esti-
mated viewing audience for an individual
advertisement. This is calculated by divid-
ing the estimated audience for an adver-
tisement by the total population for their
media market and then multiplying by
100. Ratings are then summed into a GRP
across a specific time frame. Average
exposure for a given time frame is calcu-
lated by multiplying GRPs for a specific
audience segment (in this case those aged
2-17) by 100%. GRP values in this study
include 24-hour broadcasting for all of
2019.

Marketing techniques

We conducted a content analysis for all
unique food and beverage advertisements
across all markets in 2019. We down-
loaded all advertisements from the
Numerator database as videos and then
determined the number of unique adver-
tisements, that is, ones that differed cre-
atively by language or duration from other
advertisements. Two trained research
assistants (DW and MB) coded all the
unique advertisements to identify the
presence of each marketing technique; a
list of the examined marketing techniques
has been published elsewhere.*® The types
of marketing techniques identified were
based on previous research, and were
coded once for each advertisement,
regardless of the number of featured prod-
ucts in the advertisement. Inter-rater reli-
ability of 0.93 was obtained during
training when coding practice advertise-
ments. The sample of unique advertise-
ments was divided equally between the
two research assistants, and any differ-
ences were concluded by consensus.

Classification

Advertisements were classified as “healthy”
or “unhealthy” according to a proposed
Health Canada model defining which
products can be advertised to children
based on nutrient content.** Packaged
products were considered unhealthy when
they contained added fat, sugar or sodium
that exceeded one or more established
thresholds for saturated fat (2 g), total
sugars (5 g) and/or sodium (140 mg) per
serving size or reference amount; restaurant
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items were based on 100 g servings. Multi-
product advertisements with at least one
unhealthy product were designated
“unhealthy.” Advertisements that exclu-
sively featured products with no added
fat, sugar or sodium or that did not exceed
any of Health Canada’s nutrient threshold
levels were designated “healthy.”

To conduct this classification, the nutri-
tion information for advertised products
was first collected from the University of
Toronto’s 2017 Food Label Information
Program (FLIP)** and the 2016 Menu-
FLIP,3* which contain food label informa-
tion for about 17000 products from
Canadian retailers and over 12 000 restau-
rant and fast-food items. Nutritional data
unavailable from FLIP or Menu-FLIP were
collected from companies’ Canadian web-
sites, product nutrition facts tables from
food retailer websites or the companies’
American websites. Nutritional data were
also estimated based on similar products
from the Canadian Nutrient File. Nutritional
information was only collected for identi-
fiable products, that is, where the video
quality was clear enough to identify the
item, and was not collected for advertise-
ments containing only company branding
(e.g. logos, characters and/or no food
product).

Data analysis

We performed descriptive analyses for all
media markets. Frequency of advertise-
ments were calculated by market, station,
food category and healthfulness. Average
exposure to advertisements were calcu-
lated by multiplying GRPs for children
aged 2 to 17 years by 100%. Average
exposure to food advertisements per per-
son per year was tabulated for each sex by
market, television station, food category
and healthfulness. To characterize differ-
ences between sexes, we calculated rela-
tive and absolute differences in advertisement
exposure between females and males,
with females used as the comparator

group.
Results
Overall exposure to advertisements

Exposure to advertisements differed by
sex in all examined markets (see Table 1).
Females in Vancouver viewed the lowest
number of advertisements (1016 ads/per-
son/year), while those in Calgary viewed
the highest number (1353.6 ads/person/

year). In contrast, males in Calgary
viewed the lowest number of advertise-
ments (858.5 ads/person/year), while
those in the Montréal English market
viewed the highest number (1493.7 ads/
person/year). Difference in exposure was
highest among males compared to females
in the Montréal English market and
Vancouver, in relative (27.3% and 24.5%)
and absolute (320 and 249.2 ads/person/
year) terms. Conversely, exposure among
males in Calgary was less compared to
females (—36.6%; —495.1 ads/person/
year).

Exposure by food category

Restaurants were the most frequently
viewed food category across all markets
and by sex (see Table 2). In ads/person/
year, females’ second and third highest
exposures in Calgary, the Montréal English
market and Toronto were snacks (Calgary:
102.5; Montréal English: 112.9; Toronto:
108.0) and breakfast food (Calgary: 100.2;
Montréal English: 102.9; Toronto: 87.5).
Dairy and candy ranked second and third
in Vancouver (82.9 and 72.4 ads/person/
year). For males, the highest exposures
included snacks (Vancouver: 100.1;
Calgary: 61.3; Montréal English: 141.7;
Toronto: 110.9), breakfast food in Calgary
and Toronto (57.6 and 101.1), dairy in
Vancouver (109.5) and candy/chocolate in
the Montréal English market (117.5).

The largest positive relative differences in
exposure among males compared to
females were for miscellaneous food
(Vancouver: 38.9%) and water (Montréal
English: 59.4%), while the largest positive
absolute differences, in ads/person/year,
were noted for restaurants (Vancouver:
126.5; Montréal English: 187.5), snacks
(Montréal English: 28.8) and dairy
(Vancouver: 26.6). Conversely, exposures
in Calgary were lower among males than
among females across all food categories,
and most notably for desserts (—44.5%,
—15 ads/person/year), breakfast food
(—42.5%, —42.6 ads/person/year) and
dairy (—42.6%; —39 ads/person/year).

In Toronto, compared to females, males
viewed 15.6% or 1.9 fewer advertisements
for bread per person/year and 15.5% or
13.6 more advertisements for breakfast
foods per person/year.
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TABLE 1

Child exposure to food® advertisements on the 10 most popular television stations for children 2—17 years,
in Vancouver, Calgary, Montréal (English market) and Toronto, by sex, 2019

Exposure, ads/person/year®

Market Frequency of ads, n Relative difference®, % Absolute difference*
Females Males
Vancouver 536542 1016.0 1265.2 24.5 249.2
Calgary 538094 1353.6 858.5 -36.6 —495.1
Montréal English 514696 1173.7 1493.7 27.3 320.0
Toronto 527265 1279.3 1264.3 -1.2 -15.0

Source: Numerator, 2019.

Abbreviations: ads, advertisements; GRP, gross ratings point.
2 Analysis based on the 57 selected food classes.

b Calculations based on GRPs for children aged 2—17 years.

¢Males compared to females.
Exposure to “unhealthy” advertisements

Among females, those in Toronto viewed
the highest number of unhealthy adver-
tisements (593.7 ads/person/year), whereas
those in Vancouver viewed the least (449.0
ads/person/year) (see Table 3). Among
males, those in the Montréal English
market viewed the highest number of
unhealthy advertisements (693.4 ads/per-
son/year), while those in Calgary viewed
the least (350.6 ads/person/year). Male
exposure to unhealthy food advertisements

was higher than that of females’ in
Vancouver (24.7%, 111 ads/person/year)
and Montréal English (24.0%, 134.2 ads/
person/year); the opposite was found in
Calgary where females’ exposure to
unhealthy food advertisements was higher
than that of males (—38.3%, —217.9 ads/
person/year).

Exposure by marketing technique

In Vancouver, more males than females
were exposed to all marketing techniques

TABLE 2

(see Table 4). The most notable relative
difference between sexes in Vancouver
was to advertisements with licensed char-
acters, where males viewed 32.6% more
advertisements compared to females. In
absolute terms, the biggest difference was
for health appeals (93.3 ads/person/year).

Exposure to marketing techniques was
higher for females than for males in
Calgary, especially for child language (i.e.
language commonly used by children or
directed at children, e.g. “hey kids”), with

Child exposure to food advertisements on the 10 most popular television stations for children 2-17 years,
in Vancouver, Calgary, Montréal (English market) and Toronto, by food category and sex, 2019

Vancouver Calgary Montréal English Toronto
Food category’ Ads)/z:::on/ Rel Abs Ads?::::on/ Rel Abs Ads)/z:::on/ (:::: bs Ads?::::on/ ‘::: Abs
diff, %  diff diff, %  diff o diff o diff
Female Male Female Male Female Male %o Female Male o

Bread 5.3 5.9 11.3 0.6 6.3 3.7 -413 -2.6 6.1 74 213 1.3 12.2 103 -156 -1.9
Desserts 29.6 38.7 30.7 9.1 33.7 187 445 15 29.4 355  20.7 6.1 26.4 26.1  -1.1 -0.3
Candy/chocolate 72.4 87.6 21.0 15.2 782 466 —404 316 90.0 1175 306 275 80.5 77.8 3.4 =01/
Breakfast food 65.4 79.7 21.9 14.3 100.2 576 425 -42.6 1029 103.4 0.5 0.5 87.5 101.1 15.5 13.6
Dairy 82.9 109.5 32.1 26.6 92.5 531 -426 -394 90.8 109.2 203 18.4 84.4 828 -19 -1.6
Condiments 20.8 26.4 26.9 5.6 234 170 -274 -6.4 13.1 16.2 23.7 3.1 25.7 26.1 1.6 0.4
Entrees 26.1 30.9 18.4 4.8 322 21.1 =345 -11.1 354 458 294 104 34.5 314 9.0 -3.1
Fruit/vegetables 10.9 12.5 14.7 1.6 16.2 11.0 -32.1 =57 16.5 226 37.0 6.1 23.6 213 9.7 =23
Beverages 63.5 84.6 33.2 21.1 68.1 46.7 314 -214 84.3 109.5 299 252 74.9 70.5 -5.9 -4.4
Miscellaneous 29.3 40.7 38.9 11.4 378 225 —405 —153 41.0 520 268 11.0 40.8 380 —6.9 -2.8
Snacks 78.7 100.1 27.2 21.4 102.5 613 —40.2 —-41.2 1129 141.7 255 28.8 108.0 110.9 2.7 29
Water 3.6 3.6 0 0 3.5 25 -28.6 -1.0 6.4 10.2 594 3.8 49 47 4.1 —0.2
Restaurants 553.0 679.5 229 126.5 7923 5171 -41.3 -2.6 581.8 769.3  32.2 187.5 710.0 699.6 -15 -104
Total 1041.5 1299.7 248 258.2 13869 8788 —36.6 —508.1 1210.7 1540.5 27.2 3298 1313.3 1300.7 -1.0 -12.6

Source: Numerator, 2019.

Abbreviations: abs diff, absolute difference (males compared to females); ads, advertisements; GRP, gross ratings point; rel diff, relative difference (males compared to females).

2 Analysis based on the 57 selected food classes.

b Calculations based on GRPs for children aged 2-17 years.
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TABLE 3

Child exposure to food advertisements on the 10 most popular television stations for children 2-17 years,
in Vancouver, Calgary, Montréal (English market) and Toronto, by Health Canada Nutrient Profile Model classification and sex, 2019

Markets E——. Ads/person/year T Relative difference®, % d?f[f,::(::::i"
Vancouver
Healthy 50.1 57.5 14.8 7.4
Unhealthy 449.0 560.0 24.7 111.0
Calgary
Healthy 54.9 36.5 =385 -18.4
Unhealthy 568.5 350.6 -38.3 -217.9
Montréal English
Healthy 53.8 68.7 27.7 14.9
Unhealthy 559.2 693.4 24.0 134.2
Toronto
Healthy 49.6 44.6 -10.1 -5.0
Unhealthy 593.7 601.9 1.4 8.2

Abbreviations: ads, advertisements; GRP, gross ratings point.
Calculations based on GRPs for children aged 2—17 years.

b Males compared to females.

males viewing 42.8% or 38.5 fewer ads/
person/year relative to females. At
—190.9 ads/person/year, calls to action, a
technique designed to motivate the audi-
ence to take a desired action, had the larg-
est negative difference in absolute terms
for males compared to females.

The greatest relative difference between
males and females in the Montréal English
market was for teen incentives, where
male exposure was 37.1% higher than
females’ exposure, while the greatest
absolute difference was for calls to action
(133.4 ads/person/year). In Toronto, male
exposure to advertisements using licensed
characters was 44.7% or 2.1 ads/person/
year higher than females’” exposure.
Compared to females, males were less
exposed to advertisements for parent-
child situations (—6.9%, —15.8 ads/per-
son/year).

Discussion

Overall, children were exposed to high
levels of food advertising on television,
and sex differences were apparent.
Compared to females, males in Vancouver
and Montréal were exposed to a greater
number of unhealthy food advertisements,
while the opposite was found in Calgary.

Frequency and healthfulness of exposures

Males were exposed to an average of 859
to 1494 and females to an average of 1016
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to 1354 food advertisements on the
10 television stations most popular with
those aged 2 to 17 years old in 2019.
Within each market, both sexes were most
exposed to restaurant advertising, includ-
ing fast-food and sit-down restaurants,
where food is typically high in sugar, fat
and sodium.?**¢ The ubiquity of restaurant
advertising is problematic given that the
overconsumption of these foods can lead
to the development of chronic diseases,
and current consumption by Canadian
children is high.*” Our sample was also
exposed to significantly more food adver-
tisements classified as unhealthy, which is
consistent with Canadian and interna-
tional research.'”?%3%3% Taken together,
these findings are of concern given the
demonstrated relationship between expo-
sure to food advertising and children’s
dietary preferences, food intake and food
purchase requests.”® The volume of
unhealthy food advertising children and
adolescents view likely has a negative
impact on their eating patterns and dietary
choices, demonstrating a need for more
stringent policies protecting them from
unhealthy food advertising.>”

Sex differences in frequency and
healthfulness

Compared to females, males in Vancouver
and the Montréal English markets were
exposed to between 24.5% and 27.3%
more food advertisements and between
24.0% and 24.7% more advertisements

for unhealthy foods on television. These
results are congruent with those of
Castronuovo et al.'; this scoping review
of food marketing and gender in youth
found that, compared to girls, boys were
more frequently exposed to food and bev-
erage advertisements.”® Although the
review examined gender, the authors
noted that most studies conflate sex and
gender.

Experimental research indicates that food
advertising influences boys’ food prefer-
ences and immediate intake of food more
than that of girls.*® Males’ greater expo-
sures to food marketing in some Canadian
cities may be attributed to their higher
television viewership.'® Another possibil-
ity is that food and beverage companies
specifically target males via unhealthy
food products. Food marketers understand
the television-viewing patterns of con-
sumers and may be trying to maintain
their grip on existing customers, while
broadening their appeal to other consum-
ers based on sex. The sex differences
between cities may indicate food and bev-
erage companies utilizing different strate-
gies in different cities or may be
attributable to males’ and females’ differ-
ent viewership patterns.

Sex differences in marketing techniques

In this study, we found sex differences in
marketing techniques, particularly in the
Vancouver and Montréal English markets.
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TABLE 4
Child exposure to food advertisements on the 10 most popular television stations for children 2-17 years,
in Vancouver, Calgary, Montréal (English market) and Toronto, by marketing technique and sex, 2019

Vancouver Calgary Montréal English Toronto
Marketing Ll Rel ps Ads/person/year’  Rel b Ads/person/year”  Rel b Ads/perfon/ Rel b
technique year diff,  ADS diff,  APS diff,  ADS year diff,  AbS
Mhdiff Mh diff Mo diff Mo diff
Female Male o Female Male o Female Male o Female Male o
Child actor 2062 2629 275 567 2844 1689 —40.6 —1155 2718 3342 230 624 2825 2753 -25 7.2
g:';gdl;itppea""g 3466 4350 255 884 4561 2753 -39.6 -—180.8 450.1  531.1 180 81.0 4235 4381 34 146
Child-appealing
2633 3219 223 586 3510 2186 -37.7 -1324 3266 3909 197 643 3365 3439 22 74
characters
Child language 582  73.2 258 15 90.0 515 -42.8 -385 889 926 42 37 815 84 85 69
Childappealing 57,/ 3799 225 685 3911 2412 383 —1499 3651 4425 212 774 3680 3720 11 40
special effects
Child themes 1366 1671 223 305 1675 1017 -393 —658 1795 1964 94 169 1732 1892 92 16.0
Useofspokes- 005 9507 271 535 2668 1608 —39.7 —106 2611  309.0 183 479 2493 2586 37 93
characters
Use of licensed
4.6 61 326 15 4.6 31 -326 -15 6.3 61 -32 02 4.7 68 447 2.1
characters
g;‘:f:'pmmo' 192 223 161 31 270 204 -244 66 208 263 264 55 323 315 -25 -08
Child
e 122 145 189 23 162 102 -370 60 165 155 -61 -10 183 185 1.1 0.2
incentives
Teen actor 1409 169.7 204 288 1919 1197 -37.6 -722 1800 2216 231 416 1703 1712 05 09
Teen language 174 215 236 41  29.1 181 -378 -11 30.2 293 -30 -09 302 376 245 74
Teen music 329 385 170 56 513 297 -421 -216 523 527 08 04 489 590 207 10.1
Teen themes 1954 2331 193 377 2716 1766 —350 -95 2411 2915 209 504 2514 2637 49 123
Teen incentives 5.2 57 96 05 106 75 -292 3.1 8.9 122 371 33 7.9 88 114 09
Teen humour 289 347 201 58 451 275 -390 -176 429 494 152 65 385 428 112 43
(DY 299 342 144 43 395 268 -322 -127 343 435 268 92 484 480 -08 04
sweepstakes
(2 ELli117 373 413 107 4 460 321 -302 -139 506 679 342 173 662 683 32 21
endorsement
Parent=child 1764 2236 268 472 2321 1404 -395 -917 2199 2910 323 711 2278 2120 -69 -158
situations
Health appeal  347.6 4409 26.8 933 4596 287.6 374 —-172 3724 4702 263 97.8 4043 4059 04 16
Price 2800 3349 196 549 3643 2422 -335 -122.1 2854 3642 276 788 3576 3561 -04 15
promotion
Callstoaction  380.5 4707 237 902 5405 3496 —353 —190.9 4240 5574 315 1334 4854 4819 07 -35

Abbreviations: abs diff, absolute difference (males compared to females); ads, advertisements; GRP, gross ratings point; rel diff, relative difference (males compared to females).

