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Foreword

In the conduct of scientific research, the testing of a theory often generates
additional questions or identifies gaps in information that require further study.
Research into the fitness of young people has been no exception. If fitness of
children is declining, why is it doing so? when did it start happening? are they
still fit enough? and for practical purposes, what can we do about it?

Pediatric Fitness — Secular Trends and Geographic Variability provides us
with a comprehensive, worldwide overview of changes in children’s fitness
levels over previous decades and while the volume does not aim to provide an
answer for what can be done about declining levels, it is thorough in its compi-
lation of international data, which paints a very apparent picture.

Given the current international spotlight on overweight and obesity, this
book will contribute greatly to the evidence base and the argument surrounding
the impact that physical activity, or inactivity, has. Policy makers, practitioners,
providers and even parents, will benefit from the information presented as it
can be used as a tool for advocacy and support.

I, as President of the International Council of Sport Science and Physical
Education (ICSSPE), commend the authors and editors for compiling such an
extensive body of research which can support future decision-making
processes. ICSSPE welcomes and encourages the sharing of research, seeing it
as a vital component of development of all aspects of sport, sport science and
physical education.

Gudrun Doll-Tepper
ICSSPE President
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Introduction

Grant R. Tomkinson?, Timothy S. Olds®

*Centre for Applied Anthropometry and *Nutritional Physiology Research Centre,
School of Health Sciences, University of South Australia, Adelaide, Australia

The Impetus for This Book

There is general agreement that pediatric fatness has been increasing in
most high- and middle-income countries, with a marked acceleration since the
1970s. There is less consensus on trends in children’s fitness. The following
quotations from the research literature illustrate the spectrum of positions:

“The results of this study do not support the current well-publicized view in
the United Kingdom that children’s cardiopulmonary fitness is deteriorating.’
[1, p.373]

“The existing research literature does not permit any confident conclusions
to be drawn regarding temporal changes in aerobic fitness.” [2, p. 8]

‘So it seems that there has been a real decline in fitness, and an increase in
fatness, in Australian children since 1985.” [3, p. 119]

The polarisation of opinion around this important question provided the
impetus for the present volume, which has elicited contributions from
researchers from four continents.

What Are We Measuring?

Before attacking the question of secular change in children’s fitness, it is
important to be clear on just what we mean by ‘fitness’, and how it is opera-
tionalized. The evidence that children’s performance on tests of aerobic fitness
has been declining in recent years is stronger than that for parallel changes in
maximal oxygen uptake. Indeed, Armstrong et al. [1] and Eisenmann and
Malina [4] have collected data which show little secular change in peak oxygen
uptake since the 1930s. In their chapter, Armstrong and Welsman [this vol.,
pp. 5-25] delineate the mechanisms which contribute to performance on tests
of aerobic fitness. The inference is that it is quite possible that maximum
oxygen uptake has remained stable while performance has declined. Changes in
‘anaerobic threshold’, oxygen uptake kinetics, mechanical efficiency, motivation,



tactical experience and pacing skills can affect performance with no change in
peak oxygen uptake.

Similar considerations are important in considering trends in performance
on tests of motor skills, strength and power, which are generally less well oper-
ationalized than the gold standard VO, test. In the next chapter, van Praagh
[this vol., pp. 26—45] asks what we are actually measuring in such tests, and
describes how results can be affected by small variations in testing protocol.
The first two chapters both caution against jumping too easily from changes in
performance to changes in underlying mechanisms.

The World Picture

The next seven chapters paint a global picture of the available performance
data, from North America, Europe, the Baltic states, Asia and Australasia.
Tomkinson and Olds [this vol., pp. 46—66] bring together data from around the
world on over 25 million children and conclude that performance on tests of
aerobic fitness has been declining globally at the rate of about 5% each decade
since 1970. Prior to 1970, performance was improving. This pattern of rise and
fall may help explain why some researchers, who use datapoints falling on
either side of the peak in 1970, have failed to find declines in fitness performance.

Malina [this vol., pp. 67-90] looks at data from the United States. In contrast
to the inclusive approach of Tomkinson and Olds, Malina cautiously focuses
largely on randomized national surveys, an approach which undoubtedly yields
better quality data, but also leaves many gaps. A mixed picture emerges. Shephard
[this vol., pp. 91-103] moves us north to Canada, describing declines in the fitness
of Inuit children from extraordinarily high levels in the 1970s until today.

Europe has benefited from the introduction of the Eurofit test battery, a
standardized set of simple measurement instruments used very widely through-
out the continent. This allows comparison between countries. Tomkinson, Olds
and Borms [this vol., pp. 104—128] ask ‘Who are the Eurofittest?’ The answer
has been unchanged since the 1950s: northern European children outperform
children from Southern and Western Europe, and from children around the
developed Pacific Rim. The superior fitness of northern European children has
been a consistent finding in the literature since the first comparisons of
European and North American children in the 1950s, which galvanized the
American government into corrective action. The enduring superiority of chil-
dren from Scandinavia and the Baltic warrants further exploration.

The situation in the Baltic States, Eastern Europe and Russia has been
complicated by the social upheavals following the break-up of the Soviet Union
in 1989-91. Jiiriméde and colleagues [this vol., pp. 129-142] track changes in
fitness performance in Estonia and Lithuania since independence, again
detecting performance declines.

Tomkinson/Olds 2



Data from Asia remain hard to access. Several Asian countries — among them
the Korean Republic and Singapore — routinely collect fitness data on a census-like
basis, but the data are not always made available to researchers. Macfarlane and
Tomkinson [this vol., pp. 143—167] collate available data from Asia, documenting
not only very large fitness differentials between children from different countries
(with the Japanese performing exceptionally well), but also clear secular declines
in aerobic performance. Finally, Tomkinson and Olds [this vol., pp. 168—182]
move to Australasia, where a substantial historical record exists. The trends in aer-
obic fitness performance are quite clear: consistent declines in aerobic test perfor-
mance since about 1970 in both boys and girls and across most age groups.

The Causes

The last four chapters raise some considerations regarding causes. Salmon
and Timperio [this vol., pp. 183—-199] review the evidence around environmen-
tal influences on children’s activity levels. The evidence is equivocal, with the
authors concluding that the impact of the built environment (amenity, street
design and land use) on activity levels may be very context-specific.

The most obvious reason why performance on tests of aerobic fitness is
declining is that aerobic fitness itself — operationalized by the criterion method
of gas analysis — is declining. Rowland [this vol., pp. 200-209] analyses data on
trends in maximal oxygen uptake, concluding that data are too limited to
unequivocally support a clear decline.

There is consensus that increases in fatness have differentially affected the
right tail of the distribution: there are more fat children, and they are much fat-
ter than their counterparts of 30 years ago. There are very few corresponding
data on shifts in the distribution of scores on fitness tests. Comparing
Australian data from 1985 and 1997, Dollman and Olds [this vol., pp. 210-225]
found that the overall decline in boys’ performances has been the result of a
shift towards poorer performance in the middle of the distribution. In contrast,
girls’ scores have not shown distributional changes, and the overall decline in
girls’ performances has been the result of across-the-board declines.

Finally, Olds, Ridley and Tomkinson [this vol., pp. 226-240] ask whether
increases in fatness alone can explain performance declines. Using cross-
sectional data from within and between countries, and an analysis of the fitness
performance of Australian children from 1985 and 1997 matched for fatness,
they conclude that increases in fatness alone explain less than half the observed
decline in aerobic fitness performance.

This volume covers four continents, from the Baltic to the Mediterranean,
from the Arctic Circle to the Mexican border, and across the vast sweep of Asia
from the Sea of Japan to the coasts of Tasmania. It covers the 50 years from the
ruins of World War Two to the superabundance of postindustrial society, years
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which saw the integration of indigenous societies into the economic main-
stream, the industrialization of Asia and the fall of the Soviet empire. In many
ways the fitness of children may serve as a barometer of these changes.
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Aerobic Fitness: What Are We Measuring?

Neil Armstrong, Joanne R. Welsman

Children’s Health and Exercise Research Centre, University of Exeter, Exeter, UK

Abstract

Aerobic fitness depends upon the components of oxygen delivery and the oxidative
mechanisms of the exercising muscle. Peak oxygen uptake is recognised as the best single cri-
terion of aerobic fitness but it is strongly correlated with body size. Methods of controlling for
body size are discussed and it is demonstrated how inappropriate use of ratio scaling has
clouded our understanding of aerobic fitness during growth and maturation and across time.
Changes in aerobic fitness over time are reviewed but no published study of peak oxygen
uptake, appropriately adjusted for body mass and maturation, has investigated secular changes
in aerobic fitness. Data expressed in direct ratio with body mass provide limited insights into
secular changes in aerobic fitness but aerobic performance appears to be decreasing in accord
with the secular increase in body mass. Cross-sectional and longitudinal peak oxygen uptake
data are analysed in relation to age, maturation and sex. Muscle lactate production and blood
lactate accumulation are outlined and young people’s blood lactate responses to submaximal
and maximal exercise are examined. However, exercise of the intensity and duration required
to monitor conventional laboratory measures of aerobic fitness are rarely experienced in
young people’s lives. In many situations it is the oxygen uptake kinetics of the non-steady state
which best assess the integrated responses of the oxygen delivery system and the metabolic
requirements of the exercising muscle. The chapter therefore concludes with a discussion of
insights into aerobic fitness provided by the emerging database on young people’s oxygen
uptake kinetics responses to exercise of different intensities.

Copyright © 2007 S. Karger AG, Basel

Aerobic fitness may be defined as the ability to deliver oxygen to the mus-
cles and to utilise it to generate energy during exercise. Children’s aerobic fit-
ness is well documented and it is almost 70 years since Robinson [1] published
the first laboratory investigation of boys’ aerobic fitness and over 50 years since
Astrand [2] conducted his pioneering studies of the aerobic fitness of both boys
and girls. Yet, the clarification of young people’s aerobic fitness is still shrouded
with controversy. The literature is replete with performance tests, such as the



20 m shuttle run (20 mSRT), masquerading as accurate measures of young peo-
ple’s aerobic fitness and even the understanding of physiological measures of
aerobic fitness during youth has been confounded by inappropriate means of
controlling for body size and maturation.

Maximal oxygen uptake (VO,,.,), the highest rate at which an individual
can consume oxygen during exercise, limits the rate of aerobic provision of
adenosine triphosphate (ATP) and is therefore widely recognised as the best
single physiological measure of aerobic fitness [3]. However, although VO,,,..
limits the performance of aerobic exercise it does not describe fully all aspects
of aerobic fitness. It is well documented that exercise of the intensity and dura-
tion required to elicit VO,,,,, is rarely experienced in young people’s everyday
lives [4, 5]. The vast majority of bouts of physical activity are submaximal and
of short duration and, under these circumstances, it is the transient kinetics of
VO, which best assess the integrated response of the oxygen delivery system
and the metabolic requirements of the exercising muscle. Furthermore, VO,,,.
is neither the best measure of an individual’s ability to sustain aerobic exercise
at submaximal intensities nor the most sensitive means by which to detect
improvements in aerobic fitness following training. Despite its origins in
anaerobic metabolism, blood lactate accumulation is a valuable indicator of aer-
obic fitness and it can be used to detect improvements in muscle oxidative
capacity with exercise training in the absence of changes in VO,,,,..

We here describe the components of young people’s oxygen uptake (VO,)
during exercise, examine the assessment and interpretation of aerobic fitness
during youth and focus specifically on physiological measures of VO,,,,, blood
lactate accumulation and VO, kinetics in relation to age, growth, maturation and
sex. We will also comment on secular trends in aerobic fitness and performance.

Components of Oxygen Uptake during Exercise

The rate at which muscles can generate energy from aerobic metabolism
depends on the ability of the cardiopulmonary system to deliver oxygen from
the atmosphere to the muscles and the ability of the mitochondria of the exer-
cising muscles to utilise the oxygen. Both oxygen delivery and utilisation
mature as children move through adolescence and into adult life.

Oxygen Delivery

The rise in minute ventilation (V) during progressive exercise is similar in
adults and young people. Initially V; is closely matched to the increase in exer-
cise intensity but as exercise intensity increases, the bicarbonate buffering of
hydrogen ions accompanying lactic acid dissociation to lactate causes a rise in

Armstrong/Welsman 6



carbon dioxide production (VCO,) relatively faster than the rise in VO,. V rises
proportionally with VCO, and it is therefore possible to use various combina-
tions of the plots of Vi, ventilatory equivalents (Vi/V O,; Vi/VCO,), end-tidal gas
concentrations and the respiratory exchange ratio (R) against time for the deter-
mination of the ventilatory threshold (T,.,). The T, and the related lactate
threshold (T sc) are useful as indicators of aerobic fitness. These thresholds
occur at a higher relative exercise intensity in children compared with adults.

During exercise children have a higher ratio of respiratory frequency to
tidal volume than adults and this may reflect increased lung recoil forces in
young people. During maximal exercise a respiratory frequency greater than 60
breaths per minute is not uncommon in children compared with around 30-40
breaths per minute in adults. The efficiency of pulmonary function during exer-
cise is reflected by the ventilatory equivalent for oxygen (Vi/VO,) and the
higher the value, the less efficient the process. At the same relative exercise
intensity the child has a higher Vi/VO, than the adult and values decline gradu-
ally with age suggesting that there is some maturation of the ventilatory control
mechanisms during growth. Gas exchange in the alveoli is, however, deter-
mined by alveolar rather than pulmonary ventilation and young people’s alveo-
lar ventilation is more than adequate to optimise gas exchange. Vi during
exercise seldom exceeds 70% of maximal voluntary ventilation and does not
limit the aerobic fitness of healthy children and adolescents [6].

VO, can be expressed as the product of cardiac output (Q) and arteriove-
nous (AV) oxygen difference with Q being a function of heart rate (HR) and
stroke volume (SV). Ethical and methodological issues have limited our under-
standing of Qand SV responses to exercise, particularly at maximal levels, but
the available data are consistent. Q increases with exercise intensity and during
progressive submaximal exercise it parallels the rise in VO,. At the onset of
exercise in the upright position, skeletal muscle contractions in the legs
mobilise the blood pooled by gravity and initiate a 30-40% rise in SV which
then remains stable to the point of exhaustion. Any further increase in Q with
exercise is due to HR which rises steadily with progressive exercise before
tapering-off to its maximum. HR,, is subject to wide individual variations but
during youth, it is independent of age, maturation, sex and aerobic fitness. The
increase in Q,,,, with age is therefore wholly due to the increase in SV, which
reflects the growth in left ventricular size [4, 7].

AV oxygen difference increases with progressive exercise but as it is cal-
culated from measurements of VO, and estimates of the related Q at maximal
exercise, few secure data are available. Evidence is equivocal with some studies
reporting age-related increases in maximal AV oxygen difference and others
observing no relationship with age. Although data showing an age-related
increase in AV oxygen difference must be treated cautiously the lower blood

Aerobic Fitness 7



haemoglobin concentration and lower blood volume in children than in adults
supports the premise that adults have a greater arterial oxygen content and
therefore potentially a higher maximal AV oxygen difference. However, chil-
dren can at least partially compensate for their lower blood haemoglobin.
Children and adolescents have been observed to have a greater facility than
adults for unloading oxygen at the tissues and this may be influenced by the
decline in 2,3-diphosphoglycerate with age [7, 8].

Oxygen Utilisation

During exercise muscle contraction is supported by the energy released dur-
ing the hydrolysis of adenosine triphosphate (ATP) but the intramuscular stores
of ATP are limited and for exercise to be sustained ATP must be rapidly regener-
ated. Resynthesis of ATP from phosphocreatine (PCr) occurs almost instanta-
neously once exercise commences but reaches its peak within 2s and declines
thereafter. The anaerobic catabolism of glycogen/glucose to pyruvate is initiated
very rapidly and reaches peak production of ATP within 5s. However, for gly-
colysis to be sustained pyruvate must be removed, primarily through its conver-
sion to carbon dioxide and water by oxidative metabolism in the mitochondria or
by its reduction to lactate. The rate of lactate formation during exercise is there-
fore dependent on the balance between aerobic and anaerobic metabolism of
pyruvate. The greater the oxidation of pyruvate the less lactate produced. As
relative exercise intensity increases lactate production increases and some of the
lactate diffuses out of the muscle fibres and into the blood where, in relation to
exercise intensity, it provides a useful indicator of aerobic fitness.

Aerobic metabolism through the tricarboxylic acid cycle is relatively slow
to adapt to the demands of exercise and the time constant (1) of the response to
high intensity exercise is about 20 s in young people. The rate at which ATP can
be generated is much slower than that of anaerobic ATP resynthesis but the aer-
obic pathway has a much greater capacity for energy generation than the ana-
erobic pathways. Although it makes a relatively minor contribution during
short-term high-intensity exercise, the contribution to ATP resynthesis gradu-
ally increases with time and, in children, the aerobic pathway provides most of
the energy during exercise of longer than 1 min duration.

Data are sparse but the balance of evidence suggests that muscle ATP
stores are similar in children and adults but PCr stores increase with age. Liver
and muscle glycogen stores are lower in children who appear to be less capable
than adolescents and adults of resynthesizing ATP anaerobically, probably
through lower activity of glycolytic enzymes. In response to high intensity exer-
cise energy generation through anaerobic glycolysis progressively rises with
age. In contrast, children and adolescents appear well-adapted to prolonged
exercise with an enhanced ability to generate energy from aerobic metabolism.

Armstrong/Welsman 8



Evidence is limited by ethical and methodological constraints but consistent
data from several methodologies suggest that children’s ratio of aerobic to
anaerobic enzyme activity, percentage of type 1 fibres in exercising muscle and
lipid utilisation may be higher than in adults and that they are therefore well-
equipped to use aerobic pathways during exercise [9].

Maximal or Peak VO,

VO, is determined in a laboratory during an incremental exercise test to
voluntary exhaustion. VO, progressively increases with exercise intensity up to
a point at which no additional increase in VO, takes place, despite a well-
motivated subject being able to increase further the intensity of exercise.
Additional exercise above the intensity where VO, reaches its maximum is
assumed to be supported exclusively by anaerobic re-synthesis of ATP resulting
in an intracellular accumulation of lactate, acidosis and inevitably termination
of exercise. During an appropriate VO, test the sampling of blood lactate at a
range of submaximal intensities can provide another physiological measure of
aerobic fitness [10, 11].

The conventional criterion for the attainment of VO,,,, in adults is a
levelling-off or plateau in VO, despite an increase in exercise intensity. Astrand
[2] was the first to document that many young people complete such a test with-
out a levelling-off in VO, and subsequent studies with large samples of both
children and adolescents have demonstrated that those who plateau do not have
higher VO,, HR, R, or post-exercise blood lactate values than those not eliciting
a VO, plateau [12]. Furthermore, it has been showed in children that VO, does
not increase with supramaximal exercise above values observed in a progres-
sive exercise test in which a plateau is not exhibited [13]. As the term VO, ..
conventionally implies the existence of a VO, plateau, it has become more
common in paediatric exercise physiology to define the highest VO, observed
during an exercise test to exhaustion as peak VO,. If a child has been habituated
to the laboratory environment and shows clear signs of intense effort supported
by objective criteria (e.g. HR >95% of maximum, R >1.0) peak VO, can be
accepted as equal to VO, ,,, and a maximal index of aerobic fitness [11, 12].

Young people’s peak VO, has been determined using a wide range of
ergometers but the treadmill and cycle ergometer are the ergometers of choice
in most paediatric physiology laboratories. Although the correlation between
cycle ergometer and treadmill values is about 0.90, as treadmill running
engages a larger muscle mass than cycling, peak VO, is more likely to be lim-
ited by central than peripheral factors and is typically 8—10% higher during
treadmill running than cycle ergometry [10, 11]. Peak VO, is, however, a robust
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Fig. 1. Peak oxygen uptake by age. Redrawn from Armstrong and Welsman [11].

variable which, on a specific ergometer, is generally independent of exercise
protocol with a typical error across three trials a week apart of about 4% [14].

As the determination of peak VO, requires sophisticated apparatus and tech-
nical expertise a number of simple performance tests have been developed to esti-
mate aerobic fitness. The 20 mSRT is currently the most popular test but although
part of the variability in 20 mSRT scores can be explained by variability in peak
VO, a range of factors other than peak VO, also contribute to children’s 20 mSRT
performance. With children these factors include, e.g. running efficiency, anaero-
bic fitness, environmental conditions, footwear, running surfaces, test familiarisa-
tion, attention spans, motor skills, motivation and, crucially, body mass and
composition. The work done in each shuttle is dependent on body mass and, in
particular, overweight children are disadvantaged in tests of this type. Tests such
as the 20 mSRT are useful field tests of performance but they are no substitute for
a direct laboratory assessment of peak VO, and hypotheses based on estimated
aerobic fitness data from these tests need to be interpreted cautiously.

Peak VO, and Age

Young people’s peak VO, in relation to age has been well documented and
a plethora of cross-sectional data indicates that boys’ peak VO, demonstrates a
progressive increase with age. Girls’ data demonstrate a similar but less con-
sistent trend with a tendency to level-off from about 14 years of age. Figure 1
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illustrates the mean values of studies involving almost 5,000 treadmill-
determined peak VO, scores from untrained 8- to 16-year-olds. The regression
equations indicate that peak VO, increases by 80% between the ages of 8 and
16 years in girls and by 150% in boys over the same age range [11].

Longitudinal studies of treadmill-determined peak VO, provide a more
secure analysis in relation to age but relatively few investigations of untrained
children have included reasonable sample sizes (n >20 male or female partici-
pants). Rigorous studies of Canadian [15] and Dutch [8] children and Czech
boys [16] were initiated in the 1970s and more recently data have been reported
on English children [8, 17] (table 1).

The boys’ data reflect the cross-sectional findings and offer a consistent
picture of a gradual increase in peak VO, from 8 to 18 years. The Canadian boys
experienced a 164% increase in peak VO, from 8 to 16 years and the peak VO,
of the European boys doubled from 11 to 17/18 years. The largest annual
increases occurred between 13 and 15 years in all studies covering this age
range. Girls’ data are less clear. The Canadian girls experienced an annual
increase in peak VO, of 12% over the age range 8—13 years (total increase in
peak VO, of 73%) and the English girls experienced a further 12% increase
from 13 to 17 years. However, the Dutch girls followed from 13 to 16 years
exhibited a levelling-off with only a 2% increase in peak VO, from age 14 to 16
years. This apparent plateauing of girls’ peak VO, from age 14 years is consis-
tent with findings from several cross-sectional studies.

Peak VO, and Growth

Peak VO, is strongly correlated with body size and much of the increase in
peak VO, with age illustrated in figure 1 and table 1 reflects the overall increase
in body size during the transition from childhood through adolescence and into
young adulthood. Researchers have attempted to control for body size during
growth by dividing peak VO, by body mass and expressing it as the simple ratio
millilitres of oxygen per kilogram body mass per minute (i.e. ml - kg~! - min™!).
When peak VO, is expressed in this manner, a different picture emerges from
that apparent when absolute values of peak VO, (litres - min~') are used. Boys’
mass-related peak VO, remains remarkably stable over the age range 8—18 years
whereas girls’ values generally fall with increasing age. Boys demonstrate
higher mass-related peak VO, than girls throughout childhood and adolescence
with the sex difference being reinforced by girls’ greater accumulation of body
fat during puberty [8, 11].

Although the expression of peak VO, in ratio with body mass has been the
conventional method of partitioning out the influence of body mass compelling
arguments have been presented to question the validity of using ratio scaling to
remove the influence of body size from size-dependent measures such as peak VO,.
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Table 1. Longitudinal studies of treadmill-determined peak VOZ: values are shown as mean (SD)

Peak VO,, litres - min™"

Study Country Age, years n
Boys
Mirwald and Bailey [15] Canada 8 75 1.42 (0.21)
9 75 1.60 (0.20)
10 75 1.77 (0.22)
11 75 1.93 (0.25)
12 75 2.12(0.29)
13 75 2.35(0.38)
14 75 2.66 (0.46)
15 75 2.98 (0.48)
16 75 3.22(0.45)
Sprynarova et al. [16] Czechoslovakia 11 90 1.74 (0.23)
12 90 2.02 (0.31)
13 90 2.20 (0.35)
14 90 2.76 (0.45)
15 90 3.24 (0.47)
16 39 3.38(0.47)
17 39 3.38(0.48)
18 39 3.53(0.48)
Amsterdam Growth Netherlands 13 83 2.66 (0.39)
and Health Study 14 80 3.07 (0.48)
(Van Mechelen, 15 84 3.37(0.43)
pers. commun., in 16 79 3.68 (0.52)
Armstrong and Welsman [8])
Armstrong and United Kingdom 11.2 71 1.80 (0.25)
Welsman [17] 12.1 71 2.15(0.34)
13.1 71 2.45(0.47)
17.0 37 3.55(0.55)
Girls
Mirwald and Bailey [15] Canada 8 22 1.27 (0.14)
9 22 1.39(0.15)
10 22 1.53 (0.20)
11 22 1.72 (0.28)
12 22 1.97 (0.36)
13 22 2.20(0.39)
Amsterdam Growth Netherlands 13 97 2.45(0.31)
and Health Study 14 97 2.60 (0.35)
(Van Mechelen, 15 96 2.58 (0.34)
pers. commun., in 16 96 2.65(0.33)
Armstrong and Welsman [8])
Armstrong and United Kingdom 11.2 61 1.63 (0.28)
Welsman [17] 12.2 61 1.93 (0.28)
13.1 61 2.14 (0.28)
17.0 26 2.39 (0.40)
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Ratio scaling assumes that peak VO, increases in direct proportion with
body mass and therefore can be described by the allometric relationship peak
VO, = a - mass'?, where a is a constant multiplier and 1.0 is the mass expo-
nent. Many studies have documented that this assumption is not valid in both
children and adults. Typical of these studies are the findings presented by
Welsman and Armstrong [18] for a large representative dataset of untrained 12-
year-old boys and girls. This study identified a mass exponent of 0.66 with 95%
confidence intervals encompassing the range 0.58—0.74 and clearly precluding
the value 1.0.

It has long been recognised that traditional ratio scaling, rather than remov-
ing the influence of body size, in fact ‘over-scales’ and thus favours light indi-
viduals and penalises heavier ones. This effect can be demonstrated if the scaled
variable (peak VO, in ml - kg~! - min~"') is correlated with the original body
mass variable. Theoretically, if the scaling has appropriately removed the effect
of body size, the relationship between the two variables should be not signifi-
cantly different from zero. Several studies have demonstrated this not to be the
case and the effect was illustrated clearly in the dataset of 12-year-olds described
above where relationships of r = —0.476 and r = —0.640 were identified for
the boys and girls, respectively; values which demonstrate unequivocally the
failure of simple ratio scaling to produce a size-free variable.

Where ratio scaling is used within a study without statistical verification,
the assumption that the data conform to a directly proportional relationship
should lead to the findings being viewed with caution. How inappropriate scal-
ing using ratio standards can lead to misplaced interpretation of physiological
mechanisms has been clearly demonstrated in studies which have applied both
traditional ratio and appropriate allometric scaling techniques to control for
body size.

For example, Welsman et al. [19] used both ratio and allometric (log-linear
analysis of covariance) scaling to remove the effects of body size from peak
VO, in groups of prepubertal boys and girls, circumpubertal boys and girls, and
adult men and women. In males, the conventional ratio analyses were consistent
with the literature showing no significant differences between the age groups.
In contrast, the allometric analyses, based upon a mass exponent common to all
groups of 0.80 (95% confidence intervals 0.72—0.88), revealed significant, pro-
gressive increases in peak VO, across groups, indicating that relative to body
size, peak VO, increases during growth rather than remaining static. Analysis of
the females’ data showed mass-related peak VO, to follow the expected pattern
with no change from prepuberty to circumpuberty but a significant decrease
from circumpuberty to adulthood. The allometric analysis however showed that,
relative to body size, females’ peak VO, significantly increases into puberty
with no subsequent decline into young adulthood.
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Table 2. Multilevel regression model for peak oxygen
uptake in 11- to 17-year-old (adapted from Armstrong and
Welsman [17])

Parameter Estimate (SE)
Fixed:

Constant —1.9005 (0.1400)
log. mass 0.8752 (0.0432)
log, stature n.s.

log, skinfolds —0.1656 (0.0174)
Age? 0.0470 (0.0094)
Sex —0.1372 (0.0121)
Age * sex —0.0214 (0.0053)
Maturity 2 0.0341 (0.0094)
Maturity 3 0.0361 (0.0102)
Maturity 4 0.0537 (0.0116)
Maturity 5 n.s.

aAge was centred on the group mean age of 12.9 years.

The application of allometry to longitudinal data is complex but multi-
level modelling techniques represent a sensitive and flexible approach which
enables, e.g. body size, age and sex effects to be partitioned concurrently within
an allometric framework [18]. Armstrong and Welsman [17] applied multilevel
modelling to the interpretation of peak VO, in 11- to 17-year-old boys and girls,
and founded the analysis on 388 peak VO, determinations. The multilevel model
which represented the best statistical fit for the data is presented in table 2. This
model demonstrated that both body mass and fatness (as reflected by sum of
two skinfolds) together were the key anthropometric determinants of peak VO,
with the positive effect for body mass combined with the negative influence of
increasing skinfold thicknesses indicative of the importance of lean body mass
as a determinant of growth in peak VO,.

In agreement with the cross-sectional data presented earlier [18] the data
challenged the conventional view of peak VO, during growth. The significant,
positive coefficient noted for age demonstrated that there was a progressive
increase in aerobic fitness in both sexes across the age range 11-17 years which
was independent of and in addition to changes in peak VO, with body mass and
fatness. However, the significant coefficient for age by sex interaction, demon-
strated that the magnitude of the age-related increase was smaller in the
girls than the boys with the discrepancy between the sexes increasing with age
(table 2).
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Peak VO, and Maturation

As young people grow they also mature and the physiological responses of
adolescents must be considered in relation to biological as well as chronological
age. There is evidence from longitudinal studies that an enhanced increase in
peak VO, is associated with the attainment of peak height velocity [15]. Other
studies have observed skeletal age and serum testosterone concentration to
make no significant contribution to the explained variance in peak VO, beyond
that accounted for by chronological age, stature and body mass [4, §].

With maturation classified according to Tanner’s indices of pubic hair, sev-
eral studies have reported mass-related peak VO, (ml - kg~! - min~!) to be unre-
lated to maturation in both boys and girls [4]. However, a study of 176 12-year-olds
demonstrated that although peak VO, in ratio with body mass remained
unchanged with stage of maturation, when body mass was appropriately
accounted for using allometry there was a significant effect of maturation on peak
VO, independent of body mass [20].

Armstrong and Welsman [17] introduced stages 2—5 for pubic hair devel-
opment into their multilevel regression model of 11- to 17-year-olds’ aerobic
fitness and showed an incremental effect of stage of maturation on peak VO,
independent of chronological age and body mass (table 2). The positive effect
of maturation on aerobic fitness was consistent for both boys and girls. When
skinfold thicknesses were introduced into the model the stage of maturation
remained a significant covariate, in all but stage 5, but the magnitudes of the
effect were markedly reduced. They concluded that fat free mass was the pre-
dominant influence in the increase in peak VO, from 11 to 17 years but both
chronological age and stage of maturation were identified as explanatory vari-
ables of peak VO, independent of body size and fatness.

Peak VO, and Sex

Boys’ peak VO, values both in absolute terms and adjusted allometrically
for differences in body size have been showed to be consistently higher than
those of girls by late childhood and the sex difference becomes more pro-
nounced as young people progress through adolescence. Sex differences during
childhood and adolescence have been attributed to a combination of factors
including habitual physical activity, body composition, blood haemoglobin con-
centration and maximal SV.

