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Normative-referenced percentile values for physical fitness
among Canadians

by Matt D. Hoffmann, Rachel C. Colley, Caroline Y. Doyon, Suzy L. Wong, Grant R. Tomkinson and
Justin J. Lang

Abstract

Background: This study developed age- and sex-specific normative-referenced percentile values for five physical fitness tests across a wide age range of
Canadians, using a nationally representative sample.

Data and methods: The data are from 5,188 Canadians (50.1% female) and were collected as part of cycle 5 of the Canadian Health Measures Survey (2016
to 2017).

Results: Males had slightly better cardiorespiratory fitness and substantially better grip strength, jumping height and jumping power scores than females,
whereas females had better sit-and-reach flexibility. Among females, there were pronounced increases in jumping height (P, : 25%) and jumping power (P,
58%) between ages 8 and 13, and in grip strength (P, 193%) between ages 6 and 19. Performance gradually declined with age, beginning in adolescence for
jumping ability and at approximately age 35 for grip strength. Among males, there were pronounced increases in jumping height (P;: 69%) and jumping power
(P, 233%) between ages 8 and 20, and in grip strength (P, . 365%) between ages 6 and 20. Performance gradually declined with age, beginning immediately
after adolescence for jumping ability and at approximately age 30 for grip strength. Sit-and-reach flexibility remained relatively stable with age in both sexes.
Cardiorespiratory fitness scores in both sexes declined steadily with age beginning (generally) at age 8, with a larger decline evident in females until age 18.

Interpretation: These normative-referenced values for physical fitness could be useful for screening in public health and clinical practice.
Keywords: norms, cardiorespiratory fitness, muscular fitness, flexibility, jumping mechanography, health
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hysical fitness consists of multiple components (i.c.,

cardiorespiratory fitness [CRF], musculoskeletal strength,
endurance, flexibility, agility, balance) that, together, describe
an individual’s ability to perform physical activity. Recent
research has identified meaningful associations between
physical fitness and health across the lifespan of Canadians,'?
and aspects of physical fitness in childhood are predictive of
health outcomes later in life.?

Normative-referenced percentile values have been used as a
way to help interpret an individual’s performance in comparison
with a reference population. Norms can be used to identify indi-
viduals with low performance who are in need of intervention,
and to identify high-performing individuals as part of a sports
talent identification program.*

Although norms are not linked to a health outcome like a
cut point or threshold (i.e., high performance relative to a norm
does not necessarily imply healthy levels of physical fitness),
some studies have suggested that individuals who perform in
the lowest quintile (< 20th percentile) are at potential risk of
poor health.>¢* More recent research on CRF cut points among
children and adolescents in the United Kingdom suggests that
females in the 55th percentile and lower and males in the 60th
percentile and lower may be at risk for poor health outcomes.’
Canadian-specific normative percentile values for fitness could
help develop a better understanding of Canadians’ progression

of physical fitness with age, and could help inform cut points for
low physical fitness levels across age and sex groups.

Several countries, including Canada,®® have produced
normative-referenced percentile values for single fitness meas-
ures across a wide age range.'*'? Other countries have produced
comprehensive norms for several physical fitness tests, but typ-
ically only for children and youth,'*'¢ or older adults.'”'* No
recent study has produced norms for a comprehensive set of
physical fitness tests across a wide age range of Canadians. This
study aims to produce normative-referenced percentile values
for five physical fitness measures (modified Canadian Aerobic
Fitness Test [nCAFT], handgrip strength, sit-and-reach flex-
ibility, jumping height and jumping power) across a wide age
range of Canadians, using a nationally representative sample.

Data and methods
Participants

Data were used from a subsample of participants across a wide
age range from cycle 5 (2016 to 2017) of the Canadian Health
Measures Survey (CHMS). The CHMS is an ongoing direct
health measures survey used to collect cross-sectional, nation-
ally representative health and wellness data on Canadians aged
3 to 79 living in the 10 provinces." Individuals not represented
in the CHMS include those living in the three territories, those
living on reserves and Aboriginal settlements, members of the
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Canadian Forces, institutionalized indi-
viduals, and those from certain remote
areas. Those excluded from the CHMS
represent approximately 3% of the target
population.' Data collection procedures
for the CHMS consist of a household
interview (demographic information and
health questionnaire), followed by an
in-person visit to a mobile examination
centre where physical measure tests are
administered. All physical measure tests
were conducted by specialists certified
by the Canadian Society for Exercise
Physiology. A more detailed overview
of the sampling methodology and survey
operations for the CHMS is provided
elsewhere.'*? For cycle 5 of the CHMS,
there was a combined response rate of
48.5%." Survey weights were incorpor-
ated to account for non-response bias and
the complex sampling design.

