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Australians since 1985

Mark J Catley, Grant R Tomkinson

ABSTRACT

Objectives To provide sex- and age-specific normative
values for health-related fitness of 9—17-year-old
Australians.

Methods A systematic literature search was undertaken
to identify peer-reviewed studies reporting health-related
fitness data on Australian children since 1985—the year
of the last national fitness survey. Only data on
reasonably representative s amples of apparently healthy
(free from known disease or injury) 9—17-year-old
Australians, who were tested using field tests of health-
related fitness, were included. Both raw and pseudo
data (generated using Monte Carlo simulation) were
combined with sex- and age-specific normative centile
values generated using the Lambda Mu and Sigma
(LMS) method. Sex- and age-related differences were
expressed as standardised effect sizes.

Results Normative values were displayed as tabulated
percentiles and as smoothed centile curves for nine
health-related fitness tests based on a dataset
comprising 85347 test performances. Boys typically
scored higher than girls on cardiovascular endurance,
muscular strength, muscular endurance, speed and
power tests, but lower on the flexibility test. The
magnitude of the age-related changes was generally
larger for boys than for girls, especially during the
teenage years.

Conclusion This study provides the most up-to-date
sex- and age-specific normative centile values for the
health-related fitness of Australian children that can be
used as benchmark values for health and fitness
screening and surveillance systems.

BACKGROUND

Physical fitness is considered to be an important
marker of current and future health in children and
adults.! In children, cardiovascular fitness is a
weak-to-strong predictor of total and abdominal
adiposity, cardiovascular disease risk factors, cancer
and mental health.! 2 Certain muscular fitness com-
ponents (eg, strength and endurance) are moderate
predictors of cardiovascular disease risk factors,
skeletal health and mental health.' Meaningful rela-
tionships have also been reported between running
speed (another muscular fitness component) and
skeletal health.® In adults, cardiovascular fitness is a
strong and independent predictor of all-cause
mortality and cardiovascular disease mortality and
morbidity,* stroke,” cancer, mental health,®
health-related quality of life” and many other cardi-
ometabolic risk factors and comorbidities.® °

Moreover, physical fitness tracks moderately well
from childhood through to adulthood.'®'* This

evidence  highlights the need to include
health-related fitness testing (ie, the testing of
fitness components such as cardiovascular and mus-
cular fitness that have the strongest links with
health outcomes) as part of existing health and
fitness screening and surveillance systems.

Although the most valid assessments of fitness
require sophisticated laboratory equipment and a
high level of tester expertise, they unfortunately are
not suitable for mass testing. On the other hand,
properly conducted field tests offer simple, feasible,
and practical alternatives, which typically demon-
strate good reliability and validity.®> '*'7 In
Australia, unlike in Europe and North America
where standardised test batteries such as the
Eurofit’® or FITNESSGRAM are widely adminis-
tered, a number of different field-based fitness tests
and testing protocols have been used over time. For
example, the most popular field test of cardiovascu-
lar fitness in Australia in the 1960s and 1970s was
the 549-m (600 yd) run; in the 1980s and 1990s, it
was the 1600-m run; and over the past decade or so,
it has been the 20-m shuttle run.?® Many physical
educators and sports coaches in Australia continue
to administer tests that are no longer in favour,
largely because normative data (which are now
several decades old) are available. This makes it diffi-
cult to assess the current status of health-related
fitness in Australian children. Further compounding
the problem is that the last national fitness survey of
Australian children was conducted in 1985,>' and
with convincing evidence of recent temporal
changes in several components of fitness,>>™>* the
usefulness of such data seems to be limited.

Because there has never been a follow-up to the
1985 national survey, this study aimed to locate
large and reasonably representative datasets of
Australian children to generate normative centile
values for health-related fitness. This study also
aimed to quantify sex- and age-related differences
in health-related fitness. These normative data will
facilitate the identification of children with (a) low
fitness in order to set appropriate goals and to
promote positive health behaviours, and (b) specific
fitness characteristics that may be considered
important for sporting success.

METHODS

Data sources

A systematic review of the peer-reviewed scientific
literature was undertaken to locate studies report-
ing descriptive summary data on Australian chil-
dren tested for health-related fitness using field
tests. Candidate studies were searched for in
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Table 1 Summary of the included studies that have been used to assess the health-related fitness of 9-17-year-old Australians since 1985
Tests reported in included studies
Standing Sit- 1.6 20 m
Age Raw Sampling Sample Push- Sit- broad Basketball 50 m and- Hand- km shuttle
Study Year (years) N data method base Protocol ups ups jump throw sprint reach grip run run
ACHPER®® 1994 9-18  39-104 yes  School-based; State  ACHPER® . . . o e
stratified, (VIC)
proportional
Bamnett et a”' 2007 15-17 21-69 no  School-based; State  ACHPER® .
stratified, (NSW)
random
Birchall>? 1990 5-12 6-184 yes  School-based; State Pyke?! . o o o . o
convenience  (VIC)
Booth et a/> 1997 9,11, 399-634 no  School-based; State ACHPER®® o o .
13,15 stratified, (NSW)
proportional
Booth et a”* 2004 9-15  357-466 no  School-based; State ACHPER® .
stratified, (NSW)
proportional
Burke et al”> 2004 10-13 38-117 yes  School-based; Capital ACHPER* .
stratified, city
proportional (WA)
Cooleyand 1998 11-16 339-636  no  School-based; State ~ ACHPER® .
McNaughton®® stratified, (TAS)
proportional
Dollman 1997 10-12 118-450 yes  School-based; State Pyke?! 3 . 3
et al’’ stratified, (SA)
proportional
Dollman pers. 2002 11-12 19-154 yes  School-based; State Pyke?! 3 3
comm. stratified, (SA)
random
Dollman, pers. 2002 8-12  8-389 yes  School-based; State ACHPER® . .
comm. stratified, (SA) Pyke?!
proportional
Hands>® 2000 6-12  14-37 yes  School-based; Capital ~ACHPER® o o o o . . .
stratified, city Pyke?!
random (WA)
Mclntyre, 2009 10-11 23-44 yes  School-based; Capital ACHPER* .
pers. comm. stratified, city
random (WA)
McNaughton 1995 7-10  30-83 no  School-based; State  Pyke?' . .
et al*® stratified, (TAS)
random
Pyke?' 1985 7-15  405-497 yes  School-based; National ~Pyke®' . . . . . . .
stratified,
proportional
Vandongen 1990 11 485-486  no  School-based; Capital ACHPER®® o o
et af* stratified, ity
random (WA)