Girls generally have lower levels of physical activity than boys but the evi-
dence relating habitual physical activity to young people’s peak VO, is weak.
Both boys’ and girls’ current physical activity patterns demonstrate that they
rarely experience the intensity and duration of physical activity associated with
increases in peak VO, and habitual physical activity is therefore unlikely to con-
tribute to sex differences in peak VO, [4, 5].
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Prior to puberty sex differences in body composition and blood haemoglo-
bin concentration are minimal but boys have higher levels of aerobic fitness
than girls. There are no data to support boys having a higher HR ., or maximal
AV O, difference than girls but recent evidence indicates that boys have higher
maximal stroke indices than girls. This probably reflects the larger values of left
ventricular mass and volume and greater heart mass relative to body mass
reported in boys [7, 8].

Marked sex differences in muscle mass become apparent during adoles-
cence. Girls experience an adolescent spurt in muscle mass but it is less dra-
matic than that of boys. Boys’ relative muscle mass increases from 42 to 54% of
body mass between 5 and 16 years whereas girls’ muscle mass increases from
40 to 45% of body mass between 5 and 13 years and then, in relative terms,
declines due to an increase in fat mass during adolescence. Boys’ greater mus-
cle mass not only facilitates the use of oxygen during exercise but also supple-
ments the venous return to the heart and therefore augments exercise SV [7, 8].

During puberty, boys’ blood haemoglobin concentration increases whereas
girls’ values plateau around 13 years of age. Haemoglobin concentration is sig-
nificantly correlated with peak VO, and the boys’ enhanced O,-carrying poten-
tial is likely to be a contributory factor to the sex difference in peak VO,. By the
mid to late teens boys’ superior haemoglobin concentration supports their
greater muscle mass and SV, in attaining higher peak VO, than girls [7, 8].

Secular Trends in Peak VO,

In previous sections we have demonstrated the importance of body size,
body composition and maturation in the interpretation of young people’s peak
VO,. Several authors have investigated secular trends in aerobic fitness but no
published study involving the direct determination of peak VO, has appropri-
ately controlled for body size and addressed this issue. A review of peak VO,
data from children and adolescents who have volunteered for exercise tests over
the last 50 years does not indicate a secular trend in aerobic fitness (e.g. see
data in table 1). Conversely, data from tests involving the transport of body
mass (e.g. 20mSRT), indicate that aerobic performance has declined over time
[21]. This might be largely a reflection of the rise in body fatness over the last
two decades rather than a true reduction in peak VO,.

A study of Wedderkop et al. [22] provides some insights into potential sec-
ular trends. They analysed data from two cross-sectional studies of 9-year-old
Danish children performed 12 years apart. On both occasions fitness was esti-
mated from a maximal work test (watt-max test) which involved the children
exercising to exhaustion on a cycle ergometer. Unfortunately, respiratory gases
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were not analysed so peak VO, was predicted in ml - kg~ - min~! from the
watt-max data. The boys tested in 1997-1998 were less fit but fatter than those
in 1985-1986, whereas no overall differences in fitness or fatness were found
between the girls tested 12 years apart. When the sample was split into deciles
according to fitness levels it was noted that the fitness of the fittest boys had not
changed over 12 years but the fittest girls had a higher level of fitness recorded
on the first test occasion. Both the boys and girls in the lowest fitness decile
were less fit in 1997—1998 than in 1985-1986. The difference between the most
fit and the least fit deciles increased over time in both sexes. However, the
decrease in predicted peak VO, (in ml - kg~! - min~!) of the least fit groups
was partly explained by a higher body mass.

Secular trends in peak VO, data expressed in ratio with body mass need to
be interpreted cautiously and a decrease in young people’s aerobic fitness over
time remains to be proven. However, it appears that the well-documented secu-
lar increase in body mass is not being accompanied by a corresponding increase
in aerobic fitness, with the inevitable result that in activities which involve mov-
ing body mass young people’s aerobic performance is declining.

Blood Lactate

Lactate is continuously produced in skeletal muscles and exercise-driven
increases in the anaerobic resynthesis of ATP result in a correspondingly
greater production of lactate. As described earlier, during progressive exercise
the amount of lactate production is a function of the balance between the anaer-
obic and aerobic metabolism of pyruvate. The greater the aerobic contribution
the lower the lactate production.

For ethical reasons, blood rather than muscle lactate is sampled to obtain
information about muscle lactate production and changes in blood lactate accu-
mulation are assumed to reflect changes in muscle lactate formation. Blood lac-
tate levels cannot be assumed to have a consistent quantitative relationship with
muscle lactate production. Lactate may be produced in some fibres whilst being
simultaneously consumed in others, therefore the net lactate output of muscle
does not directly reflect muscle production. Furthermore, once lactate diffuses
into the blood it is removed by oxidation in the heart or skeletal muscles, or is
converted to glucose through gluconeogenesis in the liver. The lactate concen-
tration of sampled blood is therefore a function of several processes including
muscle production, muscle consumption, rate of diffusion into the blood and
rate of removal from the blood. However, during progressive exercise blood lac-
tate accumulation in relation to exercise intensity provides a useful indicator of
aerobic fitness.
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Fig. 2. Blood lactate response to exercise in relation to oxygen uptake.

Blood Lactate Responses to Exercise

In response to incremental exercise blood lactate accumulation typically
increases as shown in figure 2. At the onset of moderate exercise, there are min-
imal changes in blood lactate with rate of diffusion into the blood being
matched by rate of removal from the blood. As the exercise intensity progres-
sively increases a point is reached where blood lactate levels begin to rise
rapidly with a subsequent steep rise until exhaustion. The point at which blood
lactate increases non-linearly is referred to as the Ty ¢ [4, 10].

Trac can be determined from visual inspection of the inflection in blood
lactate responses, mathematical interpolation, or by defining the point of inflec-
tion as a 1 mMm increase over baseline levels. A clear inflection point is not
always observable and fixed blood lactate reference points have been used in
some studies. Various thresholds have been proposed for use with young people
but supporting evidence for specific blood lactate concentrations such as 2.0,
2.5 or 4.0 mM is sparse and conflicting. For example, during an incremental test
to peak VO, the peak blood lactate level of some children may be less than
4.0 mM. The maximal lactate steady state (MLSS) defines the highest exercise
intensity which can be maintained without incurring a progressive accumula-
tion of blood lactate and it therefore represents the highest point where blood
lactate diffusion and removal are in equilibrium. Exercise can continue for pro-
longed periods at the MLSS and it provides a sensitive measure of submaximal
aerobic fitness and a valuable marker of the transition from heavy to very heavy
exercise. Exercise above the MLSS results in a steady increase in both blood
lactate and VO, until terminated by exhaustion [4, 23].
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Blood Lactate in Children

The literature describing young people’s blood lactate responses to sub-
maximal exercise is confounded by methodological issues such as mode of
exercise (e.g. cycling or running), site of sampling (e.g. artery, vein, capillary),
timing of measurement (to allow diffusion from muscle to blood), blood
preparation (e.g. serum, plasma, whole or lysed blood) and assay techni-
ques (enzymatic-electrochemical, enzymatic-spectrophotometric). Neverthe-
less, regardless of methodology a consistent finding is that children accumulate
less blood lactate than adults during both submaximal and maximal exercise.
There is a negative correlation between Ty s as a percentage of peak VO, and
age and, in most studies, the MLSS occurs at a lower absolute level of blood
lactate but at a higher relative exercise intensity in young people than in adults.
Studies examining specific relationships between measures of maturity (e.g.
blood or salivary testosterone concentration or stages of sexual maturity) have
been unable to substantiate an independent effect of maturity on blood lactate.
Few studies have included both boys and girls and sex differences in blood lac-
tate accumulation remain to be established [4, 10].

VO, Kinetics

The VO, kinetic response can be defined in relation to a number of identi-
fiable exercise intensity domains, namely moderate, heavy, very heavy and
severe. Moderate exercise encompasses all exercise intensities below Ty oc (or
T,ent) and is characterised by three phases (fig. 3). At the onset of constant
intensity exercise there is an almost immediate increase in VO, measured at the
mouth. This cardiodynamic phase is closely associated with the increase in Q
which occurs prior to the arrival at the lungs of venous blood from the exercis-
ing muscles. The cardiodynamic phase (phase I) is therefore independent of
oxygen consumption at the muscles and is predominantly a reflection of the
increase in pulmonary blood flow with exercise. Phase I is followed by a rapid
exponential increase in VO, (phase II) that drives VO, to the steady state value
(phase III). Phase II (referred to as the primary component) develops as a result
of an additional effect of the increased oxygen extraction in the blood perfusing
the exercising muscles and reflects within about 10% the kinetics of oxygen
consumption at the muscles, although there is a time delay between events at
the muscles and those recorded at the lungs. The speed of the phase II VO,
kinetics is invariant in the moderate domain and is described by the time con-
stant which represents the time taken to achieve 63% of the change in VO,.
During phases I and II, ATP re-synthesis cannot be met fully by the VO, and
the additional energy requirements of the exercise are met primarily by the

Aerobic Fitness 19



Severe

Peak VO, Very heavy
Cardiodynamic
phase Heavy
1 /_
Moderate
Vo,

Exponential Phase 3
phase
2

Time

Fig. 3. The three phases of the kinetic rise in oxygen uptake in response to a step
change in exercise in four different exercise intensity domains. Redrawn from Fawkner and
Armstrong [27].

breakdown of PCr with minor contributions from oxygen stores and anaerobic
glycolysis, but blood lactate is not significantly elevated above pre-exercise val-
ues (fig. 2). The oxygen equivalent of these energy sources is referred to as the
oxygen deficit which indicates the intracellular perturbation caused by the exer-
cise. The faster the 7, the smaller the oxygen deficit. Phase III occurs within
about 2min (or 41) and is the point where venous oxygen content reaches its
nadir and Q plateaus. Within the moderate exercise domain VO, increases to the
steady state (phase III) with a gain of about 10ml - min~! - W~! above that
found during unloaded pedalling (fig. 3).

The heavy exercise domain is defined by exercise of intensity falling
between T; 5o and MLSS. Some researchers prefer to use critical power as the
upper marker of the heavy domain [24]. During heavy exercise, anaerobic gly-
colysis makes a larger contribution to the oxygen deficit than during moderate
exercise but over time blood lactate accumulation is stable reflecting a balance
between the rate of appearance and rate of removal. The phase II gain is similar
to that observed during moderate exercise but within 2-3 min of the onset of
exercise a slow component of VO, kinetics is superimposed upon the primary
VO, response and the achievement of a steady-state may be delayed by
10-15min (fig. 3). The gain of the steady state in adults may be as high as
13ml - min~! - W™, Possible contributors to the slow component include the
effects of lactate, catecholamines, temperature, cardiac and ventilatory work,
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potassium, less efficient phosphate-oxygen coupling, reduced chemical-
mechanical coupling efficiency, and recruitment of lower-efficiency fast twitch
motor units. The mechanisms underlying the slow component remain specula-
tive but it appears that over 80% of the additional VO, originates from the exer-
cising muscle [25].

Very heavy exercise comprises exercise intensities lying between MLSS
(or critical power) and peak VO, as assessed during an incremental exercise
test. In the very heavy domain, a steady state is not achieved, the slow compo-
nent causes VO, to rise to its peak level (fig. 3) and lactate increases until the
exercise is terminated by exhaustion. Exercise in the very heavy domain there-
fore presents a range of intensities at which it is possible to reach peak VO, and
clearly illustrates the futility of using % peak VO, (or % VO,,,,) to define
exercise intensity or relative stress. During severe exercise, where the projected
VO, is greater than peak VO,, the response is truncated with the rapid attain-
ment of peak VO, (fig. 3) [26, 27].

VO, Kinetics in Children

A high degree of rigour is required to elucidate VO, kinetics in children.
Small VO, amplitudes and large breath-to-breath variations are inherent to chil-
dren’s response profiles and reduce the confidence with which kinetic parame-
ters can be estimated. Consequently, confidence intervals may be beyond
accepted limits unless sufficient identical transitions are aligned and averaged
to improve the signal-to-noise ratio. Data from young people are sparse and the
literature has been clouded by studies incorporating an inadequate number of
exercise transitions, inappropriate modelling techniques, poor adherence to spe-
cific exercise domains and/or small numbers of participants. Few studies have
reported the 95% confidence intervals with which they are able to estimate the
model parameters. However, recent well-designed studies have provided valu-
able insights into children’s responses to transient exercise [27, 28].

Exercise below Ty ¢

It has been demonstrated that during exercise below Ty s the VO, dynamic
response to exercise is significantly faster in children compared with adults,
resulting in a smaller absolute and relative oxygen deficit. There are no sex
differences in children’s VO, kinetic responses to moderate exercise but the
issue of a potential independent effect of maturation on VO, kinetics has not
been addressed. Regardless of whether it is expressed in absolute terms
(litres - min~") or with body mass appropriately controlled, peak VO, is not
related to the T of VO, during moderate exercise in children. Age effects on the
below T} oc phase II gain are less clear but the balance of evidence suggests that
a greater oxygen cost of exercise is found in children than in adults [27, 28].
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Children’s faster increase in VO, to a new steady state and therefore lower
contribution to ATP resynthesis from anaerobic sources during the non-steady
state, may be considered to be due to a more efficient oxygen delivery system,
a greater relative capacity for oxygen utilisation or both. There is no strong evi-
dence to suggest that delivery of oxygen to the mitochondria is enhanced in
children compared with adults or indeed that increased availability of oxygen to
the working muscles speeds VO, kinetics during moderate exercise. The faster
and smaller relative oxygen deficit are therefore likely to be indicative of chil-
dren’s better mitochondrial capacity for oxidative phosphorylation.

Exercise above T} s¢

Elucidating VO, kinetic responses above T; ¢ requires precisely relating the
response to a specific exercise domain and as the absolute work rate equivalents
of the exercise domains are smaller in children than adults this sets a formidable
challenge. Several studies have not discriminated between the heavy and very
heavy exercise domains and used an arbitrary point between T; »c and peak VO,
to set the exercise intensity. Nevertheless, consistent findings across the heavy
and very heavy exercise domains have included children’s faster phase II T,
smaller oxygen deficit and greater gain of the primary component VO, response.
Some studies have indicated the absence of a slow component of VO, during
heavy exercise but more rigorous investigations have established that children do
exhibit a slow component response which increases with age [29].

The only longitudinal study to be published to date clearly identified the
presence of a slow component of VO, in both prepubertal boys and girls [29].
The magnitude of the slow component increased over a 2-year period and was
associated with a reduction in the relative amplitude of the primary phase and a
slowing of the primary kinetics. In contrast to exercise below T} »¢, boys appear
to have a faster T than girls during heavy exercise and the slow component con-
tribution to the total change in VO, amplitude during exercise is greater in girls
[30]. Neither the primary T nor the magnitude of the slow component are
related to peak VO, in either boys or girls [26-30].

The analysis of exercise in the severe domain is fraught with complexities
regarding the assumptions of the analytical model and the few data available are
contradictory. Early studies suggested that VO, kinetics were age-dependent but
more recent investigations have found no differences between children and
adults. The end-exercise oxygen cost, however, has been reported to be greater in
children than adults in accord with findings in other exercise domains [27, 28].

The greater oxygen cost of the primary component (ml - min~! - W~1) and
faster primary 7 of children during exercise both above and below T oc suggest
the presence of a developmental influence on the mitochondrial oxygen utilisa-
tion potential that supports an enhanced oxidative function during childhood.
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These responses are also characteristic of subjects with a high ratio of types L:1I
muscle fibres and, although the evidence supporting age-dependent changes in
the proportion of fibre types is equivocal, they may be indicative of a higher
population of type I fibres in children [31]. Preferential recruitment of type I
fibres by young people would also help to explain the increase in the amplitude
of the slow component with age.

Why there are sex differences in VO, kinetics above but not below T s¢ is
not readily apparent. Studies with adults have reported negative relationships
between % type I fibres and the primary T and slow component in heavy exer-
cise but no relationship between T and % type I fibres in moderate exercise. So,
if, as some studies have suggested, boys have a greater % of type I fibres than
girls [30] this would be consistent with the extant literature. Alternatively, at
exercise intensities above T s oxygen delivery may play a more prominent role
in limiting VO, kinetics and boys may have a faster Q response than girls at the
onset of heavy exercise. This would promote perfusion of blood to the active
muscles and better match oxygen delivery to oxygen requirement [30].

Conclusions

Aerobic fitness depends upon the cardiopulmonary components of oxygen
delivery and the oxidative mechanisms of the exercising muscles. The rigorous
measurement and interpretation of aerobic fitness should therefore focus on
these physiological and biochemical variables. The direct determination of peak
VO, is widely recognised as the criterion measure of aerobic fitness but no sin-
gle measure encompasses all aspects of aerobic fitness. Blood lactate accumu-
lation during submaximal exercise reveals improvements in muscle oxidative
capacity with training in the absence of changes in peak VO,. VO, kinetic
responses to exercise provide insights into the kinetics of muscle VO, during
changes in exercise intensity in various domains. The primary time constant is
not related to peak VO,.

The interpretation of the aerobic fitness of children and adolescents is con-
founded without consideration of age, maturation and sex. To make measures of
aerobic fitness meaningful it is imperative to appropriately control for changes
in body size. The use of ratio scaling to accommodate differences in body mass
to make comparisons of peak VO, within studies or between studies is wide-
spread but data expressed in this manner should be treated with caution as the
assumption that peak VO, increases in direct proportion with body mass is not
valid. Inappropriate methods of controlling for body size have therefore
clouded our understanding of aerobic fitness not only during growth and matu-
ration but also across time. Aerobic performance appears to be declining in
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accord with the secular increase in body mass but no published study has appro-
priately controlled for body mass and maturation and investigated secular
changes in young people’s peak VO,. The question of whether aerobic fitness is
declining over time therefore remains to be answered.
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Anaerobic Fitness Tests:
What Are We Measuring?

Emmanuel Van Praagh

Université Blaise Pascal, Aubiére, France

Abstract

Anaerobic fitness, during growth and development, has not received the same attention
from researchers as aerobic fitness. This is surprising given the level of anaerobic energy
used daily during childhood and adolescence. During physical activity and sport, the child is
spontaneously more attracted to short-burst movements than to long-term activities. It is,
however, well known that in anaerobic activities such as sprint cycling, sprint running or
sprint swimming, the child’s performance is distinctly poorer than that of the adult. This
partly reflects the child’s lesser ability to generate mechanical energy from chemical energy
sources during short-term high-intensity work or exercise. Direct measurements of the rate or
capacity of anaerobic pathways for energy turnover presents several ethical and methodolog-
ical difficulties. Therefore, rather than measure energy supply, pediatric exercise scientists
have concentrated on measuring short-term power output by means of standardized protocol
tests such as short-term cycling power tests, running tests or vertical jump tests. There is,
however, no perfect test and, therefore, it is important to acknowledge the benefits and limi-
tations of each testing method. Mass-related short-term power output was shown to increase
dramatically during growth and development, whereas the corresponding increase in peak
blood lactate was considerably lower. This suggests that the observed difference between
children and adolescents during short-term power output testing may be related to neuro-
muscular factors, hormonal factors and improved motor coordination.

Copyright © 2007 S. Karger AG, Basel

‘The children spontaneously choose varied exercises, they readily strain
themselves maximally for some seconds but heartily dislike monotonous, heavy
work. Their way of living is rather of an “anaerobic character” [1].’

Scientists and practitioners in pediatrics are always struck by the impres-
sive accumulation of results relating to aerobic fitness and prolonged maximal
power output [2]. In contrast, anaerobic fitness has received much less atten-
tion. This is surprising, considering that short-term high-intensity exercise (HIE)



lasting only a few seconds is a more natural pattern during childhood than pro-
longed low-intensity exercise [3] with children’s activities being highly transi-
tory and intermittent. In anaerobic tasks or sport events such as sprint
swimming, sprint running, jumping, sprint cycling and throwing, a child’s per-
formance is distinctly poorer than that of an adult. This partly reflects the child’s
lesser ability to generate mechanical energy from chemical energy sources dur-
ing short-term HIE. Anaerobic fitness is a quantitative trait influenced by sev-
eral determinants such as genetic factors, age and gender, muscle fiber
characteristics, hormonal and training factors. This chapter will focus on the
What, Why and How of HIE during childhood, rather than during adulthood.

When examining secular trends in anaerobic fitness and the process of
measuring such an outcome, it is essential to define the key terms for clearer
understanding. The term ‘anaerobic function’ has been defined in many differ-
ent ways and the term remains ambiguous and indiscriminately used. The sub-
components of anaerobic fitness can be broken down into power, adenosine
triphosphate (ATP) production and power output. ‘Power’ refers to the ability of
the neuromuscular system to produce the greatest possible impulse in a given
time period. The time period depends on the resistance or the load against
which the individual has to work and the acceleration pattern. In some physical
activities, such as sprinting, jumping and throwing, it is necessary to overcome
resistance with the greatest possible muscle contraction velocity at the begin-
ning of the movement while in others, the maximal acceleration should be
delayed to reach a maximal velocity for the body or parts of the body. Power
production is, therefore, limited by the rate at which energy is supplied, as well
as the rate of limiting glycolytic enzymes (ATP production) for the muscle con-
traction (ATP utilization) or in other words the rate at which the myofilaments
can convert chemical energy into mechanical work.

‘Anaerobic power’ is the maximal anaerobic ATP per second yield by the
whole organism, during short duration, maximal exercise [4]. Since the sub-
strate utilisation cannot accurately be measured during whole-body ultra-short-
term exercise (100-200 ms), it is more appropriate to measure the mechanical
energy yield. Anaerobic power is characterized by the generation of very high
power outputs. Compared with adults, children are not always able to put them-
selves under stress, particularly under laboratory conditions. Meanwhile the
‘anaerobic capacity’ is the maximal amount of ATP resynthesized via anaerobic
metabolism (by the whole organism) during a specific type of short duration,
maximal exercise [4].

Using work output to estimate or to reflect anaerobic capacity is less difficult
than attempting to quantify the ATP yield using ‘direct methods’ (e.g. needle
biopsy, nuclear magnetic resonance spectroscopy) or indirect methods such as
accumulated oxygen deficit. However, interpreting the physiological implications
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of work outputs is more difficult. This is especially true as the mechanical work
estimates not only reflect anaerobic ATP supply, but also reflect the contribu-
tion of oxidative sources of ATP, as well as the various factors involved in the
transduction of chemical-to mechanical energy, also known as work done. Thus,
factors which influence work estimates of anaerobic fitness are rarely com-
pletely anaerobic in nature [5—7]. ‘Peak power’ or ‘maximal short-term power’
is defined here as the highest mechanical power that can be delivered during
high-intensity exercises of up to 30 s duration.

For the purpose of this review, short term HIE will be used when referring
to the ‘maximal’ outcome performed during short-burst activities. Bailey et al.
[8] showed that the median duration of prepubescent children’s activity was
around 6s for low-to-medium-intensity activities and 3s for high-intensity
activities. Moreover, although it has been recently suggested that short-term
spontaneous physical activity has an important effect on growth and develop-
ment during childhood by modulating anabolic agents at the cellular level [9],
most pediatric exercise scientists consider that anaerobic function is more
performance-related and less health-related than aerobic function. However, the
irony of this is that one of the most developmentally appropriate and natural
ways for children to improve cardiorespiratory fitness is to employ ‘above
threshold’ opportunities for short bursts of energy. This has been proven in
popular childhood sports such as basketball, soccer, hockey and rugby.
Furthermore, highly invasive techniques and painful stress in the study of
healthy children cannot be justified ethically. Finally, one of the difficulties in
the assessment of short-term power output in a growing child is to analyze the
participation and influence of the different energy pathways. To quote Wilkie
[10], ‘In children, exercise scientists instead of attempting to quantify anaerobic
energy yield by ATP or glycolysis, are more inspired to measure the resulting
mechanical output during short-term exercise, which is the truly useful prod-
uct.” This statement makes the assessment of anaerobic performance more
‘powerful’, since only the subject’s maximal performance will be considered as
the criterion. Therefore, during growth, the measurement of mechanical output
during short-term high-intensity exercise is a reasonable and useful alternative
for elaborating innovative techniques and procedures [11].

When dividing anaerobic fitness into its subcomponents, there is an obvi-
ous need to investigate the impact of growth on the various testing protocols
used to measure anaerobic fitness and which are appropriate to use in the pedi-
atric population. To do this, the methods of measuring anaerobic energy supply
will be highlighted and the problems associated with each measure explained.
Based on the methodological problems evident, the common measures that
have been used to allow comparisons of the effect of time periods, gender and
culture on anaerobic performance in children will be investigated.
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Table 1. Muscle metabolism at rest (child/adult values for glycogen): adapted from Van Praagh [14]

Authors Methods Age Sex ATP PCr Glycogen
years mM - kg! mMm - kg™! mM - kg™!
Eriksson [13, 15]  biopsy 12-16  male 5 20 55/80
Ferretti et al. [16] 31PNMRS  8-13 maleand C13.6AUA C47.1AUA
female 11.9 AU 44.7 AU
p > 0.05 p>0.05

A = Adult; AU = arbitrary units; C = child.

What? Developmental Muscle Energetics

Estimation of Muscle Metabolism

There are a number of methods used for measuring the anaerobic energy
supply in the estimation of muscle metabolism. These include the ‘direct’ mus-
cle biopsy technique, nuclear magnetic resonance spectroscopy, lactate [La™]
blood concentration and acid base balance. Each methodology is suited to dif-
ferent exercise environments such as when an individual is at rest or postexer-
cise, during exercise and recovery, and when in a state of fatigue. It is important
to understand the benefits and associated problems for each measure, especially
when using a test on a child.

Muscle Metabolism at Rest and Postexercise

During short-term HIE, decreases in muscle ATP and in phosphocreatine
(PCr) are observed along with an increase in lactate. The understanding of mus-
cle energetics in children has improved with studies involving muscle biopsy.
The first studies using the needle biopsy technique in the pediatric population
were done in the US [12] and in Sweden [13]. In most reviewed studies from the
needle biopsy period (1970-1985), muscle tissue was obtained during surgical
intervention (trauma or orthopedic operations). Few studies on muscle storage
of phosphagens have shown that the content of the peripheral energy-delivering
substrates is the same for both children and adults (table 1). A limited number
of reports have found low glycolytic ability in prepubescent children when
compared with adults. However, the exact underlying mechanism for relatively
low anaerobic function during childhood is still unclear. In several textbooks
and scientific reports, it is still assumed that the rate of anaerobic glycolysis is
limited in children because of their lower phospho-fructokinase (PFK) activity.
However, this assumption is only discussed on the basis of the results of PFK at
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Table 2. Muscle metabolism during exercise: adapted from Van Praagh [14]

Authors Methods Age Sex  PCr:(PCr + P)) Intracellular pH
years
Zanconato et al. [21] 3'PNMRS 7-10 male  higher* higher*
(calf muscles)
Kuno et al. [22] 3IPNMRS 12-15(Tand UT) male higher* higher*
(thigh muscles)

T = Trained; UT = untrained; *Child-adult comparison.

rest [13]. A 30% lower resting PFK activity in pubertal boys compared with
adults was reported. Studies carried out in prepubertal children by Berg et al.
[17] and Haralambie [18] showed a lower activity of various glycolytic
enzymes, but in subsequent studies in adolescent subjects [19] no differences
from adults was observed. It is interesting that during some 30 years, it was
speculated that the lower glycolytic ability during short-term HIE of the child
(e.g. lower lactate values, lower short-term power outputs) was due to lower
glycogen content and glycolytic enzyme activities at rest. Within the limited
available evidence from muscle biopsy studies, it seems necessary to consider
other metabolic factors than only the muscle enzyme activities at rest or postex-
ercise.

Muscle Metabolism during Exercise and Recovery

Differences in the adaptive response to short-term HIE might be related to
growth and maturation of muscle metabolic pathways and training, but because
of methodological and ethical constraints little is known about the underlying
mechanisms. In the past, one problem was the lack of noninvasive methods to
study muscle metabolism. The use of nuclear magnetic resonance spectroscopy
(NMRS) now provides a safe and non-invasive means of monitoring intracellu-
lar inorganic phosphate (P;), PCr, ATP and pH at rest, during exercise and
recovery [20]. Zanconato et al. [21] addressed the issue of the changes in the
intramuscular determinants during progressive incremental exercise (to 125%
VO,,...)- They established the profiles of P/PCr and pH in the calf muscle of
children and adults performing, at the same intensity, a progressive (plantar
flexion) exercise. The minimal drop in pH seen in children and the fact that they
achieved an end-exercise P;/PCr value of only 27% of adult values, are consistent
with several reports of the relatively low muscle and blood lactate responses to
short-term HIE in children [9]. Kuno et al. [22] also presented evidence of a
reduced muscle glycolytic ability during exhaustive exercise in children
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compared with adults (table 2). Taylor et al. [23] showed that 6- to 12-year-old
children had higher pH levels with exercise than 20- to 29-year-old adults. With
respect to the effect of training, when compared with controls, trained boys
were found to have no significant difference in terms of P;/PCr and pH at
exhaustion [24].

In summary, resting values for muscle ATP and PCr have been shown to be
similar for both children and adults. A limited number of reports have found
a low resting glycolytic ability in prepubescents when compared to adults.
During short-term HIE and recovery, intramuscular high-energy phosphate
kinetics is attenuated in children compared with adults. Although NMRS has
proved to be a unique tool for investigating muscle metabolism during exercise,
‘progressive plantar flexion’ may be a poor representation of whole body anaer-
obic responses that are routinely presented under laboratory conditions.
Therefore, further research is required to establish whole body representation of
anaerobic responses and in different activities using NMRS protocol.

Fatigue Induced by Short-Term HIE

Muscular fatigue appears consecutively with a short-term high-intensity
task such as ‘all-out’ cycling or running sprints, but is even more evident during
multiple sprint activities such as racquet sports, team sports (football, basket-
ball, rugby) and other popular participation sports. This can be investigated by
using post-exercise blood lactate or acid-base balance tests.

It is well accepted that the lower glycolytic response to maximal and
supramaximal exercise during childhood compared with young adulthood is
manifested by a lower post-exercise blood [La~] concentration [5, 25, 26]. For
instance, Hebestreit et al. [26] showed that after a 30-second Wingate leg
cycling test, postexercise blood [La~] was 5.7 and 14.2 mmol - 17! in prepuber-
tal boys and men, respectively. Similarly, during 10 repeated 10-second leg
cycling sprints separated by 30-second recovery intervals, Ratel et al. [27]
reported a 4-fold postexercise [La~] increase (8.5 mmol - 17') in prepubertal
boys compared with an 11-fold increase (15.4 mmol - 17!) in 20-year-old men.
One must keep in mind, however, that blood [La~] reflects all those processes
by which lactate is produced and removed [28]. Therefore, postexercise blood
[La~] provides only a qualitative indication of the degree of stress placed on
anaerobic metabolism by particular bout of exercise, rather than a quantitative
measure of glycolysis. It cannot be assumed, therefore, that children’s postexer-
cise blood [La™] is simply the result of a lower intramuscular lactate produc-
tion. [La~] can also be expressed relative to muscle mass and changes in
fiber-type distribution. Therefore, the lower [La™] may be, at least partially,
attributed to lower muscle mass in children compared with adults. Cumming
et al. [29] showed that when children were strongly encouraged to produce
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Fig. 1. Time course of blood [La] over the 10 sprint exercises, both in boys and the
men. Reprinted with permission from Ratel et al. [27].

‘maximal’ efforts, postexercise [La~] could be higher than previously reported.
Opinion on the validity of maximal blood [La~] as an estimate of anaerobic
capacity is still under debate [30]. Moreover, a number of methodological
issues with respect to lactate determination can significantly influence blood
levels. In pediatric exercise research, these problems were reviewed by
Welsman and Armstrong [31].

