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Trends in physical fitness among Canadian children and youth

by Rachel C. Colley, Janine Clarke, Caroline Y. Doyon, lan Janssen, Justin J. Lang, Brian W. Timmons, and
Mark S. Tremblay

Abstract

Background: Physical fitness during childhood is an important indicator of current and future health. This paper provides an overview of the fitness of
Canadian children and youth aged 6 to 19 years.

Data and methods: Data are from three cycles of the Canadian Health Measures Survey (CHMS) spanning a 10-year period: 2007 to 2009 (n = 2,081), 2009
to 2011 (n = 2,133) and 2016 to 2017 (n = 2,070). The CHMS is a comprehensive direct health measures survey conducted on a nationally representative
sample of Canadians. Descriptive statistics for measures of cardiorespiratory fitness, muscular strength and power, flexibility, and body composition are
provided by age group and sex. Physical fithess measures are presented for participants who met and did not meet the physical activity and screen time
recommendations.

Results: Few changes in the fitness measures occurred over the past decade. Cardiorespiratory fitness decreased between 2007-2009 and 2016-2017 in 8
to 10 (52.1 to. 51.0 mLskg~"smin~") and 11 to 14 (50.8 to 49.8 mLkg-"min-") year old boys. Girls generally had lower levels of fitness compared to boys, except
for flexibility which was higher in girls. Cardiorespiratory fitness was higher in children and youth who met the current Canadian recommendations for physical
activity and screen time. Grip strength was higher in boys who met the current Canadian screen time recommendation.

Interpretation: Ongoing and periodic surveillance of fitness through the CHMS is important to monitor trends, assess future interventions designed to

improve fitness levels at the population level and to increase our understanding of the relationships between fitness and health.

Keywords: cardiorespiratory fitness, muscular strength, muscular power, flexibility, obesity
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hysical fitness is a set of attributes that reflect one’s ability

to perform physical activity and typically includes meas-
ures of cardiorespiratory fitness, muscular strength and power,
flexibility and body composition.! Cardiorespiratory fitness
is positively associated with improved health in children and
youth** and large cohort studies have reported a link between
low cardiorespiratory fitness in late adolescence and early mor-
tality.> Further, fitness in childhood is considered an important
indicator of current’ and future® health, independent of physical
activity.” Evidence indicates that childhood cardiorespiratory
fitness levels are declining both worldwide'® and in Canada.'!
While cardiorespiratory fitness tends to be more strongly asso-
ciated with health outcomes when compared to measures of
muscular strength and flexibility,*'? the other components of
physical fitness provide unique information related to physical
performance and potentially healthy growth and development.
Low grip strength is a risk factor for hypertension and type 2
diabetes'® and predictor of all-cause and cardiovascular disease
mortality.'* Flexibility during childhood is a predictor of adult
health-related fitness'> while jumping height and power are
indicators of anaerobic fitness'é and important for many activ-
ities of daily living. Active children and youth tend to be fitter
than less active children;'”'® however the relationships among
physical activity, sedentary behaviour and fitness remain
unclear and have not been examined using population-level
data in Canada.

Surveillance of fitness indicators at the population level is
important but logistically challenging due to the breadth and
complexity of the measurements. The 2007-2009 Canadian
Health Measures Survey (CHMS) was the first time in more
than two decades that fitness was measured at the national level
in Canada. Fitness was measured in the first two cycles of the
CHMS (2007-2009 and 2009-2011) and then again in cycle 5
(2016-2017). The CHMS is a comprehensive, ongoing direct
health measures survey that is conducted by Statistics Canada
in partnership with Health Canada and the Public Health
Agency of Canada. The primary objective of the CHMS is to
collect new and important data on Canadians’ health status
with a focus on obtaining information that can only be ascer-
tained using direct measurement techniques (blood markers,
fitness, physical activity). A comparison of the CHMS data
to the 1981 Canadian Fitness Survey' indicated that mus-
cular strength and flexibility had decreased, and adiposity had
increased in Canadian children and youth.!

Using data spanning a decade (2007 to 2017) from cycles 1,
2 and 5 of the CHMS, this paper provides a comprehensive
update of current fitness levels and a description of recent
trends in the fitness levels of Canadian children and youth
aged 6 to 19 years. The purpose of this paper is three-fold: 1)
to describe age and sex differences in fitness indicators using
the most recent cycle of data (2016 to 2017), 2) to examine the
temporal trend in fitness across the three cycles of the CHMS
(2007 to 2017), and 3) to examine how fitness measures vary
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according to meeting and not meeting
current Canadian physical activity and
screen time recommendations.?