identifies test data that are available.

ACHPER, Australian Council for Health, Physical Education and Recreation; year, year of testing; n, sample size range per sex by age by test group; VIC, TAS, SA, WA, NSW

November 2009 using a computer search of online bibliographic
databases (Ausport, CINAHL, Medline, PubMed, Scopus and
SPORTDiscus). The search string used for the computer search
was:  ((((((C(((((((((fitness) OR aerobic) OR anaerobic) OR
cardio®) OR endurance) OR agility) OR flexibility) OR speed)
OR power) OR strength) OR sprint*) OR jump*) OR push-up*)
OR sit-up*) OR grip strength) OR sit and reach) AND
(((((((child*) OR paediatric*) OR adolesc*) OR boy*) OR girl*)
OR youth*) OR teen*) AND (Australia*). All titles and abstracts
(when available) were assessed to identify eligible articles, with
full-text articles retrieved if there was doubt in an article’s eligi-
bility,. A number of Australian researchers were contacted

through email to ask whether they knew of any appropriate
studies or unpublished datasets.

Inclusion/exclusion criteria

Studies were included if they explicitly reported descriptive
health-related fitness test data for apparently healthy (free from
known disease or injury) 9-17-year-old Australians who were
tested from 1985 onwards and if they reported data at the sex
by age by test level, on children directly measured using field-
based fitness tests for which explicit testing protocols were avail-
able. Studies were excluded if they reported descriptive data
that were published in another identified study. The reference

Catley MJ, et al. Br J Sports Med 2013;47:98-108. doi:10.1136/bjsports-2011-090218
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online bibliographic database search
Ausport/CINHAL/Medline/PubMed/Scopus/SPORTDiscus

UniSA catalogue search word of mouth

A 4

references screened
(n=4,154)

ineligible (n =4,057)

ineligible (n = 85)

« sample tested prior to 1985

« sample not distinguished by sex
« non field-based fitness tests

« testing protocol unknown

references assessed
for eligibility (n = 97)

« unhealthy (known disease) or atypical (elite
athletes) children

« outside target age range (9-17y)

- data reported in other identified studies

« post-intervention for follow-up sample

Figure 1

lists of all included studies were examined and cross-referenced
to identify additional studies. Attempts were made to contact
the corresponding author of each study to request raw data and/
or to clarify study details.

Initial data analysis

The following descriptive data were extracted from each
included study: sex, age, year of testing, sample size, mean, SD,
fitness test type and test protocol. Only data for commonly used
fitness tests that were collected using protocols that were origin-
ally described in national or state-based fitness surveys of
Australian children were retained for further analysis. Tests were
considered to be ‘common’ if they were used to measure fitness
in children across a broad range of ages and in at least two sep-
arate studies. Data for each fitness test were expressed in a
common metric, and protocol differences were corrected where

A 4

appropriate studies
identified (n=12)

A 4

additional studies
identified via reference
list search (n=3)

A 4

appropriate studies
included in meta-
analysis (n=15)

Flowchart outlining the identification of the included studies.

possible (eg, 20 m shuttle run data were expressed as the
number of completed stages using the correction procedures
described by Tomkinson et al).*> However, if protocol correc-
tion was not possible, then only fitness data collected using the
most common test protocol were retained. All available raw data
were checked for anomalies by running range checks with data
+3 SDs away from the respective study by sex by age by test
mean excluded. Age was expressed in whole years as the age at
last birthday.

Statistical analysis

Sex- and age-specific normative centile values were calculated
using a dataset comprising raw data and pseudo data that were
generated using the method described by Tomkinson.”*
Normative centile values were generated using LMSChartmaker
Light (v2.3, The Institute of Child Health, London) software,
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Table 2 1.6 km run (s) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age (year) Ps Pio P P30 Pao Pso Peo P70 Pgo Pgo Pgs L M S

Boys
9 750 684 618 578 547 522 499 476 452 423 401 —1.042 521.963 0.183
10 732 666 602 564 535 511 489 469 447 420 400 —1.284 511.053 0.175
" 710 646 585 549 523 500 480 461 41 416 397 —1.466 500.394 0.166
12 682 621 563 530 505 485 467 449 430 408 392 —1.721 484.819 0.157
13 643 587 535 505 483 465 448 432 415 395 380 —1.895 464.529 0.148
14 605 556 509 482 462 446 431 416 401 382 369 —1.987 445.569 0.140
15 575 531 490 465 447 432 418 404 390 373 360 —-1.979 431.504 0.133
16 552 514 477 454 437 423 410 397 383 366 354 -1.865 422.693 0.128
17 534 500 467 446 430 417 404 392 379 362 350 -1.707 416.545 0.123

Girls
9 829 769 706 666 635 609 584 559 533 499 475 —0.779 608.674 0.167
10 820 759 697 657 626 600 576 552 526 494 470 —0.878 600.149 0.166
1" 801 741 680 641 611 586 562 539 514 483 460 -0.929 585.820 0.165
12 784 726 666 629 600 575 552 529 505 474 452 -0.921 574.682 0.164
13 771 716 658 621 593 569 546 524 500 469 447 —0.852 568.706 0.163
14 763 711 655 620 592 567 545 523 498 468 445 —0.737 567.486 0.162
15 760 710 656 621 594 570 547 525 500 469 446 —0.591 569.809 0.161
16 757 710 658 624 597 573 550 527 502 a7 446 —0.428 572.723 0.160
17 753 708 658 625 598 575 552 529 504 471 446 —0.263 574.536 0.159

Note, percentile data were calculated from 11 423 1.6 km run performances collected between 1985 and 1997.