In the 1980s some authors suggested that the lower anaerobic performance
in children was due to their lower ability to reach a maximal acidosis level [32].
Hebestreit et al. [26] reported that after a 30-second leg cycling test, venous
blood pH only reached 7.32 in prepubescent boys compared with 7.18 in 25-
year-old men. Despite a lesser reliance on glycolytic energy pathways in chil-
dren, these studies showed that blood pH was slightly modified, whereas [La™]
increased. According to these data, the relationship between [La~] and pH
might be different between children and adults. Ratel et al. [27] investigated the
acid-base balance during 10 repeated 10-second cycling sprints separated by
30-second recovery intervals. Results showed that although blood [La~] was
lower and blood pH higher in boys, for the same blood [La~], blood [H*] was
significantly lower in prepubescent boys compared with young men. They con-
cluded that children regulated their blood [H*] better than adults do, probably
because of a more efficient ventilatory regulation, especially during the initial
rest intervals (figs. 1, 2). In summary, during repetitive bouts of sprints sepa-
rated by short recovery intervals, prepubescent children compared with adults
are more able to maintain their power output (performance) without substantial
fatigue.
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Fig. 2. Time course of blood pH over the 10 sprint exercises, both in boys and the men.
Reprinted with permission from Ratel et al. [27].

How? Short-Term Power Output during Growth

Historical Background (table 3)

There are very few studies related to secular trends in children’s anaerobic
fitness. In contrast to the first study investigating aerobic fitness in children
which was reported just before World War II [41], the first study measuring
anaerobic performance (first quantitative power test in children) was only pub-
lished in 1966. Margaria et al. [33] assessed short-term power during upstairs
running in untrained girls and boys aged 10—15 years. The authors measured the
vertical component of the maximum average speed by having subjects run up a
staircase for 4-5s, in which the body mass of the individual represented the
external force. To measure the power output, the time recorded was around
400-500 ms. Significant sex differences were found in absolute maximal anaer-
obic performance between girls and boys at ages 11 and 15 years. No signifi-
cant gender differences were observed when maximal anaerobic performance
was expressed relative to body mass. It was concluded that psychomotor, bio-
mechanical, and biochemical changes that occur in children of these ages con-
tribute to fairly linear increases in absolute maximal anaerobic performance up
to approximately 13 years of age. After that age the values for boys continue to
increase, while those for girls level off [42]. For additional information, see
reviews of Bar-Or [43], Van Praagh [44], and Van Praagh and Franca [11].
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Table 3. Children’s laboratory-based anaerobic performance tests

Test Performance index Advantages Limitations
Sprinting peak leg power inexpensive some skill required
upstairs [33] equipment

Vertical jump —
sargent [34]

Wingate anaerobic
test [35]

Vertical jump — force
platform [36]

Isokinetic cycling [36]
Sprint — motorized
treadmill [37]

Force-velocity test —
frictional (Van
Praagh [5])
Accumulated oxygen
deficit [38]

Sprint —
nonmotorized
treadmill [39]

Force-velocity test —
inertial adjusted [40]

impulse

mean leg power

instantaneous leg
power

peak leg power
maximal anaerobic
capacity

peak leg power

maximal anaerobic
capacity

peak leg power

instantaneous leg
power

easy to administer

can measure arm or
leg power; suitable for
fatigue research

measures actual
force, velocity and
power

suitable for muscle research
mode of exercise

reflects many sports
activities

highly reliable; elicits

peak cycling power

less sensitive to
motivational factors
than other tests of
anaerobic capacity

mode of exercise
reflects many sports
activities

elicit the highest
value possible for
cycling peak power

some skill required

considerable aerobic
component

some skill required;
expensive equipment

expensive ergometer
expensive ergometer

time consuming

not well validated with
children

some skill required

not specific to many
sporting activities

Despite the statements made by Margaria et al. [33], the test’s results are influ-
enced by factors such as the skill of climbing at maximal velocity, leg length,
stride pattern, and body mass. In young children, because of the risk of injury in
taking two steps at a time, the administrator might consider the 30 m dash as an
alternative. Considering the above-mentioned methodological drawbacks, the
test was progressively abandoned in the eighties and replaced, in the laboratory,
by more consistent and reproducible cycle ergometer tests (Wingate test: Bar-
Or et al. [35]; Force-velocity test: Van Praagh et al. [5]).
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Fig. 3. Power-duration curves for adults [45] and children [14].

Fundamental Considerations

The assessment of anaerobic performance raises some methodological
problems.

As power is the product of force and velocity, the external load must
closely match the capability of the active muscles so that they operate at their
optimal velocity [45]. Clearly, this is difficult to meet in some short-term high-
intensity activities such as sprint running or vertical jumping. A second prob-
lem is that power output decreases rapidly as a function of time. This can be
illustrated through the power-duration curves for adults and children shown in
figure 3 [14, 45]. Thus, if maximal anaerobic power is to be measured, the dura-
tion of the test must be as short as possible. This has been shown to range from
milliseconds in vertical jumping [16] to 3s in sprint cycling [46, 47]. A
methodological issue arises from the fact that assessment of ‘true’ peak power
requires measurements of instantaneous values of force and velocity. This con-
dition is only satisfied in tests that use a force platform for jumping protocols
[48], cycling protocols using the inertial-load method [47] or methods that mea-
sure power due to both frictional resistance and flywheel inertia [46, 49]. In
other power tests such as staircase running [33], 30-second Wingate test [50],
cycling on friction-loaded ergometers [5] or monoarticular dynamometry [51],
the forces and velocities are averaged instead of being instantaneous values
[52]. Anaerobic glycolysis and aerobic contribution are limited during instanta-
neous power exercises or tests. However, when using a 30-second Wingate test
in prepubescent and adolescent boys, Hebestreit et al. [26] and Van Praagh et al.
[53] suggested that the aerobic fraction was high when compared to young men.
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Another issue with anaerobic testing is that lactate production and removal
starts during the first seconds of a supramaximal exercise. In adults, it has been
reported that glycolysis is already involved in exercise lasting less than 10s
[54]. Therefore, only exercises lasting a few milliseconds can be considered as
an estimate of the maximal ATP in vivo splitting rate [48]. Moreover, the mea-
surement of short-term high-intensity performance is protocol-dependent (in
contrast with maximal aerobic power measurement, which is to some extent
protocol-independent). As aforementioned, both the sensitivity and integrity of
short-term power tests have been improved in recent years. However, presently
no objective criteria that confirm maximality are available and thus the
researcher or the coach must rely on the willing cooperation of the individual.
For further information concerning anaerobic performance testing during
growth, the reader is referred to Van Praagh and Doré [55].

Procedures for Assessing Anaerobic Fitness

Sprint Cycling

Wingate Anaerobic Test (WAnt). This test has been examined more exten-
sively than any other ‘anaerobic’ performance test, and found to be highly reli-
able and valid in both normal and disabled populations. However, as was
pointed out by Bar-Or [43], one disadvantage of this popular test is that a 30-s
cycling exercise is too short to sufficiently exhaust the organism and thus to
extract all anaerobic work. Furthermore, the 30-second cycling test needs
strong motivation from the child, which is far from reality. This method appears
to be more useful in establishing fatigue profiles.

Age- and Sex-Associated Variation. Boys do not demonstrate consistently
higher values for absolute peak and mean anaerobic performance than girls
throughout early childhood. Sex differences are minimal until the onset of the
accelerated growth of anaerobic performance indices in boys. Absolute peak
power increases during childhood in boys and girls, with an acceleration at
puberty in boys. Between the ages of 12 and 17 years, peak power during the
WAt increases by around 120% in males and 66% in females [56]. Most data
adjusted for body mass or free-fat mass indicate that the anaerobic performance
during the WAnt also increases during childhood and adolescence. However,
Van Praagh et al. [57] and Sargeant [58] reported that ‘correction procedures’
may be useful in activities that require a movement of the whole body mass
(e.g. running or jumping), but in activities such as cycling or rowing it seems
inappropriate to standardize leg muscle power for body mass. During puberty,
hormonal and neuromuscular factors are most often associated with the dra-
matic increase in muscle tissue and may partly explain the gender difference in
anaerobic performance. In Western countries (including Europe, USA, Canada)
both cross-sectional and longitudinal studies have consistently confirmed, an
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Fig. 4. a Relationship between cycling peak power (CPP) and age in females (cross-
sectional data from Doré et al. [40]). Reprinted with permission from Van Praagh [14].
b Relationship between cycling peak power (CPP) and age in males (cross-sectional data
from Dor¢ et al. [40]). Reprinted with permission from Van Praagh [14].

increase in anaerobic performance between the ages of 816 years using the
WAnt testing method [5, 25, 50, 59, 60]. Although the WAnt is a worldwide and
popular test, it presents some fundamental drawbacks [55]. In particular, the
fixed external resistance force used during the WAnt does not satisfy muscle
force-velocity relationships [61] and thus short-term anaerobic performances
may be adversely affected [62].

Growth and Anaerobic Performance. Several studies have described the
effect of growth on anaerobic performance. Most of them were cross-sectional
studies [11, 43, 44, 63], with a smaller number of longitudinal studies reported
[64—66]. All investigations reported a significant increase of anaerobic perfor-
mance (absolute or relative values) with chronological age [40, 67] or maturity
status [11] (fig. 4a, b). Figure 5 [66] illustrates that between 7 and 17 years
absolute cycling peak power increased by 295% in girls whereas it increased by
375% in boys. However, when corrected for lean leg volume, relative cycling
peak power increased by 40% in girls and 102% in boys. This, therefore, suggests
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Fig. 6. Absolute cycling peak power (W) in females and males during growth (cross-
sectional data from Dor¢ et al. [40]). Reprinted with permission from Van Praagh [14].

that not only does growth affect anaerobic performance, but gender also affects
the resulting anaerobic measures.

Sex-Associated Variation. Boys have consistently higher average absolute
cycling peak power (W) than girls between 13 and 21 years of age. Any gender
differences were observed prior to the male pubertal growth spurt (fig. 6).
However, gender-related differences in relative cycling peak power (W - kg™")
occurred as early as 10-11 years of age. As shown in figure 7, cycling peak
power continues to increase up to puberty and then plateaus in females, even
after normalizing for body mass, fat-free mass and lean leg volume [40, 68].
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Fig. 7. Relative cycling peak power (W - kg~! BM) in females and males during growth
(cross-sectional data from Dor¢ et al. [40]). Reprinted with permission from Van Praagh [14].

Conversely in boys, absolute and relative cycling power plateaued around
18 years in untrained individuals. The difference between sexes during puberty
is due to a proportionately greater increase in muscle mass in males.

Sprint Running

Historically, physical educators and coaches have used a 30—50 m dash as a
measure of running velocity. The test is easy to administer and can be done
indoors or outdoors, and pediatric populations can be assessed in a short time.
This simple test enables one to categorize subjects as ‘slow’, ‘medium slow’, or
‘rapid’. However, it cannot be considered a ‘real’ power test, according to
Wilkie [61], as the force component is not measured. Sprint speed over a given
distance progressively improves during childhood. However, multiple factors
such as stride length, force production, muscle fiber types, neural influences,
contribute to this improved performance. In some studies the improvement in
sprint performance with growth was found to be similar in boys and gitls.
Between the ages of 7 and 17 years, average 50-yard sprint velocity improved
by about 50% in boys and 23% in girls [69]. Among the very few reports with
respect to secular trends of anaerobic performance it is worthwhile to mention
that American boys and girls ran faster during a 50-yard dash in 1958 than in
1975 (fig. 8). However, the differences in performances during field tests [69]
could be due to e.g. environmental conditions such as the use of synthetic tracks
instead of clay tracks. In spite of an ever-increasing number of published
reports in this area, in the last 25 years, it appears that, for the moment, we are
unable to detect any consistent secular trends in sprint running performances,
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Fig. 8. Sprint performance in boys (a) and girls (b) with increasing age. Reprinted with
permission from AAHPERD [70].

meaning that the child in the 1980s presented with similar outcomes when
compared to 2005.

Vertical Jumping

The vertical height performed during a maximal jump has been interpreted
to indicate explosive muscle power [71]. In the laboratory, force-platform tests
[16, 36], which give reliable information about instantaneous muscle leg power,
have been used to measure leg short-term power output (W). In contrast to the
force platform methodology, field tests measure maximum standing vertical
jump (VJ) by assessing jump displacement (m). Although VJ height perfor-
mance has the dimension of work (J), the VJ test is considered as a criterion of
leg muscular power [62, 72]. Most of the studies included a small sample.
However, in large-scale population surveys, the testing procedures involved in
the assessment of muscle performance have not only to be valid and reliable,
but also simple to administer and be of suitable difficulty. For instance, in motor
performance test batteries or assessment of leg muscle performance, standing
long or vertical jumps (m) are the most commonly used field tests because of
their ease of application, especially in school settings, for resistance training
improvements, elite performance sports, talent detection, multiple-sprint activi-
ties (football, rugby, track and field etc.). In females, it was shown that VJ per-
formance increased linearly until 15 years, then plateaued with a maximal value
(determined from the age-performance relationship) between 17 and 18 years.
In males, the same changes in performance were observed until approximately
13 years of age. Thereafter, there was a dramatic increase until 19 years with a
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Bouchard [73].

prospective maximal value at about 21 years. Malina and Bouchard [73] com-
bined the findings of several cross-sectional studies to describe age- and sex-
related changes in VJ (fig. 9). Klausen et al. [74] reported longitudinal changes
in VJ height in two groups of girls and boys studied between the ages of 10—12
years and between 13 and 15 years. Average jump height increased in the 10- to
12-year-old group from 15 to 19 cm, with no gender difference. Meanwhile in
the 13- to 15-year-old group average VJ performance increased from 18 to
24 cm in boys, but no significant change was observed in girls over the 3 years.
However, it has clearly been demonstrated that body dimensions have to be con-
sidered when studying age and/or gender differences [16]. When their VI per-
formances were corrected for body mass, no significant changes was observed
over time in the 10- to 12-year-old group (0.45cm - kg=! BM initially and
0.43cm - kg~! BM at follow-up). In the 13- to 15-year-old group, the VI height
corrected for BM did not change in boys over the 3 years of testing (from 0.43
to 0.40cm - kg=!' BM), but VJ performances declined in girls (from 0.42 to
0.34cm - kg~! BM) at final testing. A major weakness of the VJ test is the lack
of standardization in test administration and its high reliance on jumping skills.
The latter is also the case for squat jumps or countermovement jumps; however,
the use of the force platform technique is considered to be representative of the
capacity to generate power and improves, therefore, the validity of the test.

Trainability of Anaerobic Fitness
The reduced anaerobic fitness of the child athlete compared with the adult
athlete has been attributed to the intrinsic properties of the muscle that are not
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actually fully understood [75]. Katch [76] suggested that there is one critical
period in a child’s life (‘trigger point”) that coincides with puberty in most chil-
dren (but may occur earlier in some), below which the effects of physical condi-
tioning will be minimal, or will not occur at all. Strength and anaerobic
performance trainability increases markedly during puberty (for review, see [77]).

Conclusion

During development, short-term power output can now be quantified and
underlying metabolic processes demonstrated. However, and especially in chil-
dren and adolescents, quantification of this underlying metabolism is still a con-
siderable challenge. Although in almost daily tasks, games or sports events, the
child is primarily involved in short-term HIE, most of the scientific literature is
devoted to the study of maximal aerobic power. This paradoxical situation is
mainly due to the absence of an anaerobic ‘gold standard’ comparable to the uni-
versally adopted VO, criterion, the difficulty in measuring accurately non-
steady state physiological responses or the prohibition against highly invasive
techniques and painful stress in the study of healthy children. However, it has
been proven that anaerobic testing reflects developmentally appropriate experi-
ences for children and, therefore, changes in anaerobic fitness can strongly
reflect growth, gender and maturation. Advances in technology have provided
ethically acceptable means to research anaerobic performances in health popula-
tions, but surprisingly few studies have addressed the gaps in the literature.
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Abstract

Introduction: Current attitudes towards secular changes in pediatric aerobic fitness are
highly polarized, both in the popular and scientific literature. Few studies have actually quan-
tified secular changes in pediatric aerobic fitness, with most making only informal compar-
isons. The aim of this study therefore, was to quantify the global change in pediatric aerobic
fitness test performance. Methods: Following an extensive review of the literature, 33 pedi-
atric studies examining secular changes in maximal field running tests of aerobic perfor-
mance were analyzed. Secular changes were calculated at the country X study X age X
sex X test level using least squares linear regression weighted by the square root of sample
size. All secular changes were expressed as a percentage of the weighted mean value for all
data points in the regression. Negative values indicated performance declines, and positive
values improvements. Results: Secular changes in aerobic performance were calculated for
25,455,527 6- to 19-year-old from 27 countries (representing five geographical regions)
between 1958 and 2003. Over the 45-year period, there has been a global decline in aerobic
performance of —0.36% per annum. Secular changes have been very consistent across age,
sex, and geographical groups. The pattern of change however, was not consistent over time,
with improvements from the late 1950s until about 1970, and declines of increasing magni-
tude every decade thereafter. Discussion/Conclusion: This study provides the most compre-
hensive picture to date, of the global change in pediatric aerobic performance. It shows that
there has been a precipitous decline in pediatric aerobic performance since 1970, a pattern
which is not observed in pediatric anaerobic performance. This secular decline may result
from a network of social, behavioral, physical, psychosocial and physiological factors.

Copyright © 2007 S. Karger AG, Basel

‘Our year eight physical education students do a mixture of fitness and
skill learning. It is very evident to us that the fitness level of the “new” year



eight students each year is declining. We do cardiovascular fitness tests on these
students, and on average there has been a decline in standard over the last five
years.” [1, p. 63]

‘There is no scientific evidence to suggest that young people’s aerobic fit-
ness has declined over the last 50 years.” [2, p. 71]

‘Multiple sources tell us that in our apparent physical fitness and health
boom, children are not as physically fit as they were in past decades.” [3,
p. 1698]

“This study shows little, if any, evidence that indicates that children and
youth are less fit than they were in previous decades.’ [4, p. 104]

‘America’s youth are in worse shape than ever...” [5, p. 58]

‘The existing research literature does not permit any confident conclusions
to be drawn regarding temporal changes in aerobic fitness.’ [6, p. 8]

There has been considerable interest in both the popular and scientific lit-
erature regarding whether today’s children and adolescents are fitter than their
peers from the past. Some believe that pediatric fitness has declined in recent
decades, while others doubt that it has changed at all or suggest that we do not
know. Few, it seems, are willing to argue that it has improved.

So how can such a diversity of opinion have arisen? It could be because of
an apparent lack of scientific evidence. Over the past half a century, there have
been fewer than three studies published every 2 years which have commented
on secular changes in pediatric fitness [7]. Most of these have made only infor-
mal secular comparisons, with very occasional rigorous statistical treatment.
This means that little is known about the actual magnitude and direction of the
secular changes. Compounding the problem further, is that these studies often
provide only local snapshots, which are temporally limited, and restricted to
narrow age bands and a single fitness component (typically aerobic fitness). In
addition, secular data for criterion measures of fitness are few, with the vast
majority available for fitness test performances. The aim of this study, there-
fore, was to conduct an extensive review of the literature to systematically
quantify the global change in pediatric aerobic fitness test performance.

Methods

Data Sources

An extensive review of the literature was undertaken to locate studies which explicitly
reported on secular changes in aerobic fitness test performance of normal children and ado-
lescents, or studies that have published data from which secular changes can be estimated.
The method used to locate studies is described in detail in the chapter by Tomkinson and Olds
[this vol., pp. 168—182]. Briefly, studies were located via a computer search of online biblio-
graphic databases and the University of South Australia’s library catalogue; a manual search
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of all hard copy scientific journals, books, and bibliographic indexes held at the University of
South Australia Library; examining and cross-referencing the reference lists of all located
studies, and personal communication with the authors of each located study.

Study Selection

Fifty-eight candidate studies were located, of which 33 were retained for analysis.
Twenty-five studies were excluded because secular changes were reported for: (1) large,
undifferentiated age ranges spanning three or more years (e.g. 10- to 12-year-olds); (2) a
sample not distinguished by sex; (3) samples previously reported in other located studies; (4)
samples not spanning at least two time points across a minimum of three years, or (5) indi-
viduals not tested on maximal field running tests of aerobic performance (e.g. timed runs,
distance runs and endurance shuttle runs).

Study Characteristics

The majority of the retained studies were peer-reviewed scientific journal articles or
books (58% or 19 of 33), with the remainder being published book chapters (12% or 4 of 33),
published conference articles (9% or 3 of 33), postgraduate theses (6% or 2 of 33), or com-
missioned reports (15% or 5 of 33). These studies analyzed secular changes in randomized-
stratified samples, stratified-uniform samples, stratified-proportional samples, and convenience
samples, collected at the country (59%), state/province (18%), or city (23%) level. Table 1
summarizes the studies used in this analysis.

Data Treatment and Statistical Analysis

Many of the retained studies made only informal secular comparisons, with few quan-
tifying these comparisons, or making them a focus of discussion. Only 42% (14 of 33) of
studies used hypothesis testing to confirm the statistical significance of secular comparisons,
with half of these (7 of 14) actually quantifying secular changes.

To compare studies reporting secular changes, all secular changes were expressed as
relative changes — i.e. absolute changes in performance expressed as a percentage of mean
values per annum (% p.a.). For each study, all relative changes were calculated at the coun-
try X age X sex X test level. Figure 1 shows the systematic procedure used to express (or
calculate) secular changes as relative changes. The procedure comprised five main steps.

In the first step, studies were separated into those which quantified secular changes
(21% or 7 of 33), and those which did not (79% or 26 of 33). Of the studies quantifying sec-
ular changes, five reported relative changes and two absolute changes. All relative changes
were left untreated, and all absolute changes were converted to relative changes, by express-
ing the absolute changes as a percentage of | n-weighted mean values per annum.

In step two, studies not quantifying secular changes were searched for descriptive sum-
mary data (sample sizes, means, standard deviations, etc.), with those reporting such data
progressing to step three (96% or 25 of 26), and those not, progressing to step four (4% or
1 of 26). Of the studies at step three, 64% (16 of 25) numerically summarized data in tables,
and progressed to step five, while 36% (9 of 25) graphically summarized data in figures, and
progressed to step four.

The reference lists of the ten studies at step four were searched for references which
may have contained relevant descriptive summary data needed to quantify relative changes. All
relevant references were followed up, and if located, then the study moved back to step three,
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Table 1. Summary of the studies used in this analysis

References Country Years Sex Age range, Sample No. Test(s)
years
Commonwealth of Australia [1] Australia 1988-1992 M,F G8 50-100 1,600 m
Tomkinson [7] Australia 1976-2000 M,F 8-11,13 55-297 12 min, 600 m
Tomkinson and Olds [this vol.] Australia 1960-2002 M,F 6-17 22-13, 325 10 min, 550 m,
1,600 m, 20 m SRT

Wilson [8] Australia 1979-1988 M 8-12 199-1,080 550 m
Tomkinson et al. [9] Belgium 1985-1997 M,F  6-19 20-1,200 20m SRT
Tomkinson [7] Bulgaria 1970-1982 M,F 11-19 673-856 300m, 600 m
Tomkinson et al. [9] Canada 1981-1990 M,F 6-17 215-738 20m SRT
Macfarlane and Tomkinson China 19792000 M, F 7-19 10,904-23,963 400m, 800 m,

[this vol.] 1,000 m
Bunc et al. [10] Czech Republic 19762001 M 12,15, 18 ND 12 min
Jirimée et al. [this vol.] Estonia 1992-2002 M,F 11-17 241-502 20m SRT
Nupponen, pers. commun. (2002) Finland 19762001 M, F 14, 16, 17 117-250 1,500 m, 2,000 m
Tomkinson et al. [9] France 19862000 M,F 7-16 128-816 20m SRT
Bos [11] Germany 1984-1995 M 6-10 ND 6 min
Kretschmer [12] Germany 1984-1999 M,F  7-10 287-640 6 min
Hong Kong Government [13] Hong Kong 1998-2003 M, F 12-19 381-694 9 min
Meészaros et al. [14] Hungary 1975-2000 M 10-13 346-356 1,200m
Ben-Sira [15] Israel 1970-1984 M,F 16-18 267458 800m, 1,000 m
Buonaccorsi, pers. commun. (2001) Italy 1981-2000 M, F 11-14 126541 1,200m
Tomkinson et al. [9] Italy 1986-1997 M,F 12-18 220-820 20m SRT
Ikai and Fukunaga [16] Japan 1917-1969 M,F  9-11 ND Smin
Noi and Masaki [17] Japan 1964-1997 M,F 14,17 7,926-11,575 1,000m, 1,500 m
Tomkinson [7] Japan 1964-1997 M, F 12-13, 7,553-25,245 1,000m, 1,500 m

15-16, 18
Watanabe et al. [18] Japan 1968-1994 M, F 12, 18 512-516 1,000m, 1,500 m
Tomkinson et al. [19] Korean 19682000 M,F 6-18 377-2,746,884 600 m, 800 m,
Republic 1,000m, 1,200 m

Jirimée et al. [this vol.] Lithuania 1992-2002 M,F 11-17 280-557 20m SRT
Saranga et al. [20] Mozambique 1992-1999 M,F  8-12 49-108 1,600 m
Tomkinson et al. [9] Netherlands 1983-1987 M,F 12 164-174 20m SRT
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Table 1. (continued)

References Country Years Sex Age range, Sample No. Test(s)
years

Tomkinson and Olds [this vol.] New Zealand 1961-2002 M,F  9-17 180-2,684 12 min, 550 m
Tomkinson et al. [9] Northern Ireland  1986-1992 M, F 12,15 666794 20m SRT
Przeweda and Trzesniowski [21] Poland 1979-1989 M, F  7-19 2,697-21,697 600m, 800m, 1,000 m
Przewgda and Dobosz [22] Poland 1989-1999 M, F  7-19 1,515-13,320 600m, 800m, 1,000 m
Przeweda [23] Poland 1989-1999 M,F 7-19 1,239-9,183 12 min
Tomkinson et al. [9] Poland 1992-1999 M, F  15-19 853-2,995 20m SRT
Lyach et al. [24] Russia 1979-1990 M,F G2-Gl1 ND 6 min
Quek et al. [25] Singapore 1980-1991 M, F 12-19 132-393 2,400m
Tomkinson et al. [9] Spain 1985-1999 M, F  9-18 204-1,385 20m SRT
Westerstahl et al. [26] Sweden 1974-1995 M, F 16 379413 9 min
California State Dept. of USA 1970-1979 M, F 10-18 6,060-6,277 6 min

Ed. [27, 28]
Davis et al. [29] USA 1984-1992 M,F 6-16 585% 805m, 1,609 m
Hunsicker and Reiff [30] USA 1958-1965 M, F 10-17 1,233* 550m
Hunsicker and Reiff [31] USA 1965-1975 M, F 10-17 1,177* 550m
Morrow et al. [32] USA 1973-1984 M,F  10-16 333-3,096* 1,609 m, 2,414 m
Pate et al. [33] USA 1979-1984 M,F  10-17 970* 1,609 m
Updyke and Willett [34] USA 1980-1989 M,F 6-17 10,000-20,000*  402m, 805m, 1,207 m,

1,609 m

Shown are the country and span of measurement years, the sex and age range of the children and adolescents tested, the range of sample sizes
for each age X sex X test group, and the test(s) for which secular changes were reported.
G = Grade (see column ‘Age range’); ND = not determined.
Smin = Smin run; 6 min = 6 min run; 9 min = 9min run; 10 min = 10 min run; 12min = 12min run; 20m SRT = 20 m shuttle run test;
300m = 300m run; 400m = 400 m run; 402m = 402 m (% mile) run; 550 m = 550 m (600 yards) run; 600 m = 600 m run; 800 m = 800 m
run; 805m = 805 m (2 mile) run; 1,000m = 1,000m run; 1,200m = 1,200 m run; 1,207 m = 1,207 m (34 mile) run; 1,500 m = 1,500 m run;
1,600m = 1,600 m run; 1,609 m = 1,609 m (1 mile) run; 2,000 m = 2,000 m run; 2,400m = 2,400 m run; 2,414m = 2,414 m (1'% mile) run.
*Values derived from reported descriptive summary data.
#The manuscript was received by ‘Facta Universitatis: Physical Education’ on January 15, 2002, but was backdated and published as volume 1,
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Fig. 1. Flowchart showing the steps (1-5) taken to express (or calculate) secular
changes as relative changes (% p.a.).

where the located references were searched for descriptive summary data. If necessary, this
process was repeated until all studies progressed to step five. On the other hand, studies at step
four not citing relevant references, or those which did but could not be located, were eligible for
exclusion (50% or 5 of 10). However, since the studies eligible for exclusion entered step four
because descriptive data were summarized graphically, all reported descriptive data were esti-
mated from the graphical displays, with the studies progressed to step five rather than excluded.

In step five, the reported means were adjusted such that higher scores indicated better
performance. Secular changes were then calculated at the country X study X age X sex X
test level using least squares linear regression weighted by the square root of sample size
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(yn), with year of test as the predictor variable and mean test performance as the response
variable. The square root of sample size was chosen as the weighting method because our
confidence in the estimation of each group mean (i.e. the standard error) is proportional to
the square root of the sample size. Relative changes were calculated by expressing the
weighted regression coefficient (the absolute change) as a percentage of the |n-weighted
mean value for all data points in the regression. The standard error of a relative change was
estimated using procedures described in Tomkinson [7]. Negative values indicated perfor-
mance declines, and positive values improvements.

Mean secular changes and their corresponding 95% confidence intervals (CI) were cal-
culated to estimate the likelihood of a ‘real’ change. CIs were calculated as the range spanning
1.96 standard errors either side of the mean change. The standard error of a mean change was
estimated using procedures described in Tomkinson [7]. A mean change was considered signif-
icantly different from zero when the CI did not include zero. The time-related patterns of
change and the time-related patterns of performance were summarized using the following pro-
cedure. Starting with the earliest year, Y,, covered by any country X study X age X sex X test
group, each group including Y, in its span of measurement years was located, with the perfor-
mance change dx; (% p.a.) noted. This process was repeated until all the groups including Y,
were located. The mean of all the listed performance changes was calculated, and taken as the
mean change for year Y. This process was then repeated for Y, Y3, Y. . . until the last year cov-
ered by any study, Y,. This process yielded a series of mean annual performance changes
(dx,. .. dx,) which describe the time-related patterns of change.

The time-related patterns of performance (as opposed to changes in performance) were
described using an iterative procedure. Starting with an initial value of 100 for the mean per-
formance value at the end of the year before Y, (YY), the value at the end of Y, was calculated
given that it would be subject to a mean annual performance change of dx;. That is:

initialize: X, = 100,

then X, = X, + X, dx,/100.

This process was then applied iteratively to construct a series of annual performance
ratings (X...X,). In general,

X1 = X; + X dx;/100.

Results

Secular changes in aerobic performance were calculated in 737
country X study X age X sex X test groups on 25,455,527 children and ado-
lescents (6-19 years) from 27 countries (high, middle and low income
economies) and five geographical regions (fig. 2), between 1958 and 2003.
Note, because data prior to 1958 were limited to only six age X sex X test
groups from a single country, only post-1957 data were analyzed. The
country X study X age X sex X test changes consisted of a median of 1,113
individuals (range 20-2,746,884) and spanned an average of 11 years (range
4-41 years). Despite great lability in country X study X age X sex X test
changes when sample sizes and the span of measurement years were small,
changes stabilised near the global mean as both increased.
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Fig. 2. World map showing the countries for which secular changes in pediatric aero-
bic performance have been reported. The shaded areas indicate the countries where previous
studies examining secular changes are available (n = 27). The countries come from five geo-
graphical regions — Africa and the Middle-East, Asia, Australasia, Europe and North
America. The arrows point to three countries (Hong Kong, Israel and Singapore) which are
geographically small and hard to spot on the map.