2Calculations based on GRPs for children aged 2-17 years.

Although differences between sexes were
seen across all food marketing techniques,
compared to females, males in these two
markets were exposed to between 90.2
and 133.4 more calls to action, between
93.3 and 97.8 more health appeals and
between 81.0 and 88.4 more child-appeal-
ing products (because of the type/nature
of the product, e.g. its shape, colour and/
or design). Calls to action may encourage
children to access food company websites,
buy an item or engage with interactive
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content, such as advergames, surveys and
polls*. This technique is of concern given
children’s and adolescents’ attraction to
online spaces and the amount of time they
spend online.*? Our results show that males
in Vancouver and the Montréal English
market were exposed to more health
appeals that are attractive to children*
and may be misleading them into thinking
a product is healthy; this is troubling given
males’ greater intake of ultra-processed
foods compared to females’ intake.*

Marketing techniques create appealing,
relatable content that captures a viewer’s
attention through gender roles and stereo-
types or other characteristics.** For exam-
ple, a 2019 Rudd Center for Food Policy
and Obesity report stated that food adver-
tising directed at ethnic minorities is on
the rise, and that advertising that is cre-
ated for and directed at specific ethnic
groups has negative health impacts, par-
ticularly among minority ethnic groups.*
This form of targeted marketing is a
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public health issue, as it propagates health
inequalities.*® The presence of food adver-
tising targeted at ethnic minorities, com-
bined with our research results, underscores
the demographically driven nature of cor-
porate marketing strategies that may lead
to negative health outcomes.

Obesity is a result of a plethora of factors,
including exposure to unhealthy food
advertising via different media and set-
tings.*® While broadcast television remains
an important source of exposure to
unhealthy food advertising, children are
also exposed to food advertising on digital
platforms such as streaming television.?**
This is worrisome as digital advertising
can be targeted to specific viewers using
behavioural targeting; it is also cost-effec-
tive and more difficult to regulate.** Future
research should consider examining chil-
dren’s and adolescents’ exposure to food
advertising on streaming services, by sex,
particularly as many such services now
offer cheaper subscriptions that include
advertising content.*

Strengths and limitations

This study has several limitations. First,
we were confined to Numerator’s method
of measuring advertising exposure. For
example, Numerator’s GRP data record
exposure to a maximum of three products
per advertisement. Any advertisement fea-
turing four or more products was limited
to a weighting multiplier of 3. Second, the
unit of analysis we used in this paper was
based on the GRP of advertisements,
which is a measure used by advertisers to
determine the reach of an advertisement.
Because GRPs represent the proportion of
an audience in the population that viewed
advertisements and are not an individual-
level measure of exposure, we were
unable to perform any statistical tests.

Third, we were unable to examine sex dif-
ferences in exposure of children aged 2 to
11 years and adolescents aged 12 to 17
separately as sample sizes were too small
for reliable viewership estimates. In addi-
tion, while the use of gender-based target-
ing is a known practice, this study could
not establish whether the sex differences
observed in exposure to marketing tech-
niques stem from targeting by food
companies or from differential television-
viewing habits, as male children in
Canada watch more television compared
to female children.'® Further, we recorded
the presence of various characters or
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endorsers (e.g. child actors, celebrities) in
food advertising, but did not record their
sex or gender; doing so would have pro-
vided greater insight into the targeted
audience of advertisements.

Fourth, this study did not include all food
categories or television stations monitored
by Numerators and/or Numeris. Our find-
ings only apply to the 57 food categories
and the 10 stations we examined in this
study. Fifth, sex and gender are often con-
flated. Sex was the variable we used for
this study; however, it is likely that food
companies target individuals based on
gender stereotypes, that is, social con-
structs rather than biological sex. Addi-
tional research exploring gender could
provide greater insights into how food
companies target children and adolescents.

Lastly, nutritional information was miss-
ing for 52% of advertisements. Missing
data were largely due to brand advertising
and high numbers of restaurant products
for which nutritional information was
unavailable.

Despite limitations, this is the first
Canadian study to explore sex differences
in children’s and adolescents’ exposure to
food advertisements on television, using a
full year of data, to eliminate seasonal
bias, and across four major markets in
Canada’s most populous provinces.

Conclusion

Television is a powerful source of expo-
sure to unhealthy food advertising for
children and sex differences are evident in
some regions. Though research is needed
in more media and other settings, public
health authorities designing policies that
restrict food advertising to children need
to consider that some groups may be more
vulnerable to unhealthy food marketing
and its health impact. Monitoring of tele-
vision advertising to children and adoles-
cents would benefit from sex- and
gender-based analysis so that effective
policies can be designed to protect males
and females equally.
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Abstract

Introduction: Research suggests that there is often a high degree of missingness in
youth body mass index (BMI) data derived from self-reported measures, which may
have a large effect on research findings. The first step in handling missing data is to
examine the levels and patterns of missingness. However, previous studies examining
youth BMI missingness used logistic regression, which is limited in its ability to discern
subgroups or identify a hierarchy of importance for variables, aspects that may go a
long way in helping understand missing data patterns.

Methods: This study used sex-stratified classification and regression tree (CART) mod-
els to examine missingness in height, body mass and BMI data among 74501 youth
participating in the 2018/19 COMPASS study (a prospective cohort study examining
health behaviours among Canadian youth), where 31% of BMI data were missing. Diet,
movement, academic, mental health and substance use variables were examined for
associations with missingness in height, body mass and BMI.

Results: CART models indicated that the combination of being younger, having a self-
perception of being overweight, being less physically active and having poorer mental
health yielded female and male subgroups highly likely to be missing BMI values.
Survey respondents who did not perceive themselves as overweight and who were older
were unlikely to be missing BMI values.

Conclusion: The subgroups identified by the CART models indicate that a sample that
deletes cases with missing BMI would be biased towards physically, emotionally and
mentally healthier youth. Given the ability of CART models to identify these subgroups
and a hierarchy of variable importance, they are an invaluable tool for examining miss-
ing data patterns and appropriate handling of missing data.

Keywords: missing data, decision trees, overweight, obesity, adolescents

of height and body mass to provide a proxy
measure of body adiposity. Self-reported
measures are usually less accurate than
direct anthropomorphic measurements—
individuals tend to underreport their body
mass and overreport their height*>—but
self-reporting is generally more feasible
(logistically and financially) than other
approaches to population surveillance,*®
and these measures are useful in the

Introduction

Missing data in overweight and obesity
literature

As one of the strongest predictors of
chronic diseases,! overweight and obesity
(OWOB) remains one of the top health
concerns globally. Many studies that
examine OWOB use body mass index
(BMI) derived from self-reported measures

Highlights

e Almost one-third (31%) of the
74501 youth participating in the
COMPASS study in 2018/19 were
missing body mass index (BMI)
values.

® Missing weight values were more
prevalent among female youth
than among male youth.

e Social desirability likely plays a
large role in youth not reporting
their height and weight.

e (Classification and regression tree
models are useful in identifying
important subgroups with missing
data.

appropriate context where the limitations
of the data are understood.

A less-discussed methodological issue
associated with self-reported height and
body mass is nonresponse (i.e. missing
data). Among youth, who are a primary
target in the OWOB prevention literature,
large proportions (sometimes over 50%)
of self-reported height and body mass
data tend to be missing.®” If data are miss-
ing completely at random (MCAR), the
probability of missingness depends nei-
ther on the hypothetical true value of the
missing variable (i.e. what the value
would be if it was reported), nor on any
observed covariates. But if data are miss-
ing at random (MAR) or not missing at
random (NMAR), the probability of miss-
ingness depends on observed covariates
(for missing at random) and/or the hypo-
thetical true value of the missing variable
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(for not missing at random). Deleting
these missing cases (a method called com-
plete case analysis) is a problematic
approach, particularly for the last two
mechanisms, as it leads to statistical bias.®
For example, if data are missing at random
because younger youth are more likely to
neglect reporting their weight, the sample
is biased towards older individuals (and
then, logically, heavier ones, given child
growth patterns).

This introduction of statistical bias as a
result of deleting cases has also been
proven through numerous simulation
studies; it is particularly prominent when
there is a large proportion of non-random
missingness.®® Despite this, complete case
analysis remains the most common
approach in epidemiological literature.!*"
The high degree of missingness in youth
self-reported height and body mass data
raises concerns about how methods take
into account missing data and how mis-
handling of missing data affects research
findings as well as concomitant policy and
programming recommendations.

Statistical approaches are often required
to deal with missing data; while research-
ers should follow best practices in survey
design, in many cases there may be little
they can do to improve reporting pat-
terns.!>13 Although sophisticated statistical
approaches to handling large proportions
of non-random missingness are available,
they generally require more time and
expertise, which may be a barrier to their
overall use. That being said, an important
initial step towards selecting a reasonable
and practical method for handling missing
data is understanding the extent and pat-
terns of missingness in a dataset. This is
important to understand potential sources
of nonreporting bias, but may also be a
necessary step to identify inputs for cer-
tain missing data approaches (e.g. multi-
ple imputation). Identifying various sources
of missingness is especially important in
large datasets with many variables, as
methods for handling missingness can
become exponentially complicated. More-
over, given that missingness is generally
unique to studies, there is no clear frame-
work for the process for identifying
sources or mechanisms of missingness.

Regression approaches

Research examining BMI or body mass
missingness has used regression
approaches®”!* where the outcome of a
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logistic regression is missing versus not
missing, and other variables are examined
for their potential association with the
likelihood of missingness. However, regres-
sion approaches may not be ideal in this
situation because missingness models
may be more complex than a simplistic
regression approach allows. Moreover, the
process for variable selection in regression
models can be ambiguous. When building
a regression model, an initial step to
selecting variables might be to review the
literature for similar analyses, but the lit-
erature in the context of examining BMI
missingness is scarce.

Bivariate comparisons are also sometimes
used to decide on regression inputs; how-
ever, for large datasets with substantial
missingness, this may not be useful for
elimination purposes as many bivariate
associations may be statistically signifi-
cant. Common model selection proce-
dures, such as the Akaike information
criterion (AIC) or the Bayesian informa-
tion criterion (BIC), can be used to select
variables, but these procedures can be
challenging in practice: we previously
examined BMI, height and body mass
missingness using model selection proce-
dures for generalized linear mixed mod-
els,’ but this required many additional
modelling decisions and a customized
algorithm suitable for pseudo-likelihood
methods.'®

Lastly, where variable selection processes
yield a large number of relevant variables,
the decision process for what to exclude
in order to produce a parsimonious model
may not be clear. In such cases, identify-
ing a hierarchy of the importance of vari-
ables would be beneficial: it may help
with parsimony and clearer interpretation,
and it may be a necessary step to employ
certain missing data approaches like mul-
tiple imputation. Although our previous
study added to the literature on missing-
ness in youth BMI, we were unable to
identify which variables were most impor-
tant or identify which combinations of
factors were most likely to lead to nonre-
porting.’ The limitations associated with
a regression approach to examining miss-
ing data may be addressed by using a dif-
ferent methodological approach.

Decision trees

Decision trees are a type of machine-
learning approach that has been leveraged
in applied research, including in public

health.'”!® Decision trees are useful for
analyzing primary data and for examining
missing data; they can be a solution to
some of the variable selection problems
described above. Decision trees recur-
sively split the data by predictor variables
and can handle large datasets with multi-
ple predictors measured on different
scales with relative ease. Once pruned,
decision trees present a parsed selection
of predictor variables in a hierarchical for-
mat, allowing some inference on variable
importance. Moreover, decision trees
allow important and highly specific sub-
groups to be identified beyond what
would be feasible using interaction terms
in a regression model.

In addition, unlike regression, the entire
decision tree model can be easily visual-
ized, which may help interpretation. In
2015, Tierney et al.’” published work dem-
onstrating the utility of using decision
trees to examine missing data, but to our
knowledge no published studies have lev-
eraged this approach.

The purpose of this study is (1) to add to
the limited literature on missing data in
youth self-reported height and body mass;
(2) to identify potential areas of bias stem-
ming from nonreporting in the youth
OWOB domain; and (3) to demonstrate
the use of decision trees to model missing
data, which builds on the work of Tierney
et al.,” who first identified the utility of
this approach.

Methods
Sample

This study uses a large cross-sectional
dataset from the 2018/19 wave of the
COMPASS (Cannabis, Obesity, Mental health,
Physical activity, Alcohol, Smoking,
Sedentary behaviour) study, a prospective
cohort study that collects data on a variety
of different health behaviours among
youth. The 2018/19 COMPASS wave col-
lected data from 74 501 youth, represent-
ing an 84.3 % participation rate. COMPASS
uses an active-information, passive-con-
sent protocol that yields high participation
rates, and non-participation is usually due
to absence from school on the data collec-
tion day or being in a scheduled spare
during the data collection time.

Variables

This study focusses on missingness in
BMI values as well as missingness in the
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height and body mass variables used to
derive BMI. Binary indicators of missing-
ness (i.e. missing vs. not missing) were
created for each of these variables. Body
mass was recorded based on responses to
the question asked of students, “How
much do you weigh without your shoes
on? (Please write your answer in pounds
OR in kilograms, and then fill in the
appropriate numbers for your weight.)”
Height was similarly recorded in response
to the question, “How tall are you without
your shoes on? (Please write your height
in feet and inches OR in centimetres, and
then fill in the appropriate numbers for
your height).” BMI is derived by dividing
body mass (kg) by height squared (m?).

A benefit of decision tree approaches is
the feasibility of including many variables.
In this study, we included a variety of
diet, movement, academic, mental health
and substance use variables. Diet-related
variables included number of servings of
fruits and vegetables, grain products, meat
and alternatives, and milk and alterna-
tives as well as number of days per week
when breakfast, energy drinks and fast
foods were consumed. Movement-related
variables included moderate-to-vigorous
physical activity, sports participation
(inside or outside of school), strength
training, physically active peers, screen
time sedentary behaviour (STSB) and
sleep.

Academic-related variables included English
grade (or French grade, for French lan-
guage schools), Math grade and truancy.
Mental health variables included clinically
relevant symptoms of depression (CESD-R-10
scale?), anxiety (GAD-7 scale?), socio-
emotional skills (DERS scale??), self-
reported well-being (Flourishing scale®),
self-concept (Self Description Questionnaire
II short form?), self-rated mental health
and reported status as a bullying victim or
perpetrator. Substance use-related vari-
ables included binge drinking, smoking,
e-cigarette use, cannabis use and use of
alcohol mixed with energy drinks.
Although all these variables were input
into analyses, only a subset of variables
appeared in the final models.

Outliers

In some cases, missingness was imposed
onto the data. We used the 1.5 x inter-
quartile range (IQR) method to identify
statistical outliers, and these cut-offs were
considered alongside biological plausibility
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in order to determine how to handle these
cases. We marked as missing weights less
than 45 lbs (20 kg) or greater than 390 lbs
(177 kg) and height less than 4' (1.22 m)
or greater than 6'11" (2.11 m). Sleep and
STSB were two variables that had a num-
ber of unfeasible outliers in the dataset.
Youth who reported regularly sleeping less
than 4 hours a night or having a collective
STSB greater than 16.25 hours per day
were marked as missing. Notably, miss-
ingness was only imposed for that particu-
lar variable; for example, those who
reported less than 4 hours of sleep had
their sleep value marked as missing, but
all other reported variables remained the
same.