L, skew; M, median; P, percentile; S, coefficient of variation.

which analyses data using the LMS method.?® The LMS method
fits smooth centile curves to reference data by summarising the
changing distribution of three sex- and age-specific curves repre-
senting the skewness (L: expressed as a Box-Cox power), the
median (M) and the coefficient of variation (S). Using penalised
likelihood, the curves can be fitted as cubic splines using non-
linear regression, and the extent of smoothing required can be

expressed in terms of smoothing parameters or equivalent
degrees of freedom.?”

For each fitness test, differences in means between: (a) age-
matched Australian boys and girls (eg, 10-year-old boys vs
10-year-old girls); (b) sex-matched Australian children of differ-
ent ages (eg, 10-year-old boys vs 11-year-old boys); and (c) sex-
and age-matched Australian and international children'® 283¢

Table 3 20 m shuttle run (completed stages) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age (year) Ps Pio P P3p Pso Pso Pso P70 Pgo Pgo Pgs L M S

Boys
9 1 1 2 2 2 3 3 3 4 5 6 0.213 2.573 0.568
10 1 2 2 3 3 4 4 5 5 7 8 0.373 3.537 0.543
" 1 2 3 3 4 4 5 5 6 7 8 0.520 4131 0.517
12 1 2 3 3 4 4 5 6 6 8 9 0.643 4.460 0.486
13 2 2 3 4 4 5 5 6 7 8 9 0.744 4.888 0.453
14 2 3 4 4 5 6 6 7 8 9 10 0.835 5.664 0.418
15 3 3 4 5 6 7 7 8 9 10 1" 0.926 6.527 0.380
16 3 4 5 6 7 7 8 8 9 10 1" 1.031 7.159 0.343
17 4 5 6 6 7 8 8 9 10 1 11 1.143 7.690 0.306

Girls
9 1 1 1 1 2 2 2 2 3 4 5 —0.065 1.842 0.535
10 1 1 2 2 2 2 3 3 4 5 6 0.086 2.468 0.557
1" 1 1 2 2 2 3 3 4 4 6 7 0.220 2.844 0.573
12 1 1 2 2 3 3 3 4 5 6 7 0.324 3.016 0.577
13 1 1 2 2 3 3 4 4 5 6 7 0.400 3.138 0.569
14 1 1 2 2 3 3 4 4 5 6 7 0.457 3.225 0.554
15 1 1 2 3 3 3 4 4 5 6 7 0.505 3.412 0.536
16 1 2 2 3 3 4 4 5 5 6 7 0.554 3.672 0.518
17 1 2 2 3 4 4 5 5 6 7 8 0.603 4.032 0.499

Percentile data were calculated from 18 075 20 m shuttle run performances collected between 1990 and 2009.
The 20 m shuttle run can be scored in different metrics other than as the number of completed stages, such as the number of completed laps, the speed at the last completed stage
and as mass-specific peak oxygen uptake estimates (see Tomkinson et a/>° for details on how to correct 20 m shuttle run performances to different metrics).

L, skew; M, median; P, percentile; S, coefficient of variation.
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Table 4 50 m sprint (s) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians

Age (year) Ps Pio P20 P3o Pso Pso Pso P70 Pgo Pgo Pos L M S

Boys
9 10.6 10.2 9.8 9.5 9.3 9.1 9.0 8.8 8.6 83 8.1 —1.837 9.136 0.078
10 10.5 10.1 9.7 9.4 9.2 9.0 8.8 8.7 8.5 8.2 8.0 -2.185 9.009 0.080
" 10.4 10.0 9.6 9.3 9.1 8.9 8.7 8.5 8.3 8.1 7.9 —2.405 8.877 0.081
12 10.2 9.8 9.3 9.1 8.9 8.7 85 8.3 8.1 7.9 7.7 —2.446 8.673 0.081
13 9.8 9.4 9.0 8.8 8.6 8.4 8.2 8.1 7.9 7.7 75 —2.489 8.377 0.079
14 9.4 9.0 8.7 8.4 8.2 8.1 7.9 7.8 7.6 7.4 7.2 —2.701 8.063 0.076
15 9.0 8.6 8.3 8.1 7.9 7.7 7.6 75 7.3 7.1 7.0 —3.021 7.738 0.073

Girls
9 1.7 1.3 10.8 10.5 10.3 10.0 9.8 9.6 9.3 9.0 8.8 —0.981 10.033 0.088
10 111 10.7 10.3 10.0 9.8 9.5 9.3 9.1 8.9 8.6 8.4 —1.453 9.542 0.084
11 10.7 10.3 9.9 9.6 9.4 9.2 9.0 8.8 8.6 83 8.1 —1.803 9.161 0.082
12 10.4 10.0 9.6 9.3 9.1 8.9 8.7 8.6 8.4 8.1 7.9 —1.977 8.919 0.080
13 10.2 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.0 7.8 —1.991 8.787 0.078
14 10.0 9.7 9.3 9.1 8.9 8.7 8.5 8.4 8.2 7.9 7.8 —1.884 8.686 0.076
15 9.9 9.6 9.2 9.0 8.8 8.6 8.5 8.3 8.1 7.9 1.7 —1.724 8.638 0.075

Note, percentile data were calculated from 10 104 50 m sprint performances collected between 1985 and 1999.