Methods
Data source

The CHMS is an ongoing cross-sectional
survey conducted by Statistics Canada
that collects measured and reported health
information from a representative sample
of the Canadian household-dwelling
population aged 3 to 79 years using
mobile examination centres that travel
to multiple sites across the country,
except the territories. Ethics approval
to conduct the survey was obtained
from Health Canada’s Research Ethics
Board.?! Respondents aged 14 years and
older provided written consent to par-
ticipate and younger children provided
written assent and parental consent. A
full description of the design and pro-
cedures used in the CHMS is available in
previous publications.?!

Following a household interview,
CHMS respondents were invited to visit
the mobile examination centre where
they underwent biological and physical
measures and participated in fitness
tests. The fitness tests were conducted
by specialists certified by the Canadian
Society for Exercise Physiology. Before
undergoing any fitness tests, respondents
were asked about their physical and
health conditions and their use of pre-
scription medications. A  Physical
Activity  Readiness  Questionnaire
(PAR-Q) was completed and signed
by all respondents (and by the guardian
if the respondent was younger than
14 years). Respondents were screened
out of certain tests according to their
answers to the screening questions.
Respondents were requested to adhere
to pre-testing guidelines regarding food,
alcohol, caffeine, nicotine, exercise
and blood donations. Detailed infor-
mation about the screening questions
and pre-testing guidelines are available
elsewhere.'?%

This analysis is limited to participants
aged 6 to 19 years who participated
in cycles 1, 2 or 5 of the CHMS and
provided valid measured fitness data

(n=6,284). The analyses were divided
into age groups: 6 to 10 years (mean
age: 8.1 years), 11 to 14 years (mean
age: 12.5 years) and 15 to 19 years
(mean age: 17.0 years). The sample size
of the youngest age group was smaller
for cardiorespiratory fitness because
the test was only completed by children
aged 8 and older (mean age: 9.1 years).
A further 578 children did not com-
plete the modified Canadian Aerobic
Fitness Test (NCAFT) for the following
reasons: PAR-Q answer (n = 378),
forgot breathing aid (n = 76), elevated
heart rate (n = 44), acute or chronic con-
dition (n = 38), contraindication with
medication (n = 20), other (n = 22). A
sub-sample analysis was completed on
participants aged 8 to 19 years with both
valid fitness and accelerometer-meas-
ured physical activity data (n=3,071).

Fitness Measures

The fitness measures used in the CHMS
are described briefly herein. A more
detailed description of the testing proto-
cols can be found it the CSEP-PATH
Manual.! Cardiorespiratory fitness
(VOzpcak) was predicted in children aged 8
years and older using the mCAFT, a step
test where respondents complete one or
more three-minute stages at speeds that
are predetermined based on their age and
sex.! Each respondents’ heart rate was
recorded after each stage, and their test
was completed when their heart rate at the
end of the stepping stage reached 85% of
their age-predicted maximum heart rate
(220-age). Predicted maximal aerobic
power (YO, in mLekg'smin™) was
calculated for all respondents using an
equation that was developed for people
aged 15 to 69 years.” The equation was
also applied to 8 to 14 year-olds in this
analysis as mCAFT equations have not
been developed for this age group. After
cycle 1, the mCAFT was discontinued
for children less than § years of age due
to safety concerns (standard step height
being too high) and a low test comple-
tion rate in that age group (which can be
attributed to difficulties maintaining the
cadence and stepping pattern).

Muscular strength was assessed by
measuring grip strength in kilograms

with a Smedley III analog hand-grip
dynamometer (Takei Scientific
Instruments, Tokyo, Japan). Two
attempts were performed on each hand
and the maximum scores from each
hand were combined. Flexibility was
assessed with the sit-and-reach test,
where respondents sat on the floor with
their legs extended against a flexometer
(Fit Systems Inc., Calgary, Canada)
and stretched as far forward as pos-
sible without bending the knees. Two
attempts were performed and the better
of two attempts was used in the analyses.
A toe touch was equivalent to 26 cm.
Although not part of the CSEP-PATH
testing protocol,! jumping mechan-
ography testing using the Leonardo
Mechanograph ~ Ground  Reaction
Force Plate (Novotec Medical GmbH,
Pforzheim, Germany) was introduced
in cycle 5 to derive key descriptors of
muscle performance and was used in
the present analysis to derive predicted
maximum vertical jump height (metres),
peak power (kW) and relative peak
power (W per kg body weight).”” The
movement pattern used for the Single
Two-Leg Jump (S2LJ) differed from
the CSEP-PATH vertical jump test and
consisted of a single countermovement
jump with arm swing performed in a
fluid sequence with both feet leaving
and landing on the plate simultaneously.
The respondent repeated the test until
three valid trials had been completed
or a maximum of five trials had been
attempted. The best performance was
used in the analyses. After each trial,
the validity of the results was confirmed
by the collection application or manu-
ally by a health measures specialist and
subsequently reviewed by two external
reviewers. The signal from the force
sensors was sampled at a frequency of
either 400 or 800 Hz. The Leonardo
Mechanography =~ GRFP  Research
Edition® software (v.4.2.006.10f) uses
force and time data to estimate body
mass, jump height, maximum (peak)
power, both absolute and relative (/
body mass) during the upward phase of
the jump. When the respondent’s centre
of gravity reaches the maximum ver-
tical height, the body’s maximal kinetic
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What is already
known on this
subject?