Analysis

We used classification and regression trees
(CART) as the approach for this study
where the outcome was binary (i.e. miss-
ing vs. not missing). All models were
stratified by self-reported sex (female,
male). Consistent with decision tree
approaches,” the data were split into
training and testing datasets, which con-
tained 80% and 20% of the data, respec-
tively. The training dataset was used to fit
the tree, while the testing dataset was
used to assess the prediction accuracy of
the training tree.

We used cost complexity pruning along-
side the one standard error (1-SE) rule® to
help correct for overfitting and yield a
more parsimonious final tree. Decision
tree analyses were conducted in R (R
Foundation for Statistical Computing,
Vienna, AT) using the rpart package, and
final pruned trees were visualized using
the rattle package. A pre-pruning restric-
tion was set so that final nodes had to
contain a minimum number of individu-
als. The minimum number of individuals
in a school for each stratified sample was
used to determine these cut-offs; this was
14 for females and 16 for males. Models
included individuals with missing covari-
ate data, as CART conveniently handles
this by surrogate splitting; if a covariate
value is missing, an observed variable
with the most similar predictive capacity
is used instead.

Results

Descriptive statistics

Table 1 shows stratified descriptive statis-
tics for any variable that appeared in at

least one of the CART models. Of the
whole sample (n = 74 501), 31% were
missing BMI values. Height missingness
was slightly more prevalent among males
(19%) than among females (15%),
whereas body mass missingness was
slightly more prevalent among females
(22%) than among males (20%).

Interpreting the CART models

Sex-stratified results of the CART models
are shown in Figures 1 to 3. Figure 1 pres-
ents results for BMI missingness, Figure 2
for body mass missingness and Figure 3
for height missingness. All CART models
can be read starting from the root node
(node 1) at the top of the tree, which con-
tains all the training data for that particu-
lar dataset. Nodes underneath node 1
represent splits in the tree, whereby a split
to the left is always a “yes” and a split to
right is always a “no”; this applies to con-
tinuous and categorical variables. The
label and colour of each node, “present”
(green) or “missing” (blue), represents
the situation that is more probable for
data in that node. The shade of colour
reflects the probabilities (darker colours
indicate higher probability); probabilities
are also included in each node, where left
side shows the probability of being pres-
ent, and the right side shows the probabil-
ity of being missing. Variables that appear
higher up the tree (i.e. closer to node 1)
and those that appear more often can be
considered more relevant criteria than
variables that only appear once further
down the tree.

For example, in the female BMI missing-
ness CART model (Figure 1), the data are
first split by weight perception. If individ-
uals in this sample perceived their weight
to be “about right” or underweight, they
are in node 2. Node 2 contains 74 % of the
sample, and in this node the probability of
missing BMI values is 0.27. If individuals
perceived themselves to be overweight
(i.e. the other remaining category for this
variable), they are in node 3, which con-
tains 26% of the data and where the prob-
ability of missing BMI values is 0.38.
Similarly, for continuous variables, cut-
offs are identified by the CART models.
For example, in the female BMI missing-
ness model the second node indicates that
the model determined that 15 years of age
was the cut-off that most differentiated
the following sub-nodes.

CART model accuracy

Accuracy testing using the test partition
of the dataset showed that all models
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Descriptive statistics of COMPASS study sample, 2018/19 (n = 74 501)

TABLE 1

Variables® Females (n = 36 546) Males (n = 37 126) Total® (n = 74501)
BMI variables
Mean BMIC, score (SD) 20.98 (3.02) 21.21 (3.24) 21.10 (3.14)
Missing scores, % (n) 30.35 (11 093) 31.22 (11 591) 31.31 (23 329)
Mean height, m (SD) 163.4 (7.50) 174.2 (10.24) 168.7 (10.47)
Missing, % (n) 14.88 (5439) 19.04 (7067) 17.52 (13 049)
Mean body mass, kg (SD) 57.42 (13.13) 66.59 (17.74) 62.16 (16.44)
Missing, % (n) 21.75 (7948) 19.79 (7348) 21.33 (15894)
Age
Mean age, years (SD) 15.14 (1.50) 15.18 (1.51) 15.16 (1.51)
Missing, % (n) 0.08 31) 0.19 (69) 0.73 (541)
Ethnicity!
Racialized, % (n) 69.45 (25383) 68.62 (25477) 68.48 (51017)
Non-racialized, % (n) 30.27 (11063) 30.99 (11 505) 30.63 (22822)
Missing, % (n) 0.27 (100) 0.39 (144) 0.89 (662)

Weight perception

Underweight, % (n)

Overweight, % (n)

About right, % (n)

Missing, % (n)

Diet-related variables

Fruit/vegetable consumption (24-hour recall)
Mean number of servings, n (SD)
Missing, % (n)

Meat/meat alternatives consumption (24-hour recall)
Mean number of servings, n (SD)
Missing, % (n)

Breakfast consumption

Mean days per week, n (SD)

Missing, % (n)

Grain consumption (24-hour recall)
Mean number of servings, n (SD)
Missing, % (n)

Milk/alternatives consumption (24-hour recall)
Mean number of servings, n (SD)
Missing, % (n)

Fast-food consumption

Mean number of days per week, n (SD)
Missing, % (n)

Movement-related variables

Sports participation

Participated in sports, % (n)

Did not participate in sports, % (n)
Missing, % (n)

Strength training

Mean number of days per week, n (SD)

Missing, % (n)
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11.47 (4190)

25.85 (9448)

61.14 (22343)
1.55 (565)

2.89 (1.89)
2.44 (890)

1.88 (1.03)
2.45 (896)

4.67 (2.37)
1.31 (479)

2.41 (1.52)
2.33 (851)

1.77 (1.32)
2.33 (853)

1.19 (1.34)
1.03 (380)

56.70 (20720)
41.70 (15241)
1.60 (585)

2.24 (2.02)
1.29 (473)

21.00 (7795)

19.93 (7398)

57.19 (21233)
1.89 (700)

3.06 (2.11)
4.74 (1759)

2.41 (1.20)
4.76 (1766)

5.05 (2.33)
2.30 (855)

2.98 (1.93)
4.61 (1711)

2.39 (1.54)
4.57 (1697)

1.43 (1.61)
2.16 (801)

62.05 (23 036)
35.25 (13088)
2.70 (1002)

2.77 (2.27)
1.93 (717)

16.30 (12 140)

22.87 (17 038)

58.92 (43893)
1.92 (1430)

2.98 (2.01)
3.79 (2822)

2.15 (1.15)
3.80 (2833)

4.85 (2.36)
1.99 (1484)

2.69 (1.77)
3.67 (2737)

2.08 (1.47)
3.66 (2724)

1.31 (1.49)
1.81 (1345)

59.24 (44 135)
38.41 (28 618)
2.35 (1748)

2.51 (2.16)
1.80 (1344)

Continued on the following page

Vol 43, No 5, May 2023




TABLE 1 (continued)
Descriptive statistics of COMPASS study sample, 2018/19 (n = 74 501)

Variables® Females (n = 36 546) Males (n = 37 126) Total® (n = 74501)
Physically active friends
Mean number, n (SD) 3.03 (1.68) 3.52 (1.69) 3.28 (1.71)
Missing, % (n) 1.35 (494) 2.13 (789) 1.92 (1430)
Screen time sedentary behaviour
Mean hours per day, n (SD) 5.92 (3.35) 6.37 3.37) 6.15 (3.37)
Missing, % (n) 4.41 (1613) 5.94 (2206) 5.44 (4056)
Moderate-to-vigorous physical activity
Mean hours per day, n (SD) 1.60 (1.23) 2.00 (1.47) 1.80 (1.38)
Missing, % (n) 1.87 (683) 2.56 (949) 2.39 (1777)
Sleep
Mean hours per night, n (SD) 7.47 (1.30) 7.60 (1.28) 7.54 (1.29)
Missing, % (n) 7.33 (2679) 8.92 (3310) 8.38 (6241)
Academic variables

English grade (or French grade, in the case of French-language schools)

Grade < 50%, % (n) 1.09 (399) 2.44 (907) 1.83 (1362)
Grade > 50%, % (n) 95.39 (34862) 91.92 (34128) 93.41 (69 590)
Missing, % (n) 3.52 (1285) 5.63 (2091) 4.76 (3549)

Mental health-related variables
Self-rated mental health

Mean score (SD) 2.76 (1.21) 2.21 (1.15) 2.49 (1.21)
Missing, % (n) 3.37 (1230) 6.05 (2245) 4.93 (3670)
Well-being®

Mean score (SD) 31.78 (5.75) 32.64 (5.60) 32.19 (5.72)
Missing, % (n) 4.84 (1770) 6.78 (2518) 6.02 (4486)
Self-concept’

Mean score (SD) 11.79 (4.69) 9.76 (4.19) 10.79 (4.58)
Missing, % (n) 3.34 (1221) 5.51 (2045) 4.64 (3455)
Substance use variables

Smoking

In the last 30 days, % (n) 6.64 (2425) 8.00 (2969) 7.43 (5532)
Not in the last 30 days, % (n) 92.89 (33 949) 91.01 (33790) 91.70 (68 320)
Missing, % (n) 0.47 (172) 0.99 (367) 0.87 (649)
E-cigarette use

In the last 30 days, % (n) 25.48 (9312) 30.34 (11264) 27.99 (20852)
Not in the last 30 days, % (n) 73.75 (26951) 67.98 (25237) 70.62 (52614)
Missing, % (n) 0.77 (172) 1.68 (625) 1.39 (1035)
Cannabis use

In the last 30 days, % (n) 10.95 (4001) 14.70 (5458) 12.97 (9662)
Not in the last 30 days, % (n) 88.06 (32183) 83.36 (30950) 85.42 (63637)
Missing, % (n) 1.00 (362) 232 (718) 1.61 (1202)

Abbreviations: BMI, body mass index; SD, standard deviation.

20nly those variables present in at least one of the final classification and regression tree (CART) models.
®Includes respondents who did not report sex, so sex-stratified counts may not add up to total counts.

< Derived by dividing body mass (kg) by height squared (m?).

4The survey question was “How would you describe yourself?” (Select all that apply), with the following response options: White, Black, Asian, Aboriginal (First Nations, Métis, Inuit), Latin
American/Hispanic, Other. Respondents who selected “White” were classified as non-racialized, while respondents who selected any other option (including the selection of multiple options) were
classified as racialized.

¢Based on the Flourishing scale.?
fBased on the Self Description Questionnaire Il short form.>*
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FIGURE 1

BMI missingness CART models, for females (n = 36 546) and males (n = 37 126), COMPASS 2018/19
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Abbreviations: BMI, body mass index; BREAKFAST, breakfast consumption; CART, classification and regression tree; CONCEPT, self-concept (based on the Self Description Questionnaire Il short
form?); ECIG, e-cigarette use; FRIEND_PA, physically active friends; FRUIT_VEG, fruit/vegetable consumption; GRAIN, grain consumption; PA_HOURS, moderate-to-vigorous physical activity;
PERCEP, perception; SELF_MH, self-rated mental health; SPORTS, sports participation; STSB, screen time sedentary behaviour.

Notes: The label and colour of each node, “present” (green) or “missing” (blue), represents the situation that is more probable for data in that node; darker colours indicate higher probability. The
left side of each node shows the probability of being present, and the right side shows the probability of being missing.

% indicates percentage of the sample in that node.

2 In the case of French-language schools, this is the French grade.
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FIGURE 2
Body mass missingness CART models, for females (n = 36 546) and males (n = 37 126), COMPASS 2018/19

Females

Present
.78 .22
100%

Present
73 .27
30%

Present

57 43
1%

J— N L years-

Present
.60 .40
1%

Present Present Present
.80 .20 .74 .26 .60 .37
70% 29% 1%

Missing

37 .63
0%

Males

Present
.80 .20
100%

Present
73 .27
36%

Present

.70 .30
26%

~PA_HOURS 2 0.13-

Present
.54 .46
2%

Present

.58 .42
2%

e CONCEPT > 17 v

Present
.60 .40
1%

Present
.52 .48

ETHNICITY = Non-racialized

Present Present Present Present Present Missing Missing Missing

.84 .16
64%

.80 .20 J1 .29 .64 .36 .62 .38 33 .67 41 .59 .39 .61
10% 24% 1% 0% 0% 0% 0%

Abbreviations: CART, classification and regression tree; CONCEPT, self-concept (based on the Self Description Questionnaire Il short form?); ECIG, e-cigarette use; MEAT, meat/meat alternatives
consumption; MILK, milk/alternatives consumption; PA_HOURS, moderate-to-vigorous physical activity.

Notes: The label and colour of each node, “present” (green) or “missing” (blue), represents the situation that is more probable for data in that node; darker colours indicate higher probability. The
left side of each node shows the probability of being present, and the right side shows the probability of being missing.

% indicates percentage of the sample in that node.

The survey question for the “Ethnicity” variable was “How would you describe yourself?” (Select all that apply), with the following response options: White, Black, Asian, Aboriginal (First Nations,
Métis, Inuit), Latin American/Hispanic, Other. Respondents who selected “White” were classified as non-racialized, while respondents who selected any other option (including the selection of
multiple options) were classified as racialized.
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FIGURE 3

Height missingness CART models for females (n = 36 546) and males (n = 37 126), COMPASS 2018/19
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Notes: The label and colour of each node, “present” (green) or “missing” (blue), represents the situation that is more probable for data in that node; darker colours indicate higher probability. The
left side of each node shows the probability of being present, and the right side shows the probability of being missing.

% indicates percentage of the sample in that node.
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became more accurate after pruning.
Pruned accuracy of CART BMI models
was 69% for females and 70% for males,
of CART body mass models was 78% for
females and 80% for males and of CART
height models was 85% for females and
81% for males.

Discussion

This study used a decision tree approach
to examine missingness in BMI, height
and body mass in a large sample of
Canadian youth. One of the aims of this
study was to inform the structure of miss-
ingness in these variables, as youth self-
reported height and body mass can be
missing in large proportions and pub-
lished examinations of this missingness
are lacking. The other aim of this study
was to employ a newer decision tree
method to examining missingness in a
dataset in order to overcome some of the
barriers of regression-based approaches.

When we previously examined missing
BMI, height and body mass data in this
sample using a regression approach,’ we
found that more information was needed
on the structure of missingness and hier-
archy of the importance of variables. The
decision tree approach used in this study
yielded insights into the mechanisms of
missingness in this sample that can inform
future studies on youth OWOB.

Mechanisms of BMI, height and body mass
missingness

In the BMI missingness CART models we
developed, age and weight perception
were among the first few primary splits
for both males and females. Previous
research has suggested that individuals
who are younger are more likely to be
missing BMI values because they don’t
know their own height and body mass;*
this is consistent with the CART models,
as each split by age led to a node with a
higher likelihood of missingness for the
younger groups. Weight perception con-
sistently split those who perceived them-
selves as overweight from their “about
right” and underweight counterparts,
leading to a higher likelihood of missing-
ness in the group who perceived them-
selves as overweight. Previous studies
examining BMI missingness mechanisms
did not include a measure of weight per-
ception, but two studies have found that
poorer body satisfaction was associated
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with greater likelihood of missing BMI
values.'*#

Physical activity was also one of the first
few splits in both the male and female
models. In the female model, strength
training was identified as important split
criteria, where individuals who did not do
any strength training were more likely on
average to be missing BMI values. A simi-
lar mechanism was observed for males,
but with sports and hours of physical
activity; not playing sports or being, on
average, less physically active each day
led to splits where the likelihood of miss-
ing BMI values was greater. This is consis-
tent with previous research that included
some measures of physical activity.®”*

Mental health-related variables also
appeared in both male and female mod-
els. For females, well-being and self-rated
mental health were used for splitting, and
for males, self-concept was used. For all
these mental health-related variables,
lower scores (i.e. scores indicating poorer
mental health) were associated with a
greater likelihood of missing BMI values.

The consistent splitting of individuals
who perceived themselves as overweight
into a separate group more likely to be
missing BMI values suggests that those
with a higher BMI were more likely to be
nonreporters. Notably, weight perception
cannot be assumed as a direct proxy for
BMI or body mass because youth may
miscategorize themselves;***° however,
weight perception may be considered
alongside other factors to determine which
missingness pattern is most probable.