L, skew; M, median; P, percentile; S, coefficient of variation.

were expressed as standardised effect sizes.>! Positive effect sizes
indicated that mean fitness test performances for boys (age-
matched analysis), older children (sex-matched analysis) or
Australian children (sex- and age-matched analysis) were higher
than those for girls, younger children or international children,
respectively. Effect sizes of 0.2, 0.5 and 0.8 were used as thresh-
olds for small, moderate and large.**

RESULTS

Table 1 summarises the 15 included studies. Of these, 12 were
identified through bibliographic database searching and word of
mouth, and three were identified through reference list search-
ing. Corresponding authors of all the studies were contacted
through email to clarify study details and/or to request raw data.

All authors satisfactorily clarified study details, and seven of
them supplied raw data (figure 1).

The final dataset comprised 85347 individual test results and
142 sex by age by test groups with a median sample size of 537
(range: 54-2612). Data were available for six fitness compo-
nents and nine fitness tests: cardiovascular endurance (20 m
shuttle run, 1.6 km run), muscular strength (hand-grip), muscu-
lar endurance (push-ups and sit-ups), muscular power (standing
broad jump and basketball throw), muscular speed (50 m sprint)
and flexibility (sit-and-reach). Raw data were available for 74%
of all data points.

Normative fitness data for 9-17-year-old Australians are pre-
sented as tabulated percentiles from 5 to 95 (Ps, Pyg, P29, P30,
P40, PSOa P603 P70, Pgo, Pgo, P95) in tables 2—-10. The sex- and age-

Table 5 Basketball throw (m) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age (year) Ps Pio P P3o Pso Pso Pso P70 Pgo Pgo Pgs L M S

Boys
9 2.3 2.5 2.7 2.9 3.1 33 3.4 3.6 3.8 4.1 4.4 0.623 3.260 0.198
10 25 2.8 3.0 33 3.4 3.6 3.8 4.0 4.2 4.5 4.8 0.675 3.608 0.192
1 2.8 3.1 34 3.6 3.8 4.0 4.2 4.4 4.7 5.0 53 0.733 4.026 0.188
12 3.1 34 3.8 4.0 43 4.5 4.7 4.9 5.2 5.6 5.9 0.792 4.471 0.188
13 3.5 3.8 4.2 4.5 4.8 5.0 53 5.5 5.8 6.2 6.6 0.843 5.012 0.187
14 3.9 4.2 4.7 5.0 5.3 5.5 5.8 6.1 6.4 6.9 7.2 0.898 5.522 0.186
15 4.2 4.6 5.0 5.4 5.7 6.0 6.3 6.6 6.9 7.4 7.8 0.943 5.975 0.185
16 44 4.8 5.3 5.6 6.0 6.3 6.5 6.9 7.2 1.7 8.2 0.964 6.254 0.185
17 4.5 49 55 5.8 6.2 6.5 6.8 7.1 7.5 8.0 8.5 0.966 6.467 0.187

Girls
9 2.1 2.3 2.5 2.7 2.9 3.0 3.2 33 3.5 3.7 3.9 1.116 3.015 0.182
10 2.3 2.6 2.8 3.0 3.2 3.3 35 3.7 3.8 4.1 43 1.024 3.336 0.181
" 2.6 2.8 3.1 33 35 3.6 3.8 4.0 4.2 4.5 4.7 0.942 3.646 0.180
12 2.8 3.1 34 3.6 3.8 4.0 4.2 43 4.6 4.9 5.2 0.873 3.970 0.180
13 3.0 33 3.6 3.9 4.1 4.3 4.5 4.7 49 53 5.6 0.816 4.265 0.179
14 3.2 34 3.8 4.0 4.2 4.4 4.6 4.8 5.1 5.4 5.7 0.739 4410 0.175
15 33 3.6 39 4.1 43 45 4.7 4.9 5.1 5.5 5.8 0.606 4.486 0.169
16 3.4 3.7 4.0 4.2 4.4 4.6 4.7 5.0 5.2 5.6 5.9 0.394 4.557 0.162
17 3.6 3.8 4.1 4.3 4.5 4.6 4.8 5.0 53 5.6 5.9 0.140 4.634 0.154

Note, percentile data were calculated from 5,541 basketball throw performances collected between 1994 and 1999; L, skew; M, median; P, percentile; S, coefficient of variation.
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Table 6 Standing broad jump (cm) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians

Age (year) Ps P1o P2o P3p Pso Pso Pso P70 Pgo Pgo Pgs L M S

Boys
9 105 113 121 127 133 138 142 147 153 161 168 1.244 137.506 0.138
10 109 117 126 133 138 143 148 154 160 168 174 1.490 143.430 0.138
" 112 121 131 138 144 149 154 160 166 174 181 1.654 149.322 0.138
12 117 126 137 144 150 156 161 167 173 182 189 1.704 155.838 0.137
13 126 136 147 154 161 166 172 178 185 194 201 1.629 166.340 0.135
14 137 146 157 165 172 178 184 190 197 206 214 1.526 177.688 0.131
15 148 157 169 177 183 189 196 202 209 219 228 1.446 189.485 0.127

Girls
9 95 102 110 116 122 126 131 136 142 150 157 1.098 126.379 0.149
10 100 108 117 123 128 133 138 143 149 158 165 1.152 133.177 0.147
11 106 114 123 129 135 140 145 151 157 166 173 1.197 140.142 0.145
12 111 118 128 135 140 145 151 156 163 171 179 1.211 145.432 0.142
13 115 123 132 139 145 150 155 161 167 176 183 1.183 150.080 0.138
14 119 127 136 143 148 154 159 164 17 180 187 1.158 153.551 0.134
15 122 129 139 145 151 156 161 166 173 181 188 1.148 155.661 0.130

Percentile data were calculated from 11 194 standing broad jump performances collected between 1985 and 2002.