m  Physical fitness is associated with
health among children and youth.

m  Low physical fitness in late
adolescence has been linked to early
mortality.

m The 2007-2009 Canadian Health
Measures Survey (CHMS) was the
first time in more than two decades
that fitness had been measured at the
national level in Canada.

m A comparison of the 2007-2009 CHMS
data to the 1981 Canadian Fitness
Survey indicated that muscular strength
and flexibility had decreased, and
adiposity had increased in Canadian
children and youth.

What does this study
add?

m Data from the most recent cycle of the
CHMS were used to describe age and
sex differences in fitness indicators
among children and youth aged 6 to 19
years. Girls generally had lower levels
of fitness compared to boys.

m Data from three cycles of the CHMS
(2007 to 2017) were used to assess
temporal changes. Few changes were
observed in the fitness measures over
the past decade using data from three
cycles of the CHMS.

m  Cardiorespiratory fitness was higher
in children and youth who met the
current Canadian recommendations
for physical activity and screen time.
Grip strength was higher in boys who
met the current Canadian screen time
recommendation.

energy (Max E ) turns into maximal
potential energy (Max E) (i.e., the
maximal height the value of Max E
equals Max E ). Maximum jump
height for the S2LJ can be estimated
by dividing the body’s maximal kinetic
energy (Max E_) by the body mass:
jump height (metres) = (Max E,, ) /
body mass in kg.”’
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Height was measured to the nearest
0.1 centimetre using a ProScale
M150 digital stadiometer (Accurate
Technology Inc., Fletcher, USA), and
weight to the nearest 0.1 kilogram with
a Mettler Toledo VLC with Panther Plus
terminal scale (Mettler Toledo Canada,
Mississauga, Canada). Waist circumfer-
ence was measured to the nearest 0.1 cm
using a flexible and non-stretch anthro-
pometric tape. Body mass index (BMI)
was calculated as weight in kilograms
divided by height in metres squared
(kg'm?). BMI z-scores were determined
using the World Health Organization
BMI-for-age Child Growth Standards
and respondents were classified as
having overweight or obesity if their
BMI z-score was >1 standard deviation
above the mean.”

Measurement of physical activity
and screen time

Upon completion of the mobile examina-
tion centre visit, ambulatory respondents
were asked to wear an Actical acceler-
ometer (Phillips — Respironics, Oregon,
USA) over their right hip on an elas-
ticized belt during waking hours for
seven consecutive days. All respondents
were blind to the data while they wore
the device. The Actical measures and
records time-stamped acceleration in all
directions, providing an index of move-
ment intensity via a count value for
each minute. A valid day was defined
as having 10 or more hours of wear time
and a valid respondent was defined as
having a minimum of four valid days.”
Wear time was determined by sub-
tracting nonwear time from 24 hours.
Nonwear time was defined as at least
60 consecutive minutes of zero counts,
with allowance for one to two minutes of
counts between zero and 100. Published
movement intensity thresholds were
applied to the data to derive time spent
in sedentary, light (LPA) and moderate-
to vigorous-intensity physical activity
(MVPA).2*31 A complete description of
the accelerometer data reduction proced-
ures is available elsewhere.”

Screen time and sleep duration were
reported by parents for children aged 6

to 11 years and self-reported in youth
aged 12 to 19 years. While the questions
remained relatively consistent over
time, important changes in question-
naire design occurred between cycles
that affected screen time responses. For
parent-reported screen time (6 to 11 year
olds), there was a shift from categor-
ical to continuous responses between
cycles 2 and 5. For self-reported screen
time (12 to 19 year olds), there was a
shift from categorical to continuous
responses between cycles 1 and 2.2