In total, 5,786 individuals (50.2%
female) aged 3 to 79 participated in cycle
5 of the CHMS. Participants aged 8 to
69 were eligible for the mCAFT, while
those aged 6 to 79 were eligible for the
handgrip strength, jumping height and
jumping power tests. Those aged 6 to 69
were eligible for the sit-and-reach flex-
ibility test. After the cycle 5 respondents
who did not participate in these fitness
tests (i.e., those younger than 6 years
old) were removed, the remaining subsa-
mple included 5,188 participants (50.1%
female). Because of the small sample size
among younger and older individuals
who participated in the tests, the sample
was further reduced to those aged 8 to 69
for the jumping height and power tests.
Further information regarding the sample
size retained for each fitness measure is
provided in Figure 1.

Statistics Canada obtained ethics
clearance for the CHMS from the Health
Canada and Public Health Agency
of Canada Research Ethics Board.”!
Participation in the CHMS was volun-
tary, and all participants provided written
informed consent. Participants aged 6
to 13 provided written informed assent,
along with written informed consent
from their parent or guardian.
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Fitness measures

Muscular strength: Handgrip strength
is an assessment of maximal isometric
upper body muscular strength. Grip
strength was measured using a Smedley
I analogue dynamometer (Takei
Scientific Instruments, Japan). The test
involved participants standing with
their testing arm away from their body
at approximately a 45-degree angle.
Grip strength was measured twice per
hand, with participants alternating hands
between trials. The top scores from each
hand were recorded in kilograms (kg)
and subsequently combined to generate a
total grip strength score.?

Figure 1

mCAFT: The mCAFT is a sub-
maximal step test used to estimate an
individual’s CRF, operationalized as
VOZmax in mLekg 'emin'.* The test was
originally developed by Jetté et al.,* but
was later modified by Weller et al.” to
accommodate older and fitter adults who
had a tendency to obtain underestimated
CRF values under Jetté’s method.??
A detailed overview of the mCAFT
protocol is available elsewhere.”** To
summarize, participants  completed
one or more standardized three-minute
stages, stepping up and down on two
20.3-centimetre (cm) steps following
age- and sex-specific cadences. Fitter
males performed the last two stages

Flowchart of participants included and excluded for each physical fitness test in
cycle 5 of the Ganadian Health Measures Survey

CHMS sample

N = 5,786 (50.2% female)

----------- >

Participants aged < 6 years
N =598

Analytical sample

N = 5,188 (50.1% female)

Handgrip strength
N = 5,071 (50.3% female)

----------- >

Number of missing tests

1:N =780
2:N =350
3:N =497
4: N = 261
5:N=73

N = 3,403 (49.8% female)

mCAFT

>
Sit and reach
N = 4,571 (49.9% female) N
>
Jumping power

N = 3,753 (49.0% female)

Jumping height

N = 3,591 (48.3% female)

Note: CHMS: Canadian Health Measures Survey
mCAFT: Modified Canadian Aerobic Fitness Test
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What is already
known on this
subject?

m  Normative values can be used to help
interpret an individual's fitness test
results by identifying how their results
compare with the general population.

m  Several countries have produced
normative values for single fitness
measures, but no recent study has
produced norms for a comprehensive
set of physical fitness tests across a
wide age range of Canadians.

What does this study
add?

m Data from 5,188 individuals across a
wide age range were used to calculate
nationally representative age-group-
specific and sex-specific Canadian
normative-referenced percentile values
for five physical fitness tests.

m  Males had slightly better
cardiorespiratory fitness and
substantially better grip strength,
jumping height and jumping power
scores than females, whereas females
had better sit-and-reach flexibility.

m  Flexibility remained relatively stable
with age for both sexes, whereas
all other fitness measures generally
declined with age.

m The normative values produced in this
study can help inform public health and
clinical practice.

and fitter females performed the last
stage on one 40.6 cm step. Following a
full stepping stage, participants who did
not exceed 85% of their age-predicted
maximal heart rate (220 minus age in
years) were able to advance to the next
stepping stage. Heart rate was measured
using a heart-rate monitor (Polar Electro
Canada Inc., Lachine, Quebec, Canada).
Before testing, participants followed a
brief stepping protocol to familiarize
themselves with the stepping pattern.
Although the mCAFT was only valid-
ated with those aged 15 to 69,2 it has
been implemented in previous cycles of

the CHMS with individuals aged 6 in
cycle 1, and aged 8 in cycles 2 and 5.
The CSEP-PATH equation was applied
to predict V02max,22 which was originally
published in 1989:%

Estimated VOZmax (mLekg'emin™') =
[17.2 +(1.29 x O, cost*) — (0.09 x wt. in
kg) — (0.18 x age in years)],

where * represents the oxygen cost in
mLekg 'emin™' during the final stage of
stepping.