L, skew; M, median; P, percentile; S, coefficient of variation.

specific LMS values for all fitness tests are also shown. The LMS
values depict the nature of the age-related distributions for boys
and girls and can be used to calculate z-scores and hence percent-
ile values by looking up a z-table, using the following formula:

() -1

= LxS

where z is z score, x is performance, L is sex- and age-specific
L-value, M is the sex- and age-specific M-value and S is the sex-
and age-specific S-value.

Figures 2 and 3 show the smoothed centile curves (P1¢, Pso, Poo).

Figure 4 shows the sex-related differences in mean fitness.
Boys consistently scored higher than girls on health-related
fitness tests, except on the sit-and-reach test, with the magnitude
of the differences typically increasing with age and often

accelerating from about 12 years of age. Overall, the magnitude
of differences between boys and girls was large for the 1.6 km
run, 20 m shuttle run, basketball throw and push-ups; moderate
for the 50-m sprint, standing broad jump and sit-and-reach; and
small for sit-ups and hand-grip strength. Figure 5 shows the
age-related changes in mean fitness. The age-related changes
were typically larger for boys than for girls, especially during the
teenage years, and for muscular fitness tests than for cardiovascu-
lar fitness tests. Fitness also tended to peak from about the age of
15 years. Figure 6 shows that the differences in health-related
fitness between Australian and international children were gener-
ally small, with Australian children scoring slightly higher on
hand-grip strength (mean =95% CI: 0.20%+0.03 SDs) and 50 m
sprint tests (0.24+0.02 SDs), and slightly lower on sit-and-reach
(=0.36%0.02 SDs), standing broad jump (—0.25+0.02 SDs) and
20 m shuttle run tests (—0.49+0.01 SDs).

Table 7 Push-ups (no. in 30 s) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians

Age (year) Ps Pio P2o P3o Pso Pso Pso P70 Pgo Pgo Pgs L M S

Boys
9 4 6 8 9 " 12 14 15 17 20 22 0.846 12.310 0.452
10 4 6 8 10 1" 13 14 16 18 21 23 0.894 12.943 0.447
1 4 6 8 10 12 13 14 16 18 20 22 0.940 12.942 0.438
12 4 6 9 10 12 13 15 16 18 20 22 0.980 13.200 0.422
13 5 7 9 1" 13 14 16 17 19 22 24 1.020 14.255 0.399
14 6 8 1 13 14 16 17 19 21 23 25 1.070 15.954 0.370
15 7 10 13 15 16 18 19 21 23 25 27 1.126 17.697 0.337

Girls
9 2 3 5 7 8 9 10 12 13 16 18 0.719 8.989 0.550
10 2 3 5 6 7 9 10 1 13 16 18 0.652 8.655 0.583
1" 2 3 4 6 7 8 9 1 13 16 18 0.584 8.142 0.624
12 1 2 4 5 6 7 9 10 12 15 18 0.518 7.395 0.672
13 1 2 3 4 6 7 8 10 12 15 18 0.453 6.792 0.720
14 1 2 3 4 5 6 8 9 " 15 18 0.390 6.384 0.765
15 1 2 3 4 5 6 7 9 " 14 18 0.329 5.818 0.812

Percentile data were calculated from 7,342 push-up test performances collected between 1985 and 1991.
L, skew; M, median; P, percentile; S, coefficient of variation.
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Table 8 Sit-ups (no. in 180 s) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians

Age (year) Ps Pio P2 P30 Pso Pso Pso P70 Pgo Pgo Pos L M S

Boys
9 3 5 8 1 14 17 21 25 30 40 48 0.321 17.046 0.755
10 5 8 13 17 20 24 29 34 40 50 59 0.466 24.459 0.669
" 6 10 16 21 25 29 34 39 45 55 60 0.629 29.422 0.594
12 8 14 21 26 31 36 40 45 51 60 60 0.841 35.561 0.514
13 10 17 25 31 36 40 45 50 55 60 60 1.056 40.288 0.443
14 12 20 29 34 39 43 48 52 57 60 60 1.232 43.454 0.389
15 14 22 31 36 41 45 49 53 58 60 60 1.335 44.942 0.359
16 16 24 32 38 42 46 50 54 58 60 60 1.426 46.209 0.332
17 18 26 34 40 44 47 51 55 59 60 60 1.517 47.466 0.306

Girls
9 5 8 12 15 18 21 25 29 35 43 51 0.394 21.258 0.642
10 7 10 14 18 22 26 30 34 40 50 58 0.485 25.666 0.605
1 8 1 17 21 25 29 34 39 45 54 60 0.571 29.444 0.569
12 9 13 19 24 28 32 37 42 48 57 60 0.646 32123 0.534
13 10 15 21 26 30 34 39 44 50 59 60 0.705 34.408 0.504
14 1 15 22 27 31 35 40 45 50 59 60 0.741 35.334 0.482
15 1 16 22 27 31 35 40 44 50 58 60 0.757 35.327 0.464
16 12 17 23 28 32 36 40 44 50 57 60 0.761 35.690 0.447
17 13 18 24 28 32 36 40 45 50 58 60 0.761 36.333 0.431

Percentile data were calculated from 8 837 sit-up test performances collected between 1985 and 1999.