Findings related to physical activity sup-
port the idea that individuals missing BMI
values are more likely to have a higher
BMI, as those who are less physically
active were also split into groups more
likely to be missing BMI values, and
inverse associations between physical
activity and BMI are well-established.?'3?
These findings, along with what we know
about heightened body image concerns
during adolescence,® demonstrate that
social desirability may be playing a role in
youth nonreporting of height and body
mass in this sample.

Height and body mass missingness CART
models had some split criteria similar to
those of the BMI missingness models,
with age a common partitioning variable

and physical activity, diet, mental health
and substance use variables also observed.
One finding exclusive to the body mass
missingness models was ethnicity: the
model indicated that racialized individu-
als were more likely to be missing body
mass values. Interestingly, although
weight perception was identified as a key
variable for BMI missingness, it was not
identified as important in the body mass
missingness CART models for males and
females.

Utility of CART in examining BMI, height
and body mass missingness

The decision tree approach used in this
study to examine missingness appears to
have several advantages over traditional
regression approaches. The visual nature
of decision tree models makes them par-
ticularly useful for understanding how
missingness might be influenced by other
variables. For example, the inclusion and
directions of splitting related to weight
perception, physical activity and mental
health in the CART models suggest that
the missingness in BMI may be not miss-
ing at random because missing data
appear more likely among those with a
higher BMI. While not missing at random
is not a provable phenomenon, the CART
models provide evidence against a miss-
ing-completely-at-random mechanism, as
several subgroups who are highly likely to
be missing BMI were identified based on
observed covariates.* Future OWOB
research should consider the mechanisms
and degree of missingness in BMI, and
where examinations indicate that data
may be missing at random or not missing
at random, certain statistical approaches
(e.g. complete case analysis) may not be
ideal because of the risk of bias.’

While a regression model could similarly
highlight the associations between predic-
tor variables and BMI missingness (e.g.
observing a positive odds ratio for self-
perception as overweight), one advantage
of the CART models is the easily observed
hierarchy of the importance of variables.
In the BMI CART model, weight percep-
tion being among the top two splits for
males and females indicates that this vari-
able is of primary importance in predict-
ing BMI missingness. We previously
examined BMI missingness using regres-
sion;'® while weight perception was sig-
nificantly associated with missingness, it
was only one of many significant variables
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and relative importance couldn’t be
empirically discerned.

Another advantage of CART models is
that one can follow through a decision
tree order to identify important subgroups.
For example, in the male BMI missingness
tree, the 9% of this sample who did not
participate in sports and perceived them-
selves as overweight were more likely
than not to be missing BMI values.
Moreover, following subgroups to the bot-
tom of the trees reveals that, overall, indi-
viduals who perceive themselves as
overweight and who were worse off in
terms of their physical activity, dietary
behaviours, academics and mental health
are almost certain to be missing BMI val-
ues. In other words, CART models identi-
fied that those in the complete sample
(i.e. those not missing BMI data) were
physically, emotionally and mentally
healthier than their counterparts with
missing data. As such, a complete case
analysis approach on these data would
certainly be biased, potentially leading to
incorrect research conclusions and inap-
propriate related policy and programming
recommendations.

Examining missing data is often the first
step in certain statistical approaches, such
as multiple imputation. Although such
examinations are needed to identify auxil-
iary variables that can inform reasonable
imputed values, selecting these variables
can be difficult if there are many variables
related to missingness. This was the case
with our previous work using regression;
almost all variables were significantly
associated with missingness in BMI,
height and body mass, and comparing the
effective sizes would not have been appro-
priate as these variables use different
scales.!®

The hierarchical nature of CART models
makes the process of selecting auxiliary
variables more systematic. For example,
CART models can parse out redundant
variables; while previous regression work
identified weight goal as significantly
related to BMI missingness,’® the CART
models in this study did not perform any
splits based on this variable, possibly
because BMI missingness is sufficiently
explained by the weight perception vari-
able alone.

In this study we demonstrated the utility
of using CART models to examine
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missingness in youth height, body mass
and BMI. However, missingness is perva-
sive, and a similar approach may be use-
ful in many other applied research
domains. Moreover, public availability of
machine-learning packages in R as well as
a wealth of online resources make this
approach reasonably accessible and feasi-
ble for applied researchers.

Conclusion

This study adds to the limited existing
research examining missingness in youth
BMI, height and body mass data. CART
models demonstrated that age, self-per-
ception as overweight, lower physical
activity and poorer mental health identi-
fied the subgroups most likely to be miss-
ing BMI values. The direction of model
partitioning for these variables suggests
that youth with higher BMI may be more
likely to be missing BMI values and that
deleting missing cases in an analysis
would likely lead to biased findings.

Future research using youth self-reported
data may find that CART models are a
particularly useful tool for examining
missingness and help select a statistical
approach appropriate for handling miss-
ing data.
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Abstract

Introduction: A growing number of Canadian studies have examined the link between
sleep and mental health. This research builds upon that work by investigating associa-
tions of sleep duration and quality with positive mental health (PMH) and mental ill-
ness and suicidal ideation (MI/SI) outcomes among youth and adults from three
Canadian provinces (i.e. Ontario, Manitoba and Saskatchewan).

Methods: Using cross-sectional data from respondents 12 years and older (n = 18 683)
who were asked questions on their sleep in the 2015 Canadian Community Health
Survey - Annual Component, we conducted unadjusted and adjusted logistic regres-
sions with self-reported measures of sleep duration and sleep quality as independent
variables and a range of PMH (e.g. high self-rated mental health) and MI/SI indicators
(e.g. mood disorder diagnosis) as dependent variables. Analyses were conducted of all
complete cases and also stratified by sex and age group.

Results: Good sleep quality was associated with higher odds of PMH indicators
(adjusted odds ratio [aOR]: 1.52-4.24) and lower odds of MI/SI indicators (aOR: 0.23-
0.47); associations remained significant when analyses were stratified. Meeting sleep
duration recommendations was positively associated with PMH indicators (aOR: 1.27-
1.56) and negatively associated with MI/SI indicators (aOR: 0.41-0.80), but some asso-
ciations did not remain significant when stratified.

Conclusions: This study provides support for associations between sleep duration and
quality and indicators of PMH and MI/SI. Findings can inform future research and sur-
veillance efforts that monitor sleep behaviours and indicators of PMH and MI/SI.

Keywords: sleep, positive mental health, anxiety disorders, mood disorders, population
health, suicidal ideation, suicide

children and youth aged 5 to 17 years in
Canada report problems with falling or

Introduction

Highlights

e We examined associations between
self-reported measures of sleep (dura-
tion, quality) and mental health
outcomes among youth (12-17 years
old) and adults (18 years and older)
in three Canadian provinces.

e Good sleep quality was consis-
tently associated with higher odds
of positive mental health and lower
odds of mental illness and suicidal
ideation across all sex and age
groups.

® Meeting sleep duration recommen-
dations was associated with higher
odds of positive mental health and
lower odds of mental illness and
suicidal ideation overall, although
these associations were not consis-
tent across sex and age groups.

Insufficient sleep and poor sleep quality
are common issues. Over one-third of
Canadians between 5 and 79 years old fail
to obtain the daily recommended amount
of sleep.! Furthermore, one-quarter of
adults aged 18 to 79 and one-tenth of

staying asleep most or all of the time.??
Research suggests that poor sleep is asso-
ciated with a range of adverse physical
health outcomes, including poor self-rated
health, obesity, cardiovascular disease
and increased risk of all-cause mortality.*”

Previous studies suggest that poor sleep is
associated with various negative psycho-
logical outcomes. For example, interna-
tional research has shown that poor sleep
quality is associated with increased risk of
depression and anxiety throughout the
lifespan.®? Furthermore, researchers have
observed a U-shaped association between
sleep duration and risk of depressed mood
and suicidal behaviour in youth and
adults, with the greatest risk at short (e.g.
less than 6-7 hours for adults) and long
(e.g. more than 8-9 hours for adults) sleep
durations."™ Among adults in Canada,
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associations between long sleep duration
and diagnosis of major depression,!>!*
short sleep duration and chronic stress'®
and poor sleep quality and self-reported
symptoms of depression and anxiety'® have
been documented. Among youth in Canada,
meeting sleep duration recommendations
has been associated with lower stress,"
and additional time spent sleeping has
been associated with fewer symptoms of
anxiety and depression for those who slept
less than 8 hours each day.!®

Fewer studies have examined the associa-
tions between sleep and positive mental
health (PMH). Research among young
adults in South Korea found that better
sleep quality was associated with greater
life satisfaction,’” and a recent meta-
analysis of studies from several countries
reported that adequate sleep duration
among adolescents was generally associ-
ated with positive mood.? However,
Canadian studies have had mixed find-
ings. One reported that short and long
sleep durations were associated with
lower self-rated mental health (SRMH),
community belonging and life satisfaction
among adults, even after adjusting for
numerous covariates.” Another study of
adults with mood and/or anxiety disor-
ders found that the association of short
sleep duration (<6 hours) with lower
SRMH and life satisfaction did not persist
after controlling for other variables, and
long sleep duration was not associated
with either PMH outcome in unadjusted
or adjusted analyses.*

Sleep and PMH research findings in
Canada have also varied by age group.
One study reported associations between
short and long sleep durations and lower
SRMH and community belonging in
adults, but only the association between
long sleep duration and lower community
belonging was statistically significant for
older adults aged 65 to 79 years.'* Further-
more, the authors reported that short
sleep duration was not significantly asso-
ciated with SRMH or community belong-
ing for youth aged 14 to 17 years (long
sleep duration was not assessed in this
age group).”® Nevertheless, other findings
involving youth suggest that meeting
sleep duration recommendations is associ-
ated with high SRMH'” and that additional
time spent sleeping is associated with
greater psychological well-being among
youth who slept less than 8 hours each
day.'®

Health Promotion and Chronic Disease Prevention in Canada
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Given these varied findings, there is a
need for more population-based research
examining associations between good
sleep quality, meeting sleep duration rec-
ommendations and a breadth of PMH and
mental illness and suicidal ideation (MI/
SI) indicators among Canadian youth,
adults and older adults. Indeed, exploring
the association between sleep and well-
being was a research need identified in
the process of developing the Canadian
24-Hour Movement Guidelines.?*%*

PMH and mental illness are not at oppo-
site ends of the same spectrum; rather,
they represent distinct constructs that can
have unique antecedents and conse-
quences.*?* It is possible to concurrently
experience high/low levels of PMH and
high/low levels of mental illness,?*%
which strengthens the argument for exam-
ining both constructs.

Preventing or reducing the impacts of
physical and mental ill-health and pro-
moting PMH are important priorities for
research and public health strategies in
Canada and globally.?® Both poor sleep
quality and duration and mental health
difficulties carry substantial economic and
societal burdens, including reduced life
expectancy, lost productivity and high
health care costs.?*** Conversely, PMH has
been shown to protect against the onset
and lessen the severity of both mental and
physical illnesses.**** Examining the asso-
ciations between sleep and several PMH
and MI/SI indicators in a large Canadian
sample can inform future surveillance and
research on sleep behaviours and mental
health in the population.

The aim of this study was to examine the
associations of sleep duration and sleep
quality with indicators of PMH and MI/SI
among individuals aged 12 years and
older from three Canadian provinces. We
anticipated that individuals would be
more likely to report PMH and less likely
to report MI/SI if they met sleep duration
recommendations or had good sleep
quality.

Methods

Data and participants

We analyzed data from the 2015 Canadian
Community Health Survey (CCHS) - Annual
Component.*> The CCHS is a voluntary
cross-sectional survey conducted by
Statistics Canada to obtain representative

estimates of health-related information on
the target population of community-dwell-
ing individuals aged 12 years and older
living in all Canadian provinces and ter-
ritories. We selected the 2015 CCHS as
this dataset was the most recent one with
a variety of sleep and mental health
measures.

Data from the 2015 CCHS were collected
from January to December 2015 using
computer-assisted telephone and personal
interviews. The CCHS uses a list frame
based on the Canadian Child Tax Benefit
to sample youth aged 12 to 17 years and
an area frame used by the Canadian
Labour Force Survey to sample house-
holds with adults aged 18 years and older.
Excluded from CCHS data collection were
institutionalized individuals, full-time mem-
bers of the Canadian Forces and people
living in foster homes, on reserves and
other Indigenous settlements, or in two
health regions in Quebec; these exclusions
represent just under 3% of the Canadian
population.

Our analyses were limited to respondents
from Ontario, Manitoba and Saskatchewan
as the sleep module was optional content
that was only asked of respondents from
these three provinces (n = 18 683). The
overall CCHS 2015 response rate was
57.5%, and response rates from Ontario,
Manitoba and Saskatchewan were 55.7%,
63.8% and 61.5%, respectively.

Measures

Sleep measures

Sleep duration was ascertained with the
question, “How long do you usually spend
sleeping each night?” Response options
started at “under 2 hours” and increased
in hourly intervals (e.g. “2 hours to less
than 3 hours”) up to “12 hours or more.”
We constructed a dichotomous variable to
identify respondents who met age-specific
sleep recommendations, based on the
sleep times from the Canadian 24-Hour
Movement Guidelines.??* Using the sug-
gested surveillance cut-points for defining
adherence that were released with the
24-Hour Movement Guidelines,** we oper-
ationalized adherence to the recommen-
dation of 7 to 9 hours of sleep per night
for adults (18-64 years) as 7 hours 0 min-
utes to 9 hours 59 minutes (i.e. response
options “7 hours to less than 8 hours” to
“9 hours to less than 10 hours”), and
adherence to the recommendation of 7 to
8 hours of sleep per night for older adults
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(=65 years) as 7 hours 0 minutes to 8 hours
59 minutes (i.e. response options “7 hours
to less than 8 hours” to “8 hours to less
than 9 hours”).

Suggested surveillance cut-points for
defining adherence to sleep duration rec-
ommendations are not as specific for
youth (i.e. not to the exact number of
minutes).? We used an approach consis-
tent with that for adults: we operational-
ized adherence to the recommendation of
9 to 11 hours per night for youth 12 to
13 years old as 9 hours 0 minutes to
11 hours 59 minutes (i.e. response options
“9 hours to less than 10 hours” to “11 hours
to less than 12 hours”), and adherence to
the recommendation of 8 to 10 hours per
night for youth 14 to 17 years old as
8 hours 0 minutes to 10 hours 59 minutes
(i.e. response options “8 hours to less
than 9 hours” to “10 hours to less than
11 hours”). Those in categories above or
below the recommended ranges were clas-
sified as not meeting recommendations.

The first sleep quality indicator was
assessed with the question, “How often
do you have trouble going to sleep or stay-
ing asleep?” Response options included
“never,” “rarely,” “sometimes,” “most of
the time” and “all of the time.” Similar to
the Physical Activity, Sedentary Behaviour
and Sleep (PASS) Indicators and previous
research,>?3¢37 respondents who answered
“never,” “rarely” or “sometimes” were
categorized as having few difficulties
going to sleep or staying asleep.

» o« » o«

The second sleep quality indicator was
assessed with the question, “How often
do you find your sleep refreshing?” Response
options included “never,” “rarely,” “some-
times,” “most of the time” and “all of the
time.” Mirroring the coding of our first
sleep quality indicator, respondents who
answered “most of the time” or “all of the
time” were categorized as having refresh-
ing sleep.

MI/SI measures

The four MI/SI measures we examine in
the current study have been previously
used by the Public Health Agency of
Canada (PHAC) in reporting initiatives
like the Health Inequalities Data Tool.

Respondents were asked if they have been
diagnosed, by a health professional, with
various conditions that have lasted or are
expected to last 6 months or more. One of
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the questions was, “Do you have a mood
disorder such as depression, bipolar disor-
der, mania or dysthymia?” Respondents
who answered “yes” were categorized as
diagnosed with a mood disorder.*® Respond-
ents were similarly asked, “Do you have
an anxiety disorder such as a phobia,
obsessive-compulsive disorder or a panic
disorder?” Respondents who answered
“yes” were categorized as diagnosed with
an anxiety disorder.®

Lifetime and recent suicidal ideation ques-
tions were asked of respondents aged
15 years or older. Lifetime suicidal ide-
ation was assessed via the question, “Have
you ever seriously contemplated suicide?”
Individuals who responded “yes” were
coded as having a lifetime history of sui-
cidal ideation.’®**° Those who answered
“yes” were asked, “Has this happened in
the past 12 months?” Individuals who
answered “yes” to the second question
were coded as having recent suicidal ide-
ation.*®*’ Due to small cell sizes, we exam-
ined recent suicidal ideation in overall and
sex-stratified analyses, but not in analyses
stratified by age group.