Sit-and-reach: The sit-and-reach test
assesses lower back and hamstring flex-
ibility. Flexibility was measured using
a flexometer (FitSystems Inc., Calgary,
Canada). Participants were required to sit
on the floor with their legs fully extended
in front of them, with feet placed flat
against the flexometer. Participants were
asked to reach forward as far as possible
toward their toes, while keeping their
legs fully extended. A toe touch was
equal to a score of 26 cm. The top score
from two valid trials was recorded to the
nearest 0.1 cm.”* Before testing, partici-
pants sat in a modified hurdle stretch
position, stretching each leg twice (alter-
nating legs) for 20 seconds.

Jumping height and power: The
jumping mechanography technique was
used to assess leg muscle performance in
terms of jumping height (cm) and power
(kW). Jumping force plate tests were
used to generate vertical ground reaction
forces using the Leonardo Mechanograph
Ground Reaction Force Plate (Novotec
Medical GmbH, Pforzheim, Germany).
The signal from the force sensors was
sampled at a frequency of either 400 or
800 Hz. Participants performed three
valid trials (maximum of five trials)
of a single two-leg vertical counter-
movement jump, and were instructed to
jump as high as possible on each trial.
To complete a valid trial, participants
performed a single jump with their feet
leaving and landing on the plate together.
Participants were permitted to swing
their arms during their jumps. The trial
in which participants jumped the highest
was selected for the jumping height and
power analyses. Prior to the jump trials
(testing), participants performed one or

two practice jumps to ensure proper exe-
cution and balance.

Leonardo Mechanography ~GRFP
Research Edition® software (v.4.2.b06.10f)
was used to calculate jumping height and
power. A more detailed summary of the
jumping mechanography protocol and
calculations used to produce jumping
height and power scores was published
elsewhere.”” The jumping force plate
test always preceded the mCAFT, which
always preceded the sit-and-reach test.
The order in which the muscular (hand-
grip) strength test was performed varied,
but this did not alter the general order
in which the jumping test, mCAFT and
sit-and-reach test were completed.