L, skew; M, median; P, percentile; S, coefficient of variation.

DISCUSSION

This study provides the most up-to-date sex- and age-specific
normative centile values for 9-17-year-old Australians across a
range of health-related fitness tests, which can be used as bench-
mark values for health and fitness screening and surveillance of
children. These data complement a growing literature reporting
growth percentiles across a range of different health measures,
such as body mass index,*? waist girth®* and blood pressure,?®
and a range of other health-related fitness measures.”® *° It also
quantifies the magnitude and direction of sex- and age-related
differences in children’s health-related fitness and shows that

boys consistently scored higher than girls on fitness tests (except
on the sit-and-reach test of flexibility) and that boys experience
larger age-related changes in fitness. The developmental patterns
of children’s fitness have been well studied and extensively
reviewed (eg, for cardiovascular fitness, refer to Armstrong
et al,>* Krahenbuhl ez al*> and Rowland®®; for muscular fitness,
refer to Blimkie and Sale,®” Froberg and Lammert®® and De Ste
Croix>®). Although the underlying causes of sex- and age-related
differences are clear for some fitness test performances, such as
those for muscular strength, power and speed, which are largely
explained by physical differences (eg, differences in muscle mass

Table 9 Hand-grip strength (kg) centile values and LMS summary statistics by sex and age in 9- to 15-year-old Australians (taken as the mean

of both hands)

Age (year) Ps Pio P2o P3o Pso Pso Pso P70 Pgo Pgo Pgs L M S

Boys
9 11.5 12.5 13.8 14.8 15.6 16.4 17.2 18.1 19.2 20.8 221 0.600 16.415 0.197
10 131 14.3 15.9 17.0 18.0 19.0 19.9 21.0 22.2 239 25.4 0.728 18.967 0.198
1 14.5 15.9 17.7 19.0 20.1 21.2 223 235 24.9 26.8 28.5 0.764 21.217 0.200
12 15.4 17.0 189 20.3 21.5 22.7 23.8 25.1 26.6 28.7 30.5 0.747 22.655 0.203
13 17.5 19.3 21.5 23.1 24.5 25.8 27.2 28.6 30.4 32.8 34.9 0.738 25.819 0.205
14 20.8 229 25.5 27.4 29.1 30.7 324 34.1 36.2 39.1 41.6 0.742 30.731 0.207
15 24.6 27.1 30.3 32.6 34.6 36.5 38.4 40.5 43.0 46.5 495 0.752 36.517 0.207

Girls
9 9.8 10.8 12.0 12.9 13.7 14.4 15.1 16.0 17.0 18.4 19.5 0.639 14.396 0.205
10 11.4 12.6 14.1 15.2 16.2 171 18.0 19.0 20.1 21.8 23.1 0.842 17.072 0.210
11 12.5 13.9 15.5 16.8 17.8 18.8 19.8 20.9 22.1 239 253 0.932 18.816 0.208
12 14.4 16.0 17.8 19.1 20.3 21.4 225 23.6 25.0 26.9 285 0.922 21.374 0.200
13 16.4 18.0 19.9 21.3 22.5 23.6 24.8 26.0 27.4 29.5 311 0.880 23.641 0.190
14 18.2 19.7 21.6 23.0 243 25.4 26.5 27.8 29.2 31.3 33.0 0.828 25.390 0.178
15 19.8 213 23.2 24.6 25.8 26.9 28.0 29.2 30.7 32.7 34.4 0.770 26.881 0.165

Percentile data were calculated from the 3 707 hand-grip strength performances collected between 1985 and 1999.

L, skew; M, median; P, percentile; S, coefficient of variation.
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Table 10 Sit-and-reach (cm) centile values and LMS summary statistics by sex and age in 9- to 17-year-old Australians.

Age (y) Ps Pio P2o P3o Pao Pso Pso P70 Pgo Pgo Pgs L M S
boys

9 10.4 12.9 15.7 17.7 19.4 20.9 22.4 23.9 25.8 28.2 30.3 1.211 20.877 0.285
10 10.0 12.5 15.3 17.3 19.0 20.5 221 23.7 255 28.0 30.1 1.190 20.537 0.294
1 9.6 121 15.0 17.0 18.7 20.3 21.9 235 25.4 28.0 30.1 1.167 20.313 0.305
12 9.3 11.8 14.8 16.9 18.7 20.3 21.9 23.6 25.6 283 30.5 1.133 20.292 0.315
13 9.4 12.0 15.1 17.2 19.1 20.8 22.5 24.3 26.4 29.2 31.6 1.091 20.785 0.322
14 9.8 12.5 15.7 18.0 20.0 21.8 23.6 25.5 27.8 30.9 334 1.054 21.804 0.328
15 10.4 13.2 16.6 19.1 21.2 23.1 25.1 27.1 29.5 329 35.7 1.017 23.112 0.332
16 1.1 14.0 17.6 20.1 22.3 244 26.5 28.7 31.3 34.9 37.8 0.984 24.392 0.334
17 1.7 14.8 18.5 21.2 23.5 25.7 27.9 30.2 33.0 36.8 40.0 0.953 25.686 0.335
girls