PMH measures

The five PMH measures we examine in the
current study have been previously used
by PHAC to monitor the PMH of Canadians
in the Positive Mental Health Surveillance
Indicator Framework (PMHSIF).442

SRMH was examined using the question,
“In general, would you say your mental
health is ...2” Response options included
“excellent,” “very good,” “good,” “fair”
and “poor.” Respondents who answered
“excellent” or “very good” were catego-
rized as having high SRMH.

» o« » e«

Life satisfaction was examined using the
question, “In the past month, how often
did you feel: satisfied with your life?” This
question was based on the Mental Health
Continuum Short-Form (MHC-SF).* Response
options for the MHC-SF included “every
day,” “almost every day,” “about 2 or
3 times a week,” “about once a week,”
“once or twice” or “never.” Individuals
who answered “every day” or “almost
every day” were categorized as having
high life satisfaction.”

» e«

Happiness was examined using the ques-
tion, “In the past month, how often did
you feel: happy?” based on the MHC-SF.*
Individuals who answered “every day” or

“almost every day” were categorized as
having high levels of happiness.*

Psychological well-being was measured
using six items from the MHC-SF that
asked about feelings of self-acceptance,
environmental mastery, positive relations
with others, personal growth, autonomy
and purpose in life during the past
month.* In keeping with the PMHSIF for
adults and previous research,*#*% we
converted response options into number
of days in the past month as follows:
“every day” as 28 days (4 weeks x 7 days
per week); “almost every day” as 20 days
(4 weeks x 5 days per week); “about 2 or
3 times a week” as 10 days (4 weeks x
2.5 days per week); “about once a week”
as 4 days (4 weeks x 1 day per week);
“once or twice” as 1.5 days; and “never”
as 0 days. We generated mean scores after
converting the response options and cate-
gorized scores of 20 and greater (corre-
sponding to experiencing psychological
well-being, on average, “almost every day”
or more frequently) as high psychological
well-being.

Community belonging was examined using
the question, “How would you describe
your sense of belonging to your local com-
munity? Would you say it is ...?” Response
options included “very strong,” “some-
what strong,” “somewhat weak” and
“very weak.” We categorized individuals
who responded with “very strong” or
“somewhat strong” as having high com-
munity belonging.

Covariates

We adjusted for several key sociodemo-
graphic variables in the logistic regression
analyses: sex (male, female); age (youth
12-17 years, adults 18-64 years, older
adults 65 years or greater); immigrant sta-
tus (yes, no); household income adequacy
quintile (based on the adjusted ratio of
the respondent’s household income to the
low-income cut-off for their community
and household size); place of residence
(population centre, rural area); and racial-
ized background (yes, no).

Individuals who reported being born in
Canada were classified as non-immi-
grants, and non-permanent residents and
landed immigrants as immigrants. House-
hold income was either reported by the
respondent (or, for youth, “the person most
knowledgeable”) or imputed by Statistics
Canada. Population centres were defined
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as areas with a population density of at
least 400/km? and a population concentra-
tion of at least 1000.

Individuals who identified as White only
were coded as non-racialized; those who
identified as other ethnicities or as belong-
ing to other cultural backgrounds (e.g.
South Asian, Chinese, Black) were coded
as racialized. (Those who identified as
First Nations, Métis or Inuk [Inuit] were
not asked this question about their ethnic
or cultural background and were excluded
from regression analyses.)

These covariates were selected a priori as
PHAC surveillance tools frequently break
down results by these sociodemographic
characteristics, revealing inequalities in
some mental health outcomes in these
groups.“&”'“'“

Analyses

Descriptive statistics for the eligible sam-
ple were reported using weighted percent-
ages with 95% confidence intervals (CIs).
Unadjusted logistic regressions and logis-
tic regressions adjusted for covariates
were conducted to examine the associa-
tions between sleep variables and mental
health outcomes. These regression analy-
ses included only individuals who pro-
vided complete data on all the study
variables, that is, 89.2% of eligible partici-
pants (n = 16 674); those who responded
“don’t know” or gave no response on one
or more items were removed from the
regression analyses. Odds ratios (ORs)
with 95% CIs that do not include 1.00
were considered statistically significant.

To account for complex survey design, we
used sampling weights from Statistics
Canada to generate estimates representa-
tive of the population®* and we estimated
variances using bootstrap weights that
were also provided by Statistics Canada.
We calculated overall estimates as well as
results stratified by sex (male and female)
and age (youth aged 12-17 years, adults
aged 18-64 years and older adults aged
>65 years).

Analyses were conducted using SAS
Enterprise Guide version 7.1 (SAS Institute,
Cary, NC, USA).

Results

Descriptive statistics (sociodemographic,
sleep, PMH and MI/SI measures) are shown
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in Table 1. Most individuals reported good
sleep quality: 85.3% reported few difficul-
ties going to sleep or staying asleep, and
61.9% reported refreshing sleep. Half
(51.0%) met age-specific sleep duration
recommendations.

Small proportions of individuals reported
lifetime suicidal ideation (10.8%), suicidal
ideation in the past 12 months (2.2%),
and being diagnosed with a mood disor-
der (8.1%) or an anxiety disorder (8.0%).
Most individuals reported high SRMH
(72.4%), life satisfaction (87.4%), psy-
chological well-being (70.9%) and com-
munity belonging (70.6%) as well as high
levels of happiness (86.2%).

Sex-stratified and age-stratified descriptive
statistics (sleep, PMH and MI/SI mea-
sures) are shown in Table 2.

Sleep duration recommendations and
mental health

Compared to not meeting sleep recom-
mendations, meeting sleep duration rec-
ommendations was associated with overall
lower odds of all MI/SI variables and
higher odds of all PMH variables, prior to
and after covariate adjustment (see Table 3).

In sex-stratified analyses, meeting sleep
recommendations was associated with
lower odds of reporting an anxiety disor-
der diagnosis and lifetime suicidal ide-
ation and higher odds of high SRMH, life
satisfaction and happiness in unadjusted
and adjusted analyses for both males and
females. Among females (but not males),
meeting sleep recommendations was asso-
ciated with lower odds of being diagnosed
with a mood disorder and reporting sui-
cidal ideation in the past 12 months and
higher odds of reporting high psychologi-
cal well-being in both unadjusted and
adjusted analyses. Among males (but not
females), meeting sleep recommendations
was associated with higher odds of report-
ing high community belonging in unad-
justed and adjusted analyses (see Table 3).

Meeting sleep recommendations was
associated with higher odds of reporting
high SRMH and community belonging
across all age groups in unadjusted and
adjusted analyses. Among youth, meeting
sleep recommendations was also associ-
ated with lower odds of reporting lifetime
suicidal ideation and higher odds of
reporting high levels of happiness in

unadjusted and adjusted analyses, and
high psychological well-being in unad-
justed analyses. Among adults, meeting
sleep recommendations was associated
with lower odds of all MI/SI variables and
higher odds of all PMH variables in unad-
justed and adjusted analyses. In older
adults, meeting sleep recommendations
was also associated with higher odds of
reporting high life satisfaction and high
levels of happiness in unadjusted and
adjusted analyses (see Table 4).

Sleep quality and mental health

Reporting good sleep quality (measured
by either sleep quality indicator) was
associated with overall lower odds of all
MI/SI variables and higher odds of all
PMH variables in both unadjusted and
adjusted analyses. All unadjusted and
adjusted associations remained statisti-
cally significant after stratifying analyses
by sex and by age group (see Tables 5, 6,
7 and 8).

Discussion

We examined the associations of sleep
duration and sleep quality with a number
of PMH and MI/SI indicators in a large
sample of Canadians living in Ontario,
Manitoba and Saskatchewan. Overall,
good sleep quality and meeting sleep
duration recommendations were posi-
tively associated with PMH outcomes and
negatively associated with MI/SI out-
comes. Whereas the associations between
measures of sleep quality and PMH and
MI/SI outcomes were consistent across
sex and age groups, associations between
meeting sleep duration recommendations
and some mental health outcomes were
inconsistent in sex- and age-stratified
analyses.

Poor sleep quality was prevalent among
individuals in the current study: over one-
tenth of the population report experienc-
ing frequent difficulties with falling or
staying asleep, and over one-third report
that their sleep is often not refreshing.
This is of concern because our findings
demonstrate strong and consistent associ-
ations between reporting good sleep qual-
ity and higher odds of PMH and lower
odds of MI/SI across sex and age groups.
Other Canadian studies have also reported
associations between poor sleep quality
and life dissatisfaction, poorer SRMH and
lower community belonging among adults
18 years and older in Nova Scotia, Quebec,
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Descriptive characteristics of eligible study sample, CCHS 2015 (n = 18 683)

TABLE 1

Variables %* 95% LCL 95% UCL
Sociodemographic characteristics
Sex (n = 18683)
Male 48.9 48.6 49.1
Female 51.1 50.9 51.4
Province (n = 18683)
Ontario 86.0 85.8 86.1
Manitoba 7.5 7.4 7.6
Saskatchewan 6.5 6.4 6.6
Age group in years (n = 18683)
12-17 7.6 7.4 7.7
18-24 11.1 10.3 11.9
25-44 31.5 30.4 32.5
45-64 333 32.6 34.0
265 16.5 16.3 16.8
Immigrant status (n = 18342)
Immigrant 30.7 29.4 32.0
Non-immigrant 69.3 68.0 70.6
Racialized background® (n = 17264)
No 73.4 72.2 74.7
Yes 26.6 253 27.8
Household income adequacy quintile (n = 18 646)
Q1 (Lowest income) 19.9 18.8 21.0
Q2 19.7 18.7 20.8
Q3 20.1 19.1 21.1
Q4 20.1 19.1 21.1
Q5 (Highest income) 20.2 19.1 21.2
Place of residence (n = 18683)
Population centre 84.9 83.9 85.8
Rural area 15.1 14.2 16.1
Sleep measures
Sleep duration, hours (n = 18 683)
<5y 0.7¢ 0.4 0.9
3to <4 1.3 1.1 1.6
4to <5 3.8 3.4 4.3
5to <6 11.6 10.7 12.4
6to <7 26.7 25.6 27.9
7 to <8 329 31.7 34.1
8to <9 17.4 16.5 18.3
9to <10 3.6 3.1 4.1
10 to <11 1.2 1.0 1.5
11 to <12 0.4¢ 0.3 0.5
>12 0.4¢ 0.2 0.5
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TABLE 1 (continued)
Descriptive characteristics of eligible study sample, CCHS 2015 (n = 18 683)

Variables %” 95% LCL 95% UCL
Met sleep duration recommendations (n = 18 683)
Yes 51.0 49.7 52.3
No 49.0 47.7 50.3
Sleep difficulties (n = 18 683)

Few 85.3 84.4 86.2
Never 26.7 25.5 28.0
Rarely 29.1 28.0 30.3
Sometimes 29.4 28.3 30.6

Frequent 14.7 13.8 15.6
Most of the time 10.5 9.8 11.3
All of the time 4.2 3.7 4.6

Refreshing sleep (n = 18 683)

Yes 61.9 60.7 63.1
Most of the time 44.6 43.4 45.9
All of the time 17.2 16.2 18.3

No 38.1 36.9 39.3
Never 4.1 3.6 4.6
Rarely 10.1 9.3 10.8
Sometimes 24.0 229 25.1

Mental illness and suicidal ideation measures
Mood disorder (n = 18 644)
Yes 8.1 7.4 8.7
No 91.9 91.3 92.6
Anxiety disorder (n = 18652)
Yes 8.0 7.3 8.7
No 92.0 91.3 92.7
Suicidal ideation, lifetime (n = 17 790)
Yes 10.8 10.0 11.5
No 89.2 88.5 90.0
Suicidal ideation, past 12 months® (n = 17 785)
Yes 2.2 1.8 2.5
No 97.8 97.5 98.2
Positive mental health measures

High SRMH (n = 18642) 72.4 71.2 73.6

High life satisfaction (n = 18465) 87.4 86.4 88.3

High levels of happiness (n = 18487) 86.2 85.2 87.1

High psychological well-being (n = 18 683) 70.9 69.7 72.1

High community belonging (n = 18442) 70.6 69.4 71.9

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; SRMH, self-rated mental health; UCL, upper confidence limit.

Note: Percentages may not sum to the exact total due to rounding.

2 All estimates weighted.

b Individuals who identified as White only were coded as non-racialized; those who identified as other ethnicities or as belonging to other cultural backgrounds (e.g. South Asian, Chinese, Black)
were coded as racialized. Individuals who identified as Indigenous were excluded from this sociodemographic variable because they were not asked the question about their ethnic or cultural

background.

€ Estimate should be interpreted with caution due to high sampling variability (coefficient of variation between 15 and 25).

4The "<3 hours" sleep duration category combines response options "under 2 hours” and “2 hours to less than 3 hours."

¢ Item only asked of respondents >15 years old.
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TABLE 2
Prevalence of sleep, mental illness, suicidal ideation and positive mental health outcomes in eligible study sample, stratified by sex and by age group, CCHS 2015 (n = 18 683)

Male Female Youth? Adults® Older adults*
Measures (n = 8525) (n=10158) (n=1573) (n=12313) (n = 4797)
%" 95% LCL  95% UCL % 95% LCL  95% UCL % 95% LCL  95% UCL %" 95% LCL  95% UCL % 95% LCL  95% UCL
Sleep
Met sleep duration recommendations 50.9 49.0 52.7 51.1 49.3 52.9 43.7 40.0 47.4 52.1 50.5 53.6 493 46.8 51.9
Few sleep difficulties 88.5 87.4 89.6 82.2 80.9 83.5 91.3 89.5 93.1 84.8 83.7 85.8 84.9 83.2 86.6
Refreshing sleep 65.2 63.5 66.9 58.7 57.0 60.4 69.3 66.1 72.6 59.0 57.4 60.5 71.9 69.7 74.1
Mental illness and suicidal ideation
Mood disorder 6.1 5.2 7.0 10.0 9.0 10.9 5.3 3.8 6.9 8.7 7.9 9.6 6.2 5.2 7.2
Anxiety disorder 5.5 4.7 6.3 10.4 9.3 11.4 7.7 5.6 9.9 8.6 7.8 9.5 5.2 4.2 6.1
Suicidal ideation, lifetime* 8.6 7.6 9.7 12.8 11.8 13.9 9.7 7.2 12.2 11.8 10.9 12.7 6.3 5.4 7.2
Suicidal ideation, past 12 months® 1.4 1.0 1.7 2.9 2.3 3.5 - - - - - - - - -
Positive mental health
High SRMH 74.1 72.5 75.7 70.8 69.2 72.4 76.5 73.4 79.6 72.5 71.1 74.0 69.9 67.8 72.1
High life satisfaction 87.5 86.0 88.9 873 86.0 88.5 91.7 89.5 93.9 86.1 85.0 87.3 91.1 89.8 92.5
High levels of happiness 86.5 85.1 87.9 85.9 84.6 87.1 92.2 90.4 94.1 85.3 84.1 86.5 87.6 86.0 89.2
High psychological well-being 71.8 70.0 73.6 70.0 68.5 71.6 73.7 70.7 76.7 71.5 70.0 73.0 66.9 64.5 69.2
High community belonging 70.3 68.4 72.1 71.0 69.4 72.6 84.5 81.6 873 67.9 66.4 69.4 77.0 74.7 79.3

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; SRMH, self-rated mental health; UCL, upper confidence limit.
Note: Sample sizes differed for the different measures because of missing responses.

212-17 years old.

b18-64 years old.

€265 years old.