Statistical analysis

All statistical analyses were conducted in
R (version 3.4.3) and SAS EG 5.1 (SAS
Institute Inc., Cary, NC, USA). Percentile
curves for each physical fitness test were
calculated using the General Additive
Model for Location Scale and Shape
(GAMLSS) package (version 5.1-3)
with age as a covariate stratified by sex.
GAMLSS is an extension of the Lambda
Mu Sigma (LMS) method that models
the kurtosis through set distributions, in
addition to data skewness (L expressed
as a Box-Cox power), median (M) and
coefficient of variation (S).*** Box-Cox
power exponential, inverse Gaussian,
Delaporte, and Box-Cox Cole and Green
distributions were fitted to each fitness
outcome variable, stratified by sex.
P-splines were used to smooth the age
trend for each fitness outcome using the
generalized Akaike information criterion
with three, five or seven knots. CHMS
survey weights were applied to all
models. The Bayesian information cri-
terion was used to assess goodness of fit
to compare models. Worm plots and Q—Q
plots were used for visual inspection.
The model that provided the best balance
between model fit and model smoothness
was selected. For the selected models,
the 5th, 10th, 20th, 30th, 40th, 50th, 60th,
70th, 80th, 90th and 95th percentiles
were calculated for each physical fitness
test. Age groups were collapsed by calcu-
lating the mean score across percentiles
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Table 1
Grip strength percentile values by age group and sex
Age P Pm on Pan Py Pan Pm Py Pan Pﬂll P9§
(years) kg
Males
6t07 11.3 12.9 15.1 16.7 18.1 19.5 20.9 22.4 241 26.4 28.3
8109 16.0 18.2 21.0 23.0 24.8 26.5 28.2 301 32.2 35.2 37.7
10to 11 23.6 26.8 30.7 335 35.9 38.1 40.3 42.7 45.7 49.9 53.4
121013 33.2 37.6 42.8 46.5 49.5 52.3 55.2 58.3 62.1 67.7 72.6
141015 42.4 47.8 54.2 58.6 62.2 65.5 68.8 725 7741 83.9 89.9
16t017 50.0 56.2 63.4 68.3 72.3 75.9 79.6 83.7 88.8 96.5 103.3
181019 55.7 62.3 70.0 75.3 79.5 83.3 87.2 91.5 97.0 1051 1124
20to 24 61.8 68.8 76.9 82.3 86.8 90.7 94.7 99.2 1049 1134 1211
251029 66.2 73.2 81.3 86.8 91.3 95.3 99.3 1039 1096 118.1 1258
30to 34 67.5 74.3 82.2 87.6 92.0 96.0 100.0 1045 1101 1184 12538
351039 67.1 73.6 81.2 86.5 90.8 94.8 988 1032 108.7 116.7 1238
4010 44 65.7 7.9 79.3 84.4 88.7 92.6 96.5 100.9 106.2 1140 120.7
451049 63.8 69.8 76.9 81.9 86.1 89.9 93.8 981 103.3 1108 1173
50 to 54 61.6 67.4 74.3 791 83.2 87.0 90.8 95.0 100.1 1074 113.6
551059 59.2 64.8 71.5 76.3 80.3 84.0 87.7 91.8 96.7 103.8 109.9
60 to 64 56.7 621 687 733 772 808 844 834 932 1001 106.0
6510 69 54.0 59.4 65.7 70.2 74.0 775 81.0 84.8 89.5 96.2 102.0
70t0 74 51.3 56.5 62.7 67.1 70.7 741 77.4 81.1 85.7 92.2 98.0
751079 48.5 53.6 59.7 63.9 67.4 70.6 73.8 77.3 81.7 88.1 93.8
Females
6t07 10.5 12.0 13.9 15.4 16.7 17.9 19.2 20.6 22.3 24.5 26.4
8109 16.3 18.3 20.8 22.7 24.3 25.8 27.3 29.0 31.0 33.9 36.3
10to 11 224 25.0 28.0 30.3 321 33.9 35.7 37.7 40.1 43.6 46.6
121013 27.8 30.7 34.3 36.8 39.0 41.0 43.0 45.2 48.0 52.0 55.5
141015 32.0 35.2 39.1 41.8 44.2 46.4 48.6 511 54.1 58.4 62.2
16t0 17 34.9 38.3 42.4 45.3 47.8 50.2 52.5 55.1 58.3 62.9 66.8
181019 36.8 40.2 44.4 47.4 50.0 52.5 54.9 57.6 60.9 65.6 69.7
20t0 24 38.2 a7 46.0 491 51.8 54.3 56.9 59.7 63.0 67.8 7.9
251029 390 425 468 500 527 553 579 608 642 69.0 731
30to 34 39.3 42.9 47.2 50.4 53.2 55.8 58.4 61.3 64.7 69.6 73.8
351039 394 430 474 506 534 560 586 615 649 699 741
4010 44 3941 42.8 47.2 50.4 53.1 55.7 58.2 61.1 64.5 69.5 73.8
451049 38.4 421 46.6 49.7 52.4 54.8 57.3 60.0 63.4 68.4 72.7
50 to 54 37.4 411 455 48.5 511 53.4 55.7 58.4 61.7 66.6 70.9
551059 36.0 39.7 44.0 47.0 49.4 51.6 53.8 56.4 59.6 64.4 68.7
60 to 64 345 38.2 42.4 452 475 49.6 51.7 54.1 57.2 61.9 66.1
65 to 69 33.0 36.5 40.6 43.3 45.5 47.5 49.4 51.7 54.7 59.2 63.4
70t0 74 31.3 34.8 38.7 414 43.5 453 471 49.3 521 56.5 60.6
751079 29.7 3341 36.9 39.4 41.4 431 44.8 46.9 49.5 53.8 57.8
Source: Canadian Health Measures Survey cycle 5 (2016 to 2017).
by two-year age groups between ages 8 Results
and 19 for the mCAFT, jumping height

Tables 1 to 5 show the sex- and

test and jumping power test, and between
ages 6 and 19 for handgrip strength and
sit-and-reach flexibility. Similarly, age
groups were collapsed by calculating
the mean score across percentiles by
five-year age groups between ages 20
and 69 for the mCAFT, sit-and-reach
flexibility test, jumping height test and
jumping power test, and between ages 20
and 79 for handgrip strength.

age-specific percentile values (P, P,
on’ P}o’ P4o’ Pso’ P 60° P 70° Pso’ Poo and P95)
for the five fitness measures. Figure 2
shows the percentile curves for the 10th,
50th and 90th percentiles for each of the
five fitness measures across different age
and sex groups.

Females had considerably better
sit-and-reach flexibility scores than
males (table 3). Among females, there
were pronounced increases in jumping
height between the ages of 8 and 13
(P, 24%, P_: 25%, P,: 27%; table 4),

and then performance declined with age.
Females similarly exhibited pronounced
increases in jumping power between the
ages of 8 and 13 (P,: 67%, P : 58%,
P,,: 67%; table 5). This was followed by
incremental increases until roughly age
18, and then performance declined with
age. For grip strength, females displayed
pronounced increases between ages 6 and
19 (P,,: 235%, P : 193%, P,: 168%),
followed by incremental increases until
approximately age 35, and then a gradual
decline with age (table 1).