Analytical techniques

To describe age and sex differences in
physical fitness indicators using the most
recent cycle of data, data were analyzed
separately by sex for three age groups:
6 to 10 (8 to 10 for cardiorespiratory
fitness), 11 to 14, 15 to 19 years. Means
and 95% confidence intervals were
produced for all fitness measures. To
account for the survey design effects,
95% confidence intervals were esti-
mated using the bootstrap technique.?*
Between cycle differences in fitness,
physical activity and screen time were
assessed using pairwise contrasts at a
p-value of <0.01 to account for multiple
comparisons. To examine how fitness
measures vary according to meeting and
not meeting current Canadian physical
activity and screen time recommenda-
tions, data from cycles 1, 2 and 5 were
combined. Differences between meeting
and not meeting recommendations were
assessed using pairwise contrasts at a
p-value of <0.05. Predicted maximum
vertical jump height, peak power and
relative peak power were not included in
the analyses of temporal trends because
they were only measured in cycle 5.
All analyses were weighted using cycle
survey weights generated by Statistics
Canada. The sub-sample analysis using
all three cycles used the combined cycle
weights. To account for survey design
effects, 95% confidence intervals were
estimated using the bootstrap technique.
The data were analyzed using SAS 9.3
(SAS Institute, Cary, North Carolina)
and SUDAAN 11.0.
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Results

Age and sex differences in
physical fitness indicators using
the most recent cycle of data
(2016-2017)

Descriptive statistics of physical fitness
indicators using data from the most recent
CHMS cycle are presented in Table 1.
Cardiorespiratory fitness was higher in
boys compared to girls for age 11+ years

only. Cardiorespiratory fitness was lower
in 11 to 14 year old boys compared to
8-10 year old boys while cardiorespira-
tory fitness decreased steadily across age
groups in girls. Grip strength increased
with age and was higher in boys com-
pared to girls in all age groups. Flexibility
measures were higher in girls compared
to boys in all age groups. Predicted
vertical jump height and peak power
(absolute and relative) were higher in

boys compared to girls aged 11 to 19
years, but not 6 to 10 years. Predicted
vertical jump height and peak power
(absolute and relative) increased with age
in boys. Absolute peak power increased
with age in girls while predicted vertical
jump height and relative peak power (W
per kg body weight) were higher in 11 to
14 compared to 6 to 10 year old girls but
not different between 11 to 14 and 15 to
19 year old girls. No differences between

Table 1
Age and sex differences for physical fithess measures, household population aged 6 to 19 years, Canada, 2016 to 2017
6 to 10 years
(8 to 10 years for
cardiorespiratory fitness) 11 to 14 years 15 to 19 years
95% confidence 95% confidence 95% confidence
interval interval interval
Mean from to Mean from to Mean from to
Physical fitness measures and sex mi/kg/min
Cardiorespiratory fitness
Boys 51.0 49.9 521 498" 49.0 506 50.1 48.1 520
Girls 50.0 489 512 479* 469 489 42.0%% 412 427
kg per kg body weight
Grip strength
Boys 0.9 0.8 09 0.9 0.9 1.0 1.2% 1.1 1.2
Girls 0.8* 0.8 08  0.9¢ 0.8 0.9 0.8 0.8 0.9
cm
Flexibility: sit-and-reach
Boys 26.1 246 277 215t 193 237  24.4f 224 264
Girls 30.7* 297 318 30.8~ 288 327 318" 30.0 336
m
Predicted vertical jumping height
Boys 0.28 027 0.29 0.39f 035 0.43 0.49% 0.46 0.51
Girls 0.28 027 0.28 0.35* 034 036 036" 034 0.37
kw
Peak power
Boys 1.02 095 1.08 221t 203 239 376 358 394
Girls 1.00 093 1.08 1.98% 1.86 2.09 241*% 234 247
W per kg body weight
Relative peak power
Boys 335 322 348 423t 39.7 448 51.7% 50.0 533
Girls 335 328 343 392¢ 380 404 389t 377 40.1
kg/m?
Body mass index
Boys 17.0 164 176 20.57 200 21.0 23.3% 224 242
Girls 171 166 175 20.6' 199 214 234 225 243
z-score
Body mass index z-score
Boys 0.33 0.04 0.61 0.67 051 0.83 0.39 011  0.68
Girls 0.32 013 0.51 042 019 0.66 0.43 0.18  0.67
cm
Waist circumference
Boys 58.8 57.3 604 71.9f 70.8 729 80.3% 782 823
Girls 58.8 57.3 60.3 708" 69.5 721 774 75.0 799

* significantly different to estimate for boys (p < 0.05)