Between 1958 and 2003, aerobic performances declined globally at an ave-
rage of —0.36% p.a. (CI —0.36 to —0.36% p.a.) (note, due to very large sample
sizes, the estimated standard errors, and hence the confidence intervals,
are extremely small), with 75% (551 of 737) of country X study X age X
sex X test changes negative (declines in performance) (table 2). Across the
decades, mean changes for boys and girls, and for children (<13 years) and
adolescents (=13 years), were remarkably similar (table 2). The only exception
was the 1970s, where the mean decline for boys was nearly double that for girls,
and the mean decline for children was more than double that for adolescents.
All groups showed improvements in the 1960s, and declines of increasing mag-
nitude every decade thereafter.

Mean changes were also similar among geographical regions (table 3).
Over the period 1970-2000 (data prior to 1970 were not available for all geo-
graphical regions), mean declines ranged from —0.74% p.a. (CI —0.76 to
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Table 2. Mean changes (A % p.a.) in aerobic performance per decade

A % p.a. (CI)

1960s

1970s

1980s

1990s

1958-2003

Boys

Girls
Children
Adolescents
All

n

k

+0.59 (+0.57 to +0.61)
+0.63 (+0.61 to +0.65)
+0.63 (+0.58 to +0.68)
+0.60 (+0.58 to +0.62)
+0.61 (+0.59 to +0.63)
267,333

69

~0.33 (—0.33 to —0.33)
—0.17 (—0.17 to —0.17)
—0.41 (—0.41 to —0.41)
—0.18 (—0.18 to —0.18)
—0.25 (—0.25 to —0.25)
22,099,107

95

—0.46 (—0.47 to —0.45)
—0.38 (—0.39 to —0.37)
—0.47 (—0.48 to —0.46)
—0.36 (—0.37 to —0.35)
—0.42 (—0.43 to —0.41)
796,628

224

—0.58 (—0.59 to —0.57)
—0.49 (—0.50 to —0.48)
—0.63 (—0.64 to —0.62)
—0.46 (—0.47 to —0.45)
—0.54 (—0.55 to —0.53)
2,292,459

349

—0.40 (—0.40 to —0.40)
—031(—0.31to —0.31)
—0.47 (—0.47 to —0.47)
—0.27 (—0.27 to —0.27)
—0.36 (—0.36 to —0.36)
25,455,527

737

Secular changes were classified based on the decade in which the mid-year of the measurement periods over which changes were calculated
fell. Shown are the sample sizes (n), the number of country X study X age X sex X test groups (k), and the 95% confidence intervals about the
mean changes (CI).

Note, data from the Hong Kong Government [13] study were included in the calculation of the ‘1990s’ values, despite having a mid-year mea-
surement period of 2001. Furthermore, because sample size data were not available for four studies, the reported 1960s, 1980s, 1990s and
1958-2003 sample sizes are somewhat underestimated.

Note also, due to very large sample sizes, the estimated standard errors, and hence the confidence intervals, are extremely small.




Table 3. Mean changes (A % p.a.) in aerobic performance for five geographical
regions and the World (1970-2000)

n k A % p.a. (CI)
Africa/Middle-East 2,542 15 —0.67 (—0.89 to —0.45)
Asia 23,741,524 188 —0.44 (—0.44 to —0.44)
Australasia 144,110 84 —0.56 (—0.58 to —0.54)
Europe 995,950 275 —0.31 (—0.32to —0.30)
North America 304,068 106 —0.74 (—0.76 to —0.72)
World 25,188,194 668 —0.46 (—0.46 to —0.46)

Shown are the sample sizes (n), the number of country X study X age X sex X test
groups (k), and the 95% confidence intervals about the mean changes (CI).

Note, because sample size data were not available for one Asian study and three European
studies, the reported Asian, European and World sample sizes are somewhat underestimated.

—0.72% p.a.) for North America to —0.31% p.a. (CI —0.32 to —0.30% p.a.) for
Europe. The global change for this period was —0.46% p.a. (CI —0.46 to
—0.46% p.a.). Note, estimates of mean changes calculated over a 30-year
period within a geographical region were subject to the availability of data (e.g.
275 country X study X age X sex X test changes were available since 1970 on
995,950 Europeans from 16 countries, compared to only 15 on 2,542 Africans
and Middle-Easterners from two countries).

Sixty-seven percent (18 of 27) of the countries were classified as high-
income economies [35], with high income economies representing 67% of the
country X study X age X sex X test groups. Mean changes for high vs. middle
and low income economies were also strikingly similar between 1970 and 2000.
On average, the rate of decline for high income economies was —0.49 p.a. (CI
—0.49 to —0.49% p.a.), marginally higher than the decline of —0.39% p.a. (CI
—0.40 to —0.38% p.a.) for middle and low income economies.

Both the time-related patterns of change and the time-related patterns of
performance are shown in figure 3. From the late 1950s and throughout the
1960s, there were improvements in aerobic tests, with a cross-over point from
improvements to declines at about 1970, and declines of increasing magnitude
every subsequent decade (fig. 3a). The results presented in table 2 support these
time-related patterns of change. As for the time-related patterns of performance,
figure 3b shows that aerobic performances improved sharply from the late
1950s until about 1965, where there was a performance shoulder between 1965
and 1975, followed by a 25-year decline.
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Fig. 3. Global time-related patterns of (a) change and (b) performance in pediatric aer-
obic performance between 1958 and 2002. In (a), higher values (i.e. those greater than zero)
indicate improvements in performance, while in (b), higher values (i.e. those greater than
100) indicate better performance.

Discussion

Using data on over 25 million 6- to 19-year-olds from 27 countries tested
between 1958 and 2003, this study showed that aerobic performances have
declined precipitously over the past three decades. Secular changes were
remarkably similar for boys and girls, for children and adolescents, and for
countries of different economic status, and reasonably similar for different geo-
graphical regions.
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This is the first study to have comprehensively quantified the global
change in pediatric aerobic performance. A major strength of this study is that
it systematically analyzed all previous reports, explicitly commenting on secu-
lar changes in pediatric aerobic performance, and by doing so, pieced together
numerous, and geographically and temporally limited snapshots, to paint the
global picture over the last half a century. In addition, it used a novel statistical
approach to estimate the time-related patterns of change and the time-related
patterns of performance. By describing the global time-related patterns of
change, this study provides a global context for the secular changes for individ-
ual countries.

However, this study is limited by the fact that it only considered reports
which explicitly commented on secular changes in pediatric aerobic performance.
This may have resulted in a possible selection bias, as studies showing increases
in performance may not have been reported (e.g. treated as anomalies). By con-
sidering every suitable report, even if measured at a single point in time (as
opposed to a minimum of two points in time), the scope of the global picture
would have been wider. Also, studies included in this analysis, examined secular
changes across groups which were sampled using different protocols (from con-
venience samples to randomized national surveys), and conceivably tested using
different protocols (e.g. different running surfaces, practice runs). Though these
factors were rarely reported and could not be controlled for, without any evidence
of systematic time-related changes in sampling or testing protocols, estimates of
mean changes should not be biased. Finally, the use of linear models (which may
not have always been the best-fitting models) may not have been ideal. However,
given that each country X study X age X sex X test change consisted of between
two and twenty-three country X study X age X sex X test X year of test reports,
and spanned 441 years, a consistent method of analysis was needed.

Effect of Maturation on Secular Changes in

Aerobic Fitness Test Performance

Children have been maturing earlier since at least the end of the 19th century,
with advances in the age of menarche of 3—4 months and the age at which boys’
voices break of 2 months per decade [36]. In some countries, however, matura-
tional advances appeared to have slowed or stopped in the recent decades [37].
Assuming the trend towards earlier maturation is continuing, over a 40-year period,
maturational advances of over a year for girls and 8 months for boys would be
expected. Since performances on aerobic fitness tests generally improve with age,
an age-related improvement in performance would be expected between 1960 and
2000 based on maturational advances alone. Using data from several large
Australian and New Zealand health and fitness surveys of children and adolescents
[38—41], performances on maximal field running tests improve by 0.6-2.9% for
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each year of age between 9 and 15 years (note, these age-related changes in aero-
bic fitness test performance do not necessarily reflect age-related changes in aero-
bic fitness, i.e. peak oxygen uptake). Therefore, to estimate ‘real’ biological-based
changes, the magnitude of chronological age-based changes should be added to the
expected improvements based on maturational advances. For example, between
1961 and 2002 there was a decline of —12.3% (or —0.30% p.a.) for 11-year-old
New Zealand girls tested on the 550-meter run. Over this period, a maturational
advance of at least 1 year would be expected. Using cross-sectional data, girls
improve their 550-meter run performance between the ages of 12 and 13 by
+1.5%. The underlying change is therefore —13.8%, or about —0.34% p.a. While
the effect of maturational change will be quantitatively small for secular changes in
aerobic performance, especially given that country X study X age X sex X test
changes spanned an average of only 11 years, it does at least highlight that the
reported declines are likely to be underestimated.

Secular Changes in Field Tests vs. Criterion

Laboratory Tests of Aerobic Fitness

There have been few reports on secular changes in criterion measures of
aerobic fitness in children and adolescents. Armstrong et al. [42] and
Eisenmann and Malina [43] reported that directly measured peak/maximum
oxygen uptake values (ml - kg™! - min~!) have remained relatively stable over
time in children and adolescents from the United Kingdom and the United
States, respectively. Further examination of Eisenmann and Malina’s [43] data
suggest that peak/maximum oxygen uptake values improved in the late 1960s
and throughout the 1970s, and declined thereafter [see chapter by Malina, this
vol., pp. 67-90]. These secular changes are consistent with the secular changes
in aerobic performance reported in the present study. In addition, Fredriksen et
al. [44] found declines of about —0.12% p.a. in the peak oxygen uptake values
(ml - kg™! - min~!) of 8- to 16-year-old Norwegians between 1952 and 1997.
Miyashita and Sadamoto [45] reported that the maximal oxygen uptake
(ml - kg=! - min~!) of 10- to 12-year-old Japanese children declined at about
—1.24% p.a. between 1969 and 1978-1979. Note, these secular changes are
confounded by the use of the ratio standard to express peak/maximal oxygen
uptake [46]. For example, given secular increases in pediatric body mass [47],
secular declines in peak/maximal oxygen uptake expressed inml - kg™' - min~
may be observed despite secular stability in peak/maximal oxygen uptake in
liters - min~!.

While these studies report secular changes in criterion measures of aerobic
fitness, they have been criticized for using small samples (typically comprising
only volunteers who are willing to exercise to exhaustion), undifferentiated age
ranges and mixing data from different ergometers (cycle and treadmill) [see

1
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Table 4. Validity coefficients for ten maximal field running tests of aerobic fitness in
children and adolescents

Test Number of studies n r?

Timed runs

6 min 2 151 0.33 (0.25-0.40)
9min 2 103 0.50 (0.38-0.67)
12 min 7 175 0.52 (0.19-0.81)

Distance runs

550m 6 508 0.33 (0.05-0.51)
800 m 3 366 0.39 (0.05-0.58)
1,200-1,207 m 2 121 0.24 (0.19-0.32)
1,600-1,609 m 8 644 0.54 (0.36-0.77)
2,000m 1 58 0.53

2,400 m 1 195 0.56 (0.52-0.59)
Endurance shuttle runs

20m SRT 15 795 0.51(0.21-0.77)

Shown are the number of validity studies, the sample sizes (n), and the Vn-weighted mean
coefficients of determination (r?) and the associated range. Note, only one validity coeffi-
cient was available for the 2,000 m run, hence, no range was reported.

chapters by Malina, this vol., pp. 67-90, and Rowland, this vol., pp. 200-209].
Nonetheless, collectively, they do at least suggest that peak/maximum oxygen
uptake has been reasonably stable over time in children and adolescents, with
small declines in some groups more recently.

But what evidence is there that secular changes in aerobic performance
represent secular changes in underlying physiological components (e.g.
peak/maximal oxygen uptake)? Table 4 shows the validity coefficients ((n-
weighted mean coefficients of determination) for ten of the 22 maximal field
running tests for which secular changes could be calculated. Data were com-
piled from a review of 34 pediatric validity studies [7], which quantified the
strength of the relationship between maximal field running tests of aerobic fit-
ness and directly measured peak/maximal oxygen uptake (ml - kg™' - min™1).
Table 4 shows that these tests are reasonable estimators of peak/maximal oxy-
gen uptake, as a moderate to large part of the variability in aerobic fitness test
performance can be explained by the variability in peak/maximal oxygen
uptake. It also shows that tests which require running over long distances, or
running for long periods of time, are more valid estimators of peak/maximal
oxygen uptake. It is notable that validity coefficients typically increased
with age.
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Fig. 4. Flowchart showing potential factors causing the decline in aerobic performance.

However, it is important to remember that factors other than peak/maxi-
mal oxygen uptake also contribute to aerobic fitness test performance, partic-
ularly in younger children where motor skills and cognitive ability are likely to
play a major role [46], including mechanical efficiency, the sustainable frac-
tion of peak/maximal oxygen uptake, anaerobic capacity, oxygen uptake kinet-
ics and psychosocial factors (e.g. pacing skills, motivation and self-efficacy).
Furthermore, given that aerobic performances have been assessed using a wide
range of aerobic fitness tests, each of which impose different physiological
and psychosocial demands, it could be argued that secular changes (% p.a.) in
one test do not equate to secular changes in another. For example, factors such
as oxygen uptake kinetics and anaerobic capacity will be relatively more
important for performances over short distances — though the effect will be
very small over distances of more than several hundred meters [48] — and
peak/maximal oxygen uptake relatively more important for performances over
long distances.

What Is Causing the Recent Secular Declines in Aerobic Performance?

Figure 4 shows a model which suggests that secular declines in maximal
field tests of aerobic performance are caused by a network of social, behavioral,
physical, psychosocial and physiological factors (for more details, see [7]).
First, proximate causes of declines in running performance are, assuming max-
imal effort, necessarily changes in peak/maximal oxygen uptake, mechanical
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efficiency and the sustainable fraction of peak/maximal oxygen uptake [49].
For example, a decrease in mass-specific peak/maximal oxygen uptake will
impair running performance, and a reduction in mechanical efficiency will
change the running speed-oxygen uptake relationship and increase the oxygen
cost at any given running speed. Furthermore, a reduction in sustainable frac-
tion of peak/maximal oxygen uptake will mean that only a lower exercise inten-
sity can be maintained. Second, psychosocial aspects of maximal performance,
both affective (e.g. motivation) and cognitive (e.g. pacing), may also be impor-
tant. Third, physiological changes are in turn affected by physical changes such
as increased fat mass and reduced cardiovascular function [18, 26]. While there
are no secular data for cardiovascular function, there is overwhelming evidence
of global increases in pediatric fatness [50], and strong mechanistic, causal and
temporal links between increases in fatness and declines in aerobic perfor-
mance [for more details, see chapter by Olds et al., this vol., pp. 226-240].
Fourth, increases in fatness are ultimately the result of behavioral changes such
as excessive energy intake relative to expenditure, reduced energy expenditure,
and reduced vigorous physical activity. With plausible causal mechanisms [7],
and in light of recent evidence showing relative stability in pediatric energy
intake over time [51], it is likely that increases in pediatric fatness are due prin-
cipally to declines in energy expenditure. Though there are few reliable secular
data on pediatric energy expenditure, largely due to variability in sampling and
methodology, a series of snapshots suggest that vigorous physical activity is
declining [52]. Finally, these behavioral changes, in turn, are likely mediated by
a changing social and built environment (e.g. a changing family profile, a
breakdown of local communities, the increased use of sedentary technologies,
and a shift towards suburbanization), which is becoming ‘toxic for exercise’ [7].

Though this model describes plausible underlying causal mechanisms, it is
the changes in aerobic performances which are of primary interest in this study.
It is the ability to run fast, play harder and keep moving longer which is import-
ant for children’s physical activity levels, irrespective of the underlying mech-
anisms responsible for the changes.

Secular Comparisons of Aerobic and Anaerobic Performances

The vast majority of available scientific evidence examining secular
changes in pediatric fitness has focused on secular changes in aerobic fitness
rather than anaerobic fitness. This is not surprising given the relationship
between aerobic fitness and health. Of the available evidence, Tomkinson’s
study [53] of over 49 million children and adolescents between 1958 and 2003,
provides the most complete commentary on secular changes in pediatric anaer-
obic fitness. In contrast to the results of this study, Tomkinson [53] reports that
pediatric anaerobic fitness test performance has been relatively stable since the
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Fig. 5. Global time-related patterns of change for aerobic fitness tests (closed circles)
and anaerobic fitness tests of power (open circles) and speed (closed triangles) for the period
1958-2002. The power and speed test data are from Tomkinson [53]. Higher values (i.e.
those greater than zero) indicate improvements in performance.

late 1950s, with an overall improvement equivalent to about +0.04% p.a.
Figure 5 illustrates these secular differences, by showing the time-related
patterns of change for power, speed and aerobic test performance over the
period 1958-2002. Examination of figure 5 shows that the decline is steepest
and occurs earliest for aerobic tests, with a cross-over point from improvements
to declines at about 1970. The decline is smaller for power tests, and the
crossover occurs much later, at about 1985. On speed tests, almost all changes
are improvements, but these dropped to close to zero by 1985.

So why have aerobic performances declined, and power and speed perfor-
mances remained relatively stable? First, Tomkinson et al. [54] suggested that the
secular differences may be due to the differential effects of fat mass and fat-free
mass on aerobic and anaerobic performances [see also chapter by Tomkinson and
Olds, this vol., pp. 168—182]. Second, another answer may rest with maturational
advances. Analysis of data from several large health and fitness surveys of
Australian children and adolescents [39—41], reveals that age-related improve-
ments in power and speed test performances (3.4-8.5 and 1.1-3.8% for each year
of age between 9 and 15 years respectively), are larger than the age-related
improvements in aerobic test performances (0.6-2.9%) [54]. The effect of
maturational change will therefore be relatively larger for secular changes in
anaerobic performances, and the apparent stability in anaerobic performances
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might actually reflect an ‘underlying’ decline. Third, it is also possible that skill
contributes more to power and speed performance in children and adolescents,
and without evidence of a secular change in motor skills, anaerobic performances
could be less susceptible to secular change. Though not complete, these are at least
three reasons for the secular differences in aerobic and anaerobic performances.

Conclusion

Though opinion is divided on whether today’s children and adolescents
are fitter than their peers from the past, this study, presenting secular data on
over 25 million 6- to 19-year-olds from 27 countries between 1958 and 2003,
shows that aerobic performances have declined globally at a rate of —0.46%
p.a. since 1970. These changes are in stark contrast to those reported for chil-
dren’s anaerobic fitness test performance [53]. Despite its limitations, this
study paints a very consistent picture. There have been systematic changes in
aerobic performance across age, sex, and geographical groups over the past
half century.
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Abstract

The physical fitness of school-age children in the United States is considered from two
perspectives — status and secular change. This chapter principally examines health-related
fitness, including the BMI, though performance-related fitness is briefly considered.
Concepts of reference data and standards and factors that may influence secular change are
initially discussed. National data on the physical fitness status of school children in the con-
tinental United States are limited to the 1980s. Ethnic variation in physical fitness is not con-
sidered except for the prevalence of overweight and obesity. More recent physical fitness
data, including examination of ethnic variation, are based on several statewide and more
local surveys. Although results vary by test, the majority of American school children meet
or exceed criterion-referenced standards, although sex differences are not consistent. Poor
morphological fitness manifest in obesity is an exception. The prevalence of overweight and
obesity has increased since the early 1980s. Secular data for specific fitness items are less
extensive. Regression analyses suggest a recent decline in maximal aerobic power in girls,
but fairly stable levels between the 1930s and today in boys. However, the highest values for
boys occur in the 1960s and 1970s and more recent values are somewhat lower. The general
trend may be consistent with the decline since the 1980s in aerobic performance assessed
with the 20 m shuttle run. These trends highlight the need for updated national physical fit-
ness data for American youth.

Copyright © 2007 S. Karger AG, Basel

Physical fitness in the United States was historically viewed in terms of three
components: muscular strength and endurance, cardiorespiratory endurance, and
motor ability [1]. Surveys of the physical fitness of youth in the 1960s and 1970s
and to a lesser extent into the 1980s and 1990s have thus focused on strength,
motor and cardiorespiratory endurance tests. The concept of physical fitness
shifted from this primary performance focus to more emphasis on health in the



late 1970s [2, 3]. The shift from a performance to a health focus was driven by
several factors in the 1950s and 1960s: (1) a high prevalence of failure on the
Kraus-Weber test [4], specifically the toe touching item, in the 1950s, (2) politi-
cal concern for the unfitness of youth, in part, in the context of the success of the
former Soviet Union in its space program in the 1950s (Sputnik in 1957), and (3)
the dramatic increase in mortality from coronary heart disease which reached a
peak in the late 1960s [5]. The potential role of physical activity and physical fit-
ness as preventive factors in heart disease and lower back problems and by
extension obesity in adults was a driving force in the development of the concept
of health-related in contrast to performance-related fitness. The distinction was
to a large extent based on adult health concerns and the assumption that regular
physical activity and enhanced fitness during childhood and adolescence may
prevent or impede the development of these degenerative conditions and that
physical activity and fitness during childhood and adolescence may favorably
influence the activity and fitness of adults [5]. Relationships between childhood
and adolescent activity and fitness and corresponding indicators in adulthood
have been previously addressed [6—8].

The concept of physical fitness has since evolved to include morphological
and metabolic components [9]. The body mass index (BMI) measured in kg - m™2
is the major indicator of morphological fitness and is often indicated as a mea-
sure of body composition. However, the BMI is essentially a measure of heavi-
ness and not necessarily of body composition and fatness. The BMI is about
equally correlated with fat mass, relative fatness and fat-free mass in children
and adolescents [10]. Metabolic components of fitness include variables related
to the metabolic syndrome: blood lipids and lipoproteins, blood pressures, glu-
cose levels, intra-abdominal adipose tissue, among others [9]. Metabolic fitness
is not considered in this review. Summaries of general trends in several of the
components in samples of United States children and adolescents associated
with age and sex [10] and with physical activity [11] are available.

Purpose

The purpose of this paper is to summarize the physical fitness of school
age children and adolescents in the United States from two perspectives, status
and secular change. Status refers to the state of fitness as assessed by a variety
tests while secular change refers to trends in fitness scores over time. Emphasis
is upon health-related fitness including the BMI in the context of obesity; skin-
folds are not considered. Indicators of performance-related fitness are used in a
secular context. Focus is on national data sets although several regional data
sets are considered where relevant.
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Reference Data and Standards

Tests of fitness provide an indication of the level of fitness attained by an
individual or a group in a specific test or tests at a given point in time. The fit-
ness status of an individual or a group is ordinarily compared to an accepted
reference, i.e. data derived from a large sample of healthy youth free from overt
disease and potentially handicapping conditions. These are reference data
which are ordinarily presented in the form of select percentiles. A reference is
‘...a tool for grouping and analyzing data and provides a common basis for
comparing populations’ [12, p. 29]. Data from national fitness surveys labeled
as ‘norms’ [2, 13, 14] often serve as the reference of comparison in evaluating
the fitness of individuals and populations.

Reference values are not standards. A standard is prescriptive and suggests
the way things (i.e. fitness) ought to be and as such has an associated value judg-
ment. Criterion-referenced standards for physical fitness were introduced, appar-
ently first in Canada in the early 1980s [15] and then in the United States [16—18].
These standards provide specific health-related fitness test scores that are thought
to be associated with a health benefit and/or a reduced risk of disease. However,
dose-response evidence on the relationship between fitness test scores and health
outcomes or reduced disease risk in children and adolescents is lacking.
Criterion-referenced standards are generally established by an expert panel, are
arbitrary, and run the risk of misclassification. Analogous procedures are used to
establish dietary reference intakes designed to accommodate the broad range of
individuality in energy and nutrient needs. The Prudential Fitnessgram provides
ranges for a ‘Healthy Fitness Zone’ from 5 through 17+ years. The Healthy
Fitness Zone represents ‘.. .a level of fitness that offers some degree of protection
against diseases which result from sedentary living’ [19, p. 38].

Evaluating Status and Secular Change

Evaluation and comparison of scores on fitness tests at a single point in
time (status) or across time (secular change) have several underlying assump-
tions and/or limitations [20].

Sampling

Are corresponding populations being compared? Sampling strategies vary
across surveys. National surveys generally use representative probability sam-
ples of public school youth or the total population in the continental United
States, whereas small scale studies often use convenience samples. Racial/ethnic
and socioeconomic composition of samples may vary over time.
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Measurement
It is assumed that measurement techniques and test protocols in different
studies are the same. In-field reliability of fitness items is not ordinarily reported.

Age Groups

Although fitness data are presented for single or multiple year age groups,
it is not always clear and/or not reported whether decimal ages (based on birth
date and date of measurement), months, or self-reported ages are used. Age
groups are not always defined. For example, ‘8 years’ can include children
between 7.50 and 8.49 years or between 8.00 and 8.99 years; the groups will
differ in mean age by about half a year. Single year groups are generally defined
by age at last birthday, i.e. 8.00 through 8.99 years, so that mean age approxi-
mates the mid-point of the range.

Test Personnel

Physical education teachers are commonly test administrators and/or super-
visors. The use of volunteer teachers versus trained field staff and professional
physical educators is an additional concern. It is assumed that all personnel are
trained the same and that test protocols are administered in a similar manner.
Training took place prior to several of the surveys. Unfortunately, in-field inter-
and intra-observer measurement variability for fitness tests is not reported,
except for skinfolds in the first National Children and Youth Fitness Study [13].

Testing Conditions

Conditions that influence performance include temperature and humidity,
running and jumping surfaces, equipment, and others. They are not consistently
specified and are generally assumed to be constant across surveys.

Individuals

Previous experience with the tests (potential testing or learning effects);
understanding of instructions; motivation to perform, especially maximal
efforts; opportunity for practice; among other factors cannot be controlled.
These potential sources of variation probably balance out across time and in
large samples. Nevertheless, some teachers do in fact permit children to prac-
tice test items prior to surveys.

National Surveys

Tests of physical fitness used in several national cross-sectional surveys in
the United States and in the Fitnessgram and Physical Best programs are
summarized in table 1. The national surveys are often used as reference data,
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Table 1. Test batteries used in national surveys of the physical fitness of United States children and adolescents (note, dates of surveys or

publication of reference values in parentheses)

Test

Age

Test items

AAHPER Youth Fitness Test
(1958-65-75) [21, 22]

AAHPERD Health-Related Physical
Fitness Test (1980, 1984) [2, 3]

AAHPERD Physical Best Program
(1988) [17]

President’s Council on Physical Fitness
and Sports (1985) [23]

9-17+ years

5-17+ years

5-18 years

6-17 years

speed — 50-yard dash
power/coordination — standing long jump
speed/agility — shuttle run

upper body functional strength — pull-ups (boys), flexed arm hang (girls)

abdominal strength/endurance — sit-ups
power/coordination — distance throw (softball)
cardiovascular endurance — 600-yard run

cardiovascular endurance — 1-mile run, 9-minute run, 1.5-mile run,
12-minute run (13—18 years)

abdominal strength/endurance — sit-ups

flexibility, lower trunk — sit and reach

subcutaneous fatness — sum of triceps + subscapular skinfolds

cardiovascular endurance — 1-mile run/walk

flexibility, lower trunk — sit and reach

abdominal strength/endurance — sit-ups

upper body strength/endurance — pull-ups

body composition — sum of triceps and subscapular skinfolds, BMI

upper arm-should girdle strength and endurance — pull-ups,
flexed arm hang

abdominal strength and endurance — curl ups

lower limb muscle strength, endurance and agility — shuttle run

explosive power of lower limbs — standing long jump

running speed — 50-yard dash

cardiorespiratory endurance — 1-mile run/walk, 2-mile walk

hamstring, low back flexibility — V-sit and reach




Table 1. (continued)

Test

Age

Test items

eurely

National Children and Youth Fitness
Study (1984, 1986) [13, 14]

Chrysler-AAU Physical Fitness
Program (1980-1989) [24]

Prudential Fitnessgram (1987, 1992)
[16, 19]

I: 1018 years
II: 6-9 years

6—-17 years

5-17+ years

cardiorespiratory endurance — 1-mile run/walk; same at 8-9 years
in phase II, 0.5 mile at 67 years

upper body strength/endurance — chin-ups; modified pull-ups in phase II

abdominal strength — bent knee-sit-ups flexibility — sit and reach

body fatness — sum of triceps and subscapular skinfolds; medial calf
skinfold added in phase II

required

circulo-respiratory endurance — endurance run (67, 0.25 mile;
8-11, 0.75 mile; older ages, 1.0 mile)

strength and endurance of the arms and shoulders girls — pull-ups (boys),
flexed arm hang (girls)

strength and endurance of abdominal muscles and hip flexors — sit-ups

flexibility of the lower back and hamstrings — sit and reach

optional

standing long jump, sprints, shuttle run, modified push-up, isometric
push-up, isometric squat

body composition — % fat (from triceps + subscapular skinfolds), BMI
aerobic capacity — 1-mile run, multistage 20-meter shuttle run (Pacer)
abdominal strength — curl-up

upper body strength — push-up, modified pull-up, pull-up, flexed arm hang
trunk extensor strength/flexibility — trunk lift

flexibility — sit and reach, shoulder stretch

L



while the Fitnessgram and Physical Best are offered as criterion-referenced
standards.

Physical fitness test batteries, based largely on performance-related items,
were administered to representative samples of the school age population in the
United States in the 1950s, 1960s, 1970s and 1980s [21-23]. Health-related fit-
ness items were used national surveys of youth 10-17 years in the 1970s [2, 3]
and in grades 1 through 12 in the 1980s [13, 14]. The fitness of boys and girls
attending schools that used the Chrysler-AAU (Amateur Athletic Union)
Physical Fitness Program was regularly monitored from 1980 to 1994 [24-26].
A major focus of this program was the enhancement of ‘Fitness Literacy’
viewed as knowledge about physical fitness, its maintenance and relationship to
health, and experience in developing enhanced levels of fitness.

A series of health examination surveys of national probability samples of the
American population beginning in the 1960s [10] and continuing at present [27, 28]
included measures of height and weight. These data provide the basis for evaluating
secular change in body size, including the BMI. The data also provide the basis for
currently used ‘growth charts’ for weight, height and the BMI [29]. Details of the
surveys including sampling and quality control have been reported [30].

Physical Fitness of United States Youth

National Surveys in the 1980s

Descriptive statistics for indicators of the health-related fitness (excluding
skinfolds) for single year age groups by sex of United States children and ado-
lescents based on the National Children and Youth Fitness Study I in 1984 [13]
and II in 1986 [14] and the President’s Council on Physical Fitness and Sports
National School Population Fitness Survey in 1985 [23] are summarized in
tables 2 and 3, respectively. Test protocols for flexibility and abdominal
strength/endurance differed between the surveys. One-mile run performances
and number of sit-ups in the two surveys are, on average, reasonably similar.
Mean scores on tests required in the Chrysler-A AU Physical Fitness Program in
1989 [24]' are summarized in table 4.