Fitness scores for grip strength
(table 1), jumping height (table 4) and
jumping power (table 5) (all measures
of muscular strength and power) were
noticeably greater among males. Males
also had greater CRF scores (table 2),
although the differences were modest.
Among males, there were pronounced
increases in jumping height (P : 60%,
P,: 69%, P, : 63%; table 4) and jumping
power (P, : 233%, P_: 233%, P, : 231%;
table 5) between the ages of 8 and 20,
followed by a gradual decline in per-
formance with age. For grip strength,
males displayed pronounced increases
between the ages of 6 and 20 (P ;:
433%, P,: 365%, P : 330%; table 1),
followed by incremental increases until
approximately age 30, and then a gradual
decline with age. Sit-and-reach flexibility
remained relatively stable with age for
both males and females (table 3). The
CREF scores for both males and females
declined steadily with age beginning
(generally) at age 8, with a more pro-
nounced decline visible among females
until age 18 (table 2).

Discussion

In this study, data from 5,188 individ-
uals across a wide age range were used
to calculate nationally representative
age- and sex-specific Canadian norma-
tive-referenced percentile values for
five physical fitness tests (grip strength,
mCAFT [CRF], sit-and-reach [flex-
ibility], jumping height and jumping
power). These norms can help inter-
pret physical fitness test scores among
Canadians by identifying people with
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Table 2
Modified Ganadian Aerobic Fitness Test (Vo

2max

Table 3
) percentile

Sit-and-reach percentile values by age group and sex

values by age group and sex Age P, P, Py, P, P, P, P, P, P, P P
Age P, P, P, P, Py Py Py Py Py Py Py (vears) cm
(years) mLekg'emin Males
Males 6to7 95 132 175 204 228 249 27.0 294 324 368 40.7
8109 452 462 47.6 488 49.9 51.0 52.1 53.2 545 56.0 57.1 8109 9.0 123 165 195 220 244 26.8 293 323 364 39.9
10to 11 441 453 469 482 494 506 51.8 531 544 56.1 57.4 10 to 11 8.8 12.0 16.0 19.0 21.7 243 26.8 29.5 325 36.4 39.6
121013 43.0 44.3 46.0 47.4 488 50.1 51.4 52.8 54.3 56.2 57.6 121013 8.8 11.8 157 18.8 216 243 27.0 29.7 327 36.6 395
141015 41.8 431 450 46.6 481 495 51.0 525 541 56.2 57.7 141015 8.8 11.7 156 187 21.6 244 27.1 299 33.0 36.8 39.6
16t017 405 42.0 44.0 457 47.3 48.8 50.4 52.0 53.8 56.0 57.7 161017 8.8 11.7 156 18.7 216 244 27.3 301 332 37.0 397
181019  39.1 407 429 447 464 480 49.7 515 534 558 57.6 181019 8.8 11.7 156 187 216 245 274 30.3 334 37.1 3938
20t024  36.8 385 409 42.9 447 464 483 50.1 522 549 56.9 20 to 24 8.9 11.7 155 18.7 21.7 246 27.5 304 335 37.2 399
25t029  33.7 356 38.1 40.1 42.0 43.8 457 476 49.8 527 54.9 251029 8.8 11.6 154 18.6 216 245 27.4 303 334 37.1 397
30t034 312 331 356 37.6 394 411 429 448 47.0 49.8 52.0 30 to 34 8.7 115 153 184 213 242 27.0 299 329 36.6 393
35t039 295 31.3 337 356 37.3 389 40.6 424 444 47.1 493 351039 8.6 11.3 151 18.2 21.0 238 26.5 293 323 36.0 386
4010 44 282 30.0 32.3 341 357 37.3 389 40.6 425 452 473 4010 44 8.4 111 149 178 20.6 23.3 259 286 316 352 378
45t049 266 285 30.8 325 34.1 356 37.1 38.8 40.7 433 455 451049 8.2 109 146 17.5 201 227 253 279 307 343 36.9
50 to 54 241 26.0 28.4 30.2 31.7 33.2 347 36.4 383 41.0 433 50 to 54 8.0 10.7 143 171 19.7 221 246 27.1 29.8 33.4 36.0
55t059 212 23.1 255 27.3 28.8 30.3 31.7 33.3 353 38.1 404 551059 7.8 105 140 16.7 192 21.5 239 263 289 324 351
60 to 64 18.9 20.7 23.0 246 26.0 27.3 286 301 319 345 36.8 60 to 64 76 103 13.7 16.4 187 20.9 23.1 255 28.0 31.4 34.1
65t069  17.4 19.0 209 22.3 234 245 256 268 283 305 325 650 69 74 101 134 160 182 20.3 224 246 27.1 30.5 33.1
Females Females
8109 456 465 47.7 487 496 506 51.6 527 53.9 555 56.7 6to7 151 193 238 26.7 29.0 30.9 328 350 37.6 416 451
10to 11 423 434 448 459 47.0 48.0 49.1 50.3 51.7 53.6 55.2 8109 15.0 19.2 23.7 26.6 28.9 309 329 35.1 37.8 41.7 452
121013 39.8 41.0 425 43.7 448 459 47.0 482 497 519 537 10to11 149 191 236 26.6 289 31.0 33.0 352 379 41.9 453
141015  38.0 39.3 409 42.1 431 442 452 465 47.9 50.1 52.1 12t013 149 189 235 26.5 289 31.0 33.1 353 381 420 453
16t017  36.8 38.1 39.6 40.8 41.8 42.8 438 449 464 485 50.4 14t015 148 188 234 26.4 289 31.0 331 355 382 421 454
181019 359 37.2 387 39.8 40.8 41.7 42.7 43.7 451 47.1 489 16t017 147 187 233 26.4 288 31.1 332 356 384 423 455
20t024 345 358 37.3 384 39.3 402 41.1 421 434 453 471 181019 146 186 23.1 26.3 288 31.1 333 357 385 424 456
25t029  32.3 336 352 36.3 37.3 38.3 392 40.3 417 437 455 20t024 144 183 229 26.1 287 31.1 335 36.0 388 426 457
3010 34 297 311 32.8 341 35.3 36.3 37.5 38.7 402 425 445 251029 141 179 225 258 285 31.1 337 36.2 39.1 429 458
351039  27.0 286 30.4 319 33.1 343 356 37.0 387 412 433 30t034 138 175 220 254 283 31.0 337 364 393 43.0 457
4010 44 247 26.2 281 296 31.0 323 336 351 369 395 417 351039 135 17.0 21.4 248 278 30.7 33.5 36.2 39.2 428 454
45t049 226 241 26.0 27.5 289 30.3 31.7 33.2 350 37.5 396 40to44 130 164 208 242 27.3 302 331 359 388 423 448
50 to 54 208 222 241 256 269 283 297 312 33.0 354 37.4 451049 125 158 20.1 235 26.6 29.6 325 354 383 41.7 441
55t059  19.3 206 224 238 251 264 27.8 29.3 309 332 35.0 50to54 120 153 196 23.0 26.1 29.1 320 349 37.8 41.1 435
60 to 64 179 191 20.8 221 234 247 26.0 27.4 289 31.0 32.7 551059 11.6 149 19.2 226 258 28.8 31.7 34.6 37.5 409 432
651069 167 17.8 19.4 20.6 21.8 23.0 24.3 256 27.0 289 30.4 60to64 113 147 191 225 257 288 31.7 346 376 41.0 434
65t069  11.1 145 19.0 226 258 289 31.8 347 37.7 41.3 438