** significantly different to estimate for boys (p < 0.001)
tsignificantly different to estimate for 6 to 10 year olds (p < 0.05)
*significantly differnet to estimate for 11 to 14 year olds (p < 0.05)
Note: cardiorespiratory fitness not measured in 6 and 7 year olds
Source: Canadian Health Measures Survey: 2016 to 2017
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Table 2
Trends in physical fitness measures from 2007 to 2017, by age group and sex, household population aged 6 to 19 years, Canada
Cycle 1 (2007 to 2009) Cycle 2 (2009 to 2011) Cycle 5 (2016 to 2017)
95% confidence 95% confidence 95% confidence
interval interval interval
n Mean from to n Mean from to n Mean from to
Physical fitness measures (ml/kg/min)
Cardiorespiratory fitness 8to10years  Boys 215 521 515 528 210 507° 500 515 183 51.00 499 521
Girls 209 507 50.1 51.4 227 50.2 49.7 50.6 212 50.0 489 512
11to14years  Boys 283 508 503 514 267 507 495 518 265 49.8' 490 50.6
Girls 272 489 482 496 273 487 479 494 263 479 469 489
15to19years  Boys 242 507 493 521 274 507 496 517 217 501 481 520
Girls 241 422 M5 429 238 427 420 434 222 420 412 427
kg per kg body weight
Grip strength 610 10 years Boys 446 0.8 0.8 08 426 0.8 0.7 0.8 413 0.9% 0.8 0.9
Girls 418 0.8 0.7 0.8 428 0.8 0.7 08 419 0.8" 0.8 0.8
11to14years  Boys 316 1.0 0.9 1.0 328 0.9 0.9 1.0 320 0.9 0.9 1.0
Girls 301 0.8 0.8 09 323 0.8 0.8 0.8 320 0.9 0.8 0.9
15to 19 years  Boys 286 1.2 1.1 12 322 1.1f 1.1 12 293 1.2 1.1 1.2
Girls 307 0.9 0.8 09 294 0.8 0.8 09 282 0.8 0.8 0.9
cm
Flexibility: sit-and-reach 6to 10 years Boys 438 244 231 258 418 243 233 253 399  26.1 246 277
Girls 414 293 284 303 419 277 26.8 28.7 415  30.7* 29.7 318
11to14years  Boys 315 214 194 234 326 201 186 215 320 215 193 237
Girls 300 28.1 270 293 315 285 26.4 30.6 317 30.8 288 327
15to19years  Boys 288 231 222 241 321 227 194 260 290 244 224 264
Girls 302 300 277 323 290 309 20.0 328 283 318 300 336
kg/m?
Body mass index 6 to 10 years Boys 448 177 173 182 430 18.1 177 186 418 17.0¢ 164 17.6
Girls 420 171 168 175 429 17.2 170 175 421 174 166 175
11 to 14 years Boys 318 206 197 214 332 203 192 213 322 205 200 21.0
Girls 302 204 198 211 322 204 19.7 211 323  20.6 199 214
1510 19 years Boys 287 238 225 252 322 235 223 247 294 233 224 242
Girls 306 231 224 238 298 234 224 244 284 234 225 243
z-score
Body mass index z-score 6 to 10 years Boys 448 072 054 089 430 0.84 061 1.07 418  0.33* 0.04 0.61
Girls 420 032 017 046 429 0.37 0.28 047 421 032 013 0.51
11to14years  Boys 318 054 030 078 332 037 0.03 072 322 067 0.51 0.83
Girls 302 041 020 0.61 322 0.38 0.15 0.61 323 042 019 0.66
15to 19 years  Boys 287 053 020 0.85 322 052 018 0.86 294 0.39 011  0.68
Girls 306 044 022 0.66 298 0.49 026 0.72 284  0.43 0.18 0.67
cm
Waist circumference 6to 10 years Boys 449 612 596 628 430 617 60.5 629 417  58.8* 57.3 60.4
Girls 420 596 587 60.6 429 594 586 60.3 423 58.8 57.3 603
11to14years  Boys 317 724 699 749 332 715 68.6 744 325 719 708 729
Girls 301 723 701 744 321 705 687 723 325 708 69.5 721
15to19years  Boys 288 824 789 860 322 808 778 839 295 803 782 823
Girls 306 793 774 812 296 778 752 804 285 774 750 799

t significantly different to cycle 1, p < 0.01
* significantly different to cycle 2, p < 0.01

Source: Canadian Health Measures Survey: 2007 to 2009, 2009 to 2011, 2016 to 2017

boys and girls were evident in BMI or
BMI z-score. As expected with normal
growth and development, BMI and waist
circumference both increased with age.

Temporal trend in fitness across
the three cycles of the CHMS
(2007 to 2017)

Table 2 depicts how the fitness meas-
ures have changed across the three

cycles of the CHMS, by age group and
sex. Statistically significant differences
between cycles are noted (p < 0.01).
Decreases in cardiorespiratory fitness
were observed for 8 to 14 year old boys.
Grip strength increased in 6 to 10 year
old boys and girls but decreased in 11 to
19 year old boys. Flexibility was stable
across time with a slight improvement
observed in 6 to 10 year old girls. BMI

and waist circumference were lower in
cycle 5 compared to cycle 2 in 6 to 10
year old boys.