4 All estimates weighted.

¢ [tem only asked of respondents >15 years old.
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TABLE 3
Associations between meeting (vs. not meeting) sleep duration recommendations and mental illness,
suicidal ideation and positive mental health outcomes, overall and stratified by sex, CCHS 2015

Overall (n = 16674) Males (n = 7649) Females (n = 9025)
Outcome Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
o WM e WM a W W a W R oa BN ow mm
Mental illness and suicidal ideation
Mood disorder 0.79 0.65 0.96 0.80 0.66 0.97 0.94 0.65 1.35 0.96 0.68 1.37 0.71 0.57 0.89 0.71 0.56 0.89
Anxiety disorder 0.68 0.56 0.85 0.66 0.54 0.81 0.66 0.48 0.91 0.63 0.46 0.88 0.70 0.54 0.92 0.67 0.51 0.87
Suicidal ideation, lifetime? 0.72 0.62 0.85 0.70 0.59 0.82 0.78 0.61 1.00 0.76 0.60 0.97 0.68 0.55 0.84 0.66 0.53 0.81

Suicidal ideation, past 12 months® 0.42 0.29 0.61 0.41 0.28 0.58 0.72 0.40 1.28 0.60 0.35 1.04 0.31 0.19 0.50 0.32 0.20 0.51

Positive mental health

High SRMH 1.44 1.27 1.62 1.46 1.29 1.64 1.46 1.22 1.76 1.46 1.22 1.76 1.41 1.19 1.67 1.43 1.20 1.70
High life satisfaction 1.54 1.30 1.83 1.56 1.32 1.85 1.32 1.04 1.69 1.31 1.02 1.68 1.80 1.42 2.28 1.82 1.44 2.31
High levels of happiness 1.56 1.31 1.86 1.55 1.31 1.84 1.35 1.05 1.73 1.31 1.02 1.69 1.79 1.41 2.28 1.81 1.42 2.29
High psychological well-being 1.31 1.16 1.49 1.33 1.18 1.50 1.09 0.91 1.30 RIS 0.94 1.36 1.57 1.33 1.85 1.55 1.31 1.83
High community belonging 1.23 1.09 1.39 1.27 1.12 1.43 1.38 1.14 1.66 1.43 1.19 1.73 1.10 0.94 1.30 1.14 0.97 1.34

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.
Note: Statistically significant results (p < 0.05) bolded. Covariates adjusted for in analyses include age group, sex (except in sex-stratified analyses), immigrant status, racialized background, place of residence and household income adequacy quintile.

2 Restricted to respondents >15 years old.
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TABLE 4
Associations between meeting (vs. not meeting) sleep duration recommendations and mental illness,
suicidal ideation and positive mental health outcomes, stratified by age group, CCHS 2015

Youth? (n = 1356) Adults® (n = 11 030) Older adults® (n = 4288)
Outcome Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

R U0 va % o wa % o v % i oea % o owa % o ua
Mental illness and suicidal ideation
Mood disorder 0.86 0.36 2.04 0.88 0.37 2.08 0.75 0.60 0.95 0.75 0.59 0.95 0.95 0.67 1.36 0.94 0.65 1.34
Anxiety disorder 0.77 0.38 1.57 0.83 0.42 1.64 0.67 0.53 0.86 0.66 0.52 0.84 0.72 0.45 1.15 0.68 0.43 1.10
Suicidal ideation, lifetime 0.47 0.23 0.94 0.42 0.22 0.81 0.71 0.59 0.85 0.70 0.58 0.84 0.91 0.64 1.29 0.87 0.60 1.25
Positive mental health
High SRMH 1.76 1.16 2.69 1.65 1.05 2.60 1.44 1.24 1.67 1.46 1.26 1.69 1.36 1.08 1.70 1.27 1.01 1.60
High life satisfaction 1.63 0.73 3.62 1.39 0.58 3.35 1.55 1.28 1.88 1.58 1.30 1.92 1.74 1.18 2.56 1.64 1.10 2.45
High levels of happiness 2.47 1.27 4.79 2.25 1.14 4.56 1.58 1.29 1.94 1.59 1.30 1.95 1.51 1.06 2.15 1.44 1.00 2.07
High psychological well-being 1.56 1.04 2.36 1.35 0.87 2.10 1.32 1.14 1.54 1.33 1.15 1.54 1.22 0.98 1.51 1.19 0.96 1.47
High community belonging 1.78 1.11 2.87 1.81 1.08 3.01 1.23 1.07 1.43 1.23 1.06 1.42 1.35 1.04 1.75 1.33 1.02 1.72

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.

Note: Statistically significant results (p < 0.05) bolded. Covariates adjusted for in analyses include sex, immigrant status, racialized background, place of residence and household income adequacy quintile.
212-17 years old.

b18-64 years old.

€265 years old.

4 Restricted to respondents >15 years old.
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TABLE 5
Associations between few (vs. frequent) difficulties falling or staying asleep and mental illness,
suicidal ideation and positive mental health outcomes, overall and stratified by sex, CCHS 2015

Overall (n = 16674) Males (n = 7649) Females (n = 9025)
Outcome Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
o T e W e W W o W m oa W W a m
Mental illness and suicidal ideation
Mood disorder 0.24 0.19 0.29 0.29 0.23 0.36 0.22 0.15 0.31 0.24 0.16 0.26 0.26 0.21 0.22 0.32 0.25 0.41
Anxiety disorder 0.27 0.22 0.34 0.31 0.25 0.38 0.26 0.26 0.37 0.28 0.20 0.40 0.31 0.24 0.40 0.33 0.25 0.43
Suicidal ideation, lifetime? 0.32 0.27 0.38 0.36 0.30 0.42 0.28 0.21 0.36 0.29 0.22 0.39 0.37 0.29 0.46 0.40 0.32 0.50

Suicidal ideation, past 12 months® 0.24 0.17 0.35 0.27 0.19 0.38 0.25 0.15 0.42 0.23 0.14 0.40 0.27 0.17 0.42 0.27 0.17 0.42

Positive mental health

High SRMH 2.64 2.28 3.06 2.54 2.19 2.95 2.53 2.01 3.19 2.42 1.90 3.08 2.69 2.21 2.37 2.64 2.16 3.22
High life satisfaction 3.56 2.94 4.30 3.77 3.10 4.57 4.42 3.35 5.84 4.69 3.52 6.25 3.08 2.38 3.98 3.23 2.51 4.14
High levels of happiness 3.34 2.77 4.02 3.46 2.85 4.19 3.78 2.88 4.97 4.00 2.99 5.36 3.09 2.4 3.94 3.14 2.45 4.03
High psychological well-being 2.01 1.74 2.31 2.02 1.75 2.33 2.19 1.74 2.77 2.20 1.75 2.78 1.87 1.55 2.26 1.91 1.58 2.31
High community belonging 1.58 1.36 1.82 1.57 1.36 1.82 1.52 1.22 1.88 1.49 1.18 1.86 1.65 1.35 2.01 1.64 1.34 2.01

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.
Note: Statistically significant results (p < 0.05) are bolded. Covariates adjusted for in analyses include age group, sex (except in sex-stratified analyses), immigrant status, racialized background, place of residence, and household income adequacy quintile.

2Restricted to respondents >15 years old.
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TABLE 6
Associations between few (vs. frequent) difficulties falling or staying asleep and mental illness, suicidal ideation and positive mental health outcomes, stratified by age group, CCHS 2015

Youth? (n = 1356) Adults® (n = 11 030) Older adults® (n = 4288)
OO Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

o W OW e W OW o WM o W o m W oa om M
Mental illness and suicidal ideation
Mood disorder 0.11 0.05 0.24 0.13 0.06 0.26 0.23 0.18 0.29 0.27 0.21 0.35 0.41 0.28 0.61 0.43 0.28 0.65
Anxiety disorder 0.20 0.10 0.40 0.20 0.11 0.39 0.26 0.20 0.32 0.30 0.24 0.39 0.50 0.31 0.81 0.52 0.32 0.85
Suicidal ideation, lifetime 0.12 0.06 0.25 0.15 0.08 0.31 0.31 0.25 0.38 0.35 0.29 0.44 0.49 0.34 0.73 0.51 0.35 0.76
Positive mental health
High SRMH 7.94 4.73 13.32 8.06 4.66 13.94 2.76 230 3.31 2.75 2.38 3.19 2.65 2.21 3.18 1.56 1.15 2.12
High life satisfaction 4.22 2.14 8.31 4.22 2.07 8.59 3.52 2.81 4.39 3.86 3.09 4.82 3.40 2.27 5.10 3.29 2.20 4.92
High levels of happiness 8.49 4.37 16.49 9.55 4.65 19.61 3.28 2.64 4.09 3.62 291 4.52 2.56 1.83 3.57 2.59 1.84 3.64
High psychological well-being 4.82 2.89 8.04 4.81 2.81 8.24 2.02 1.71 2.39 2.04 1.72 2.42 1.13 1.13 2.00 1.46 1.09 1.95
High community belonging 2.13 1.19 3.81 2.77 1.45 5.27 1.53 1.30 1.82 1.55 1.30 1.83 1.08 1.08 1.93 1.42 1.04 1.94

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.

Note: Statistically significant results (p < 0.05) bolded. Covariates adjusted for in analyses include sex, immigrant status, racialized background, place of residence, and household income adequacy quintile.
212-17 years old.

b 18-64 years old.

€265 years old.

dRestricted to respondents >15 years old.
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TABLE 7
Associations between refreshing (vs. not refreshing) sleep and mental illness, suicidal ideation and positive mental health measures, overall and stratified by sex, CCHS 2015

Overall (n = 16 674) Males (n = 7649) Females (n = 9025)
OO Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95%
OR LCL UCL OR LCL UCL OR LCL UCL OR LCL UCL OR LCL UCL OR LCL UCL
Mental illness and suicidal ideation
Mood disorder 0.30 0.25 0.36 0.34 0.27 0.41 0.29 0.20 0.41 0.33 0.23 0.47 0.32 0.25 0.40 0.34 0.26 0.43
Anxiety disorder 0.31 0.25 0.38 0.34 0.28 0.42 0.34 0.25 0.48 0.38 0.27 0.52 0.30 0.23 0.39 0.32 0.24 0.43
Suicidal ideation, lifetime? 0.42 0.36 0.50 0.47 0.40 0.55 0.47 0.37 0.60 0.52 0.40 0.66 0.41 0.33 0.51 0.44 0.35 0.54

Suicidal ideation, past 12 months? 0.21 0.14 0.31 0.23 0.15 0.35 0.18 0.10 0.33 0.17 0.09 0.32 0.24 0.14 0.40 0.26 0.15 0.45
Positive mental health

High SRMH 2.69 2.40 3.02 2.68 2.38 3.02 2.75 2.33 3.25 2.74 2.31 3.25 2.63 2.23 3.09 2.65 2.24 3.13
High life satisfaction 4.43 3.71 5.30 4.24 3.55 5.08 4.05 3.12 5.27 3.82 2.91 5.02 4.98 3.92 6.32 4.78 3.76 6.07
High levels of happiness 3.58 3.02 4.24 3.53 2.95 4.21 3.64 2.89 4.58 3.59 2.81 4.57 3.55 2.78 4.57 3.48 2.69 4.49
High psychological well-being 2.40 2.11 2.72 2.40 2.11 2.73 2.31 1.91 2.78 2.32 1.91 2.81 2.48 2.11 291 2.47 2.10 291
High community belonging 1.62 1.42 1.84 1.52 1.33 1.74 1.55 1.27 1.87 1.39 1.14 1.70 1.71 1.44 2.02 1.63 1.37 1.94

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.
Note: Statistically significant results (p < 0.05) bolded. Covariates adjusted for in analyses include age group, sex (except in sex-stratified analyses), immigrant status, racialized background, place of residence and household income adequacy quintile.

2 Restricted to respondents >15 years old.
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TABLE 8
Associations between refreshing (vs. not refreshing) sleep and mental illness, suicidal ideation and positive mental health measures, stratified by age group, CCHS 2015

Youth? (n = 1356) Adults® (n = 11030) Older adults* (n = 4288)
O Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

R d wa %% Y va % iq wa % i wa % o e % il
Mental illness and suicidal ideation
Mood disorder 0.22 0.10 0.53 0.22 0.09 0.54 0.29 0.23 0.37 0.33 0.26 0.42 0.41 0.29 0.59 0.43 0.29 0.62
Anxiety disorder 0.40 0.20 0.80 0.42 0.23 0.77 0.31 0.24 0.39 0.34 0.27 0.43 0.30 0.19 0.48 0.30 0.19 0.49
Suicidal ideation, lifetime 0.32 0.16 0.62 0.35 0.18 0.69 0.45 0.37 0.54 0.48 0.40 0.58 0.41 0.29 0.60 0.41 0.28 0.59
Positive mental health
High SRMH 2.62 1.76 3.91 2.54 1.67 3.86 3.01 2.62 3.46 2.90 2.52 3.34 1.81 1.45 2.26 1.74 1.39 2.19
High life satisfaction 7.03 3.39 14.57 6.83 3.21 14.55 4.41 3.59 5.41 4.37 3.54 5.38 3.12 2.15 4.54 3.03 2.08 4.43
High levels of happiness 5.64 2.74 11.58 5.77 2.70 12.31 3.57 2.91 4.37 3.58 2.91 4.39 2.90 2.11 4.00 2.92 2.13 4.00
High psychological well-being 2.91 1.95 4.35 2.79 1.85 4.20 2.55 2.19 2.97 2.49 2.14 2.91 1.79 1.44 2.22 1.76 1.42 2.19
High community belonging 1.73 1.08 2.76 1.95 1.18 3.23 1.50 1.29 1.75 1.49 1.28 1.74 1.81 1.42 2.30 1.80 1.41 230

Abbreviations: CCHS, Canadian Community Health Survey; LCL, lower confidence limit; OR, odds ratio; SRMH, self-rated mental health; UCL, upper confidence limit.

Note: Statistically significant results (p < 0.05) bolded. Covariates adjusted for in analyses include sex, immigrant status, racialized background, place of residence and household income adequacy quintile.
212-17 years old.

b 18-64 years old.

€265 years old.

d Restricted to respondents >15 years old.
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Manitoba, Alberta and Yukon;* symptoms
of depression and anxiety among public
safety personnel;'® and higher internaliz-
ing problems at ages 12 to 15 years in girls
and 12 to 13 years in boys, cross-section-
ally.*® Longitudinal research into these
relationships and their potential mecha-
nisms is needed, as growing evidence sug-
gests that the associations between sleep
quality and mental health are complex
and bidirectional.**8 For example, research
from Sweden and the United Kingdom has
found that baseline depression and anxi-
ety were associated with disturbed sleep
12 months later, with baseline disturbed
sleep also predicting subsequent depres-
sion and anxiety.*”*8

Few Canadian studies have investigated
the associations of other measures of sleep
quality with PMH and MI/SI. Research
conducted among adolescents in Ontario
suggests that daytime sleepiness is preva-
lent and may be associated with poorer
outcomes,* calling for further inquiry into
how other measures may be associated
with mental health. Nonetheless, the cur-
rent study contributes to existing research
by examining a breadth of associations
between sleep duration, sleep quality and
indicators of PMH and MI/SI by sex and
age groups. This adds to the evidence
base and addresses research gaps that
have been highlighted elsewhere.?3%*

Approximately half of people aged 12 years
and older in Ontario, Manitoba and
Saskatchewan met sleep duration recom-
mendations, lower than the almost two-
thirds previously estimated based on the
2014-2015 Canadian Health Measures
Survey.! This could be due to differences
in the populations sampled (e.g. individu-
als living in different provinces), question
wording (e.g. “each night” vs. “in a
24-hour period”), response options (e.g.
categorical vs. continuous), etc. We found
that meeting sleep duration recommenda-
tions was generally associated with higher
odds of PMH and lower odds of MI/SI;
however, these associations were incon-
sistent across sex and age groups.

Some other Canadian studies have reported
inconsistent associations between short
and long sleep durations and outcomes
including SRMH and community belong-
ing,'3?! depression'* and life satisfaction
in general populations® and SRMH and
life satisfaction among individuals with
mood and/or anxiety disorders.?? Such

Health Promotion and Chronic Disease Prevention in Canada
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inconsistencies may be due to differences
in conceptualizing and operationalizing
sleep measures or mental health out-
comes, with some studies using different
instruments, devices or scoring methods
or different cut-offs to measure short,
medium and long sleep durations, for
example.'*??2 Furthermore, the associa-
tion between sleep duration and well-
being may be mediated by other sleep
indicators including sleep quality.*® The
associations of sleep duration and sleep
quality with mental health may be com-
plex and bidirectional, and longitudinal
research into these relationships is
needed. An initial study with youth in
British Columbia and Ontario found that
psychological well-being increased over
one year among females who started
meeting sleep duration recommendations.

Strengths and limitations

This study has a number of strengths. The
use of data from a large population-based
sample affords sufficient statistical power
to conduct stratified analyses, by sex and
age group, of associations between several
sleep measures and indicators of PMH
and MI/SI. The examination of both sleep
quality and sleep duration is in line with
recommendations to investigate both
types of measures and their associations
with health, as they may be differentially
associated with mental health.*® Indeed,
compared to meeting sleep duration rec-
ommendations, our two measures of sleep
quality were more robust correlates of
PMH and MI/SI.