The data summarized in tables 2—4 provide an indication of the physical fit-
ness status of school youth in the continental United States in the 1980s. Physical
fitness improves, on average, with age during childhood into the adolescent tran-
sition, ~7—12 years, in the 1-mile run/walk, 2-mile run/walk, sit-ups and flexed

IThe AAU Physical Fitness Program has continued through 1994, but these more recent
data are not available at present. The untimely death of Wynn Updyke, program director, has
slowed the process.
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Table 2. Means, medians (Md) and 10th (P10) and 90th (P90) percentiles for indica-
tors of health-related physical fitness in American children and adolescents 9—17 years:
National Children and Youth Fitness Studies I — 1984 and I1 — 1986 [13, 14]

Flexibility Abdominal strength-endurance
sit and reach, cm bent knee sit-ups, nin 60's

Age mean Md P10 P90 mean Md P10 P90
Boys

9 32.0 33.0 24.1 39.4 27.9 28 16 39
10 333 343 25.4 40.6 344 34 22 47
11 333 33.0 24.1 41.9 353 35 22 48
12 323 33.0 21.6 40.6 379 38 25 50
13 32.8 33.0 22.9 41.9 39.6 40 28 52
14 33.8 343 229 44.5 41.0 41 30 52
15 35.8 35.6 24.1 45.7 42.0 42 31 53
16 37.6 38.1 25.4 48.3 435 43 32 55
17 38.4 394 26.7 49.4 435 43 31 56
Girls

9 357 35.6 27.9 432 25.5 26 15 36
10 36.6 36.8 26.7 44.5 314 31 20 43
11 37.6 38.1 29.2 45.7 31.6 32 20 42
12 39.4 39.4 30.5 48.3 33.7 33 21 46
13 40.9 40.6 30.5 50.8 33.6 33 21 46
14 41.7 432 31.7 49.5 34.8 35 23 47
15 432 432 343 50.8 34.6 35 24 45
16 44.5 44.5 35.6 52.1 35.1 35 23 49
17 43.7 45.7 34.3 52.1 35.1 36 24 47

arm hang. Subsequently, performances of boys improve while those of girls are
generally stable or decline somewhat. Hence, the sex difference which is rela-
tively small during childhood is magnified during adolescence in these fitness
items. Shoulder strength as measured with chin-ups shows, on average, a larger
sex difference in late childhood which gets progressively larger with age. The
mean number of completed chin-ups is <1 among girls in the National Children
and Youth Fitness Study; in contrast, the mean number improves linearly with age
in boys from 2.7 at 10 years to 9.0 at 17 years [13, 14]. In contrast, flexibility of
the lower trunk is consistently greater in girls than in boys at all ages during
childhood and adolescence. It increases, on average, linearly with age in girls, but
is stable or declines somewhat during childhood into early adolescence in boys
and then increases in later adolescence.
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Table 2. (continued)

Shoulder strength-endurance Cardiovascular endurance
chin-ups, n completed 1-mile run/walk, min
mean Md P10 P90 mean Md P10 P90
10.6 10.2 13.6 8.2
2.7 1 0 8 10.3 9.9 12.5 8.2
29 2 0 8 9.8 9.1 12.1 7.4
34 3 0 8 9.4 8.8 11.8 7.2
4.6 4 0 10 8.7 8.1 10.6 6.8
5.7 5 0 12 8.7 7.9 10.6 6.5
7.1 7 1 14 8.0 7.5 10.2 6.4
8.6 9 2 14 7.7 7.5 9.6 6.2
9.0 9 2 15 8.3 7.5 10.7 6.1
11.6 11.2 14.5 9.2
0.9 0 0 3 11.6 11.2 14.3 9.1
0.8 0 0 3 11.9 11.3 14.6 8.7
0.8 0 0 2 11.5 11.0 14.1 8.6
0.6 0 0 2 11.1 10.9 13.7 8.5
0.8 0 0 2 10.7 10.5 132 8.2
0.6 0 0 2 11.2 10.8 14.1 8.4
0.9 0 0 2 11.1 10.6 13.7 8.5
0.7 0 0 2 11.0 10.6 13.8 8.3

Regional Surveys and Ethnic Variation

The Motor Performance Study of Michigan State University was begun in
1967 and continued through the 1990s [31]. It is a mixed-longitudinal study of
the interrelationships between growth and performance. It has longitudinal and
secular components (see below). The study includes semiannual tests of perfor-
mance- and health-related fitness among children and youth 5 through 18 years:
flexed arm hang, sit-and-reach, 400-foot shuttle run, standing long jump, verti-
cal jump, 30-yard dash and 10-yard shuttle run. The data are reported as means,
standard deviations and percentiles [32].

The health-related physical fitness of representative samples of children
6-9 years of age in the state of Maine in 1989 (n = 4,135 boys and 4,281 girls)
was compared to national reference values [33]. Compared to reference means for
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Table 3. Means, medians (Md) and 10th (P10) and 90th (P90) percentiles for indica-
tors of health-related physical fitness in American children and adolescents 7—17 years:
National School Population Fitness Survey, 1985 [23]

Upper body strength-endurance Abdominal strength-endurance
flexed arm hang, s flexed-leg sit-ups, n in 60 s

Age mean Md P10 P90 mean Md P10 P90
Boys

7 10.6 8 1 23 27.2 28 15 38
8 12.3 10 1 28 30.5 31 18 42
9 13.1 10 2 28 32.0 32 20 44
10 16.0 12 1 38 35.2 35 23 48
11 16.3 11 1 37 36.8 37 25 49
12 15.8 12 1 36 40.3 40 27 53
13 18.1 14 2 37 42.5 42 30 55
14 27.7 20 3 61 453 45 33 58
15 33.4 30 8 62 45.5 45 32 59
16 31.1 28 7 61 44.7 45 31 58
17 31.5 30 8 56 44.0 44 32 57
Girls

7 9.3 6 0 21 25.4 25 15 36
8 9.7 8 0 21 28.7 29 18 40
9 10.7 8 0 23 30.0 30 19 41
10 12.5 8 0 29 30.2 30 19 42
11 10.9 7 0 25 324 32 20 44
12 11.0 7 0 27 349 35 23 47
13 11.0 8 0 28 36.4 37 23 50
14 12.8 9 0 31 374 37 25 49
15 133 7 1 34 36.8 36 23 51
16 12.4 7 0 30 355 35 23 49
17 12.1 7 1 29 34.1 34 22 47

the AAHPERD health-related fitness test [3], mean levels of fitness of Maine
children were similar for sit-ups (except at 6 years), better in the sit and reach and
1 mile run, but poorer (i.e. fatter) for the triceps and subscapular skinfolds.

The cardiorespiratory fitness of students enrolled in physical education
classes in a Midwestern community was assessed with the 20-meter shuttle run
(Pacer) [34]. Given the age range (8—18 years) and sample size (406 males, 389
females) numbers by age group are quite small. Comparisons among samples
of adolescents 10—14 years of age from this and several local/regional surveys
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Table 3. (continued)

Hamstring—lower back flexibility Cardiovascular endurance

‘V’ sit and reach, cm 1-mile run, min 2-mile walk, min

mean Md P10 P90 mean Md P10 P90 mean Md P10 P90

1.8 25 —76 10.2 121 117 162 89 339 327 408 274
0.5 1.3 —-76 8.9 114 111 149 85 328 322 399 262
1.0 25 —76 10.2 10.8 105 139 82 317 312 383 259
23 25 -89 12.7 10.3 98 138 7.7 308 299 375 252
23 25 -89 12.7 9.9 93 131 73 300 289 36.1 250
1.0 25 —114 127 9.3 87 122 69 288 28.1 342 249
0.5 1.3 —102 102 8.7 &1 11.7 6.7 289 282 346 247
2.8 25 —-102 127 8.3 7.7 114 62 287 28.0 345 245
4.6 51 —=7.6 15.2 7.9 75 102 6.1 289 28.0 344 247
6.3 76 —7.6 17.8 7.7 72 103 59 287 279 338 248
7.1 7.6 —5.1 20.3 7.4 7.1 94 6.0 287 28.1 335 250

5.7 51 =25 14.0 132 129 16.6 101 358 352 430 283
53 51 =25 12.7 127 125 157 9.7 347 339 415 276
6.1 51 =25 15.2 122 119 157 91 332 327 406 271
6.9 76 =25 17.8 11.6 114 145 88 320 305 39.8 263
8.4 76 —-13 203 113 113 147 87 321 313 39.0 26.6
9.1 89 0.0 20.3 11.0 111 147 80 304 293 358 258
9.7 89 0.0 20.3 10,6 104 148 7.8 30.0 290 349 259
112 114 0.0 21.6 106 10.1 142 7.7 302 296 353 259
120 127 13 22.9 10,6 10.0 142 79 304 30.1 347 265
137 140 25 24.1 11.2 105 161 79 30.7 305 347 265
11.8 114 25 22.9 10.8 104 140 80 30.1 302 337 265

conducted between 1992 and 2002 indicated neither consistent differences
among samples nor trends across the decade.

National surveys have not considered ethnic variation in the physical fit-
ness of youth except for the prevalence of overweight and obesity [27]. The
short-term trend between 1999 and 2004 indicates higher prevalence of obesity
in Mexican-American boys and Black-American girls aged 619 years (table 5);
however, the magnitude of ethnic variation in prevalence has declined over this
short interval.

Physical Fitness of United States Children 77



Table 4. Means for indicators of physical fitness in American children and adolescents 6—17 years:
Chrysler-AAU Physical Fitness Program [24]*

Age group Endurance Sit-ups, Sit-and-reach Pull-ups, n Shuttle
run, min® nin 60s° cm run, s
Boys
6-7 2.60 27.8 42 24 13.3
8-9 4.82 35.2 42 2.8 12.1
10-11 7.30 38.8 41 34 11.4
12-13 9.12 42.4 42 4.7 10.8
14-17 8.63 46.0 44 9.5 10.2
Flexed arm
hang, s
Girls
6-7 2.68 26.5 45 14.1 13.7
89 5.45 33.2 46 18.9 12.5
10-11 7.98 36.0 47 20.8 11.9
12-13 10.47 38.6 51 23.9 11.6
14-17 10.70 383 52 23.6 11.4

2Variance statistics and percentiles are not included in the report. The data are based on sub-samples ran-
domly drawn from the total number of children and adolescents who took the AAU test throughout the

United States.

"Distances varied by age group: 67, 1/4 mile; 8-9, 1/2 mile; 10-11, 3/4 mile; 12-17, 1 mile.
“Bent knee sit-up.

Ethnic variation in submaximal power output at a heart rate of 170 bpm
(PWC,) for a mixed-longitudinal sample of Black and White youth from
North Carolina in the 1990s [35] is shown in figure 1. Ethnic differences in
absolute PWC,;, are small and inconsistent across age in boys, but indicate
slightly greater absolute PWC,,, in Black girls across the age range. Relative
PWC,;, does not differ during childhood but is slightly lower during adoles-
cence in Black youth. The data from North Carolina thus suggest ethnic varia-
tion in PWC,,, especially in adolescence [35] and in predicted VO, [36].
Predicted absolute VO,,,,, is greater while relative VO, is lower in Black
compared to White youth. The differences reflect ethnic variation in body mass.
Similar ethnic trends have been reported for maximal aerobic power in prepu-
bertal boys and girls [37] and adolescent girls [38].

California state law mandates annual testing with . . . the physical perfor-
mance test designated by the State Board of Education’ [39]. The Fitnessgram
test battery was administered to 5th, 7th and 9th grade students in all schools
in the state since 1999. The protocol includes self-classification of ethnicity
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Table 5. Variation in the prevalence of obesity among White-American, Black-American and Mexican-

American children and adolescents between 1999 and 2004 [27]*

6-11 years 12—-19 years
White Black Mexican- White Black Mexican-
American American

% SE % SE % SE % SE % SE % SE
Males
1999-2000 11.9 2.0 17.1 2.5 26.7 2.9 11.8 1.7 21.0 2.5 27.2 3.1
2001-2002 15.5 2.2 16.9 1.8 26.0 2.9 16.6 2.0 16.7 2.5 21.8 2.4
2003-2004 18.5 3.9 17.5 3.0 253 2.2 19.1 2.7 18.5 1.6 18.3 1.7
Females
1999-2000 11.6 2.9 22.4 2.3 19.8 2.4 11.0 1.8 252 2.7 19.3 2.7
2001-2002 14.1 35 23.1 42 13.6 32 13.7 2.8 22.0 2.4 20.3 2.8
2003-2004 16.9 1.9 26.5 2.8 19.4 3.9 15.4 2.9 254 2.0 14.1 2.0

a0besity is defined as a BMI-for-age and sex =95th percentiles of the 2000 Centers for Disease Control and

Prevention growth charts [29].

(7 groups). Ethnic variation in two indicators of aerobic capacity measured in
2002, the 1 mile run/walk (n = 767,809) or the Pacer 20m shuttle run
(n = 34,524), has been reported in youth 10-15 years of age [40, 41]. Teachers
who administered the tests had the choice of using either of the two aerobic tests.

One-mile run/walk times adjusted for height and weight varied among the
seven ethnic groups within each sex. Among males, ethnic variation declined
with increasing age. American Black youth had the slowest adjusted run/walk
times from 12 through 15 years, while there was considerable overlap among
American White, Hispanic, Native American (including Alaska natives), Asian,
Filipino and Pacific Island youth. On the other hand, ethnic variation was
greater among girls and showed a different pattern with age. Ethnic variation in
adjusted run/walk times was less at 10 and 11 years and increased with age
through 15 years. Adjusted 1-mile run/walk times tended to be slowest among
Black-American girls and fastest among White-American girls, with girls in the
other ethnic groups falling between the extremes [40].

The corresponding analysis of the Pacer test was limited to White, Black,
Hispanic and Asian students 10—15 years. Ethnic variation in the height- and
weight-adjusted number of laps was negligible among boys except at 10 years,
whereas among girls Hispanics completed a lower number of laps (adjusted for
body size) than White girls in five of the six age groups [41].
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Fig. 1. Submaximal power output (PWC,4,) in mixed-longitudinal samples American
Black and White youth from North Carolina: absolute (@) and relative (b). Drawn from data
reported in McMurray et al. [35].

Unfortunately, descriptive statistics for height, weight and the aerobic tests
by ethnic group were not reported, which limits the comparative utility of the
large data set. Moreover, children and adolescents live in an ‘unadjusted’ world
so that absolute values of aerobic fitness are perhaps more meaningful.

A number of local studies dating to the 1930s have compared performance-
related fitness items among American Blacks and Whites, and to a lesser extent
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Mexican-Americans [42]. Two performance-related fitness items, running
speed (dashes) and the vertical jump, show, on average, consistently better per-
formances in Black than in White youth, particularly among boys. Data for
Mexican-Americans are limited; differences relative to White children are
inconsistent, but Mexican-American children do not perform as well Black
children in dashes and the vertical jump.

Fitness Relative to Criterion-Referenced Standards

The majority of American youth in NCYFS I and II attained or surpassed
the criteria of the Fitnessgram [16], although there was variation with age and
test item. Sex differences were minimal for estimated fatness, flexibility and
abdominal strength/endurance. More males surpassed the criteria of cardiovas-
cular endurance and upper body strength/endurance than females, while per-
centages of late adolescent females (14+ years) meeting the criteria were
especially low. Overall, 75% of boys and only 50% of girls in NCYFS I and II
qualified for the ‘I'm fit” award [18].

The health-related physical fitness of youth in the 1985 National School
Population Fitness Survey [22] was compared to criteria defined in the
Fitnessgram [16] and Physical Best [17]. Percentages of youth meeting or
exceeding the respective criteria varied with age, sex, test and specific criteria.
In the 1-mile run, 65-81% of boys and 50—-79% of girls met the criteria of the
Fitnessgram, while only 37-57% of boys and 30-55% of girls met the criteria
of Physical Best. Passing rates did not differ by criteria for hamstring-lower
back flexibility, upper body muscular strength/endurance and abdominal mus-
cular strength/endurance, but sex differences were apparent. Passing rates for
flexibility were 73-93% in girls and 48—75% in boys, for pull-ups were
49-76% in boys and 29-42% in girls, and for sit-ups were 52—83% in boys and
48-78% in girls [43].

Percentages of California students meeting the Healthy Fitness Zone crite-
ria of the Fitnessgram in 2005 are shown in figure 2. Although results vary by
fitness test, the majority of students meet the criteria and sex differences are not
consistent across items. The percentages of students meeting the Healthy
Fitness Zone criteria are lowest for aerobic capacity measured by the 1-mile run
or Pacer. Comparison of percentages of students meeting the criteria in 5 or 6
of the tests from 1999 through 2005 indicates no change in fitness level over
this short interval [39].

Ethnic variation in percentages of California School youth performing
in the Health Fitness Zones on 5 or 6 of the six health-related fitness tests is
summarized in table 6. Less than 50% of Black-American, Hispanic and
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Fig. 2. Percentages of California school youth (a = boys; b = girls) performing in the
Health Fitness Zone for six tests of the Fitnessgram: aerobic capacity = 1-mile run/walk or
Pacer test, abdominal strength = curl-up, trunk strength = trunk lift, upper-body strength =
push-ups, modified pull-up and flexed arm hang, flexibility = sit-and-reach, and body compo-
sition = Body Mass Index. Drawn from the California Physical Fitness Test Results for 2005 [39].

American-Indian (except among 7th graders) youth and just above 50% of
Pacific Islander youth perform in the Healthy Fitness Zones for 5 or 6 of the
fitness tests. This trend is related, in part, to the elevated risk of overweight and
obesity in these ethnic groups [40].
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Table 6. Percentages of California school youth in grades 5, 7 and 9 in
2005 who have achieved 5 or 6 of six Fitnessgram Healthy Fitness Zones by
ethnic group, sexes combined [49]*

Ethnic groups Grades

5th 7th 9th
White, non-Hispanic 61% 65% 62%
Black, African-American 48 49 44
Hispanic/Latino 43 47 45
American-Indian/Alaskan Native 46 51 48
Asian/Asian-American 61 70 67
Filipino/Filipino-American 54 62 59
Pacific Islander 50 54 52

Ethnic groups are labeled as indicated in the report.

Results of criterion-reference evaluations of health-related physical fitness
of American youth suggest that generalizations about the fitness or unfitness of
the school age population need to be made with caution. Criterion-reference
standards suggest acceptable ranges of health-related physical fitness. However,
the relationship between indicators of health-related fitness and the health
status or reduced disease risk in children and adolescents youth needs to be
established. An exception is likely poor morphological fitness manifest in obe-
sity. Many health indicators are influenced by obesity and adiposity, especially
central adiposity [11].

Secular Trends in the Fitness of American Youth

Measures of physical fitness are, in part, related to body size and maturity
status. Hence, the increase in size and acceleration in maturity that character-
ize the secular trend have implications for physical fitness [10]. Changes in
lifestyle associated with specifically reduced levels of physical activity per se,
reduced opportunities to be active, increased opportunities to be inactive
and the relatively recent increase in the prevalence of obesity are additional
factors.

Secular gains are apparent in height, weight and grip strength in American
youth in Michigan between 1899 and 1964 [44] and in California between
1934/1935 and 1958/1959 [45]. The gains in strength were largely proportional
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to secular gains in height and weight, which was consistent with corresponding
analyses in Europe and Japan [30]. Pushing and pulling strength of the shoul-
ders, however, showed variable changes over a shorter interval from the 1930s
through the 1950s. The study of California youth also included four performance-
fitness items: 50-yard dash, standing long jump, vertical jump, ball throw for
distance and the Brace test, a series of 20 stunt items that place a premium on
coordination, balance and agility. Changes in performance over the 24-year
interval were inconsistent and varied by sex [45].

The standing long jump is one of the few test items whose testing protocol
is described and presumably administered in a consistent manner over time.
Comparison of American boys and girls 11-15 years in the mid-1920s [46] and
1958 [21] indicated little evidence of secular improvement in mean jumping
performance [10]. Adolescents in the late 1950s were taller and especially heav-
ier than those in the 1920s [47], suggesting that jumping performance did not
increase commensurately with the secular gain in body size.

Mean values for several indicators of performance- and health-related fitness
based on four national surveys of American school youth 10-17 years con-
ducted between 1958 and 1985 are summarized in figure 3. Major improve-
ments in fitness were evident between 1958 and 1965, but there was relatively
little change subsequently. The improvement in fitness from 1958 to 1965
reflected, in part, national emphasis on physical fitness testing in schools in the
1960s [5]. Contributing factors were the high failure rate of school youth on the
Kraus-Weber test [5] and poor performances of American school youth in 1958
compared to British youth in 1958/1959 [48]. The only fitness item in which
American boys surpassed British boys was the softball throw for distance, while
American and British girls did not differ in this test item. Interest in performance-
related fitness declined from the 1960s as focus shifted to health-related fitness
in the 1970s, and, more recently, to problems associated with overweight/
obesity and physical inactivity.

Mean heights of American children and adolescents, on average, did not
change from the 1960s and through the early 1990s, which spans the interval of
the national physical fitness surveys. Body weights also did not change from
the 1960s into the early 1980s, but increased between 1988 and 1994 [10].
Body weight has continued to increase with a resulting continued rise in the
prevalence of obesity (table 7).

Comparisons of the 1-mile run/walk performances of American youth
7—17 years in three national surveys over an interval of 7 years, 1979 [3], 1984
and 1986 [14], and 1985 [23] indicate, on average, similar times from 10 to 17
years in both boys and girls (fig. 4). At the younger ages of 7-9 years, the more
recent samples have better times. The number of sit-ups performed is generally
similar among surveys, while results for the sit-and-reach are mixed between
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Fig. 3. Secular changes in indicators of health- and performance-related fitness (stan-
dardized to 1975 = 100) of national samples of American youth between 1958 and 1985.
Drawn from data reported in Hunsicker and Reiff [21, 22] and Reiff et al. [23]. Tables of
descriptive statistics for the 1958, 1965 and 1975 surveys were provided to the author by
Reiff after the publication of the comparative report [22]. Higher values (i.e. >100) indicate
better performance. a Standing long jump. b 50-yard (45.7 m) sprint. ¢ 4 X 9 m agility shut-
tle run. d 600-yard (500 m) run.

two of the surveys [3, 14]. The Chrysler-AAU Physical Fitness Program indi-
cated small changes in the fitness of American youth 617 years in abdominal
strength/endurance (sit-ups), upper body strength/endurance (boys: pull-ups;
girls: flexed arm hang) and flexibility (sit-and-reach) in the 1980s
(1980-1989), but a decline in cardiorespiratory endurance (distance runs)
over this interval [24, 25]. Some of the small gains may reflect emphasis on
specific test items in the school programs. Abdominal muscular strength/
endurance continued to improve through 1994 in youth aged 614 years [49].
The BMI also increased between 1980 and 1994 [26].
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Table 7. Secular change in the prevalence of obesity among American children and adolescence:
1960s through 2004 [27, 28]*

Years of survey 6-11 years 12—-19 years

boys girls boys girls

% SE % SE % SE % SE
1963-1965/1966-1970° 4.0 0.4 4.5 0.6 4.5 0.4 4.7 0.3
1971-1974 43 0.8 3.6 0.6 6.1 0.8 6.2 0.8
1976-1980 6.6 0.8 6.4 1.0 4.8 0.5 53 0.8
1988-1994 11.6 1.3 11.0 1.4 11.3 1.3 9.7 1.1
1999-2000 15.7 1.8 14.3 2.1 14.8 1.3 14.8 1.0
2001-2002 17.5 1.9 14.9 24 17.6 1.3 15.7 1.9
2003-2004 19.9 2.0 17.6 1.3 18.3 1.9 16.4 2.3

a0besity is defined as a BMI for age and sex =95th percentiles of the 2000 Centers for Disease Control
and Prevention growth charts [29].

"The survey of children aged 611 years was done between 1963 and 1965 and that of youth 1219 was
done between 1966 and 1970.

Short-term secular changes within the Motor Performance Study of
Michigan State University were evaluated in cohorts at 6, 9 and 14 years of age
over an interval of 12 years, 1968—1970 to 1980-1982 [49]. Six- and 9-year-old
children showed secular gains in all items except the flexed arm hang, while
14-year-old youth showed secular gains in only the agility shuttle run, 400-foot
shuttle run and standing long jump. Height and weight did not differ between
cohorts. The secular gains among the two younger cohorts may be related to
instructional programs available to participants in the study and perhaps more
involvement in youth sports programs [50].

Data for maximal aerobic power (VO,,..., peak VO,) for American youth
date to the late 1930s in boys and the 1960s in girls; hence, insights into secular
changes are possible but need to be interpreted with caution [51]. The available
data are based on rather small samples combined across several age groups and
include both treadmill and cycle protocols. Samples are typically small and
include volunteers who span several ages and who are willing to exercise to
exhaustion. It is likely that overweight and obese youngsters are excluded. To
account for differences between the treadmill and cycle protocols, peak VO, for
the cycle was multiplied by 1.075 [52].

The regression line for absolute aerobic power (liters - min™"') is flat from the
late 1930s to 2000 in boys aged 612 years, but that for boys aged 13—18 years
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Fig. 4. Performances on the 1-mile run/walk in three national surveys: American
Alliance for Health, Physical Education, Recreation and Dance, 1979 [3]; National Children
and Youth Fitness Studies, 1984 and 1986 [13, 14], and the National School Population
Fitness Survey, 1985 [23]. The y-axis is reversed because a lower time indicates better per-
formance. a Boys. b Girls.
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suggests an increase over time. The corresponding regression line is stable from
the 1970s in girls aged 6-11 years and from the 1960s in girls aged 12—-14 years,
but among older girls, 15—18 years, it is curvilinear, suggesting an increase
from the early 1960s to the late 1970s and a decline into the late 1990s. When
the data are expressed per unit body weight (ml - kg~! - min~!), accommodat-
ing to some extent secular change in body mass, the regression lines indicate
fairly stable levels of relative maximal aerobic power between the 1930s and the
present in boys; the trends for relative maximal aerobic power in girls are simi-
lar to those for absolute values.

Trend lines, of course, need to be interpreted with care, especially since the
early data points are few and may influence the regressions, especially in boys.
Examination of the individual data points for absolute peak VO, in boys sug-
gests that the highest values occur in the late 1960s through the 1970s, whereas
subsequent values are somewhat lower. From this perspective, the general trend
may be consistent with the decline since the 1980s in aerobic capacity assessed
with the 20-meter shuttle run [53].
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Abstract

Large amounts of motor performance test data have been collected in Canada, as in
Europe and other countries, but even where representative population samples have been
selected, interpretation of the findings is difficult, and most conclusions remain tenuous. Urban
Canadian children apparently showed a small increase of physical performance from the mid-
1960s through to about 1980, related in part to intensive governmental promotion of physical
fitness and changes in gender roles of female students over this period. The two most recent
decades have been marked by a shift of focus to health-related tests, the results showing a small
but progressive deterioration in health-related fitness, with an accumulation of body fat, as doc-
umented by increases in body mass indices and skinfold thicknesses. In 1970, the fitness levels
of urban children were substantially inferior to that of Inuit students, living in the high arctic
and practicing a traditional, physically active lifestyle. However, by 1990, the Inuit children had
adopted many of the sedentary habits typical of Canadian city dwellers, and had lost much of
their previous advantage. At this stage, most Canadian students were not reaching their fitness
potential, but their physical condition could be enhanced — in urban centers by an augmented
physical education programme, and in the Inuit community by participation in programmes of
active leisure. At present, Canadian students seem to be somewhat more fit than those in the
US, but less fit than their peers in some European countries. Nevertheless, international com-
parison of Canadian data is currently hampered by differences in measurement techniques and
failure of many investigators to test representative population samples.

Copyright © 2007 S. Karger AG, Basel

Introduction

Nature of the Country and Its Populations
Canada is a vast country, with a geographic area second only to Russia.
Much of the population is now concentrated in large and medium-sized cities, but



there also remain many small and isolated settlements, difficult of access even by
air or sea. In such settlements, groups of indigenous peoples such as the Inuit
until quite recently have maintained a traditional Neolithic and physically
demanding culture; fitness data collected in such communities offer an interest-
ing contrast to findings obtained on the typical urban child of southern Canada
[1]. Description of trends in population characteristics is further complicated by
the historic differences between catholic Francophone and protestant Anglophone
cultures (which are now disappearing), and substantial continued internal migra-
tion (from the scattered homesteads of rural areas to the high-rise apartments of
large cities, and from the cold climates of north-eastern Canada to the more tem-
perate west coast of British Columbia). Large numbers of legal and illegal
migrants from Africa, Asia and Latin America still increase the total Canadian
population by about 1% per year; such migrants have very different attitudes
towards child-rearing, physical activity and health when they are compared with
long-term urban residents of European origin. In some countries, the fitness of a
proportion of children is affected adversely by varying degrees of malnutrition
and lack of access to basic medical services. In the 1960s, Canada became a
social democracy, with universal prepaid health care and a broad ‘safety-net’ pro-
tecting the less fortunate members of society. The development of a common
market with the United States has forced some retrenchment of social services,
but nevertheless the physical fitness of most Canadian children remains free of
constraints imposed by poor health care and inadequate nutrition.

Most regions of Canada experience continental extremes of temperature,
with correspondingly large seasonal variations in patterns of physical activity
and resulting levels of fitness [2]. Ideally, assessments of children should be
collected throughout the year, in order to allow for such environmental influ-
ences, but surveys of fitness have typically been concentrated at one season of
the year (usually, the university summer vacation, when students are available
for data collection).

History of Sampling and Fitness Test Methodology

As in other parts of the world, the design and methodology of Canadian
fitness surveys has passed through several distinct phases. Prior to the mid-
1960s, data were usually collected on convenience samples, for example, vol-
unteers from a nearby school, or those attending an exhibition [3]. Sometimes,
further bias was introduced, for example by the deliberate exclusion of children
who appeared to be fat or unfit (typified by a classic survey of Swedish stu-
dents) [4]. As the understanding of statistical principles increased, the mid-
1960s saw a shift to the testing of ‘representative’ population samples, selected
with the help of staff from Statistics Canada; however, because of considera-
tions of cost, those living in remote areas were sometimes excluded from
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surveys. Several surveys suggested that those living in western Canada were
somewhat fitter than those in central and eastern Canada; however, most of the
reported information is for the hypothetical ‘average Canadian’.

Physical fitness in both Canada and the US was viewed historically in
terms of three main components: muscular strength and endurance, cardiorespi-
ratory endurance, and motor ability [5], and test methodology reflected this per-
spective. In order to allow the testing of large numbers of children, assessment
was often based upon simple field tests, including strength and motor tasks
assessing performance-related fitness, and distance-run assessments of car-
diorespiratory endurance (e.g. the original test batteries of AAHPER [6] and
CAHPER [7]). Scores on such instruments were influenced substantially by
details of the testing environment (indoor or outdoor, hard surface or grass, hot
or cool conditions), the instructions given by individual assessors, their success
in motivating students to all-out effort, prior opportunities to practice the
required skills, and (when making secular comparisons) trends in height, body
mass and sexual maturation of the children at any given age.

The concept of large-scale physical fitness testing evolved from this pri-
mary focus to assume a greater emphasis upon health (‘health-related physical
fitness’) in the late 1970s (e.g. the test batteries of AAHPERD [8, 9]). Although
surveys in different Canadian provinces included differing specific items in
their test batteries, the overall concept of ‘health-related fitness’ embraced mea-
surements relating to cardiorespiratory endurance, muscular strength and
endurance, musculoskeletal function of the lower trunk and upper thighs,
and/or body composition, specifically fatness. Subsequently, morphological
and metabolic components have further enhanced the more traditional model of
muscular strength and endurance, motor and cardiovascular components [10].