Temporal trend in MVPA and
screen time across the three cycles
of the CHMS (2007 to 2017)
Changes between cycles in MVPA and
screen time are noted in Figures 2 and 3,
respectively. MVPA decreased in 8 to 10
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Table 3

Physical fitness measures according to meeting and not meeting current Canadian physical activity and screen time

recommendations, household population aged 8 to 19 years, 2007 to 2017

8 to 10 year olds 11 to 14 year olds 15 to 19 year olds
Boys Girls Boys Girls Boys Girls
95% confidence 95% confidence 95% confidence 95% confidence 95% confidence 95% confidence
interval interval interval interval interval interval
Mean from to Mean from to Mean from to Mean from to Mean from to Mean from to
mi/kg/min
Cardiorespiratory fitness
Meets PAR 520 514 526 515 507 524 517 511 524 50.1 491 511 532 518 545 436 418 453
Does not meet PAR 49.9 49.0 50.7* 498 493 504* 49.7 489 50.4* 481 477 486" 51.0 498 521* 426 420 431
kg per kg body weight
Grip Strength
Meets PAR 0.9 09 09 0.8 08 038 1.0 09 1.0 0.9 08 09 1.2 1.1 1.2 0.9 0.8 1.0
Does not meet PAR 0.8 08 09 0.8 08 08 0.9 09 1.0 0.8 08 09 1.2 11 1.2 0.9 0.9 0.9
cm
Flexibility: sit-and-reach
Meets PAR 239 224 253 304 29.0 31.7 214 195 233 29.1 26.8 313 244 221 266 304 26.1 347
Does not meet PAR 237 217 256 283 272 295* 208 193 224 292 279 305 248 216 279 324 306 342
Z-score
Body mass index
Meets PAR 049 024 074 032 0.08 057 013 -0.17 044 022 -0.06 051 035 014 057 070 025 1.16
Does not meet PAR 079 038 120 029 012 046 068 050 087 038 021 056 044 020 069 030 0.08 0.52
ml/kg/min
Cardiorespiratory fitness
Meets SBR 514 508 520 507 50.1 512 515 507 522 491 487 495 525 513 536 428 417 438
Does not meet SBR 504 495 514 493 485 50.1* 50.1 494 50.8* 482 476 488* 516 503 528 427 420 433
kg per kg body weight
Grip Strength
Meets SBR 0.9 09 09 0.8 08 08 1.0 1.0 1.0 0.9 08 09 1.2 1.2 13 0.9 0.8 0.9
Does not meet SBR 0.8 08 09" 0.8 0.7 08 0.9 09 1.0* 038 08 09 1.1 1.1 12 09 0.9 0.9
cm
Flexibility: sit-and-reach
Meets SBR 243 228 259 29.1 28.1  30.1 223 19.8 247 297 276 318 267 210 324 320 287 353
Does not meet SBR 226 212 241 284 265 304 205 191 219 288 274 301 240 222 257 322 303 342
Z-score
Body mass index
Meets SBR 058 027 089 013 -002 028 014 -0.17 044 024 0.02 046 023 -0.07 053 028 -0.13 0.68
Does not meet SBR 068 040 097 0.78 042 114 060 037 0.84* 042 021 064 046 027 066 040 0.18 0.61

PAR = physical activity recommendation

SBR = screen time recommendation

* significantly different to reference value (meeting recommendation), p < 0.05
** significantly different to reference value (meeting recommendation), p < 0.001

Source: Canadian Health Measures Survey: 2007 to 2009, 2009 to 2011, 2016 to 2017

year old girls but increased in 11-14 year
old boys. Screen time decreased from
2007 to 2017 in 8 to 10 year old girls but
increased in 15 to 19 year old girls.

Fitness measures according to
meeting and not meeting current
Canadian physical activity and
screen time recommendations
Table 3 describes fitness measures
according to meeting or not meeting the
current Canadian physical activity and
sedentary behaviour recommendations.

Cardiorespiratory fitness was higher in
those who met the physical activity rec-
ommendation compared to those who
did not, with the exception of 15 to 19
year old girls. Grip strength was higher
in 8 to 10 year old boys who met the
physical activity recommendation com-
pared to those who did not. BMI z-score
was lower in 11 to 14 year old boys who
met the physical activity recommen-
dation compared to those who did not.
Cardiorespiratory fitness was higher in
those who met the screen time recom-
mendation compared to those who did

not in 8 to 10 year old girls and 11 to 14
year old boys and girls. Grip strength was
higher in boys aged 8 to 19 years who
met the screen time recommendation
compared to those who did not. BMI
z-score was lower in 8 to 10 year old girls
and 11 to 14 year old boys who met the
screen time recommendation compared
to those who did not.