In terms of limitations, the data analyzed
were cross-sectional, and as a result, cau-
sality and directionality of associations
could not be ascertained. Second, although
the CCHS is conducted annually, we were
limited to using data from 2015 due to
availability of study measures; it is possi-
ble that the observed associations may
have changed over time. For example, pre-
liminary research has suggested that sleep
quality and PMH have declined and symp-
toms of mental disorders have increased
in a number of different populations,
including Canadians, during the COVID-
19 pandemic,**¢ which may affect associ-
ations between sleep and mental health.
However, the current study analyzes more
recent data than some Canadian stud-
ies,'*?! which may provide recent baseline
data for investigating impacts of the
COVID-19 pandemic. Findings may also
inform sleep and mental health surveillance
as well as future data collection and analysis.

Third, given that the sleep measures were
collected only in Ontario, Manitoba and
Saskatchewan, findings may not reflect
other Canadian provinces or the territo-
ries, or individuals excluded from CCHS
data collection or regression analyses (e.g.
Indigenous Peoples). Fourth, all of the
measures were self-reported and therefore
subject to recall or social desirability bias.
While generally not feasible for large-scale
population-based surveillance given the
additional costs and time needed for data
collection, measuring sleep duration and
quality through more detailed (e.g. sleep
diaries over several days) or objective
means (e.g. actigraphy) are considered to
have greater validity for assessing sleep
duration and sleep quality.”” Interestingly,
research from the UK that assessed sleep
more objectively, using accelerometers,
found that previous mental illness diagno-
ses were more strongly and consistently
associated with measures of sleep quality
than of sleep duration.®

Fifth, we applied sampling weights that
take household and individual nonre-
sponse into account in our analyses, but
there is still a possibility that estimates
could be biased due to issues like self-
selection given the response rate.” Sixth,
the PMH and MI/SI measures were exam-
ined as independent outcomes in our
analyses. Other research has simultane-
ously examined PMH and mental illness,
finding that Canadian youth with high
psychological well-being and low depres-
sive symptoms were the most likely to
meet sleep duration recommendations,
and those with low psychological well-
being and high depressive symptoms were
the least likely.®

Seventh, respondents with partially miss-
ing data who were excluded from the
regression analyses could have differed
from those with complete data, and
results could have differed if variables
were coded differently. Nevertheless, sen-
sitivity analyses (not reported here) that
included respondents with partially com-
plete data or that dichotomized the sleep
quality measures differently (i.e. “some-
times” included in the frequent sleep dif-
ficulties group; “sometimes” included in
the refreshing sleep group) still found sig-
nificant overall unadjusted and adjusted
associations in the expected direction
between the sleep measures and all the
PMH and MI/SI outcomes. Finally, we
cannot rule out the potential for residual
confounding of the observed associations,
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as other measures that have been associ-
ated with sleep and mental health were
not measured in the 2015 CCHS (e.g. sleep
hygiene) or not controlled for in our anal-
yses (e.g. physical activity).6l:¢2

Conclusion

Sleep difficulties are prevalent among
Canadians, and poor sleep quality and
duration have been associated with lower
well-being and mental ill-health. The cur-
rent study demonstrates strong associa-
tions between good sleep quality and
lower MI/SI and higher PMH across sex
and age groups. Although less consistent,
meeting sleep duration recommendations
was also generally associated with PMH
and MI/SI. Additional longitudinal research
is needed to ascertain directionality of the
associations. Future research may also
benefit from examining how sleep inter-
acts with other health behaviours (e.g.
physical activity), from using objective or
more detailed sleep measures (e.g. mea-
sures of sleep consistency and continuity)
and from examining how sleep quality
and sleep duration interact to affect
health. Surveillance efforts should con-
tinue to monitor sleep behaviours and
indicators of PMH and MI/SI to inform
public health strategies targeted at pro-
moting improved sleep and well-being
among Canadians.
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At-a-glance

Suicidal ideation among young adults in Canada
during the COVID-19 pandemic: evidence from
a population-based cross-sectional study

Li Liu, PhD (1); Giséle Contreras, MSc (1); Nathaniel J. Pollock, PhD (1,2); Lil Tonmyr, PhD (1);

Wendy Thompson, MSc (1)

Abstract

Using data from the 2020 and 2021 cycles of the Survey on COVID-19 and Mental Health,
we examined suicidal ideation among adults in Canada aged 18 to 34 years. The preva-
lence of suicidal ideation among adults aged 18 to 34 years was 4.2% in fall 2020 and
8.0% in spring 2021. The subgroup of adults aged 18 to 24 years had the highest preva-
lence of suicidal ideation, 10.7%, in spring 2021. Prevalence varied by sociodemo-
graphic characteristics and tended to be higher among people living in materially
deprived areas. Suicidal ideation was strongly associated with pandemic-related stress-

ors respondents experienced.

Keywords: surveillance, material deprivation, social deprivation, substance use, pandemic
impacts, loneliness, anxiety, mental illness, coronavirus

Introduction

As early as April 2020, mental health pro-
fessionals were raising concerns about the
impact of the COVID-19 pandemic on sui-
cidality.! Global suicide mortality rates
remained unchanged or decreased fduring
the first 9 to 15 months of the pandemic,?
but suicidal ideation, suicide attempts and
self-harm have increased in some popula-
tions and contexts.® In Canada, the preva-
lence of recent suicidal ideation among
adults was 2.7% in 2019*° and 2.4% in
fall 2020,* increasing significantly to 4.2%
in spring 2021.°

Studies suggest that young adults may
have been more likely than older people
to experience mental health problems
such as anxiety and depressive symp-
toms,® loneliness,” psychological distress®
and suicidality*>® since the start of the
pandemic. In Canada in 2019, the odds of
young adults aged 18 to 34 years reporting
suicidal ideation were 5.4 times that of
adults aged 65 vyears or older; these

comparative odds increased to 8.2 by fall
2020 and to 9.7 by spring 2021.4°

Systematic reviews and meta-analyses iden-
tified pandemic-specific risk factors for
suicidal ideation.>!®!" Several reviews found
that university students were at high risk
for suicide-related behaviours, and associ-
ated risk factors included social isolation
and mental illness."™ As the long-term
mental health effects of the COVID-19
pandemic are unclear, continued surveil-
lance is needed to inform comprehensive
and effective responses to suicide risks,
including among young adults.

The objectives of this paper were to
(1) estimate the prevalence of suicidal ide-
ation during the COVID-19 pandemic
among young adults aged 18 to 34 years,
by age subgroup; and (2) identify sociode-
mographic characteristics and pandemic-
related stressors that may be associated
with an increased risk of suicidal ideation
in this population.

Highlights

e [n spring 2021, the prevalence of
suicidal ideation among young adults
aged 18 to 34 years was 8.0%.

e At 10.7%, the prevalence of sui-
cidal ideation was highest in the
subgroup of young adults aged 18
to 24 years, in spring 2021.

e The odds of suicidal ideation were
higher among young adults who
were White versus racialized, born
in Canada versus immigrated to
Canada, living with low or middle
income, with high school educa-
tion or less, or living in a materi-
ally deprived area.

e Pandemic-related experiences, stress-
ful events and mental illness were
strongly associated with suicidal
ideation.

Methods
Data source

We analyzed cross-sectional data from the
2020 and 2021 cycles of the nationally rep-
resentative, population-based Survey on
COVID-19 and Mental Health (SCMH).!%15
Conducted by Statistics Canada with the
Public Health Agency of Canada (PHAC),
the SCMH was designed to collect data to
assess the impacts of COVID-19 on adults’
mental health and well-being. The 2020
cycle was conducted from 11 September
through 4 December 2020 (“fall 20207),
and the 2021 cycle from 1 February
through 7 May 2021 (“spring 2021”).
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The two SCMH cycles had nearly identical
methodologies. The target population was
individuals aged 18 years or older in the
ten provinces and the three territorial cap-
itals. A simple random sample of dwell-
ings from each province and territorial
capital was selected from the Dwelling
Universe File, and a household member
was sampled in each dwelling. Excluded
from the survey were residents of institu-
tions; of collective, unmailable, inactive or
vacant dwellings; and of First Nations
reserves; together, these groups repre-
sented less than 2% of the population of
interest.

Respondents completed the SCMH volun-
tarily through an electronic questionnaire
or a computer-assisted telephone inter-
view. The response rate was 53.3%
(14689 responses) for the 2020 cycle and
49.3% (8032 responses) for the 2021 cycle.
A total of 18936 respondents (83.3%)
agreed to share their information with
PHAC. Of these respondents, 3265 were aged
18 to 34 years. After excluding 10 respon-
dents who did not answer the question
about suicidal ideation, we analyzed data
from the remaining 3255 respondents.

Measures

Suicidal ideation was determined with the
question, “Have you seriously contem-
plated suicide since the COVID-19 pan-
demic began?” Sociodemographic factors
examined were gender, age group, racial-
ized group member, immigrant status,
income tertile, area of residence, education,

living alone, and social and material
deprivation. The social and material
deprivation index developed by the
Institut national de santé publique du
Québec is a measure of social and mate-
rial inequalities at the neighbourhood
level, based on census dissemination
areas.'®” The material deprivation com-
ponent includes measures of area-level
income, education and employment; the
social deprivation component refers to
social ties, that is, marital status, living
alone and lone-parent family status.!®!
Our analysis used the deprivation index
based on the 2016 Census.

The variables for COVID-19 stressors were
pandemic-related experiences; alcohol and
cannabis use; concerns about violence in
people’s own homes; symptoms of mental
illness; ever experienced stressful events
in lifetime; and work status. These vari-
ables, and the surveys, have been described
in detail elsewhere.!®

Analysis

We estimated the prevalence of suicidal
ideation in the 2020 and 2021 SCMH sepa-
rately, by gender and by age group. We
then estimated the prevalence of suicidal
ideation using combined data from the
two cycles, by sociodemographic charac-
teristics and pandemic-related stressors,
and used logistic regressions to examine
disparities of reporting suicidal ideation.
We computed crude odds ratio (OR) and
adjusted odds ratios (aOR) for gender, age
group and survey year. All estimates were

adjusted with sampling weights provided
by Statistics Canada; 95% modified Clopper—
Pearson confidence intervals (CI)* were
estimated using the bootstrap technique.
We conducted the analyses using SAS
Enterprise Guide version 7.1 (SAS Institute,
Cary, NC, USA).

Results

Table 1 shows the prevalence of suicidal
ideation, by gender and age group, in
2020 and 2021. For both cycles, this preva-
lence tended to be higher in younger age
groups. In 2021, the prevalence of suicidal
ideation among those aged 18 to 34 was
8.0%, with the highest prevalence (10.7 %)
among those aged 18 to 24. The preva-
lence of suicidal ideation was similar for
women and men (7.8% versus 7.6%) in
2021. The seemingly higher prevalence
among women in 2020 (5.2% versus 2.9%
among men) was not statistically significant.

Table 2 shows the prevalence of and odds
ratios for suicidal ideation among people
aged 18 to 34 years, by sociodemographic
characteristics and pandemic-related stres-
sors, based on combined data from the
2020 and 2021 SCMH. The odds of suicidal
ideation were significantly higher among
people aged 18 to 24 years, those with low
and middle income, those with lower edu-
cational attainment or those living in
materially deprived areas. In contrast, the
odds were significantly lower among
racialized adults and immigrants to
Canada. Young adults in the most materi-
ally deprived areas had almost double the

TABLE 1
Prevalence of suicidal ideation during the COVID-19 pandemic,® by gender and age group, population aged 18-34 years, Canada
2020? 2021*
Variable Prevalence, % Prevalence, %
) 0 ) 0
n 95% CL) OR (95% CL) n (95% CL) OR (95% CL)
Overall 2096 4.2 (3.1, 5.6) — 1159 8.0 (5.7, 10.9) —
Gender”
Female 1210 5.2(3.7,7.1) 1.8 (0.9, 3.7) 705 7.8 (4.8,11.8) 1.0 (0.5, 2.1)
Male 869 2.9 (1.5, 5.1) (Ref.) 448 7.6 (4.4,12.1) (Ref.)
Age group, years
18-24 500 5.2 (2.9, 8.5) 1.7 (0.9, 3.4) 273 10.7 (6.0, 17.2) 1.8 (0.8, 4.0)
25-29 640 46(2.7,7.4) 1.5 (0.8, 3.0 369 7.1 (3.3, 12.9) 1.2 (0.5, 2.9)
30-34 956 3.1 (2.0, 4.6) (Ref.) 517 6.2 (3.6,9.7) (Ref.)

Sources: 2020 Survey on COVID-19 and Mental Health; 2021 Survey on COVID-19 and Mental Health.

Abbreviations: CL, confidence limit; OR, odds ratio; Ref., reference group in logistic regression.

2 Data for the 2020 cycle of the Survey on COVID-19 and Mental Health were collected between 11 September and 4 December 2020, and for the 2021 cycle of the Survey on COVID-19 and Mental

Health were collected between 1 February through 7 May 2021.

b Owing to the small number of samples, gender-diverse respondents were excluded from gender-stratified analyses, but were included in other analyses.
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TABLE 2
Prevalence and odds ratios of suicidal ideation during the COVID-19 pandemic,® by sociodemographic
characteristics and pandemic-related stressors, population aged 18-34 years, Canada

Variable n (%) Prevalence, % (95% CL) OR (95% CL) (935£szch)

Overall 3255 (100.0) 6.0 (4.8, 7.5) — —
Sociodemographic characteristics
Gender*

Female 1915 (50.5) 6.4 (4.8, 8.5) 1.3(0.8,2.2) 1.3(0.8,2.2)

Male 1317 (49.5) 5.13.3,7.3) (Ref.) (Ref.)
Age group, years

18-24 773 (34.4) 7.9 (5.2,11.3) 1.8 (1.1,3.1) 1.8 (1.0, 3.2)*

25-29 1009 (28.8) 5.8 (3.6, 8.8) 1.3(0.7,2.4) 1.2(0.7,2.2)

30-34 1473 (36.8) 4.5(3.1,6.2) (Ref.) (Ref.)
Racialized group member?

Yes 935 (36.8) 3.9 (2.4,6.0) 0.6 (0.3, 0.9)" 0.6 (0.3, 1.0)"

No 2293 (63.2) 6.9 (5.2,9.0) (Ref.) (Ref.)
Immigrant status

Yes 661 (25.7) 2.7(1.1,5.4) 0.4 (0.2, 0.8)" 0.4 (0.2, 0.9)"

No 2588 (74.3) 7.2 (5.6,9.0) (Ref.) (Ref.)
Income tertile

Low 960 (30.8) 6.6 (4.5,9.3) 2.0 (1.1,3.9)" 1.9 (1.0, 3.7)

Middle 1006 (35.1) 6.8 (4.5,9.8) 2.1 (1.1, 4.5 2.0 (1.1, 4.0

High 982 (34.1) 3.3 (1.9, 5.5 (Ref.) (Ref.)
Area of residence

Population centre 2625 (87.2) 6.3 (4.9, 7.9) 1.3 (0.6, 2.8) 1.3 (0.6, 2.9)

Rural area 580 (12.8) 4.9(2.3,8.9) (Ref.) (Ref.)
Educational attainment

High school or less 887 (32.8) 10.1 (7.2, 13.8) 2.7 (1.7,4.3)" 3.0 (1.8, 5.2

Postsecondary 2362 (67.2) 4.0 (2.9, 5.3) (Ref.) (Ref.)
Living alone

Yes 524 (7.9) 7.5 (5.0, 10.7) 1.3 (0.8, 2.1) 1.3(0.8,2.2)

No 2723 (92.1) 5.9 (4.6, 7.5) (Ref)) (Ref.)
Have children <18 years old at home

Yes 873 (21.1) 3.5(2.2,5.3) 0.5(0.3,0.9)" 0.6 (0.4, 1.2)

No 2379 (78.9) 6.7 (5.1, 8.5 (Ref.) (Ref.)
Material deprivation’

Least deprived area 1542 (42.5) 4.4 (3.1, 6.0) (Ref.) (Ref.)

Moderately deprived area 566 (18.1) 7.0 (4.0,11.2) 1.6 (0.9, 3.1) 1.7 (0.9, 3.4)

Most deprived area 950 (39.4) 7.7 (5.2, 10.9) 1.8 (1.1, 3.0) 1.8 (1.1, 3.0)
Social deprivationf

Least deprived area 909 (35.6) 5.5(3.2,8.7) (Ref.) (Ref.)