There have been occasional attempts to collect representative data that
included more sophisticated variables, ranging from a submaximal cycle ergome-
ter test of power output at a heart rate of 170 bpm (PWC,,) [11] or the Canadian
Home Fitness Test (a standardized step test [11]) to a detailed list of physiological
measurements [13]. However, most sophisticated test data have been collected on
rather small samples of children. In some studies, overweight children have been
excluded, given fears concerning the safety of maximal exercise. Although theo-
retically ‘objective’, results of even the more sophisticated tests are influenced by
details of environmental conditions, test ambience, equipment, and motivation of
the subjects [3]. Moreover, if a representative sample is sought, comprehensive
and representative surveys of this type are prohibitively costly to conduct. A focus
on questionnaire assessments of physical activity, together with determinations of
body mass and cardiac risk factors thus emerged in the early 1980s [14]. In the
absence of more direct representative measurements, the assumption has
commonly been made that such data provide surrogate indications of the physical
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fitness of the population relevant to the growing focus of governments upon
‘active living’ rather than exceptional athletic performance. Physical activity
questionnaire scores cannot be applied to young children, and even in older stu-
dents are very vulnerable to both the wording of questions and secular changes in
how questions are interpreted. Changes in the average Body Mass Index of a pop-
ulation are generally assumed to reflect a change in body fat content, although in
theory the scores observed at any given age could also reflect differences in mat-
uration, body size, bone density and the proportion of lean tissue.

With these caveats, we will now proceed with our consideration of trends
in the fitness of children in Canada.

International Comparisons Based on Early
Nonrepresentative Samples

Early comparisons of data for non-representative samples of students from
Canada and other countries suggested that the maximal aerobic power of urban
Canadian children was greater than in some other countries (particularly the
United States) [15]. Scores were apparently far lower than in a sample of urban
Swedish children [4], but the detailed protocol for the latter specified that fat
individuals had been excluded from the analysis. Because of differences in
sampling and methodology, it is difficult to draw strong conclusions regarding
differences between Canadian children and those of other nationalities.

Comparisons between Inuit and Urban
Canadian Children

The International Biological programme study of the Inuit community of
Igloolik, in the high arctic of Nunavut Territory, was initiated in 1969/1970. At
that time, many of the adults in Igloolik were subsisting largely by the tradi-
tional arts of hunting and trapping. Long journeys on foot or by dog sled
involved heavy daily energy expenditures (averaging, for the men,
15.4MJ - day™"). Young children mimicked the adult activities within the settle-
ment, and in their early teens they began to accompany their parents on these
arduous expeditions, with comparable daily energy expenditures [1].

Thus, data obtained on all of the Inuit students of Igloolik in 1970 (table 1)
showed values for aerobic power and muscular strength that were much greater,
and skinfold thicknesses that were much lower than in a representative sample
of students living in Toronto [1]. The advantage of the Inuit over other Canadian
children seems to have been due largely to vigorous daily physical activity,
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Table 1. Changes in measures of fitness of 11- to 12.9-year-old Inuit children from
1969/70 to 1989/90 (based on averaged data of Rode, Shephard, 1996 [16])

Variable Boys Girls

1970 1990 1970 1990
Skinfold thickness, mm 52 7.9 6.2 11.7
Handgrip force, N 182 144 180 97
Knee extension force, N 448 355 428 321
Predicted aerobic power, ml - kg™! - min~! 70.2 58.7 55.0 46.2

since their high level of physical fitness disappeared progressively between
1970 and 1990, as children from the next generation of the same families came
to adopt the sedentary lifestyle typical of urban Canada. However, much of the
secular trend to a loss of fitness among the male Inuit students was avoided
among those who chose to enroll in a programme of active leisure pursuits [16].

Further supporting the thesis that environmental rather than genetic factors
led to the fitness advantage of the Inuit in 1970, a part of the difference between
urban boys and their Inuit counterparts disappeared as urban children in
Québec engaged in an additional hour of physical education per day throughout
their primary school years [17]; likewise, Tremblay et al. [18] demonstrated that
the greater strength, aerobic fitness and leanness of old order Mennonite chil-
dren relative to the general population of urban and rural schoolchildren in
Saskatchewan was associated with greater habitual physical activity. In other
words, the normal physical education and leisure activities of young Canadian
children seem insufficient to optimize their physical fitness.

Secular Trends in Physical Performance Test Scores
on Representative Populations

In 1965 and 1979/1980, the Canadian Association of Physical Education,
Recreation and Dance [7, 19] applied their particular form of physical perfor-
mance testing to large representative samples of Canadian school students
(table 2). It is difficult to interpret such performance data in any absolute sense,
since once allowance is made for the size of the individual, scores show little
correlation with more objective indices of fitness such as maximal oxygen
intake [20]. Indeed, results depend heavily on skill, determination, familiarity
with the tests, and (if performed outdoors) with track conditions [21].

There were substantial increments of score for both standing broad jump
(6.6-9.6%) and short dash (0.5-6.5%) between 1965 and 1979/1980, despite an
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Table 2. Changes in physical performance test scores for representative samples of
Canadian children from 1965 to 1979/1980, based on data of CAHPER [7] and Conger et al.
[19] for standing broad jump (SBJ, m) and short dash (m - s™!; note distance was increased
from 45.7 to 50 m in the second trial)

Boys Girls

7-9 years 10-11years 12-13 years 7-9years 10-11 years 12-13 years
SBJ
1965 1.22 1.42 1.56 1.15 1.35 1.49
1979/1980 1.30 1.52 1.71 1.25 1.45 1.60
Dash
1965 4.71 5.22 5.78 452 5.04 5.25
1979/1980 4.90 5.41 5.81 4.72 5.21 5.59

increase in the length of the dash from 45.7 (50 yards) to 50 meters (table 2).
However, findings from the CAHPERD tests [22] were used frequently by physi-
cal education teachers when evaluating their pupils during the period 1965-1980.
Scores at any given age were presented as percentiles, and students reaching a
minimum achievement in each age category were eligible for a Canada Fitness
Award. Thus, at least a part of apparent gains in performance from 1965 to 1980
may be due to practice effects and the incentive of the distribution of badges.

The possibility of making comparisons with findings in other nations is
limited by differences in test structure and instructions to test subjects. For
example, even ignoring small differences in instructions to the assessor, a
comparison between the original test battery of the American Association for
Health, Physical Education and Recreation [6] and the CAHPER instrument
show the following discrepancies:

Fitness component

AAHPER test battery

CAHPER test battery

Back strength

Arm strength

Leg explosive power
Aerobic power
Anaerobic capacity

Sit-ups (untimed)
Chin-ups

Standing broad jump
Shuttle run

50 yards (45.7m) dash

One-minute speed sit-ups
Flexed arm hang
Standing broad jump
Shuttle run

50 yards (45.7 m) dash

Aerobic power 600 yards (548 m) walk/run 300 yards (274 m) run
Arm explosive power Soft-ball throw
(omitted in revised
versions of the test)
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As far as conclusions can be drawn, scores appear to imply a somewhat
higher level of motor performance fitness in Canada than in the United States, but
a lower level than in that of students from a number of European countries [3].

Sex Differences and Secular Trends in Other Fitness
Measures in Urban Canada

Sex Differences

Other measures of physical performance obtained on representative popu-
lation samples available for analysis of gender differences and secular trends
include speed sit-ups, predictions of maximal aerobic power and handgrip force
(fig. 1). In 1965-1967, female values for all three tests were substantially lower
than for male students, with the discrepancy increasing into the pubertal and
post-pubertal years. This likely reflects the substantial differences in gender
roles which existed during the 1960s, particularly in Québec. In support of this
view, sex differences in all three test scores were much smaller by the early
1980s, when there had been large changes in the expectations of both physical
education teachers and their students [3].

Secular Trends

Recent decades in North America have seen a shift in North American fit-
ness evaluations from performance to health-related tests, and ‘norms’ are no
longer emphasized. Muscular strength and cardiorespiratory fitness are of par-
ticular interest in this context. Unfortunately, the available data do not allow any
very clear conclusions to be drawn about secular trends.

Scores for speed sit-ups (fig. 1) increased in both sexes from 1965 [7] to
the Canada Fitness Survey of 1981 [12], but these gains reflected the combined
effects of test practice and the intense promotion of physical fitness by
Provincial and Federal governments over this period. No further gains were
seen when tests were repeated in 1988 [23].

Measurements of physical work capacity [11, 24] are in principle some-
what less vulnerable to differences in technique, but attempts to deduce maxi-
mal aerobic power from such data can have considerable systematic error, and
in part for this reason there are substantial differences in predictions between
cycle ergometer tests conducted by Gauthier et al. [24] in 1982, and 1981 pre-
dictions from the step test scores of the Canada Fitness Survey [3]. The cycle
ergometer findings are vulnerable to effects of room temperature and test
learning. Taken at face value, they suggest a lower level of predicted aerobic
power than in several large European studies. The methodology was similar in
the 1966 and 1982 surveys, and there seems to have been a small increase of
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Fig. 1. a A comparison of values for 1-min speed sit-ups for representative samples of
Canadian children aged 8, 11, 13.5 and 17 completed years, based on data from CAHPER [7]
and the 1981 [12] and 1988 [23] CFS. All values expressed as percentages of corresponding
male data for 1965 (absolute values 23.3, 28.7, 32.5 and 35.0 sit-ups, respectively). b A com-
parison of predicted maximal aerobic power values for representative samples of Canadian
children aged 11, 13.5 and 17 completed years, based on data from 1967 and 1982 cycle
ergometer surveys [11] and [24] and the 1981 Canada Fitness Survey step test data [3]. All
values expressed as percentage of male values for 1967 (absolute values 40.2, 42.3 and
40.9ml - kg™! - min~!, respectively). ¢ A comparison maximal handgrip force values for
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aerobic fitness over this period, particularly in the girls (fig. 1). In keeping
with the view that aerobic fitness remained static or deteriorated from the
early to the late 1980s, 20 m shuttle-run scores for Québécois children aged
6—17 years showed a decrease of about 0.8% per year between 1981 and
1989/1990 [25].

Handgrip dynamometer scores were obtained on representative samples by
Howell and MacNab [11] and the Canada Fitness Survey [12]. Instrumentation
was comparable for the two assessments, with a small improvement of scores
for both boys and girls from 1967 to 1981 (fig. 1).

Other Approaches to Fitness Assessment

Given problems in assessing physical fitness either by performance testing
or more sophisticated physiological techniques, a number of Canadian investi-
gators have considered information on habitual physical activity, body mass,
Body Mass Index and body fat content.

Habitual Physical Activity

Those measuring habitual physical activity have reasoned that students
undertaking the minimum of daily physical activity recommended for health
are likely to be fit. Although objective monitors of physical activity are avail-
able, information on representative samples of children is based mainly on sim-
ple questionnaires.

In order to enter the ‘active’ category of the Canada Fitness Survey [12],
a student had to report 3 or more hours per week of physical activity during 9 or
more months of the year. Those classed as ‘moderately active’ took less than
3 hours per week of activity in 9 or more months of the year, or 3 or more hours
per week for less than 9 months per year, and the ‘sedentary’ group did not meet
either of these criteria. In part because of these lenient standards, the proportion
classed as ‘active’ was larger than in many other international surveys (76—79%
of boys, 67-73% of girls). Other technical issues that may have influenced
findings included the use of an activity ‘prompt’ list, the collection of data dur-
ing both peak and off-peak seasons, the assignment of an arbitrary duration of

representative samples of Canadian children age 8, 11 and 13.5 completed years, based on
the data of Howell and MacNab [11] and the CFS surveys of 1981 and 1988 [12, 23]. All val-
ues expressed as percentage of male values for 1967 (absolute values 133, 204 and 283 N,
respectively).
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15 min when the length of an activity bout was unreported, and the inclusion not
only of vigorous but also of moderate intensity.

The latest data from the 2000/2001 Canadian Community Health Survey [26]
bases physical activity classification on a combination of duration and intensity.
An “active’ individual has a total expenditure of more than 12.6kJ - kg™' - day™!,
and a moderately active person expends 6.3—12.5kJ - kg™! - day~!. Excluding
about 15% of data where the variability exceeded 33%, there was a substantial
reduction in the proportions rated as active relative to 1981 (50-55% of boys,
33-43% of girls). The figures for active members of the population aged 12 years
and older are nevertheless said to have increased by 21% relative to the results of
an intermediate survey conducted in 1994/1995.

Applying more stringent criteria of those who are physically active (chil-
dren developing an exercise intensity of 8 METS) and moderately active (indi-
viduals developing an intensity of 6 METS), the proportion of active students
in the original 1981 survey drops to only 3.5% of both boys and girls, empha-
sizing the difficulty in making comparisons of self-reported physical activity
from one survey to another, either within Canada or with children from other
countries.

Measures of Body Composition

Substantial volumes of representative data describe the body mass, Body
Mass Index and skinfold thicknesses of Canadian children. The methods of
measurement are not in themselves controversial, but the interpretation of data
is open to considerable debate. Further, the body fat content is influenced by
regional differences and secular trends in body size and sexual maturation. The
height of the average Canadian student at any given age is similar to that of peer
groups in most developed nations; comparison of Canada Fitness Survey data
for 1981 [12] and 1988 [23] shows a small increase (about 1.2 cm) in those aged
7-9 years (perhaps because of an earlier pre-adolescent growth spurt), but no
change in those aged 10-14 years. Size effects are minimized by calculating
Body Mass Indices.

Body Mass Indices

The Body Mass Index (BMI, body mass in kg - m~2 of standing height)
can increase with accumulation of either lean tissue or fat (although in popula-
tion studies, fat is the most common culprit). The average body mass of 10- to
11-year-old Canadian children has increased substantially from 1966 to 1996
(from 35.7 to 38.9kg in boys, and from 34.9 to 38.5kg in girls), with corre-
sponding changes in Body Mass Index. A person is regarded as overweight
if the BMI surpasses the 80th percentile, and obese if the 95th percentile is
exceeded. In children, the limits are 19.8 and 24.0 at the age of 10 years [27].
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The average student participating in the Canadian Fitness Survey (CFS) of
1981 was fairly close to the 50th percentile for the UK, and was far from over-
weight according to this definition. Nevertheless, comparisons between the
1981 CFS data, the 1988 survey of Stephens and Craig [14] and the Canadian
National Longitudinal Survey of Children and Youth (NLSCY) of 1996 [28]
suggest that in recent years the BMI of Canadian children has increased by
about 0.1 per year, so that by 1996, 10-year-old students of both sexes had an
average BMI of around 18.3 kg - m~2. Perhaps more disturbingly, the percent-
age of students classed as overweight and obese increased by 5 and 11%,
respectively [28]. In 1988/89, NLSCY found 37% of children aged 2—-11 years
were overweight, including 18% who were classified as obese [26], Moreover,
such data may underestimate the extent of change, since NLYCS used
computer-assisted interviewing, as compared with the physical measurements
of earlier surveys; at least in adults, self-reports underestimate the extent of
obesity.

Skinfold Readings

Skinfold readings can be compared with reasonable confidence if a stan-
dard caliper is used, and the investigator has learned an appropriate technique
from a trained anthropometrist. On this criterion, the 1981 CFS data [12] (with
an average across five skinfold readings rising from 6.8 to 7.9 mm in boys and
from 8.3 to 11.1 mm in girls over the age range 8 to 13—14 years) seem rela-
tively low and of a similar order to those observed in many European countries.
Nevertheless, values in traditional Inuit children (table 1) were substantially
lower than those seen in urban Canada, without any obvious detrimental effect
upon the health of the child. It would thus seem that even in 1981 there was
scope to enhance the fitness of the average urban Canadian child, thereby
reducing the amount of subcutaneous fat.

Conclusions

The fitness levels of urban Canadian students currently seem to be in the
middle of the published range for developed societies. However, this should not
be grounds for complacency. There were apparently small gains of performance
from the mid-1960s to the early 1980s, due in part to vigorous governmental
promotion of physical fitness. Nevertheless, health-related fitness has subse-
quently declined, with a progressive accumulation of body fat. Moreover, even
in the early 1980s, the fitness of students did not match that seen in physically
active Inuit children. New approaches seem needed if the average student is to
reach his or her physical potential.
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Abstract

Introduction: Despite several studies highlighting differences in aerobic test perform-
ance among age-matched children and adolescents from different countries, little is known
about the geographic variability in children’s performances on tests measuring other fitness
components. By cumulating studies reporting Eurofit data for children and adolescents, the
aim of this study was to describe the variability in fitness test performance among children
and adolescents from different parts of Europe. Methods: Sixty-seven studies reporting on
the Eurofit test performances of healthy European children and adolescents were included in
the analysis. Following corrections for methodological variation where appropriate, all data
for each test were expressed in a common metric. Raw data were combined with pseudodata
generated using Monte Carlo simulation. Performances on each fitness test were expressed
as z-scores relative to all children of the same age and sex from all countries. For each
Eurofit test, sample-weighted mean z-scores were calculated for each country across all
age X sex groups for which data were available. Results: Data were collated on 1,185,656
Eurofit test performances by 7- to 18-year-old Europeans from 23 countries. There was con-
siderable variability in the mean z-scores among countries, with the variability among coun-
tries differing by test. Overall, the best performing children came from northern and central
European countries (0.3-0.4 standard deviations above the overall European average).
Discussion/ Conclusion: There is evidence that performance was related to socio-cultural
factors, such as the place of exercise and sport in the national psyche.

Copyright © 2007 S. Karger AG, Basel

There have been few systematic attempts to compare the fitness test per-
formances of children and adolescents from different parts of the world. Fitness
test results are largely incommensurable due to the wide variety of tests used,
differences in test methodologies even when the same test has been used, and a
lack of mechanisms and incentives for data sharing. Despite these difficul-
ties, several studies [1-5] have highlighted differences in performance among



age-matched children and adolescents from different countries, with the major-
ity of studies highlighting differences in aerobic performances. Little is there-
fore known about the geographical variability of children’s performances on tests
measuring other fitness components (e.g. muscular strength and endurance).
This is unfortunate, because transnational comparisons based on standard
instruments often yield interesting insights (e.g. socio-economic factors associ-
ated with pediatric fitness) [2].

Since its description in 1988 (though provisionally described in 1983), the
Eurofit test battery has been widely used throughout Europe with children and
adolescents [6]. Developed as a standardized European fitness test battery used to
assess the effectiveness of physical education and to measure the health-related
fitness of schoolchildren [7], the Eurofit comprises numerous health- and
performance-related fitness tests, including: (1) field tests measuring balance,
cardio-respiratory (aerobic) endurance, muscular endurance (abdominal and
upper body), flexibility, power, speed, speed agility and strength; (2) anthropo-
metric tests measuring height, mass and skinfold thicknesses at various sites, and
(3) age and sex identification data [7]. The tests are simple to administer, practi-
cal in the school- and club-setting, reliable, and where appropriate criterion mea-
sures have been identified (e.g. aerobic fitness tests), valid estimates of
‘construct’ fitness [6]. Despite a plethora of data, no attempt has been made to
cumulate the results of studies that have used the Eurofit. The aim of this study,
therefore, was to cumulate studies using the Eurofit test battery with European
children and adolescents, in order to describe the variability in fitness test perfor-
mance among children and adolescents from different parts of Europe. It was also
of interest to examine associations between children’s fitness test performance
and broad indicators of each country’s economic, sporting and geographical status.

Methods

Data Sources

Any study which used the Eurofit [7, 8] or provisional Eurofit [9] test batteries to
assess the fitness of healthy European children and adolescents was considered as a candi-
date study for this meta-analysis. Studies reporting data on elite young sportspeople or
groups with specific disabilities or disease conditions (e.g. obesity, mental retardation) were
not considered. Studies were located from the extensive review of literature by Olds et al. [2]
and by searching online and CD-ROM bibliographic databases (Australian Sport, CINAHL,
Current Contents, Digital Dissertations, ERIC, Medline, and Sports Discus) using the key
word ‘Eurofit” and the modifiers ‘child’, ‘adolescent’, ‘boy’, ‘girl’, ‘youth’ and ‘pediatric’.
No language or date restrictions were applied. All relevant references contained in the stud-
ies were examined, cross-referenced and followed up. Attempts were also made to personally
contact the authors of each study to request raw data, to clarify details of their own study and
to ask if they knew of further studies.
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One hundred and one candidate studies were located, of which, 34 were excluded
because data were reported for: (1) individuals not aged between 7 and 18 years; (2) large,
undifferentiated age ranges (e.g. 12- to 15-year-olds); (3) a sample not distinguished by sex,
and (4) a sample previously reported in other located studies. Studies were also excluded by
examining them in combination with other studies reporting data for children from the same
country. For example, for some countries (e.g. Denmark and the Republic of Ireland), data
were only reported for a single Eurofit test or a single age X sex group. A country (and hence
all relevant studies) was excluded if data were reported for fewer than three Eurofit tests or
fewer than three age X sex groups. Comparative data were available for the following
Eurofit tests: flamingo balance (balance), plate tapping (speed), sit-and-reach (flexibility),
standing broad jump (power), hand-grip strength (strength), sit-ups (abdominal muscular
endurance), bent arm hang (upper body muscular endurance), 10 X 5m agility shuttle run
(speed agility), and 20 m endurance shuttle run (cardio-respiratory endurance). Note, data for
the physical work capacity at a heart rate of 170 beats per minute (PWC,,,) were not ana-
lyzed because PWC,,, data were available for less than 25% of countries.

Of the 67 included studies, 60% (40 of 67) were peer-reviewed scientific journal arti-
cles or books, 3% (2 of 67) were published book chapters, 16% (11 of 67) were published
conference papers or abstracts, 9% (6 of 67) were post-graduate theses, 9% (6 of 67) were
commissioned reports, and 3% (2 of 67) were unpublished datasets. Most studies used con-
venience samples (51% or 34 of 67), with 42% (28 of 67) using randomized-stratified sam-
ples and 7% (5 of 67) using stratified-proportional samples. Data were collected at the
country (16% or 11 of 67), state/province (19% or 13 of 67), city (31% or 21 of 67) and local
(33% or 22 of 67) level. Table 1 summarizes the studies used in this analysis.

Data Entry

Raw data on 81,204 test performances were available from five studies (7% of all studies),
while the remaining studies gave descriptive summary statistics at the age X sex X test level in
the form of mean and standard deviation (SD) values. All raw data were checked for outliers by
running automated range checks. Aberrant raw data were eliminated if they were more than 3
SDs either side of the mean. All hard-copy data were manually entered into a spreadsheet and
checked for transcription errors, with corrections made where appropriate. Age and measure-
ment year were recorded using the methods described by Tomkinson et al. [74].

Data Treatment and Statistical Analysis

The general methodological approach used in this meta-analysis has been adapted from
Olds et al. [2] and is outlined in figure 1. To compare studies, it is important to know which
test protocol was used and to express test results in a common metric. While only studies
using Eurofit (or provisional Eurofit) test protocols were analyzed in this study, it was
assumed that methodological variation existed among studies. For example, Tomkinson et al.
[74] reported that there are at least three major variants of the 20 m endurance shuttle run
(ESR) test extant today. Therefore, following attempts to personally contact the study authors
where any clarification regarding protocols or results was required, corrections of ESR test
protocols were made using the methods described by Tomkinson et al. [74]. For each test, the
measurement units reported in the Eurofit handbook [8] were used as the common metric
across studies, except for the ESR, where running speed (km - h™!) at the last completed stage
was used.
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Table 1. Summary of the Eurofit studies used in this analysis

Reference Country Years Sex Age n Eurofit tests
range,
years FLB PLT SAR SBJ HGR SUP BAH SHR ESR
Markola et al. [10] Albania 1994-1995 M, F 7-18 2,706 o . . . . . . .
Baquet et al. [11] Belgium 1997 M, F 11-19 624 . . . . . .
Beunen et al. [12] Belgium 1990 M, F 6-18 7,011 e . . . . . . . .
Deroanne et al. [26] Belgium ND M, F 13,15, 2,628 o . . . . . .
17,19
Lefévre et al. [13] Belgium 1993 M, F 12-18 2,779 e . . . . . . . .
Lefévre et al. [13] Belgium 1997 M,F 12-18 3,198 e . . . . . . . .
Levarlet—Joye and Belgium ND M 11-14 65 . . . .
Fievetz [21]
Pirnay [14] Belgium 1991-1992 M, F 10-18 3,444 o . . . . . . . .
Telama et al. [5] Belgium 1994-1995 M, F 12,15 2,225 . . .
Van Poelvoorde and Belgium ND M, F 7-10 91 o . . . . . .
Levarlet-Joye [25]
Dimitrova [15] Bulgaria 1998-1999 M, F 7-17 606 o . . . . . . .
Telama et al. [5] Czech 1994-1995 M, F 12,15 439 . . .
Republic
Jiiriméde and Volbekiene [16] Estonia 1992 M, F 11-17 3,188 o . . . . . . . .
Raudsepp and Jiirimde [17]  Estonia 1994-1995 M 7-10 203 o . . . . . . . .
Raudsepp and Jiirimée [18]  Estonia 1994-1995 F 7-10 215 . . . . .
Jirimde and Saar [19] Estonia 1996-1997 F 15-17 216 . . .
Kull and Jiirimée [20] Estonia 1992 M,F 17 339 o . . . . . . . .
Telama et al. [5] Estonia 1994-1995 M,F 12,15 1,290 . o .
Telama et al. [5] Finland 1994-1995 M, F 12,15 1,109 . . .
Van Praagh et al. [22] France ND M, F 10-11 139 o . . . . . . . .
Brandet [23] France ND M, F 8-12 295 .
Cazorla [24] France 1987 M, F 7-12 5,893 . . . . . .
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Table 1. (continued)

Reference Country Years Sex Age n Eurofit tests
range,
years FLB PLT SAR SBJ HGR SUP BAH SHR ESR
Baquet et al. [27] France 1997 M, F 10-15 549 . . . . . .
Baquet et al. [28] France 2000 M, F 810 86 . . . . ° .
Brunet and Van Praagh [29] France 1984-1985 M, F 7-10 266 . . . . o .
Telama et al. [5] Germany 1994-1995 M, F 12,15 977 . . .
Georgiadis [30] Greece 1990-1991 M, F 6-18 6,674 . . . . . . .
Barabas [31] Hungary 1982-1985 M. F 6-18 27,274 . . .
Barabas [32] Hungary ND F 14-18 435 .
Telama et al. [5] Hungary 1994-1995 M, F 12,15 439 . . .
Fridriksson and Iceland 1996 M,F 12 59 e . . . . . °
Gunnarsson [33]
Hoérdur Grétar Gunnarsson,  Iceland 1998 M, F 6-15 8,179 . . . . . .
pers. commun.
Saemundsen [34] Iceland 1985 M, F 10-15 2,020 o . . . . ° °
Bellucci [35] Italy 1994 M, F 12-14 98 e o . . . o . ° .
Cilia and Bellucci [36] Italy 1992 M,F 12-14 1,416 o . . . o ° . o .
Cilia et al. [37] Italy 1995 M, F 12-15 1,171 o . . . . . . . .
Cilia et al. [38] Ttaly 1997 M,F 12-19 4,181 o . . . . . o o .
Cilia et al. [39] Italy 1997 M, F 14-19 573 e . . . . . o . .
Council of Europe Italy 1985-1986 M, F 8-12; 1,448 o . . . . . .
14-19 (F)
Dr. Pavel Mustafin, Latvia 19952001 M, F 6-18 6,317 . . . . .
pers. commun. 2002
Jirimée and Volbekiene [16] Lithuania 1992 M,F 11-17 1,601 . . . . o . . .



{ISONIFOINT Y} IV OYA

601

van Mechelen [41]
Czeczelewski et al. [42]
Kusy [43]
Maciaszek and Osinski [44]
Mleczko et al. [45]
Osinski and Biernacki [46]
Raczynski et al. [47]
Stupnicki et al. [48]
Wilczewski et al. [49]
Federatia Sportul

pentru Toti [50]
Kasa and Majherova [51]
Kyselovicova [52]
Moravec [53]
Brito et al. [54]
Garcia Bana [55]
Marrodan Serrano et al. [56]
Prat et al. [57]
Sainz [58]
Sainz [59]
Ureiia Villanueva [60]
Cauderay et al. [61]
Akglin et al. [62]
Akgiin [63]
Calis et al. [64]
Demirel et al. [65]
Gokbel and Uzuncan [66]
Boreham et al. [67]

Netherlands
Poland
Poland
Poland
Poland
Poland
Poland
Poland
Poland
Romania

Slovakia
Slovakia
Slovakia
Spain
Spain
Spain
Spain
Spain
Spain
Spain
Switzerland
Turkey
Turkey
Turkey
Turkey
Turkey
UK (Nth.
Ireland)

1987

ND

ND

ND
1991-1992
1990

ND

1999

ND

1995

1996

ND

1993

ND

1999
1995-1996
1984-1985
1986-1989
1990-1994
1995
1996-1997
ND

ND

1991
1989-1990
1991

1986

M, F
M, F
M, F
M, F
M, F
M, F
M, F
M, F
M, F

M, F

M, F
M, F
M, F
M, F
M, F
M, F

M, F
M, F
M, F
M, F
M, F
M, F
M

M, F

12-16
11-15
14
10-14
15-19
10-15
11-15
7-19
11-15
7-18

11-14
15-16
7-19
10-19
13-18
14-18
10-18
10-15
9-17
14-16
9-19
11-18
11-17
15
7-11
10-12
13,15

1,870
205
291

3,123

2,192
804
384

73,071
988
330

323
128
4,269
819
605
401
4,237
1,348
6,658
613
3,298
671
984
72
470
62

70




Table 1. (continued)
g] Reference Country Years Sex Age n Eurofit tests
z: range,
§ years FLB PLT SAR SBJ HGR SUP BAH SHR ESR
o
g Mahoney [68] UK (Nth. 1990-1991 M, F 12 103 .
Z Ireland)
E Mahoney and Borecham [69] UK (Nth. ~ ND MF 7,9, 11 587 o o e . o e
Ireland)
Nichols and Riddoch [70] UK (Nth. 1986 M, F 12-15 648 .
Ireland)
Paliczka et al. [71] UK (Nth. 1986 M, F 12-16 2311 o« o e o .
Ireland)
Riddoch [72] UK (Nth. 1988-1989 M, F 11-18 3,229 . . o o . o
Ireland)
Watkins et al. [73] UK (Wales) 1981-1983 F 13,15,17 913 e o . . . o . o

Shown for each reference are the country and year(s) when the measurements were taken, the sex and age range of the children and adoles-
cents tested, the sample size (n), and the Eurofit test(s) for which descriptive summary data were reported.
F = Female; M = male; ND = not determined.
BAH = Bent arm hang; ESR = 20 m endurance shuttle run; FLB = flamingo balance; HGR = hand-grip; PLT = plate tapping; SAR = sit-and-
reach; SBJ = standing broad jump; SHR = 10 X 5m agility shuttle run; SUP = sit-ups.
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Adjust z-scores
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indicate superior
performances)

v

Calculate sample-
weighted mean
z-scores for each
country

Fig. 1. Flowchart showing the steps taken to combine datasets prior to calculating
relative z-scores for each country.

To compare Eurofit test performances across countries, it was necessary to
combine raw and descriptive summary data. Datasets were combined using the
methods described in Tomkinson et al. [75]. All Eurofit test performances were
expressed as z-scores relative to the grand mean for all children within each
age X sex X test group, with a mean z-score (and corresponding SD) calcu-
lated for each country. All z-scores were adjusted such that positive z-scores
indicated performances superior to the mean and negative z-scores perform-
ances inferior to the mean. For each Eurofit test, sample-weighted mean
z-scores were calculated for each country across all age X sex groups for which
data were available. These sample-weighted mean z-scores represent the overall
standardised deviation of the fitness test performance of a country’s children
from European age X sex X test-specific means. The overall z-score for a
country was calculated as the sample-weighted mean z-score across those tests
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for which data were available. The standard error of a sample-weighted mean
z-score was approximated using equations described by Tomkinson [76].

Results

Data were collated on 1,185,656 Eurofit test performances by 7- to 18-year-
old Europeans from 23 countries. There were a total of 216 age X sex X test
groups representing an average of 14 countries (range 6—23) and involving an aver-
age of 29 (range 9-59) country X study X age X sex X test reports.