Discussion

This study provides an update on the
physical fitness of Canadian children



and youth aged 6 to 19 years using data
collected between 2007 and 2017 from
the CHMS. Few changes were observed
in the fitness measures over the past
decade. Differences observed according
to sex and age were consistent with
those observed previously. Despite the
challenge of collecting direct measures
of fitness at the national level, ongoing
surveillance of this key health indicator
is important. Many methodological and
measurement issues specific to children
and youth remain unresolved and are dis-
cussed in greater detail below.

The age and sex differences observed
are consistent with previous Canadian®!!
and European studies.”? In the present
study, fitness measures tended to be
higher in boys compared to girls of
the same age, and this gap widened
with increasing age. As reported pre-
viously,*!'? flexibility is an exception
with girls performing better than boys
at all ages. Grip strength was higher in
boys compared to girls at all ages while
the sex difference only appeared in the
older age groups for the other fitness
measures. For example, cardiorespira-
tory fitness did not differ between boys

Figure 1
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and girls aged 8 to 10 years but did in
those aged 11 to 19 years. Similarly,
predicted vertical jump height did not
differ between boys and girls aged
6 to 10 years but was higher in boys
compared to girls aged 11 to 19 years.
Differences by age were also evident
and generally reflect expected changes
through normal growth and maturation
(discussed in greater detail below).

A comparison to the 1981 Canada
Fitness Survey (CFS)" indicated that
fitness scores for children and youth
had declined between 1981 and cycle 1
of the CHMS (2007-2009)."" Important
differences in survey design, sampling
and fitness measurement protocols
made the CFS-CHMS comparison chal-
lenging.''** An advantage of having
fitness measures from three cycles of
the CHMS is the consistency in meas-
urement protocols. A modest decline in
cardiorespiratory fitness was observed in
the CHMS between 2007 and 2017 for 8
to 10 and 11 to 14 year olds boys (about
-1.0 mLekg'smin'or a 2 to 3% decline).
Tomkinson and colleagues observed
a decline of 7% or 3.3 mLekg '*min"
(3.5 to 3.1) in cardiorespiratory fitness

(predicted from the 20 metre shuttle run
test) in high- and upper middle-income
countries between 1981 and 2014, with
the majority of the decline occurring
before year 2000, and a greater decline
observed in boys compared to girls.**
The more dramatic decline pre-2000 is
somewhat aligned with the decreases
observed in the comparison between the
1981 CFS and the 2007-2009 CHMS.*
The decline observed post year 2000
by Tomkinson and colleagues was,
on average, -0.2 mLekg'smin’' per
decade which is more consistent with
the stability or slight decline in boys
observed in the present study. While
the fitness measures from the CHMS
have remained relatively stable across
a 10-year period, some changes were
observed in accelerometer-measured
MVPA and reported screen time. MVPA
decreased in 8 to 10 year old girls but
increased in 11-14 year old boys. Screen
time decreased from 2007 to 2017 in 8
to 10 year old girls but increased in 15 to

19 year old girls.
Previous CHMS analyses have
reported that the overall popula-

tion levels of MVPA have remained

Trend in accelerometer-measured moderate-to-vigorous physical activity, 2007 to 2017, household population aged 8 to

19 years, Canada
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Figure 2

Trend in screen time, 2007 to 2017, household population aged 8 to 19 years, Canada
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unchanged between 2007 and 2013 in
Canada.®® The observation of changes
in lifestyle behaviours and not fitness
measures may simply be a reflection of
the more variable nature of behaviours
compared to fitness which is more of a
summative state of one’s lifestyle habits
over a longer period of time.*
Cardiorespiratory fitness and physical
activity share a bi-directional relation-
ship.2¥” Although positive associations
have been reported between physical
activity and physical fitness,!”!® this
relationship has not been precisely clari-
fied’** and this may be due, in part, to
inconsistencies between studies in the
measurement of both physical activity
and fitness.***! One of the objectives
of this study was to determine whether
measures of fitness differed between
children and youth meeting and not
meeting the current physical activity
and sedentary recommendations of the
Canadian 24-hour movement guide-
lines.?® Cardiorespiratory fitness was
higher in boys of all age groups and girls
aged 8 to 14 years who met the physical
activity recommendation and in some
age-sex groupings who met the screen

time recommendation: 8-10 year old
girls and 11-14 year old boys and girls.
These findings are consistent with a body
of literature that has tried to disentangle
the interactions among various intensi-
ties of movement and their association
with cardiorespiratory fitness. Despite
systematic reviews reporting that higher
screen time is associated with lower
cardiorespiratory fitness,**** physical
activity has been more consistently
associated with increased cardiorespira-
tory fitness when compared to sedentary
time,*¢ particularly when the physical
activity is of vigorous intensity.**
Achieving both the physical activity
and screen time recommendations still
remains the desired message given that
reducing sedentary time will inevitably
increase opportunities to be active;2%%-!
however, the activity may not have a
significant impact on fitness if it is not
of a high enough intensity.*47->2