9 13.0 15.8 18.9 21.1 229 24.6 26.2 28.0 29.9 32.6 34.8 1.285 24.614 0.264
10 13.0 15.7 18.8 20.9 22.7 24.4 26.0 27.7 29.7 324 34.6 1.259 24.402 0.265
1 13.2 15.9 19.0 21.2 23.0 24.7 26.4 28.1 30.1 32.8 35.0 1.235 24.705 0.265
12 14.0 16.7 19.9 22.2 241 25.8 27.5 29.3 31.3 34.2 36.4 1.230 25.790 0.262
13 15.3 18.2 21.6 24.0 25.9 27.7 29.5 31.4 33.6 36.5 38.9 1.250 27.740 0.256
14 16.5 19.5 23.1 25.5 27.6 29.4 31.3 33.2 35.4 38.4 40.9 1.293 29.440 0.248
15 17.0 20.1 23.7 26.1 28.1 30.0 31.8 33.7 35.9 38.8 41.2 1.350 29.997 0.241
16 17.0 20.0 235 259 27.9 29.6 31.4 33.2 353 38.1 40.3 1.412 29.647 0.235
17 16.8 19.8 23.2 255 27.4 29.1 30.7 325 344 37.1 39.2 1.472 29.074 0.229

Note, percentile data were calculated from 9,124 sit-and-reach performances collected between 1985 and 2000; L = skew; M = median; S = coefficient of variation. Note, a score of

20 cm” corresponds to the participant reaching their toes.

or height), they are less clear for others, such as for cardiovascu-
lar endurance, which may be explained by physiological differ-
ences (eg, differences in mechanical efficiency and/or fractional
utilisation).’> 3¢ It is, nonetheless, beyond the scope of this
article to discuss the causes that underscore the sex- and
age-related changes in fitness test performance.

International comparisons

Although several studies have previously compared the
health-related fitness of Australian children with their sex- and
age-matched international peers,”® *° comparisons have only
been made for cardiovascular fitness. Figure 6 compares the
20-m shuttle run, 50 m sprint, standing broad jump, hand-grip
strength and sit-and-reach performance of 9-17-year-old
Australians with 1 894 971 test results from sex-, age- and test-
matched international children from 48 countries who have
been measured using the same test protocols as those referenced
in table 1 and described in Appendix 1. Figure 6 also shows typ-
ically small differences in health-related fitness between
Australian and international children. Furthermore, the sex- and
age-related differences in fitness of Australian children are strik-
ingly similar to those observed in international children. Given
that the differences are generally small, the normative centile
data presented in this study could be used as approximate
benchmark values for health-related fitness of international
children.

Fitness thresholds for cardiometabolic risk

Fitness is widely recognised as a powerful marker of current and
future cardiovascular, skeletal and mental health. Unfortunately,
there are no universally accepted recommendations for
health-related levels of fitness. In recent years however, sex- and
age-specific threshold values for cardiovascular fitness (operatio-
nalised as mass-specific peak oxygen uptake in ml/kg/min) have
been established for European and US children using linked
cardiometabolic risk-based values from receiver operator

characteristic curve analyses.*’™* To estimate the prevalence of
Australian children with ‘healthy’ cardiovascular fitness (ie,
those above the thresholds), ‘international’ sex- and age-specific
thresholds for 9-17-year-old children were estimated by deter-
mining best-fitting polynomial regression model (quadratic or
cubic) relating age (predictor variable) to previously reported
threshold values (response variable) in Adegboye et al,*' Lobelo
et al,** Ruiz et al*® and Welk et al.** Separate models were gen-
erated for boys and girls. Peak oxygen uptake values in
Australian children were estimated using 1.6 km run and 20 m
shuttle run data and the Cureton et al*® and Léger et al*®
regression equations, respectively.

Using these thresholds, about 71% of Australian boys
(median =95% CI: 71%=*8%) and 77% of Australian girls
(median +95% CI: 77%=*10%) apparently have ‘healthy’ car-
diovascular fitness. Although in light of recent secular declines
in cardiovascular fitness,”® 2* 23 #° and with a median testing
year of 1993 in this study’s cardiovascular fitness dataset, it is
likely that these prevalence rates somewhat overestimate those
of today. These prevalence rates are better than (for girls), or
similar to (for boys), those observed in European (61% of boys
and 57% of girls)*® and US (71% of boys and 69% of girls)**
children. Geographical differences in prevalence rates may
reflect differences in (a) threshold levels, (b) the year(s) of
testing, (c) sampling methodology, (d) test methodology and (e)
the way in which peak oxygen uptake was measured or
estimated.*”

Ultimately, it is important to remember that the normative
data presented in this study show how well Australian children
perform on health-related fitness tests relative to their sex- and
age-matched peers. For example, using a percentile classifica-
tion, children with fitness in the bottom 20% can be classified
as having ‘very low’ fitness; those between the 20th and 40th
percentiles as having ‘low’ fitness; those between the 40th and
60th percentiles as having ‘average’ fitness; those between the
60th and 80th percentiles as having ‘high’ fitness; and those
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Figure 2 Smoothed centile curves (Pq, Pso and Pgg) for (A) 1.6 km
run (s), (B) 20 m shuttle run (number of completed stages), (C) 50 m
sprint (s), (D) basketball throw (m) and (E) standing broad jump (cm).

above the 80th percentile as having ‘very high’ fitness. These
data are not criterion-referenced in that they do not indicate
whether children with ‘very low’ or ‘low’ (or any other classifi-
cation for that matter) have ‘unhealthy’ cardiovascular fitness or
increased cardiometabolic risk. Despite the fact that previous

Figure 3 Smoothed centile curves (P1q, Pso and Pgg) for (A) push-ups
(number in 30 s), (B) sit-ups (number in 180 s), (C) hand-grip strength
(kg) and (D) sit-and-reach (cm) tests.

Australian evidence has linked low childhood cardiovascular
fitness with increased cardiometabolic risk in adulthood,*®
future Australian studies are required to examine whether
childhood thresholds for cardiovascular fitness (or other
health-related fitness components) are significantly associated
with clustered cardiometabolic risk (or other health outcomes,
such as mental or skeletal health outcomes).