Note: modified Canadian Aerobic Fitness Test is used as a measure
Source: Canadian Health Measures Survey cycle 5 (2016 to 2017).

higher and lower scores relative to
the general Canadian population. It
is important to identify low levels of
physical fitness, given that fitness is a
strong indicator of current health status,
and, for children and adolescents, it is
potentially predictive of future health
outcomes in young adulthood. This study
also builds on a growing body of norms
literature that has been published for a
variety of physical fitness measures, both
nationally and internationally. -39

The results from this study gener-
ally align with findings from previous
research. Consistent with this study’s
findings, pronounced increases in grip
strength from childhood through ado-
lescence were observed in cycles 1 to 3
(2007 to 2013) of the CHMS,? and in data

of cardiorespiratory fitness.

Source: Canadian Health Measures Survey cycle 5 (2016 to 2017).

from 2,779,165 individuals aged 9 to 17
representing 30 European countries.*
Increases in grip strength until ages 40
to 44 were reported in a subsample of
“healthy” individuals (i.e., individuals
with no acute or chronic health condi-
tions) who participated in previous cycles
of the CHMS.® This differs from this
study’s findings, where males in cycle
5 of the CHMS had grip strength scores
that generally began to plateau or decline
when men reached their early 30s. These
differences may represent declining
trends in grip strength, as reported pre-
viously,’! or may be due to differences
in health between those included in
Wong’s?® study of cycles 1 to 3 of the
CHMS (i.e., a “healthy” subsample) and

those who were included in this analysis
(i.e., the general population).

Given that CRF (VO, ) can be
measured using different techniques
and protocols (e.g., laboratory vs. field
tests), this study’s CRF results were
compared with other studies that used
the mCAFT. A comparison of chil-
dren’s and adolescents’ CRF scores at
P, from cycle 5 of the CHMS with CRF
scores of children and adolescents at P,
from cycle 1 (2007 to 2009)*? showed
that boys in both cycles had better CRF
scores than girls (though the difference
was more modest in cycle 5) and that
CRF scores declined with age for both
sexes. Girls had comparable CRF scores
across cycles 1 and 5, whereas boys’
CREF scores dropped in cycle 5. Similar
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Table 4 Table 5

Jumping height percentile values by age group and sex Jumping power percentile values by age group and sex

Age P, P, P, P, P, P, P, P, P, P, P, Age P, P, P, P, P, P, P, P, P, P, P,
(years) cm (years) kw