The mean z-scores for each country and test for which data were available
are shown in tables 2—6. On average, Wales was the best performing country on
the flamingo balance test; the Netherlands on the plate tapping and agility shut-
tle run; Switzerland on the sit-and-reach and sit-ups; Iceland on the standing
broad jump; Slovakia on the hand-grip and bent arm hang; and Estonia on the
endurance shuttle run. There was considerable variability in the mean z-scores
among countries, ranging from a minimum of 0.70 SDs for flamingo balance to
a maximum of 1.94 SDs for hand-grip.

Table 7 shows the overall ranking of each country, calculated as the sample-
weighted mean z-score across those tests for which data were available. Finland,
Slovakia and Iceland were the best performing countries overall.

Discussion

The main finding of this study is that there was considerable variability in
the relative performance of European children on the tests of the Eurofit bat-
tery. There were large differences in the average performance of young people
from different countries. On the endurance shuttle run, for example, only 6% of
Greek boys would have beaten the average Estonian. Only 4% of Welsh girls
would have done better than the average Swiss girl on the sit-ups test, and just
3% of Albanian boys would have outperformed the average Slovakian on the
hand-grip test. Figure 2 quantifies the differences among countries using the
standing broad jump and endurance shuttle run performances of 12-year-old
boys. Note, endurance shuttle run performances were compared by using the
speed at the last completed stage to estimate the time taken to complete the
1,600 m run test, and hence, the distance behind the best runner.

A second finding is that the countries of northern and central Europe con-
sistently outperformed those of western and southern Europe. When nations
were ranked on the mean overall z-score across all nine tests, northern Europe
[Finland (1st), Iceland (3rd), Estonia (5th), and Lithuania (7th)] and central
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Table 2. Sample-weighted mean z-scores, standard errors of the z-scores and sample size for the flamingo balance and plate tapping tests
for boys and girls from each country where data were available (higher z-scores indicate superior performance)

Flamingo balance Plate tapping

boys girls boys girls

z SE n z SE n z SE n z SE n
Albania —0.20 0.02 1,422 +0.27 0.02 1,284 +0.19 0.02 1,422 +0.15 0.03 1,283
Belgium —0.01 0.01 8,003 —0.14 0.01 8,043 —0.27 0.01 8,026 —0.11 0.01 8,063
Bulgaria —0.04 0.05 314 +0.13 0.05 292 +0.18 0.05 314 +0.23 0.04 292
Estonia +0.17 0.02 1,815 —0.06 0.02 2,346 —0.02 0.02 1,815 +0.04 0.02 2,124
France +0.24 0.04 950 +0.13 0.03 672 —0.20 0.02 4,073 —0.14 0.02 3,710
Greece +0.14 0.02 3,186 +0.09 0.01 3,113
Iceland +0.16 0.03 1,072 —0.14 0.02 961 +0.22 0.03 1,100 +0.24 0.02 979
Italy —0.12 0.02 3,831 +0.28 0.02 3,601 —0.07 0.01 4,253 —0.02 0.02 3,986
Latvia —0.07 0.02 3,063 +0.04 0.02 3,458
Lithuania +0.25 0.03 764 —0.22 0.03 837 0.00  0.04 764 —0.08 0.03 837
Netherlands +0.37 0.03 1,026 +0.62 0.02 848
Poland —0.06 0.02 3,328 —0.14 0.02 3,131 +0.25 0.01 3,744 +0.20 0.01 3,519
Romania —0.23 0.08 135 —0.16 0.07 180 0.00  0.09 138 —0.03 0.05 191
Slovakia —0.09 0.02 2458 +0.27 0.02 1,737 +0.53 0.02 2,474 +0.34 0.02 1,764
Spain +0.15 0.01 4355 —0.10 0.01 4,238 —0.05 0.01 7,028 —0.07 0.01 6,940
Switzerland +0.08 0.02 1,601 —0.05 0.02 1,624
Turkey —0.07 0.06 323 +0.28 0.04 219
UK (Northern Ireland) —0.54 0.24 35 +0.29 0.13 35 —0.38 0.17 35 —0.55 0.06 285
UK (Wales) +0.38 0.02 913 —0.71 0.04 663
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Table 3. Sample-weighted mean z-scores, standard errors of the z-scores and sample size for the sit-and-reach and standing broad jump

tests for boys and girls from each country where data were available (higher z-scores indicate superior performance)

Sit-and-reach Standing broad jump

boys girls boys girls

z SE n z SE n z SE n z SE n
Albania +0.58 0.02 1422 +052 0.02 1,284 —0.28 0.02 1,422 —-0.30 0.03 1,284
Belgium —-0.04 0.01 9523 -—0.02 0.01 9,379 +0.10  0.01 9,519 +0.13  0.01 9,361
Bulgaria +0.12  0.05 314 —0.04 0.05 292 +0.40  0.04 314 +0.22  0.05 292
Czech Republic —-0.23  0.07 224 +0.11  0.06 215 +0.41  0.06 224 +0.49  0.05 215
Estonia +030 0.02 2258 +029 0.02 2,775 +0.44  0.02 2,461 +0.43  0.02 2,990
Finland +0.54  0.05 511 —-0.04 0.04 598 +0.30  0.04 511 +0.30  0.03 598
France —-0.11 0.03 1,276 —0.18 0.02 982 +0.21  0.01 4,498 +0.15  0.01 4,121
Germany —0.01  0.05 497  —0.04 0.04 480 +0.12  0.04 497 +0.19  0.04 480
Greece —-0.11 0.02 3,187 +0.05 0.02 3,114 —0.48  0.02 3,186 —0.70  0.02 3,114
Hungary —0.51  0.01 14,889 —0.35 0.01 12,855
Iceland —-0.02 0.02 4910 +031 0.01 4,525 +0.73  0.01 5,028 +0.89  0.01 4,730
Ttaly —-038 0.02 4,077 -0.15 0.02 3,795 —0.56 0.01 4,274 —-0.70  0.02 4,007
Latvia —-0.04 0.02 3,046 —021 0.02 3,481 +0.21  0.02 3,012 +0.06 0.01 3,458
Lithuania +0.44  0.03 764  +0.16 0.03 837 +0.46  0.03 764 +0.41  0.03 837
Netherlands —-0.10 0.03 1,024 +0.16 0.03 846 —0.31 0.04 1,025 —0.14  0.03 838
Poland +0.01 0.02 3,744 -0.17 0.01 3,519 +0.08  0.005 40,215 +0.08  0.005 38,626
Romania +0.28  0.05 138 +0.05 0.05 195 —-0.23  0.06 138 —0.18  0.06 192
Slovakia +0.04 0.02 2,705 +0.02 0.02 1,871 +0.40  0.02 2,464 +0.43  0.02 1,875
Spain —-0.04 0.01 7203 -—0.09 0.01 7,289 +0.11  0.02 6,596 —0.02 0.01 6,653
Switzerland +0.75 0.03 1475 +084 0.03 1,625 +0.31  0.02 1,595 +0.24  0.02 1,607
Turkey +043  0.02 1,061 +0.13  0.02 1,126 +0.09  0.03 902 +0.17  0.03 887
UK (Northern Ireland)  —0.28  0.02 2,998 —042 0.02 3,129 —0.46  0.02 3,024 —0.64  0.02 2,665
UK (Wales) —0.65 0.04 913 —-0.73  0.02 1,431
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Table 4. Sample-weighted mean z-scores, standard errors of the z-scores and sample size for the hand-grip and sit-ups tests for boys and
girls from each country where data were available (higher z-scores indicate superior performance)

Hand-grip Sit-ups

boys girls boys girls

z SE n z SE n z SE n z SE n
Albania —-1.17  0.02 1,422 —1.09 0.03 1,284 =025 0.02 1,327 —0.46 0.02 1,190
Belgium +0.31  0.01 8,228 +0.36  0.01 8,201 +0.15  0.01 8,348  +0.07 0.01 8,307
Bulgaria +0.17  0.04 314 +0.19  0.05 292 =027 0.04 314 —0.13 0.04 292
Estonia +0.45 0.02 1,815 +0.22  0.02 2,130  +0.33  0.02 1,815  +0.22 0.02 2,130
France —0.33  0.04 499 —0.33  0.04 434 —0.33 0.01 4332 —043 0.01 3,956
Greece —0.28 0.01 3,187 —-0.22 0.01 3,110  —0.17 0.01 3,185  —0.20 0.02 3,114
Hungary +0.34  0.01 14,461 +0.53  0.01 12,404 —0.88 0.01 14,461 —0.76  0.01 12,404
Iceland +0.14  0.16 30 +0.27 0.18 29 =028 0.01 4920 —0.18 0.01 4,487
Italy —0.50 0.01 3,366 —0.35 0.02 3,150 —0.38 0.0l 4230 —0.26 0.02 3,901
Latvia +0.21  0.02 2,957  +0.12  0.01 3,370
Lithuania +0.04  0.03 764 —0.12  0.03 837 +0.71 0.03 764  +0.65 0.02 837
Netherlands +0.39  0.03 1,034 +0.62  0.03 884  +0.13 0.02 3,459  —0.16 0.03 842
Poland —0.15 0.005 39,831 —-0.25 0.005 37,889 +035 0.005 37,269 +0.33 0.005 38,629
Romania —0.05 0.05 140 +0.15  0.04 178  +0.02  0.06 140  +0.19 0.05 186
Slovakia +0.79  0.02 2,456 +0.84 0.02 1,715 +0.57 0.02 2,462  +0.64 0.02 1,864
Spain +0.04 0.02 6,927 +0.05 0.02 6,947 —0.11 0.01 7,288  —0.11 0.01 7,268
Switzerland +0.83  0.02 1,599  +0.77 0.02 1,614
Turkey +0.14  0.03 1,130 +0.67  0.03 1,163  —0.55 0.02 950 —0.81 0.03 730
UK (Northern Ireland) —0.26  0.01 3,034 —0.06 0.01 3,161  +0.10 0.02 3,013  —-0.19 0.02 3,122
UK (Wales) —0.04 0.02 913 —-0.97 0.02 913
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Table 5. Sample-weighted mean z-scores, standard errors of the z-scores and sample size for the bent arm hang and agility shuttle run tests
for boys and girls from each country where data were available (higher z-scores indicate superior performance)

Bent arm hang Agility shuttle run

boys girls boys girls

z SE n z SE n z SE n z SE n
Albania +0.06 0.02 1,422 —0.09 0.02 1,284 —0.31 0.02 1,422 —0.32 0.02 1,284
Belgium —0.07 0.01 7,972 —0.05 0.01 7,963 —0.37 0.01 8,295 —0.22 0.01 8,270
Bulgaria —0.53 0.01 314 —0.54 0.01 292 +0.16 0.03 314 +0.06 0.03 292
Estonia +0.21 0.02 1,815 +0.01 0.02 2,130 +0.16 0.02 1,815 +0.15 0.02 2,130
France —0.05 0.01 4,035 —0.13 0.01 3,693 +0.17 0.01 4,377 +0.15 0.01 4,007
Greece —0.21 0.02 3,139 —0.25 0.01 3,073
Iceland +0.19 0.02 3,630 +0.21 0.02 3,714 +0.45 0.01 4,894 +0.58 0.01 4,502
Italy —0.46 0.01 3,897 —0.40 0.01 3,317 —0.36 0.02 4,445 —0.54 0.02 3,675
Latvia +0.07 0.02 3,027 +0.05 0.02 3,423 —0.10 0.02 2,688 —0.09 0.02 3,431
Lithuania +0.27 0.03 764 -0.02 0.03 837 -0.20 0.02 661 —0.04 0.02 837
Netherlands +0.12 0.03 1,026 +0.07 0.03 843 +0.56 0.02 1,020 +0.69 0.02 829
Poland +0.03 0.01 29,118 +0.07 0.01 33,291 —0.29 0.02 2,760 —0.23 0.02 2,744
Romania —0.03 0.03 140 —0.41 0.01 187 —0.31 0.07 138 —0.49 0.07 186
Slovakia +0.46 0.02 2,453 +0.27 0.03 1,862 +0.35 0.02 2,436 +0.32 0.02 1,716
Spain —0.02 0.01 7,025 —0.03 0.01 6,949 +0.30 0.02 6,336 +0.28 0.02 6,308
Switzerland +0.17 0.02 1,589 +0.09 0.02 1,603
Turkey —0.10 0.03 914 —0.24 0.03 654 +0.02 0.04 1,139 +0.26 0.02 1,101
UK (Northern and) +0.03 0.03 1,139 —0.08 0.03 1,327 —0.20 0.01 3,018 —0.45 0.02 3,103
UK (Wales) —0.15 0.03 663 —0.23 0.02 913




Table 6. Sample-weighted mean z-scores, standard errors of the z-scores and sample
size for the endurance shuttle run test for boys and girls from each country where data were
available (higher z-scores indicate superior performance)

Endurance shuttle run

boys girls
z SE n z SE n

Belgium +0.11 0.01 9,375 —0.02 0.01 9,229
Czech Republic +0.43 0.06 224 +0.73 0.08 215
Estonia +0.91 0.02 2,461 +1.05 0.02 2,774
Finland +0.53 0.05 511 +0.73 0.04 598
France +0.46 0.02 3,535 +0.39 0.02 3,385
Germany +0.17 0.05 497 +0.15 0.04 480
Greece —0.42 0.01 3,070 —0.51 0.01 2,997
Hungary —0.01 0.02 428 +0.38 0.02 885
Iceland +0.65 0.02 3,960 +0.94 0.02 3,681
Italy —0.15 0.02 2,322 —0.48 0.02 3,217
Lithuania +0.69 0.02 764 +0.58 0.02 837
Netherlands —0.09 0.02 1,021 —0.18 0.03 853
Poland —0.17 0.01 37,249 —0.13 0.01 36,496
Slovakia +0.16 0.02 2,445 +0.10 0.02 1,858
Spain +0.02 0.01 7,090 —0.05 0.01 7,012
Switzerland —0.26 0.02 1,588 —0.40 0.02 1,589
Turkey —0.20 0.10 72

UK (Northern Ireland) +0.20 0.02 2,274 —0.08 0.02 2,365

Europe [Slovakia (2nd) and the Czech Republic (4th)] dominated. On individ-
ual tests, Estonia performed best on the endurance shuttle run, Iceland on the
standing broad jump, and Slovakia on the hand-grip and bent arm hang. In con-
trast, the lowest ranked countries overall were from the British Isles [Northern
Ireland (19th) and Wales (23rd)] and southern Europe [Albania (18th), Greece
(20th) and Italy (22nd)].

The superior fitness of northern and central European children has been a
recurrent theme in studies since the 1960s. In 1960, Knuttgen [77] reported that
99% of Danish 7th—12th grade girls, and 96% of Danish boys outperformed their
peers from the US on the 600-yard (550 m) walk/run test. Shephard [78] found
that Scandinavian children were far superior to children from North America
on tests measuring peak oxygen uptake. Rutenfranz [3] reported that 10-, 15-
and 17-year-old German boys and girls performed decidedly better on a PWC,4,
test (W - kg™!) than comparable Canadian children, and were of similar fitness
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Table 7. Rankings for the 23 countries based on the
overall sample-weighted mean z-score across those tests for
which data were available

Country Overall z-score Rank
Finland +0.39 1
Slovakia +0.35 2
Iceland +0.35 3
Czech Republic +0.32 4
Estonia +0.32 5
Switzerland +0.28 6
Lithuania +0.22 7
Netherlands +0.16 8
Germany +0.10 9
Turkey +0.06 10
Poland +0.02 11
Bulgaria +0.02 12
Latvia +0.02 13
Spain +0.01 14
France +0.01 15
Belgium 0.00 16
Romania —0.09 17
Albania —0.17 18
UK (Northern Ireland) —0.22 19
Greece —0.23 20
Hungary —0.27 21
Ttaly —0.31 22
UK (Wales) —0.42 23

to Czech children measured in other studies. More recently, Murphy [79]
reported that the motor test performance (muscular endurance, flexibility, power
and strength) of Icelandic children was superior to that of their peers from
Australia, North America and other European countries. Similarly, in a compar-
ative study of motor test performances of 12- and 15-year-olds from six
European countries, Telama et al. [5] found that children from northern and cen-
tral Europe typically outperformed children from Western Europe. Koenig-
Mclntyre [1] compared the 1-mile (1,609 m) run performance of 10-year-old
Finnish, Norwegian and Swedish children to those of United States children. The
passing percentages on criterion-referenced tests of the northern European chil-
dren (54-85%) easily exceeded those of United States children (42-44%).
Fredrikson [80] compared directly measured peak oxygen uptake values of
European children, finding that children from northern Europe were superior to
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Fig. 2. The magnitude of differences in European children’s Eurofit test performance
(1981-2001). Shown are the average values for 12-year-old boys from 22 countries. a Average
distance (cm) behind the best standing broad jump average. b Average distance (m) behind
(over 1,600m) the fastest endurance shuttle run average. UK (NIRE) = United Kingom
(Northern Ireland).

their peers from other parts of Europe. In a recent meta-analysis of 109 reports
of the performance of 418,026 children and adolescents from 37 countries tested
on the 20 m endurance shuttle run, Olds et al. [2] found that the best performing
children came from northern European countries.

Fitness differentials may reflect physical activity gradients. Vincent et al.
[81] found that Swedish children took more daily steps than Australian chil-
dren, who in turn were more active than American children. Riddoch et al. [82]
found the following order in the activity levels of children from different coun-
tries using accelerometry: Norway, Estonia, Portugal, Denmark.

The enduring superiority of young people from these regions points either
to genetic or to embedded socio-cultural differences. These may be related to
the long tradition of institutionalized and organized participation in physical
activity in northern and central Europe, starting with the gymnastics move-
ments in central and northern Europe in the early 1800s: Jahn’s Turnvereine in
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Germany, Sokol gymnastics in central Europe, and Ling gymnastics in Sweden.
These developed into massive youth movements throughout the twentieth cen-
tury. As Europe becomes more economically and culturally integrated in the
21st century, it will be interesting to see whether these differentials persist.

Factors Related to Performance

An obvious question is what factors are related to this wide scatter of per-
formance scores. Using Spearman’s rho, the strength of the linear relationships
between relative performance and some broad indicators of each country’s
economic, sporting and geographical status, as well as the average BMI z-score
(a crude index of relative fatness), was explored.

Economic Status

An a priori case can be made to suggest that a country’s wealth could be
related to performance. Wealthy countries may have the resources, at the school
and broader community level, to engage children in active recreation. Alter-
natively, they may offer more opportunities for sedentary pastimes and an
‘effortless’ lifestyle. To examine the relationship between wealth and perform-
ance, wealth was operationalized as per capita Gross Domestic Product (GDP)
in Parity Purchasing Power (PPP) dollars [83] an index of the real purchasing
power of average yearly income. The GDPs ranged from USD 4,900 for
Albania to USD 33,800 for Switzerland. Gross Domestic Product was not sig-
nificantly related to the overall mean z-score (r = +0.04, p = 0.87), nor to the
mean z-score for any specific test. Finland (GDP = USD 29,000) returned the
highest overall mean z-score (+0.39), but only marginally ahead of the Czech
Republic (+0.32), with a GDP barely half as great (USD 16,800).

Another economic index of interest is the distribution of wealth within a
country, which is captured by the Gini Index [84]. It is arguable that countries
with a very inequitable distribution of wealth (high Gini Index) may perform
worse because of pockets of relative disadvantage, and pockets of excessive
affluence. The Gini Indexes ranged from 24.4 for Hungary to 42.0 for Turkey.
However, the Gini Index was not significantly related to overall mean z-score
(r = +0.26, p = 0.19). The country with the second most inequitable income
distribution (Estonia, Gini Index = 37.0) performed only slightly worse than
the country with the second most equitable distribution (Czech Republic, Gini
Index = 25.4). The fitness of young Europeans therefore appears to be unre-
lated to major indices of economic status.

Sporting Status
Does the place of sport and exercise in the ‘national psyche’ of a country
affect the performance of young people on fitness tests? Two indices which
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might reflect a national ‘commitment’ to sport are performance at the Olympic
Games and the time devoted to school-based physical education (PE). Olympic
performance was quantified using an index which took into account both the
country’s population and the frequency of its appearance at the summer and
winter games [85]. Olympic medals may not always be a good indicator of
sporting success or national interest in sport. Very small countries may be dis-
advantaged, and the inclusion of Winter Olympic Games tends to exclude hot
countries. However, there are few other markers for which international data are
available. The Olympic success indexes ranged from 47.3 for Finland to 0 for
Albania. Olympic performance was moderately and significantly related to
overall mean z-score (r = +0.45, p = 0.03), with the most successful Olympic
country (Finland, Olympic Index = 47.3) also having the best Eurofit perform-
ance. This association may be interpreted as evidence of a ‘trickle-down’ effect
(elite athletic performance inspires emulation at the grass roots level), or as
evidence of a ‘trickle-up’ effect (grass roots participation produces elite ath-
letes). It is also possible that a third factor — for example, the cultural impor-
tance placed on sport — affects each index independently.

The minutes devoted per week to school PE ranged from 60 in Finland to
150 in France [86]. However, minutes of PE were unrelated to fitness perform-
ance (r = +0.11, p = 0.68). This last observation is of interest, and suggests
that activity outside of school outweighs school-based activity; that the time
notionally devoted to PE is not a good measure of the effectiveness of PE
classes; or else that compensation for activity at school occurs outside of school
hours [87].

Geographic Factors

Previous studies have found a relationship between climate and children’s
fitness performance [2], with colder countries registering superior perform-
ance. In the current study, both latitude [88] and mean annual temperature [89]
were related to overall mean z-score (r = +0.51, p = 0.01 for latitude;
r = +0.63, p = 0.03 for temperature). This relationship may reflect the popu-
larity of vigorous outdoor winter sports such as skating and cross-country ski-
ing, or may be an artefact of the superior performance of northern European
countries. It is also possible that the extremely hot southern summers discour-
age physical activity. However, temperature was also related to Olympic
performance (r = +0.67, p = 0.02), so it is possible that the relationship was
mediated by the societal importance placed upon sport.

Body Mass Index
Given the cross-sectional relationship between fatness and performance on
some fitness tests, and plausible mechanistic links, it would be expected that
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Table 8. Correlation matrix for mean z-scores for the nine tests

FLB PLT SAR SBJ HGR SUP BAH SHR ESR

FLB +0.06 —-0.04 +0.01 +020 -0.23 +0.01 +0.10 —0.10
PLT +0.57 +0.64 +043 +030 +024 +045 +0.11
SAR +0.82 +0.61 +041 +039 +0.60 +0.52
SBJ +0.60 +026 +0.55 +0.84 +0.51
HGR +0.46 +0.55 +0.54 +0.13
SUP +0.53 —0.02 +0.01
BAH +0.50 +0.14
SHR +0.47
ESR

BAH = Bent arm hang; ESR = 20m endurance shuttle run; FLB = flamingo balance;
HGR = hand-grip; PLT = plate tapping; SAR = sit-and-reach; SBJ = standing broad
jump; SHR = 10 X 5m agility shuttle run; SUP = sit-ups.

national-level markers of pediatric fatness would correlate with fitness perform-
ance. Livingstone [90] found a north-south gradient in the obesity levels of
European children, with children from the south (Italy, Spain and Greece — but
also Hungary) being fatter than children from northern Europe. More recently,
Lobstein and Frelut [91] confirmed this trend, with high levels of child over-
weight in Spain, Italy and Greece compared to Denmark, Germany, the Czech
Republic and Slovakia. In the present study, BMI z-scores were not related to
overall mean z-scores, but were significantly related to performance on the
endurance shuttle run (r = +0.53, p = 0.03). Olds et al. [this vol., pp. 226-240]
found a similar relationship between fatness and aerobic performance across a
larger sample of countries.

Consistency across Tests, and between Boys and Girls

Do countries which perform well on one test tend to perform well on the
others? Table 8 shows the inter-correlations between mean z-scores for the nine
tests. Some tests (e.g. standing broad jump) were strongly correlated with many
others; some (such as flamingo balance) show only weak correlations. Only
three countries (Estonia, Finland and Slovakia) recorded positive mean z-scores
on all tests, and no country recorded negative z-scores on all tests. On average,
the range of z-scores for a country across the tests was 0.80, varying from the
consistent Germany (—0.03 to +0.16) to the erratic Albania (—1.13 to +0.55).
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‘Fitness’ as measured by the Eurofit test battery appears to be a multi-dimensional
construct.

There was, however, a great deal of consistency between boys’ and girls’
relative performances within a country. The correlations between boys’ and
girls’ mean z-scores range from —0.53 (p = 0.05) for the flamingo balance to
+0.96 (p < 0.0001) for the standing broad jump, with all correlations positive
(except that for the flamingo balance). Across all tests, the correlation is +0.86
(p < 0.0001). If the boys from a given country perform well on a given test, the
girls are also likely to perform well (and vice versa, of course).

Methodological Issues

A problem common to almost all cumulation studies of this sort, is the issue
of representativeness. Despite using Eurofit test protocols, tests may not have
always been conducted under precisely the same conditions (e.g. weather, test sur-
faces, practice, etc.). Such factors were seldom reported and were therefore
uncontrollable. There were also differences in sampling protocols, ranging from
convenience samples to randomized national surveys. The subjects may have
come from different ethnic, cultural, socio-economic and socio-demographic
groups, and from groups differing in their exposure to physical activity. It is likely
that the sheer number of data points in this study will dampen irregularities aris-
ing from sampling inconsistencies. This is particularly true where there have been
a number of different studies from the same country. For example, results from
Belgium, Estonia, France, Italy, Poland, Spain and the UK (Northern Ireland)
were based on at least 5,000 children and at least six separate studies each. They
typically represented a wide within-country geographical dispersion. The confi-
dence in these results therefore, is much greater that those based on one or two
small-sample studies (e.g. Bulgaria, Czech Republic and Romania).

All children were tested between 1981 and 2001. With recent reports of a
European decline in children’s aerobic fitness test performance [Tomkinson
and Olds, this vol., pp. 46—66], direct comparisons of aerobic performances
among countries would disadvantage those countries where the bulk of the data
were collected recently and advantage those countries where the bulk of the
data were collected earlier. In contrast, there have been reports [92] of perfor-
mance stability in European children tested on power, speed and speed agility
tests, suggesting that a time-related correction for these tests is unwarranted.
However, secular data on other Eurofit tests are few, and are available only for
several European countries [see Jiirimée et al., this vol., pp. 129—142]. Given
that secular data were not available for all European countries for which Eurofit
data were available, time-related corrections of fitness test performances are
impossible, although it is acknowledged that the relative performances of some
fitness test results may warrant correction.
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Conclusion

This study represents the largest cumulation to date of data on the perform-

ance of European children and adolescents on standardized fitness tests. The
analysis of these data confirms the higher performance levels of young people
from northern and central Europe. The lack of relationship between perform-
ance and gross indicators of economic status, and the apparent irrelevance of
scheduled minutes of school PE, suggest that the availability of resources may
not be the critical factor in determining performance levels. Barring genetic
differentials, it seems likely that socio-cultural factors are important. The place
of exercise and sport in the national psyche, the background expectations
regarding physical activity, and the tradition of participation may be the greatest
influences on European youth.
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Abstract

Introduction: Both Estonia and Lithuania have a long history of pediatric fitness testing,
but due to a lack of standardized test batteries spanning a substantial number of years, secular
changes in fitness test performance have not been previously reported. Using the Eurofit test
battery, the aim of this study was to quantify the secular changes in fitness test performance of
Estonian and Lithuanian children and adolescents during the first ten years of independence.
Methods: Two cross-sectional surveys of Estonian and Lithuanian 11- to 17-year-old tested on
the Eurofit in 1992 and 2002 were compared. Secular changes were calculated by first, express-
ing mean values (at the country X age X sex X test level) in 2002 as a percentage of mean val-
ues in 1992, and second, by subtracting 100 from the resultant and then dividing 10 to express
the changes as percentage changes per annum (p.a.). Negative values indicated secular declines,
and positive values secular improvements. Results: Secular changes in Eurofit test perfor-
mance were calculated for 12,226 Estonian and Lithuanian children and adolescents over the
10-year period. Across all Eurofit tests, secular changes ranged on average from —0.98 to +0.49%
p-a., with performances less variable for Estonian children than for Lithuanian children. Secular
changes were strikingly consistent across age and sex groups. Discussion/Conclusion: This is the
first study to have described the secular changes in Eurofit test performance of children and ado-
lescents from the Baltic states. It shows that between 1992 and 2002, changes in Eurofit perfor-
mance varied among tests and were not always in line with European and global changes.

Copyright © 2007 S. Karger AG, Basel

It has widely been reported in the popular literature that the fitness of chil-
dren and adolescents has declined in recent decades. Based on the assumption



that unfit children become unfit adults (though fitness tracks only moderately
well from childhood and adolescence into adulthood [1]), today’s children are
thought to be at increased risk for cardiovascular disease. This is because low
fitness is significantly associated with a higher prevalence of numerous cardio-
vascular disease risk factors [2].

This widespread popular belief is somewhat surprising, given that the
peer-reviewed scientific literature which has explicitly dealt with secular
changes in pediatric fitness is extremely exiguous [3]. Most of the available
research, rather than focusing on secular changes in ‘gold standard’ laboratory-
based measures of fitness, has focused on secular changes in children’s perfor-
mance on field tests of fitness, where a good lineage of data exists. Some
authors (e.g. Tomkinson and Olds [this vol., pp. 46—66] and [4]) have collec-
tively summarized this literature and comprehensively described global
changes in jumping (power), agility- and sprint-running (speed), and distance-
running (aerobic) performances. However, little is known about secular changes
in performances on other fitness tests, such as motor skill (e.g. balance) and
muscular fitness tests (e.g. strength, endurance and flexibility).

In spite of a rich history of pediatric fitness testing, secular changes in
fitness test performance have not been previously reported for children and
adolescents from the Baltic states (Estonia, Latvia and Lithuania). Due to a
lack of standardized test batteries spanning a substantial number of years, the
fitness test results of Baltic children and adolescents are largely incommensu-
rable. However, the introduction of the Eurofit [5] — a standardized health-
and performance-related fitness test battery — into the Baltic States immedi-
ately after these countries gained independence from the Soviet Union in
1991, allowed for the development of population-based reference data for
Estonia and Lithuania [6]. The aim of this study was to quantify the secular
changes in Eurofit test performance of children and adolescents from two
Baltic states (Estonia and Lithuania) during the first ten years of indepen-
dence. It was also of interest to compare secular changes and Eurofit test per-
formances of Baltic children and adolescents to those of their peers from
other countries.

Methods

Subjects

In 1992, a cross-sectional sample of 4,789 healthy Estonian and Lithuanian 11- to
17-year-old were tested using the Eurofit test battery [6]. Ten years later, a second cross-
sectional sample of 7,437 healthy 11- to 17-year-old was tested using identical procedures.
Subjects were conveniently selected from five cities comprising between 40,000 and 750,000
inhabitants each, with one school from each city district represented. Only students from
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schools which used the Estonian or Lithuanian languages for study were recruited. All sub-
jects participated in 2 X 1h compulsory physical education classes per week. Oral consent
for testing was given by both the child and their parents/guardians.

Testing Procedures

The exact testing procedures have been previously described in detail by Jiirimide and
Volbekiene [6]. All tests were performed and scored using Eurofit protocols [5]. The same
two teams (Estonian and Lithuanian) of qualified personnel conducted the testing sessions,
with testing held in the morning in school gymnasiums as part of compulsory physical edu-
cation classes. All testing was conducted in the April-May period, with no systematic differ-
ences between surveys. Testing procedures were standardized by running training sessions
for testing personnel prior to data collection, and by routinely calibrating all testing equip-
ment throughout the testing period. All subjects were familiar with the testing equipment,
and completed all fitness tests.