Strengths and limitations

Despite the fact that the last national fitness survey of Australian
children was in 19885, this study provides the most up-to-date
normative dataset for nine widely administered health-related
fitness tests, using cumulated data from 85347 Australian chil-
dren aged 9-17 years collected between 1985 and 2009. This
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Figure 4 Sex-related differences in mean fitness expressed as effect

sizes. Data are shown for 9—17-year-old children tested on the (A) 1.6
km run, (B) 20 m shuttle run, (c) 50 m sprint, (D) basketball throw, (E)
standing broad jump, (F) push-ups, (G) sit-ups, (H) hand-grip strength

and (1) sit-and-reach tests. The limits of the grey zone represent effects
sizes of 0.8 and -0.8, beyond which large differences are observed.

study used a strict set of inclusion and exclusion criteria and
rigorous initial data analysis procedures to systematically control
for any factors (eg, differences in test methodology) that might
have biased the normative values or the estimates of the sex-
and age-related differences. It used a novel pseudo-data method
to allow both descriptive and raw data to be merged before
using the LMS method to create sex- and age-specific smoothed
percentiles. It also quantified sex- and age-related differences as

Original articles
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Figure 5 Age-related changes in mean fitness expressed as effect
sizes standardised to an effect size of age 15 years=0. Data are shown
for 9-17-year-old boys (triangles) and girls (circles) separately tested on
the (A) 1.6 km run, (B) 20 m shuttle run, (C) 50 m sprint, (D)
basketball throw, (E) standing broad jump, (F) push-ups, (G) sit-ups, (H)
hand-grip strength and (1) sit-and-reach tests. The limits of the grey
zone represent effects sizes of 0.8 and 0.8, beyond which large
differences are observed.

standardised effects sizes, allowing for comparison between
sexes, among different ages, and with sex, age and test-matched
international children.

However, this study is not without limitations. Only one of
the 15 included studies was based on a nationally representative
sample, which obviously raises the issue of representativeness.
Most of the included studies used similar sampling frames

Catley MJ, et al. Br J Sports Med 2013;47:98-108. doi:10.1136/bjsports-2011-090218

10f 12


http://bjsm.bmj.com/
http://group.bmj.com/

Original articles

Effect size

20 m shuttle run Hand-grip strength

0.8

girls
0 girls

boys
boys

50 m sprint Sit-and-reach

0.8
girls

0 boys

boys

girls
9 11 13 15 17
Age (years)

-0.8

Standing broad jump

0.8
0
girls
boys
-0.8

9 11 13 15 17
Age (years)

Figure 6 Sex- and age-specific effect sizes for (A) 20 m shuttle run,
(B) 50 m sprint, (C) hand-grip strength, (D) sit-and-reach and (E)
standing broad jump for 9-17-year-old Australian boys (triangles) and
girls (circles) relative to their international peers. Positive effects
indicate higher fitness scores for Australian children and negative
effects indicate lower fitness scores. Comparative data represent n=284
508 20 m shuttle run pen‘ormances,zg_30 n=1 216 452 50 m sprint
performances,'® n=126 361 hand-grip strength performances,?® n=102
664 sit-and-reach performances,®® and n=164 986 standing broad
jump performances®® of 9-17-year-old children from 48 international
countries.

(table 1). Schools with a greater interest in sport and fitness may
have been more willing to participate, and because participation
at the individual level was voluntary, it is possible that children
with low fitness levels chose not to participate. This might have
resulted in fitness test performances unrepresentative of the
population, but it should not have affected the sex- and
age-related differences. Fitness data were also collected at differ-
ent times during the 1985-2009 period, and given convincing
evidence of recent temporal declines in some (but not all) com-
ponents of Australian children’s fitness,”> *° it is possible that
the normative data presented in this study represent a better
‘health-related picture’ than what would be observed today.
A temporal analysis of the data accumulated in this study sug-
gests that these normative data would probably overestimate the
fitness of Australian children in 2009 by an average of 0.3 SDs
or 13 percentile points, assuming of course that the observed
temporal changes remained consistent across the entire 1985—
2009 period. Nonetheless, these data represent the best

available and most up-to-date health-related fitness data on
Australian children. It must also be remembered that despite
being simple, cheap, easy, reliable, reasonably valid and widely
used alternatives of laboratory-based criterion measures, field
tests are affected by factors other than underlying construct
fitness. For example, validity data for field tests of cardiovascu-
lar fitness suggest that (at best) only 50-60% of the variance in
field test performance is explained by the variance in underlying
peak oxygen uptake, indicating that other physiological, phys-
ical, biomechanical, psychosocial and environmental factors also
play a part.” In addition, although criterion-related validity has
not been established for all of the included tests, face validity is
generally accepted.'” Most of the included tests are also consid-
ered to demonstrate good reliability, although tests requiring a
reasonable degree of subjective judgement (eg, the subjective
scoring of a properly performed sit-up or push-up) typically
demonstrate poorer reliability.!*

Conclusion

Physical fitness is considered to be an excellent marker of
current and future health. In anticipation of a follow-up
national fitness survey, this study provides the most up-to-date
and most comprehensive set of sex- and age-specific normative
centile values of health-related fitness of Australian children,
which can be used as benchmark values for health and fitness
screening and surveillance systems. These normative centile
values will facilitate the identification of children with low
fitness to set appropriate fitness goals, monitor individual
changes in fitness and promote positive health behaviours. They
will also facilitate the identification of children who possess spe-
cific fitness characteristics that may be considered important for
sporting success, in the hope of recruiting the high achievers
into elite sporting development programs.
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