Males Males

8109 214 229 249 265 27.9 29.2 30.7 32.3 343 37.2 398 8t09 08 09 10 11 11 12 13 13 15 16 18
10to11 249 269 295 31.5 332 348 365 38.4 40.6 438 45.0 10to 11 11 12 14 15 16 16 17 19 20 22 24
12t013  27.9 305 336 359 38.0 39.9 41.8 439 463 49.8 527 121013 15 17 19 20 21 22 24 25 27 30 33
14t015  30.2 333 37.0 39.6 41.9 440 46.1 483 51.0 546 57.6 14t015 20 21 24 26 27 29 30 32 35 38 41
16t017  31.8 352 39.3 422 447 469 49.2 51.5 543 58.1 61.1 16t0 17 23 25 28 30 32 34 36 38 41 45 48
181019  32.6 36.3 40.7 43.8 46.3 48.7 51.0 53.5 56.3 60.1 63.2 181019 26 28 31 34 36 38 40 42 45 50 53
20t024 326 36.6 412 443 47.0 494 51.7 541 56.9 60.7 63.8 20 to 24 28 30 33 36 38 40 42 45 48 53 57
25t029 315 355 40.0 431 457 48.0 50.3 52.6 55.3 59.0 61.9 251029 28 30 33 36 38 40 43 45 48 52 56
30t034 301 339 382 41.1 43.6 458 479 50.2 528 56.3 59.1 30 to 34 27 29 33 35 37 39 41 44 47 51 54
35t039  28.8 323 36.3 39.1 414 435 455 477 502 535 56.2 351039 26 29 32 34 36 38 40 42 45 49 52
40t044 275 307 344 37.0 391 41.1 431 451 475 50.7 53.3 40 to 44 25 28 31 33 35 37 39 41 43 47 50
451049 262 291 325 349 369 38.8 40.6 426 449 48.0 505 4510 49 24 26 29 31 33 35 37 39 41 45 48
50t054 248 27.4 306 32.8 347 36.4 382 40.0 422 451 476 50 to 54 23 25 27 29 31 33 35 36 39 42 45
55t059  23.4 257 285 306 32.3 33.9 356 37.3 39.3 422 445 55 to 59 21 23 26 27 29 31 32 34 36 39 41
60t064 217 238 264 28.2 29.8 31.3 328 344 363 39.0 41.2 60 to 64 19 21 23 25 27 28 29 31 33 36 38
65t069  19.9 21.7 240 257 27.1 285 29.8 31.3 331 355 376 65 to 69 17 19 21 23 24 25 27 28 30 32 34
Females Females

8t09 20.6 222 242 256 26.8 27.9 29.0 30.2 31.5 334 350 8t09 09 09 10 11 11 12 12 13 14 15 16
10to11 241 26.0 28.3 30.0 31.4 328 341 355 37.2 395 414 10to 11 12 13 14 15 15 16 17 18 19 21 22
12t013 255 27.6 30.0 31.9 334 349 36.3 37.9 39.7 423 444 121013 14 15 16 17 18 19 20 22 23 25 28
14t015 253 27.3 29.9 317 33.3 347 36.2 37.8 39.7 423 445 141015 15 16 18 19 20 21 23 24 26 28 3.1
16t017 245 265 289 30.7 323 33.7 352 36.8 387 41.3 435 16t0 17 15 1.7 18 20 21 22 24 25 27 30 32
181019 236 256 28.0 29.8 31.3 32.8 34.2 358 37.6 40.2 424 18019 15 17 19 20 22 23 24 26 28 30 33
20t024 228 247 271 289 304 31.8 33.3 348 367 39.3 414 20 to 24 15 1.7 19 20 22 23 24 26 28 30 32
251029 222 241 265 283 299 31.3 32.8 343 362 388 41.0 251029 15 16 18 20 21 23 24 26 27 30 32
30t034 217 236 261 27.9 29.4 309 323 339 358 385 407 30 to 34 15 1.7 18 20 21 23 24 25 27 30 32
35t039  21.0 229 254 27.2 28.7 30.2 31.6 332 351 37.8 40.0 351039 16 1.7 19 20 21 22 24 25 27 29 32
40to44 201 220 244 26,1 27.7 291 305 321 340 366 387 40 to 44 16 17 19 20 21 22 23 24 26 29 3.1
45t049  19.0 20.8 231 24.8 26.3 27.7 29.1 30.6 324 349 37.0 4510 49 16 17 18 19 20 21 22 23 25 27 30
50t054  17.7 195 21.7 23.3 247 26.1 27.4 288 30.5 329 349 50 to 54 15 16 1.7 18 19 20 21 22 24 26 27
55t059  16.4 181 20.2 21.8 23.1 244 256 27.0 286 309 327 55 to 59 14 15 16 17 18 19 20 21 22 24 25
60to64 152 168 18.8 20.2 21.5 227 239 252 26.7 288 30.6 60 to 64 13 14 15 16 17 18 18 19 20 22 23
651069 141 156 17.4 18.8 20.0 21.1 222 234 249 269 285 65 to 69 12 13 14 15 16 17 17 18 19 20 21

Source: Canadian Health Measures Survey cycle 5 (2016 to 2017).