Moderately deprived area 549 (16.5) 7.3 (4.0,11.9) 1.4 (0.6, 3.0) 1.4 (0.6, 3.1)

Most deprived area 1600 (48.0) 6.3 (4.6, 8.3) 1.2 (0.6, 2.1) 1.2 (0.6, 2.1)
Pandemic-related experience
Loss of job/income

Yes 990 (35.5) 7.6 (5.4, 10.4) 1.5 (0.9, 2.4) 1.5 (0.9, 2.4)

No 2248 (64.5) 5.23.7,7.0) (Ref.) (Ref.)

Continued on the following page
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TABLE 2 (continued)

Prevalence and odds ratios of suicidal ideation during the COVID-19 pandemic,® by sociodemographic

characteristics and pandemic-related stressors, population aged 18-34 years, Canada

Variable n (%) Prevalence, % (95% CL) OR (95% CL) (923,1‘20

Difficulty meeting financial obligations/essentials

Yes 648 (22.0) 9.3 (6.3, 13.0) 1.9 (1.2, 3.1)" 1.9 (1.2,3.2)

No 2607 (78.0) 5.1(3.8,6.7) (Ref.) (Ref.)
Death of family/friend/colleague

Yes 248 (8.6) 7.5(4.1,12.3) 1.3(0.7,2.4) 1.2 (0.6, 2.4)

No 2990 (91.4) 5.9 (4.6, 7.5 (Ref.) (Ref.)
Feelings of loneliness/isolation

Yes 1846 (56.7) 10.0 (7.8, 12.5) 12.4 (6.9, 22.0)™ 11.1 (6.1, 20.2)™

No 1392 (43.3) 0.9 (0.5, 1.5) (Ref.) (Ref.)
Emotional distress

Yes 1727 (51.2) 10.4 8.1,13.1) 7.8 (4.0, 15.1)™ 7.7 3.7,16.2)™

No 1511 (48.8) 1.5 (0.8, 2.6) (Ref.) (Ref.)
Physical health problem

Yes 1059 (34.3) 11.1 8.3, 14.5) 3.6 (2.1, 6.0 3.1 (1.8, 5.5™

No 2179 (65.7) 3.4(2.2,5.0 (Ref.) (Ref.)
Challenges in personal relationship

Yes 848 (26.7) 9.7 (7.0, 12.9) 2.2(1.3,3.5" 2.1(1.3,3.5"

No 2390 (73.3) 4.7 3.3, 6.5) (Ref.) (Ref.)
Number of COVID-19-related impacts experienced

Oorl 1203 (37.3) 1.2 (0.4, 2.7) (Ref.) (Ref.)

2 691 (20.0) 5.1(2.5,9.3) 4.4 (1.4,13.9) 4.3(1.3,13.9)

3 545 (15.4) 7.1 3.7, 12.0) 6.2 (2.1,18.2)™ 5.2(1.7,16.2)"

4 423 (13.2) 10.0 (6.3, 14.9) 9.0 3.3, 25.0)™ 8.3(2.9,23.7)™

5+ 376 (14.0) 15.3 (10.4, 21.5) 14.8 (5.5, 40.2)™ 14.1 (4.8, 41.6)™
Substance use
Increased alcohol consumption

Yes 643 (16.6) 8.6 (5.6, 12.4) 1.6 (1.0, 2.7) 1.7 (1.0, 2.9)

No 2608 (83.4) 5.5(4.1,7.1) (Ref.) (Ref.)
Ever used cannabis

Yes 1503 (41.4) 8.6 (6.5,11.2) 2.1(1.3,3.6)" 2.1(1.2,3.5"

No 1748 (58.6) 4.2(2.7,6.2) (Ref.) (Ref.)
Increased cannabis use

Yes 377 (27.2) 11.7 (7.2, 17.6) 1.7 (0.9, 3.1) 1.6 (0.8, 2.9)

No 1129 (72.8) 7.4 (5.1, 10.3) (Ref.) (Ref.)
Moderate or severe symptoms of mental illness
Generalized anxiety disorder

Yes 687 (21.4) 15.4 (11.5, 19.9) 5.0 3.0,8.3)™ 4.7 (2.7,8.1)™

No 2527 (78.6) 3.5 (2.3, 5.0) (Ref.) (Ref.)
Major depressive disorder

Yes 833 (26.9) 17.1 (13.2, 21.6) 9.4 (5.4,16.3)™ 8.5 (4.8,15.2)™

No 2342 (73.1) 2.1(1.3,33) (Ref.) (Ref.)
Post-traumatic stress disorder

Yes 331 (9.8) 19.7 (14.2, 26.1) 5.33.2,8.7)™ 4.6 (2.6,8.2)™

No 2836 (90.2) 4.4 3.2,6.0) (Ref.) (Ref.)
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TABLE 2 (continued)

Prevalence and odds ratios of suicidal ideation during the COVID-19 pandemic,® by sociodemographic
characteristics and pandemic-related stressors, population aged 18-34 years, Canada

Variable n (%) Prevalence, % (95% CL) OR (95% CL) (935(0/1Rchl_)

Other factors
Experienced stressful/traumatic event during life

Yes 1860 (54.4) 8.5 (6.6, 10.8) 2.9 (1.5, 5.6)" 2.9 (1.5, 5.6)"

No 1392 (45.6) 3.1(1.6,5.2) (Ref.) (Ref.)
Concern about violence in respondent’s home

Yes 125 (4.6) 11.4 3.3, 26.2) 2.1(0.6,7.7) 2.1(0.5,7.9)

No 3124 (95.4) 5.8 (4.5,7.2) (Ref) (Ref)
Work status

Frontline worker 338 (7.9) 4.1(1.9,7.6) 0.6 (0.3, 1.3) 0.6 (0.3, 1.4)

Essential non-frontline worker 830 (25.2) 4.6 (2.7,7.3) 0.7 (0.4,1.2) 0.6 (0.4, 1.1)

Other® 2081 (67.0) 6.8 (5.1,8.8) (Ref.) (Ref.)

Sources: 2020 Survey on COVID-19 and Mental Health; 2021 Survey on COVID-19 and Mental Health.
Abbreviations: CL, confidence limit; OR, odds ratio; aOR, adjusted odds ratio; SCMH, Survey on COVID-19 and Mental Health; Ref., reference group in logistic regression.

Note: Missing data are 9% for income, 6% for social or material deprivation and <3% for others.

 Data from the 2020 SCMH cycle, collected between 11 September and 4 December 2020, and from the 2021 SCMH, collected between 1 February and 7 May 2021, were combined.

b Logistic regression adjusted for age and survey year in analysis by gender; adjusted for gender and survey year in analysis by age group; adjusted for gender, age group and survey year in analyses

for other characteristics.

¢ Owing to the small number of samples, gender-diverse respondents were excluded from gender-stratified analysis, but were included in other analyses.

4 Racialized group members include people classified as visible minorities or who identified as Indigenous; people who identified as White were coded as non-racialized.

¢ Income tertile was computed based on all populations in the survey aged 18 years or over.

fLeast deprived areas are those in first and second quintiles of the deprivation index; moderately deprived areas are those in the third quintile; and most deprived areas are those in fourth and fifth

quintile.

¢ All other respondents who were not frontline or essential workers, including those who were not employed.

*p <0.05.
* p < 0.005.
**p < 0.001.

odds of suicidal ideation compared with
those in the least deprived areas. No sig-
nificant differences were observed across
levels of social deprivation.

Most of the pandemic-related experiences
examined were associated with higher
odds of suicidal ideation, and particularly
feelings of loneliness (aOR = 11.1; 95%
Cl: 6.1-20.2) and emotional distress
(aOR = 7.7; 95% CI: 3.7-16.2). A dose-
response relationship was evident; the
odds of young adults with 5 or more pan-
demic-related experiences reporting sui-
cidal ideation were 14 times that of the
odds reported by those with 0 or 1 of
these experiences.

Discussion

Using data from the 2020 and 2021 SCMH,
we analyzed suicidal ideation among
young adults aged 18 to 34 years in
Canada. The prevalence of suicidal ide-
ation tended to be higher in younger age

Health Promotion and Chronic Disease Prevention in Canada
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groups and some sociodemographic sub-
groups. Pandemic-related stressors were
associated with a higher prevalence of sui-
cidal ideation.

In 2021 in Canada, the prevalence of sui-
cidal ideation was 10.7% for young adults
18 to 24 vyears old; this was more than
double the prevalence of suicidal ideation
for adults overall, 4.2%.° Our findings on
disparities in suicidal ideation between
sociodemographic groups and associations
with pandemic-related stressors experienced
by young adults aged 18 to 34 are consis-
tent with those of a recent study of adults
18 years and older.!® The results also align
with the findings of a United States study
that reported the prevalence of seriously
considering suicide in the past 30 days in
June 2020 as higher among respondents aged
18 to 24 years than among older age groups,
with prevalence decreasing with age.’

During the pandemic, young adults were
more likely than older adults to develop

anxiety and depressive symptoms®2*?? and
experience loneliness;”* they also had the
largest increase in psychological distress
over time.® School and university closures
may have played a role by restricting
opportunities to form and maintain social
relationships.?* Surveys conducted in
Germany found a high prevalence of sui-
cidal ideation among university students
compared with before or during the early
months of the pandemic.>*** A national
survey of students aged 18 to 35 years
in Norway found a negative correlation
between time spent in person on campus
and suicidal ideation.?” Job loss could also
be a factor; 15- to 24-year-olds experienced
unemployment more than other age groups
during the pandemic.?®*? Those living in
the most deprived areas had high preva-
lence of suicidal ideation, which supports
previous findings that the rise in suicidal
ideation is most likely to occur among
young people living in poverty.*

Our analysis used data derived from sur-
vey cycles with modest sample sizes,

Vol 43, No 5, May 2023




which limits the statistical power needed
to detect significant differences between
subgroups. In addition, the cross-sectional
design does not allow for examination of
causal relationships. Nevertheless, the
results of this study indicate that young
adults in Canada had a higher risk of sui-
cidal ideation than older adults, and that
modifiable factors, including loneliness,
emotional distress and symptoms of men-
tal illness, played important roles in
increasing this risk. These findings sug-
gest that age-specific clinical and popula-
tion interventions that target key risk
factors may help decrease suicidal think-
ing among young adults during the
COVID-19 pandemic.
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World Bank, UNICEF and governments of Canada and India will be presenting sessions and have representatives at Congress.

On behalf of the Public Health Agency of Canada, we invite you to attend to represent Canadian science on the world stage. For those
who are interested, additional information is available on the WNCD 2023 website.

Please feel free to share this information with interested colleagues and relevant networks.
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Call for Papers: Social Prescribing in Canada

Guest Editors: Sandra Allison (Island Health Authority), Kiffer Card (Simon Fraser University), Kate Mulligan (University of Toronto)
HPCDP Journal Editors: Robert Geneau and Margaret de Groh (Public Health Agency of Canada)

Social prescribing (SP) is a practical tool for addressing the social determinants of health through supported referrals to community
services. This globally spreading intervention aims to promote health and prevent chronic disease by supporting individual and com-
munity self-determination and connecting participants to nonclinical supports in their communities, such as food and income sup-
port, parks and walking groups, arts and cultural activities or friendly visiting.!

Global evidence demonstrates that SP can support individual and population health, build the evidence base on the impacts of social
interventions for health promotion and chronic disease prevention and integrate health and social care at the community level.?
However, while SP practices continue to scale and spread across Canada, and knowledge mobilization is underway through the new
Canadian Institute for Social Prescribing,? there is relatively little published literature on this novel intervention in Canadian contexts
and by Canadian researchers, practitioners and participants.

The objective of this special issue is to identify and share the most current research and practice on SP by and for residents of Canada,
particularly those facing inequities in access to health and its social and structural determinants. Health Promotion and Chronic Disease
Prevention in Canada: Research, Policy and Practice therefore seeks relevant qualitative and quantitative research articles, as well as com-
mentaries, that present new findings, synthesize existing evidence or imagine new ways forward on (for example)

e applications of SP, including those for specific populations or specific types of social interventions;

¢ policies and systems changes relevant to SP uptake;

e expertise and experiences of SP actors, including participants (patients), health care workers, community organizations and
caregivers;

e training, workforce development, collaboration and knowledge mobilization for SP;
e technology, data tracking, evaluation and evidence building in SP; and
¢ understanding of SP through theoretical frameworks and systems trends.

International submissions will be considered if they include Canadian data, results (e.g. as part of multi-country studies or global
comparisons) and/or evidence-based discussion of implications for community or population health in Canada.

Consult the Journal’s website for information on article types and detailed submission guidelines for authors. Kindly refer to this call
for papers in your cover letter.

All manuscripts should be submitted using the Journal’s ScholarOne Manuscripts online system. Pre-submission inquiries and ques-
tions about suitability or scope can be directed to HPCDP.Journal-Revue.PSPMC@phac-aspc.gc.ca.

Submission deadline: July 31, 2023.
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Other PHAC publications

Researchers from the Public Health Agency of Canada also contribute to work published in other journals and books. Look for
the following articles published in 2022 and 2023:

Chaput J-P, Janssen I, Lang JJ, et al. Economic burden of excessive sedentary behaviour in Canada. Can J Public Health. 2023;1-10.
https://doi.org/10.17269/s41997-022-00729-2

Chaput J-P, Janssen I, Sampasa-Kanyinga H, [...] Lang JJ. Economic burden of low cardiorespiratory fitness in Canada. Prev Med.
2023;168:107424. https://doi.org/10.1016/j.ypmed.2023.107424

Charide R, Stallwood L, Munan M, [...] Stevens A, et al. Knowledge mobilization activities to support decision-making by youth,
parents, and adults using a systematic and living map of evidence and recommendations on COVID-19: protocol for three randomized
controlled trials and qualitative user-experience studies. Trials. 2023;24(1):27. https://doi.org/10.1186/s13063-023-07067-9

De Rubeis V, Gonzalez A, de Groh M, Jiang Y, et al. Obesity and adverse childhood experiences in relation to stress during the
COVID-19 pandemic: an analysis of the Canadian Longitudinal Study on Aging. Int J Obes. 2023;47(3):197-206. https://doi.org
10.1038/s41366-023-01258-9

Decker KM, Lambert P, Bravo J, Demers A, et al. Time trends in colorectal cancer incidence from 1992 to 2016 and colorectal cancer
mortality from 1980 to 2018 by age group and geography in Canada. Am J Gastroenterol. 2023;118(2):338-44. https://doi.org/10.14309
ajg.0000000000002058

Graham E, Zhao B, Flynn M, [...] Orpana H, Kuo M, MacDougall L. Using linked data to identify pathways of reporting overdose
events in British Columbia, 2015-2017. Int J Popul Data Sci. 2022;7(1):1708. https://doi.org/10.23889/1JPDS.V711.1708

Kidokoro T, Tomkinson GR, Lang JJ, et al. Physical fitness before and during the COVID-19 pandemic: results of annual national
physical fitness surveillance among 16,647,699 Japanese children and adolescents between 2013 and 2021. J Sport Health Sci. 2022;
§2095-2546(22)00108-9. https://doi.org/10.1016/j.jshs.2022.11.002

Lim S, McDougall ARA, Goldstein M, [...] Ricci C, et al. Analysis of a maternal health medicines pipeline database 2000-2021: new
candidates for the prevention and treatment of fetal growth restriction. BJOG. 2023. https://doi.org/10.1111/1471-0528.17392

Ricci C, Otterman V, Bennett T-L, Metcalfe S, [...] Dzakpasu S. Rates of and factors associated with exclusive and any breastfeeding
at six months in Canada: an analysis of population-based cross-sectional data. BMC Pregnancy Childbirth. 2023;23(1):56. https://doi
.0rg/10.1186/s12884-023-05382-2

Seale E, de Groh M, Greene-Finestone L. Fast food consumption in adults living in Canada: alternative measurement methods, con-
sumption choices, and correlates. Appl Physiol Nutr Metab. 2023;48(2):163-71. https://doi.org/10.1139/apnm-2022-0252

Srugo SA, Fernandes da Silva D, Menard LM, Shukla N, Lang JJ. Recent patterns of physical activity and sedentary behaviour
among pregnant adults in Canada. J Obstet Gynaecol Can. 2023;45(2):141-9. https://doi.org/10.1016/j.jogc.2022.11.011
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