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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,
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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
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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
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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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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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