Source: Canadian Health Measures Survey cycle 5 (2016 to 2017).

to the findings for boys’ and girls’ CRF
in cycle 5, adult males in cycle 5 had
modestly higher CRF levels than adult
females, and CRF levels for both sexes
declined with age. Adult females’ CRF
levels at P_ from cycle 5 remained con-
sistent with those of adult females at P
from cycle 1, whereas adult males’ CRF
levels at P_ from cycle 5 appeared to be
lower than those of adult males at P
from cycle 1.3! Tt should be noted that
there is some difficulty in contrasting
adult CRF scores from the current study
(cycle 5) with those from cycle 1,*' given
the large age range of the groups reported
in cycle 1 (i.e., 20 to 39 years, 40 to 59
years and 60 to 69 years).

This study’s findings for the
sit-and-reach  test support previous
Canadian and international studies that
show that females generally have better

flexibility than males at all ages.(&- 163032
Further comparisons of children’s and
adolescents’ sit-and-reach scores at P_
from cycle 5 of the CHMS with those
of children and adolescents at P,, from
cycle 1 (2007 to 2009)** reveal con-
sistent differences in flexibility between
males and females across the two cycles.
Moreover, as previously documented
with adults who participated in cycle 1
of the CHMS,?! this study also showed
that sex differences in flexibility per-
sisted with age. While recent studies
suggest that flexibility is not as strong an
indicator of health as CRF and muscular
strength,'? the sit-and-reach test is none-
theless included in several fitness test
batteries across the world (e.g., Eurofit,
FitnessGram).

This study’s findings also add to the
growing body of Leonardo jumping

mechanography data from Canada,’ the
United States,** Europe** and Japan.!
Jumping power and height scores from
this study were similar to those reported
by Gabel et al.’ for Canadian males
and females aged 9 to 21, even though
a different jumping protocol was used.
Consistent with previous research,”
this study found that males had jumping
height and power scores that continually
increased until late adolescence, whereas
females had jumping height scores that
plateaued at approximately age 13, but
jumping power scores that did not plateau
until mid to late adolescence. Males also
had greater jumping power and height
scores than females, and jumping scores
for both sexes gradually declined into late
adulthood. This aligns with trends from
previous jumping studies conducted with
adults.*** Although this study reports the
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Figure 2

Age-specific percentile curves for each physical fitness test, by sex
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Source: Canadian Health Measures Survey Cycle 5, 2016 to 2017.

first nationally representative age- and
sex-specific Canadian normative-ref-
erenced percentile values for jumping
power and height, these jumping norms
should be compared only with data gen-
erated from the Leonardo Mechanograph
Force Plate, given known systematic
biases in jumping height data compared
with other (field-based) protocols (e.g.,
Vertec apparatus).©&- 363 Even when
compared with other studies that used the
same force plate, jumping protocol dif-
ferences should be noted.

Strengths and limitations

This study has several strengths,
including the use of a large nationally
representative sample of Canadians, the
use of objective measures of physical
fitness that were conducted by trained
staff, results that are presented across
a wide age range, and the use of robust
analytical techniques that expand on the
LMS technique. Survey weights were
also applied to all analyses to account
for non-response bias and the complex
survey design.!*?

Despite these strengths, this study is
not without limitations. The CHMS has
strict inclusion and exclusion criteria
for fitness testing that may have biased
this study’s results by screening out unfit
individuals, resulting in reference values
that are higher than those of the general
population. The nature of the CHMS,
being a health-related study, may also
have resulted in a higher response rate
for healthy individuals. However, this
potential limitation was previously
tested by comparing the obesity levels of
Canadians collected in the CHMS with
a different national health survey (i.c.,
the 2008 Canadian Community Health
Survey). The authors concluded that there
was no evidence to suggest that the nature
of the CHMS had an impact on survey
estimates among adults, at least from
an obesity perspective.’’ However, the
health-related nature of the survey may
have had a larger impact on recruiting
fitter children and adolescents.® As pre-
viously mentioned, the mCAFT was
not validated in children younger than
age 15, which represents an important
area for future research. Lastly, because



of a problem with the jumping mech-
anography software, the signal from the
force sensors was sampled at times at a
frequency of 400 Hz, and at other times
at a frequency of 800 Hz. While this lim-
itation should be noted, the difference in
sampling frequency should not have had
a significant effect on the results.
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