Grip strength was higher in 8 to 19
year old boys meeting the screen time
recommendation when compared to
those who did not. A similar finding
was observed in boys from Edmonton,
Canada; however the age range of that

boys girls
15t0 19
B Cycle 5 (2016 to 2017)

study was 6 to 10 years.”* Potter and
colleagues (2016) noted that the associ-
ation between sedentary behaviour and
fitness likely evolves as children move
into adolescence and called for longi-
tudinal research to examine how this
relationship changes with age. Another
study using data from the National
Health and Nutrition Examination
Survey’s (NHANES) National Youth
Fitness Survey reported an inverse asso-
ciation between TV time and all strength
measures, including grip strength, in
6 to 15 year olds.** In the latter study,
the authors noted differences between
television and video game playing and
suggested that collapsing everything
into a variable called ‘screen time’ may
miss important nuances in the relation-
ship between screen-based pursuits and
strength. This was not explored herein
but represents an area of future study.
For the first time in the CHMS, pre-
dicted maximum vertical jump height
and power data are available (Table 1).
Jumping height and power were similar
between boys and girls at age 6-10
years but values were higher in boys
compared to girls aged 11 to 19 years.



Jumping height and power increased
steadily with age in boys whereas
jumping height and power increased in
girls between the 6-10 and 11-14 year
old age groups but then plateaued. A
more thorough examination of these age
and sex differences was completed using
normative-references centile values.>
The values observed by Hoffman and
colleagues (2019) and herein are con-
sistent with previous research using
the Leonardo Mechanograph Force
Plate;*” however, it is important to
note that measurement protocols often
vary between studies measuring ver-
tical height. Readers are encouraged to
consult the detailed methods section to
ensure any comparisons made are done
so using data that were collected using
the same methodology. More work is
needed to understand differences in
vertical jump height between various
methods and protocols, particularly in
children and youth.

Important strengths and limitations of
this study should be noted. The CHMS
fitness data are unique in Canada and
are currently the only directly-measured
fitness data available on a nationally-rep-
resentative sample of Canadians. The
CHMS is an ongoing cross-sectional
survey therefore future trends in fitness
will continue to be monitored. Several
studies using CHMS fitness data over
the past decade have demonstrated
the analytical utility of fitness data
beyond its relationship with movement
behaviours (e.g., physical activity and
sedentary behaviour)>® and support
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the ongoing periodic measurement of
fitness in the CHMS. Non-response bias
is areality of the CHMS that is mitigated
using survey weighting techniques;
however, it is possible that some bias
still exists. This is especially true with
fitness measures given the large number
of respondents who are excluded from
fitness testing due to their responses on
the health screening questionnaire. The
prediction of peak oxygen consumption
(cardiorespiratory fitness) is consistent
with previous research;'' however the
mCAFT prediction equation has not
been validated in children and these
results should therefore be interpreted
with caution. An important research rec-
ommendation that has been previously
noted''* is to develop validated labora-
tory-based prediction equations specific
to children and youth for the mCAFT
test. Our study reported cardiorespira-
tory fitness findings using traditional
ratio-scaled (VO2 ) Vvalues which
are often confounded by body mass,
especially during maturation through
childhood and adolescence. Allometric
scaling can help better describe cardio-
respiratory fitness levels independent of
body mass, but this technique is gen-
erally for directly measured oxygen
consumption using lab-based proto-
cols. Future research should explore
the possibility of predicting allometric
scaled cardiorespiratory fitness values
from field-based measures. This study
examined differences in fitness meas-
ures for children and youth meeting and
not meeting current physical activity

and screen time recommendations. The
sleep recommendation was not exam-
ined because it was not measured in
cycle 5 of the CHMS. An area of future
research would be to examine whether
fitness measures vary by meeting
none, 1, 2 or all of the components
of the Canadian 24-Hour Movement
Guidelines.?

This study provides an update on
the fitness of Canadian children and
youth. The results demonstrate that
fitness levels have remained relatively
stable across the past decade. Ongoing
surveillance of fitness through the
CHMS will be important to monitor
trends and assess future interventions
designed to improve fitness levels at the
population level. Increasing physical
activity, reducing sedentary living and
ultimately improving the fitness of the
nation are key tenets of the Common
Vision for Increasing Physical Activity
and Reducing Sedentary Living in
Canada.®® The importance of reporting
on the progress of the Common Vision
is further highlighted in the recently
published Report of the Standing
Committee on Health: Get Canada’s
Youth Moving!.*® The lack of progress
in physical fitness combined with the
evidence that most Canadian children
and youth are not active enough and
engaging too much with screens sug-
gests that efforts to improve fitness
and healthy active living behaviours of
Canadian children and youth have been
insufficient and continued and enhanced
efforts are required.
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