The testing sessions were structured such that all anthropometric testing preceded fit-
ness testing. Height and mass were measured using a Martin metal anthropometer (0.1 cm)
and a medical balance scale (+0.05 kg), respectively. Following a brief (=10 min), standard-
ized warm-up consisting of light running, jumping and static stretching, all Eurofit tests were
performed in the following order: sit-and-reach (flexibility), flamingo balance (balance),
hand-grip strength (strength), standing broad jump (power), 10 X Sm agility shuttle run
(speed agility), plate tapping (speed), bent arm hang (upper body muscular endurance), sit-
ups (abdominal muscular endurance), and 20m endurance shuttle run (cardiorespiratory
endurance). Note, because different types of dynamometers were used for the two surveys,
no secular comparisons were made for hand-grip strength.

Data Entry and Treatment

All hard copy data were manually entered into a spreadsheet and checked for transcrip-
tion errors, with corrections made where appropriate. All endurance shuttle run scores were
converted from the number of completed minutes to the speed at the last completed minute
using the procedures of Tomkinson et al. [7].

Statistical Analysis

Data were grouped into country X age X sex X test groups (e.g. Estonian 11-year-old
boys tested on the standing broad jump), with mean values for 1992 and 2002 calculated.
Mean values for 2002 were then expressed as a percentage of the mean values for 1992,
with percentages adjusted such that those greater than 100 indicated improvements in
performance.

For comparative purposes, all secular changes were expressed as a percentage of mean
values per annum (p.a.), by subtracting 100 from the percentage values and dividing the
resultant by 10. Negative values indicated secular declines, and positive values secular
improvements. Mean changes (weighted by the square root of sample size) and their corres-
ponding standard errors (SE) and 95% confidence intervals (CI) were calculated using the
procedures of Tomkinson [3; this vol., pp. 46—66], with CIs used to compare among groups
(e.g. different fitness tests) and to estimate the likelihood of a ‘real’ change (i.e. when the CI
did not include zero).
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Results

Secular changes in Eurofit test performance were calculated for 12,226
11- to 17-year-old Estonians (n = 5,747) and Lithuanians (n = 6,470) over the
period 1992-2002. Changes were calculated for height, mass and fitness tests
measuring aerobic, balance, flexibility, muscular endurance, power, speed and
speed agility performance.

Table 1 shows the mean changes for each country X test group. Overall,
mean changes ranged from a decline of —0.98% p.a. (CI —1.11 to —0.85%
p.a.) for Lithuanians tested on the sit-and-reach to an improvement of +0.49%
p-a. (CI +0.36 to +0.62% p.a.) for Lithuanians tested on the flamingo balance.
Country X test changes for Estonians were consistently smaller than for
Lithuanians. There was no significant change overall for Estonians in height,
mass, plate tapping, standing broad jump, sit-ups, agility shuttle run and
endurance shuttle run. There was a decline in flamingo balance and sit-and-
reach, and an improvement in bent arm hang. The overall picture for
Lithuanians was somewhat different. As for Estonians, there was no change in
height, plate tapping, sit-ups and agility shuttle run, and a decline in sit-and-
reach. In contrast however, there was a decline in bent arm hang, standing broad
jump and endurance shuttle run, an improvement in flamingo balance, and an
increase in mass.

While table 1 shows the variability among country X test groups, figure 1
shows the variability within country X test groups, by plotting the mean coun-
try X age X sex X test performances in 2002 as a percentage of the respective
performances in 1992. Figure 1 shows that there was considerable variability
within country X test groups, with performances in 2002 (relative to 1992)
ranging from 84 to 115% for Lithuanians tested on the Flamingo balance to 98
to 101% for Estonians tested on the endurance shuttle run. With the exception
of the sit-and-reach, the variability within country X test groups was always
greater for Lithuanians than for Estonians. Country X age X sex X test
changes did not vary systematically with sample size.

Secular changes were strikingly similar among older children (11-12
years), younger adolescents (13—15 years) and older adolescents (16—17
years) (table 1). There were however some exceptions. For example, bent arm
hang performance declined at —0.68% p.a. (CI —0.91 to —0.45% p.a.) in
older Lithuanian children, and remained stable in both younger [—0.15% p.a.
(CI —0.34 to +0.04% p.a.)] and older [—0.01% p.a. (CI —0.29 to +0.27%
p-a.)] Lithuanian adolescents. There was also remarkable secular consistency
in boys and girls, with the majority of the boy and girl changes consistent in
direction.
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Table 1. Mean changes in Eurofit test performance for Estonian and Lithuanian children and adolescents (1992-2002)

Variable A % p.a. (SE)

11-12 years 13-15 years 16-17 years boys girls all
Estonia
Height, cm 0.00 (0.13) —0.01 (0.10) +0.02 (0.15) —0.01 (0.10) +0.01 (0.10) 0.00 (0.07)
Mass, kg +0.01 (0.13) +0.11 (0.10) +0.13 (0.15) +0.18 (0.10) +0.01 (0.10) +0.09 (0.07)
Flamingo balance, n in 60s —0.05 (0.13) —0.43 (0.10) —0.05 (0.15) —0.10 (0.10) —0.34(0.10) —0.22 (0.07)
Plate tapping, s +0.02 (0.13) +0.04 (0.10) —0.07 (0.15) 0.00 (0.10) +0.02 (0.10) +0.01 (0.07)
Sit-and-reach, cm —0.39 (0.13) —0.11 (0.10) —0.37 (0.15) —0.10 (0.10) —0.40 (0.10) —0.25(0.07)
Standing broad jump, cm +0.01 (0.13) —0.04 (0.10) —0.11 (0.15) —0.05 (0.10) —0.04 (0.10) —0.04 (0.07)
Sit-ups,nin 30s +0.15 (0.13) +0.11 (0.10) +0.16 (0.15) +0.05 (0.10) +0.22 (0.10) +0.14 (0.07)
Bent arm hang, s +0.06 (0.13) +0.24 (0.10) +0.24 (0.15) +0.10 (0.10) +0.26 (0.10) +0.19 (0.07)
Agility shuttle run, s —0.02 (0.13) +0.07 (0.10) —0.01 (0.15) 0.00 (0.10) +0.04 (0.10) +0.02 (0.07)
Endurance shuttle run, km - h™'  —0.04 (0.13) —0.07 (0.10) —0.08 (0.15) —0.04 (0.10) —0.09 (0.10) —0.07 (0.07)
Lithuania
Height, cm +0.08 (0.12) +0.01 (0.10) +0.01 (0.14) +0.07 (0.09) 0.00 (0.09) +0.03 (0.07)
Mass, kg +0.31 (0.12) +0.12 (0.10) +0.05 (0.14) +0.25 (0.09) +0.07 (0.09) +0.16 (0.07)
Flamingo balance, n in 60 s +0.49 (0.12) +0.67 (0.10) +0.17 (0.14) +0.03 (0.09) +0.93 (0.09) +0.49 (0.07)
Plate tapping, s +0.25 (0.12) —0.07 (0.10) —0.18 (0.14) +0.04 (0.09) —0.05 (0.09) 0.00 (0.07)
Sit-and-reach, cm —1.09 (0.12) —1.25(0.10) —1.27(0.14) —1.27(0.09) —1.15(0.09) —1.21(0.07)
Standing broad jump, cm —0.44 (0.12) —0.22 (0.10) —0.25(0.14) —0.08 (0.09) —0.51 (0.09) —0.30(0.07)
Sit-ups, nin 30s —0.07 (0.12) +0.23 (0.10) +0.14 (0.14) —0.01 (0.09) +0.24 (0.09) +0.12 (0.07)
Bent arm hang, s —0.68 (0.12) —0.15 (0.10) —0.01 (0.14) —1.02 (0.09) +0.46 (0.09) —0.27 (0.07)
Agility shuttle run, s —0.01 (0.12) +0.16 (0.10) +0.21 (0.14) +0.34 (0.09) —0.09 (0.09) +0.12 (0.07)
Endurance shuttle run, km - h™!  —0.86 (0.12) —0.87 (0.10) —0.75(0.14) —0.89 (0.09) —0.79 (0.09) —0.84 (0.07)
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Fig. 1. Univariate plot of mean Eurofit performances (standardized to 1992 = 100) of
Estonian (circles) and Lithuanian (triangles) children and adolescents. Each point represents
a single country X age X sex X test mean performance in 2002. Higher values (i.e. those to
the right of the dashed vertical line) indicate better performances.

Discussion

Despite recent reports of global declines in pediatric aerobic test perfor-
mance, equivalent to about 4-5% per decade since 1970 [Tomkinson and Olds,
this vol., pp. 46—66], this study showed that between 1992 and 2002, there was
no change in aerobic performance of Estonian children, and a decline nearly
double that of the global decline in Lithuanian children. However, in line with
global changes, there has been little recent change in anaerobic performance of
Estonian and Lithuanian children. Secular changes, while remarkably consistent
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for children of different ages and for boys and girls, were not consistent among
different Eurofit tests and between Estonians and Lithuanians.

It is not obvious why there has been little overall secular change in
Estonian children and why performance (e.g. aerobic) has declined more in
Lithuania than in Estonia. It is important to note that the main aim of this study
was to quantify the secular changes in Eurofit test performances of Baltic
children, rather than the mechanistic factors underlying those perfor-
mances (the reader is referred to the chapter by Tomkinson and Olds [this
vol., pp. 46—66] for a description of a plausible mechanistic model). It is the
ability to balance and bend the body, move it faster and for longer, and lift and
support it off the ground which expands a child’s play potential and is impor-
tant for children’s physical activity levels, irrespective of the underlying causal
mechanisms.

Secular Comparisons with Other European Countries and the World

Given that few studies have explicitly reported on secular changes in pedi-
atric fitness test performance, secular comparisons among countries are
extremely rare. Such comparisons are undoubtedly affected by differences in the
time periods over which the changes were calculated. However, by describing the
global time-related patterns of change and time-related patterns of performance,
the large meta-analyses of Tomkinson and Olds [this vol., pp. 46—66] and
Tomkinson [4] provide a global context for changes in power, speed and aerobic
performance of Estonian and Lithuanian children. Data from Tomkinson and
Olds [this vol., pp. 46—66] and Tomkinson [4] represent cumulated jumping, and
agility-, sprint-, and distance-running performances on over 74 million children
and adolescents from 31 countries over the period 1958-2003.

Between 1992 and 2002, it has been estimated that there have been global
declines in pediatric power (—0.23% p.a.), speed (—0.04% p.a.) and aerobic
(—0.51% p.a.) performance [Tomkinson and Olds, this vol., pp. 46-66; 4].
However, the Baltic changes are not always consistent with global changes.
Figure 2 contrasts secular changes for Estonia, Lithuania and the world, by plot-
ting the time-related patterns of performance (standardized to 1992 = 100) for
power, speed and aerobic fitness tests. Figure 2 shows that since 1992: (1)
power test performances of Estonian children have changed little, and those of
Lithuanian children have declined in line with the global change; (2) speed test
performances of both Estonian and Lithuanian children have changed little and
are in line with the global change, and (3) aerobic test performances of Estonian
children have changed little, and those of Lithuanian children have declined at a
rate greater than the global change.

While figure 2 provides some clues (for power, speed and aerobic perfor-
mance at least) regarding whether Estonia and Lithuania are part of the global
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Fig. 2. Comparison of Estonian, Lithuanian and world time-related patterns of perfor-
mance (standardised to 1992 = 100) for (a) power, (b) speed and (C) aerobic fitness tests.
World data are from Tomkinson and Olds [this vol., pp. 46—66] and Tomkinson [4], and span
the period 1958-2002, while Estonian and Lithuanian data span the period 1992-2002.
Higher values indicate better performance.

change, table 2 allows the calculated changes in Eurofit test performance to be
embedded in a European context. Using Eurofit data [§-35] from Tomkinson
et al. [this vol.,, pp. 104-128], and the statistical procedures adopted in
this study (see above ‘Statistical Analysis’), secular changes were calculated for
all country X age X sex X test groups, which included at least two coun-
try X age X sex X test X year of test reports spanning a minimum of five
years. For comparative purposes, only secular changes for 11- to 17-year-old
were considered. Therefore, in addition to the secular data presented on Baltic
(Estonia and Lithuania) 11- to 17-year-old in this study, secular data were avail-
able for boys and girls of similar age from Northern (Iceland), Eastern (Poland),
Southern (Italy and Spain) and Western (Belgium and France) Europe, tested
using the Eurofit between 1985-2002.

Examination of table 2 shows that for some Eurofit tests, the secular chan-
ges among European countries are remarkably consistent (e.g. sit-and-reach,
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Table 2. Summary of secular changes in Eurofit test performance of European children and adolescents (11-17 years)

Reference(s) Country  Years Sex Age Numberof A % p.a.(SE)
range samples
FLB PLT SAR SBJ SUP BAH SHR ESR
[8] Belgium 1990- M, F 12-17 585-862 —-0.48 -0.78 —-0.71 -031 -026 —-0.72 —-0.24 -0.32
1997 (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)
[9-12] France 1985—- M, F 11-12 203-549 —-0.34 —-1.79 +0.58 —0.44
1998 (0.13) (0.14) (0.14) (0.14)
[13]; Gunnarsson, Iceland 1986— M, F 11-15 351-754 —-1.01 —-0.59 -047 —-293 +0.63
pers. commun. 1999 (0.07) (0.06) (0.07) (0.07) (0.07)
[14-18] Italy 1993— M,F 12-14 616-993 +1.46 -045 —1.16 +0.17 —-081 -025 +0.23 -0.36
1998 (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
[19-26] Poland 1991- M,F 11-17 694,499 —1.95 +0.05 —-091 +026 +0.19 +283 +0.12 —1.18
2001 (0.09) (0.07) (0.07) (0.02) (0.02) (0.03) (0.07) (0.04)
[27-33] Spain 1985~ M, F 11-17 392-1,147 —044 —-1.72 +0.17 +0.83 +2.03 —0.80
2000 (0.05) (0.04) (0.05) (0.04) (0.05) (0.05)
Europe  1985- M,F 11-17 694,499 —0.14 -0.29 -1.01 -0.03 +0.04 +0.60 —0.04 —0.56
2002 (0.03) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
This study Estonia  1992—- M, F 11-17 241-502 -0.22 +0.01 —-025 -0.04 +0.14 +0.19 +0.02 -0.07
2002 (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)
This study Lithuania 1992— M, F 11-17 280-557 +0.49 0.00 -1.21 -030 +0.12 —-0.27 +0.12 —-0.84
2002 (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07) (0.07)

The table shows the study reference, country, span of years over which testing took place, age range of the children tested, the range of sam-
ple sizes for each country X age X sex X test change, and the calculated \n-weighted mean change (A % p.a.) for eight Eurofit tests. The stan-
dard errors of the mean changes (SE) are shown in parentheses. Mean changes (and their SEs) are shown for flamingo balance (FLB), plate
tapping (PLT), sit-and-reach (SAR), standing broad jump (SBJ), sit-ups (SUP), bent arm hang (BAH), 10 X 5m agility shuttle run (SHR) and
20 m endurance shuttle run (ESR).

Note, the span of testing years and the age range of tested children are not consistent for all mean changes.




agility shuttle run and endurance shuttle run), while for others there is consider-
able variability (e.g. flamingo balance and bent arm hang). It is possible that
those tests which show very large secular variability may reflect differences in
test methodology (e.g. the scoring of bent arm hang performances requires some
subjective judgment). Relative to other countries, the secular changes across of
all Eurofit tests have been much more consistent in Estonian children. On aver-
age, there have been declines in balance, flexibility, speed and aerobic perfor-
mance of European children, with improvements in upper body muscular
endurance performance, and no change in power, speed agility and abdominal
muscular endurance performance. Relative to mean European declines, the rate
of decline in flexibility and aerobic performance was much less in Estonian chil-
dren (note, there was a nonsignificant decline in aerobic performance in Estonia)
and much greater in Lithuanian children. On the other hand, secular changes in
abdominal muscular endurance performance of Estonian and Lithuanian chil-
dren are similar to European changes, as are the changes in power performance
for Estonian and European children. Despite a general European trend for poorer
performances on speed tests, there has been no change over time in speed
performance of Estonian and Lithuanian children.

Performance Comparisons with Other European Countries

While the main aim of this study was to quantify secular changes in
Eurofit test performance, it was also of interest to compare the performances of
Estonian and Lithuanian children and adolescents to those of other Europeans
of similar age. Using data on 1,185,656 Eurofit test performances of children
and adolescents from 23 European countries, Tomkinson et al. [this vol.,
pp. 104-128] reported that the performances of Estonian and Lithuanian boys
and girls (those tested in 1992) was superior to their European peers on most
Eurofit tests, with Estonian boys and girls the best performing endurance shut-
tle runners and Lithuanian boys the best performing flamingo balancers (fig. 3).
On average, the Eurofit test performances of Estonian and Lithuanian children
were +0.32 (range —0.06 to +1.05) and +0.22 (range —0.22 to +0.71) stan-
dard deviations above European means. Estonia was the 5th best performing
country overall, and Lithuania the 7th best. While it is beyond the scope of this
study to discuss why Baltic children typically outperform most other European
children, the reader is referred to the chapter by Tomkinson et al. [this vol.,
pp. 104-128] for a discussion on the geographical variability in pediatric
Eurofit test performances.

Though the data of Tomkinson et al. [this vol., pp. 104—128] represent
the best available comparative Eurofit data, it should be borne in mind that
comparisons were made using only data from the 1992 survey. Given that
secular data were not available for all European countries for which Eurofit
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Fig. 3. Test-specific mean percentile values for Eurofit test performances in Estonian and
Lithuanian boys and girls, relative to their peers from 21 European countries. Data are from
Tomkinson et al. [this vol., pp. 104-128]. Higher percentile values indicate better performance.
BAH = Bent arm hang; ESR = 20m endurance shuttle run; FLB = flamingo balance;
PLT = plate tapping; SAR = sit-and-reach; SBJ = standing broad jump; SHR = 10 X Sm
agility shuttle run; SUP = sit-ups.

data were available, time-related corrections of fitness test performances are
impossible. It is acknowledged therefore, that the relative performances of
Estonian and Lithuanian children reported by Tomkinson et al. [this vol.,
pp. 104—128] may differ somewhat if the 2002 data were used. For example,
assuming time-related corrections based on the secular changes shown in
table 2, Estonian children should still be ranked at the top for the endurance
shuttle run, but the ranking for Lithuanian children (fig. 3) may drop some-
what, given that the secular decline in Lithuanian children is greater than the
European average. This would also hold true for the relative rankings of chil-
dren from other countries.
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Methodological Issues

Ideally, a study examining secular changes in Eurofit test performance
of Estonian and Lithuanian children and adolescents would compare large,
nationally representative samples over time. Unfortunately, the samples used in
this study cannot be regarded as nationally representative, given the convenient
sampling method and use of only children from single-language schools resi-
dent in large cities. Nonetheless, they do represent urban children from both
countries, and those who regularly participate in structured physical education.
While some of these factors will produce performances unrepresentative of the
general population, there is no evidence of systematic, time-related biases in
these factors, so estimates of mean secular changes should not be biased. It is
noteworthy that secular differences in power, speed and aerobic performance
have been reported for urban and rural children (e.g. rural Chinese children
fared consistently better over time than did their urban counterparts [3]), and
the secular changes reported in this study, may not reflect those of the general
pediatric Estonian and Lithuanian populations.

While sampling may be considered a weakness, a clear strength of this
study is that data in both surveys were collected under precisely the same test
conditions. All fitness testing was conducted indoors on identical ground sur-
faces, at the same time of day and year, using Eurofit test protocols administered
by the same groups of trained personnel. As a result, factors such as motivation
and peer dynamics are less likely to be systematically biased. Ultimately, this
study presents the ‘best’ available secular data on the fitness test performance
of Estonian and Lithuanian children and adolescents.

Conclusion

This study described recent secular changes in Eurofit test performance of
children and adolescents from Estonia and Lithuania. It showed that secular
changes in fitness test performance, while consistent between children of dif-
ferent ages and sexes, varied by test and were not always in line with European
or global changes. It also showed that on average, Estonian and Lithuanian chil-
dren outperform their European colleagues on fitness tests.
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Abstract

Although Asia represents well over half of the world’s population, the comparative lack of
resources and infrastructure in many of these countries is likely to have contributed to only spo-
radic data being available to examine secular changes and geographical variability in the fitness
test performances of Asian children and adolescents. Given the concerns that currently exist in
the development of childhood obesity including, in many Asian countries, knowledge on the
secular changes in nutrition and physical fitness and activity would seem germane to develop-
ing proactive public health strategies. The aim of this study therefore was to summarize exist-
ing literature reporting explicitly on secular changes in the fitness test performance of Asian
children and adolescents, and where possible, comment on the geographical variability of such
performances. Using a meta-analytical strategy, this study summarizes the secular changes in
power, speed and cardiovascular endurance test performance of over 23.5 million 6- to 19-year-
olds from seven Asian countries, tested between 1917 and 2003. In addition, it summarizes the
geographic variability in fitness test performance of Asian children and adolescents within, and
outside of, Asia. There has been very little change in the power and speed test performances of
Asian children and adolescents in recent decades, yet alarmingly, there have been consistent
declines in cardiovascular endurance fitness performance across all studied Asian nations over
the past 10-15 years. Given the association between cardiovascular endurance fitness and
numerous degenerative conditions (e.g. diabetes, obesity and metabolic syndrome), recent
declines in cardiovascular endurance fitness performance of Asian children and adolescents
should be an issue of major concern for public health authorities throughout Asia.

Copyright © 2007 S. Karger AG, Basel

Physical fitness is widely considered to be an important component of
health and has the benefit that it can be relatively easily measured given the



existence of many well-known valid and reliable test batteries [1]. In this study,
our concept of fitness will therefore not be restricted to the limited information
provided by laboratory-based measures of peak aerobic power [2], but rather to
include a variety of well known field-based performance tests, where a good
lineage of data exists. Because physical fitness is significantly associated,
at least in adults, with the risk of developing a variety of degenerative conditions,
then any changes in the fitness of a nation are therefore likely to provide some
insight into future changes in a nation’s health. It is of concern then that in Asia,
a continent containing 60% of the world’s population, an apparent lack of
resources and infrastructure is likely to have contributed to limited representa-
tive data being available to examine secular changes in the fitness, and by asso-
ciation the health, of its inhabitants. Recent concerns in the development of
childhood obesity have been well documented [3], with many rapidly develop-
ing Asian countries succumbing to this problem [4], yet much of Asia has little
representative data on the health and fitness of its children and adolescents.
Fortunately, a number of Asian countries have accumulated and published rep-
resentative data on fitness that are well suited to secular analysis, with the most
extensive databases likely to be those of the Japanese, Korean and Singaporean
Ministries of Education, which have annual fitness test data dating back several
decades. Asian countries need to place a greater importance on the periodic col-
lection and publication (e.g. every 3—5 years) of appropriate representative data
on both the nutritional and physical fitness/activity habits of its population, as
its subsequent analysis for secular changes would seem germane to developing
proactive public health strategies throughout this highly populated and rapidly
developing region of the world.

The aim of this study, therefore, is to examine existing datasets for secular
changes and geographical variability in the fitness test performance of Asian
children and adolescents.

Secular Changes in Fitness Test Performance

This study reviews studies that either have explicitly commented on secular
changes in fitness test performances of normal Asian children and adolescents or
have published data from which secular changes can be estimated. Studies were
obtained from searching the Medline and Sports Discus databases, from the
extensive doctoral research of Tomkinson [5], and the results from a global
request posted on the Sportscience e-mail forum [6]. Only studies reporting on
secular changes in power, speed and speed agility, cardiovascular endurance test
performance, and peak oxygen uptake were considered. As the typically large
surveys reported here could not be undertaken in highly controlled laboratory
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settings, most studies relied on well-known field tests of fitness. With the avail-
ability of a wide variety of field tests, secular data on similar field tests (i.e. tests
which impose similar physiological demands on the participants’ energy systems
and which have typically been validated against criterion standards) were
grouped by fitness component to provide a more comprehensive secular analy-
sis. Secular changes in power were therefore estimated using single-jump tests
(e.g. vertical jump, standing broad jump), in speed by sprint- and agility-running
tests (e.g. S0 m sprint, 4 X 10 m agility run), and in cardiovascular endurance by
distance-running tests (e.g. 1,000 m, 9 min run). These secular changes therefore
reflect only changes in performances on tests commonly used to estimate power,
speed and cardiovascular endurance. Other than the secular peak oxygen uptake
data, these rubrics may not perfectly represent changes in the underlying physio-
logical mechanisms — they are terms which broadly reflect common usage.

Because changes over short time periods can be quite labile, only studies
reporting secular changes spanning a minimum measurement period of three
years were considered. Unfortunately, this meant that some extensive and well-
known cross-sectional studies [17, 18, 35, 36] were excluded from the analysis,
because secular changes could not be calculated. A heavy reliance was placed
on studies published in English, although several key datasets were kindly pro-
vided by local experts in countries such as Mainland China, Korea, Thailand,
and Japan, where the original reports were not published in English.

Few studies systematically quantified the secular changes in fitness test per-
formance, so descriptive summary data were analyzed to allow comparisons to
be made. All rates of change in fitness test performance were calculated at the
country X study X age X sex X test level using the procedures of Tomkinson
and Olds [this vol., pp. 46—66]. Least-squares linear regression weighted by the
square root of sample size (n) was used to determine the regression coefficient,
and hence the absolute rate of change. The square root of sample size was chosen
as the weighting method because our confidence in the estimation of each group
mean (i.e. the standard error) is proportional to the square root of the sample size.
Unweighted least-squares linear regression was used to determine the regression
coefficient if sample size (n) statistics were not reported. Relative rates of change
[% change per annum (p.a.)] were determined by expressing the regression coef-
ficient as a percentage of the respective Vn-weighted group mean (if n was
known) or the unweighted group mean (if » was not known). Ninety-five percent
confidence intervals (CI) were calculated as the range spanning 1.96 standard
errors either side of the mean performance change, with the standard error of a
mean performance change estimated using procedures described in Tomkinson
[5]. CIs could only be calculated for country X study X age X sex X test groups
for which » was known. Negative values were used to indicate performance
declines, and positive values performance improvements. It should be noted that
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while linear regression provides a consistent analysis method across studies, it is
recognized that not all secular changes are linear.

This study summarizes the secular changes in at least 630 country X
study X age X sex X test reports, on over 23.5 million 6- to 19-year-old Asians,
tested between 1917 and 2003. The following sections describe the secular changes
in the fitness test performances of children and adolescents from Mainland China,
Hong Kong, Japan, Korea, Singapore, India and Thailand. Table 1 summarizes the
studies and performance changes used in this analysis.

Mainland China

No published reports describing secular changes in the fitness test perfor-
mance of Chinese children and adolescents were found. However, analysis of five
national surveys of health and fitness of Chinese children and adolescents span-
ning 21 years [7—11], provides some information. In 1985 [8], 1991 [9], 1995 [10]
and 2000 [11], nationally representative samples of Chinese 7- to 19-year-olds
were tested for power on the standing broad jump, speed on the 50 m sprint, and
cardiovascular endurance on the 400 (7- to 12-year-old), 800 (13- to 19-year-old
girls) and 1,000 m runs (13- to 19-year-old boys). In the 1979 [7] national survey,
Chinese of similar age and sex were tested on the standing broad jump and 400 m
run. Height and mass were recorded in all five surveys. In total, performance test
data were available on 1,181,600 Chinese from both urban and rural areas.

In general, power and speed test performances improved over time, while
cardiovascular endurance test performances declined. Power test performances
improved at an average rate of +0.44% (CI +0.43% to +0.45%) per annum
p.a., while speed test performances improved at +0.10% (CI +0.09% to
+0.11%) p.a. On the other hand, declines in the 400, 800 and 1,000 m runs
were observed, averaging —0.28% (CI —0.29 to —0.27%) p.a. Concurrent
increases in body mass index (BMI) were also observed over the 21-year
period. Rural Chinese performed consistently better over time, with rates of
improvement in power and speed test performance greater, and rates of decline
in cardiovascular endurance test performances less than those of their urban
counterparts. However, when a 3rd-order polynomial was fitted to the data
(anchored at 1991 = 100), it appears that since 1995, power test performances
have started to decline (fig. 1), while declines in cardiovascular endurance test
performances have accelerated (fig. 2).

Two relatively recent papers [12, 13] report identical datasets on the peak
aerobic power of children and adolescents in China. The researchers aimed at
collecting data from 150 students in one primary school and 350 students in two
secondary schools in Beijing, using a stratified cluster sampling procedure. Using
a Bruce treadmill protocol together with a Jaeger Ergo-Oxyscreen, metabolic
data were collected on 215 males and 248 females, aged 10-19 years. Lin and
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Table 1. Summary of the studies and performance changes used in this analysis

Ref. Country Years Sex  Age Sample Power Speed CVE
range No.
years test(s) A%p.a. test(s) A% p.a. test(s) A% p.a.
(SE) (SE) (SE)
7-11  China 197920000 M,F 7-19 10,898 SBJ +0.44 50m +0.10 400m, 800m, —0.28
23,868 (0.005) (0.005) 1,000 m (0.005)
20 Hong Kong  1998-2003 M,F 12-19 381-694 9min —0.95
(0.06)
21 Japan 1917-1969 M,F 8-18 ND SBJ —0.104 50m, —0.134 5min +0.06¢
100m
22 Japan 1984-1993 M, F  10-19 8,963~ RBL, V]  —0.20 50m —0.06 1,000 m, —-0.25
18,831 (0.005) (0.01) 1,500 m (0.01)
23 Japan 1968-1989 M,F 12,18 512-895 50m —0.06 1,000 m, -0.23
(0.09) 1,500 m (0.11)
24 Japan 1964-1997 M,F 11,14,17 7,693— RBJ, V]  +0.36 50m +0.16 1,000 m, +0.13
12,360 (0.005)° (0.01)° 1,500 m (0.01)°
26 Korea 1978-1986 M,F G9,Gl12 1944 SBJ +0.16 100m +0.07 800m, -0.36
1,951 (0.08) (0.08) 1,000 m (0.08)
27 Korea 1988-1998 M,F  6-17 834-1,265 SBJ -0.68 50m —0.33 1,200m —1.16
(0.03) (0.03) (0.04)
28 Korea 1968-1984 M, F  10-17 441,482~ 600m, 800m, —0.05
2,746,884 1,000m (0.002)
28 Korea 1985-2000 M, F 10-17 17,614— 600m, 800m, —0.88
20,914 1,000 m (0.005)
29 Singapore 1980-1992 M,F 12-19 132-393 SBJ +0.25 SHR4 X10 +0.41 2,400 m —0.16
(0.08) (0.08) (0.08)
33 Thailand 19902003 M,F 8-12 2,926° SBJ —0.81 50m -0.50
(0.03) (0.03)

For each study, the country and span of measurement years, the sex and age range of the children and adolescents tested, the range of sample sizes for each
country X age X sex X test group, the fitness tests, the mean power-, speed- and cardiovascular endurance-related performance changes (A % p.a.), and the standard errors
of the mean changes (SE), are shown.

CVE = Cardiovascular endurance; M = male; F = female; G = grade (see Age range, years); ND = not determined.

50m = 50m sprint; 100m = 100m sprint; 400m =400m run; 600m = 600m run; 800m = 800m run; 1,000m = 1,000m run; 1,200m = 1,200m run;
1,500m = 1,500 m run; 2,400m = 2,400 m run; 5Smin = Smin run; 9min = 9min run; RBJ = running broad jump; SBJ = standing broad jump; SHR4 X10 =4 X 10m
agility shuttle run; VJ = vertical jump.

aSecular changes for speed span the period 1985-2000.

"Values derived from reported descriptive summary data.

Secular changes reported as a composite score but shown here as the secular changes for individual fitness components.

4SEs not shown because sample size statistics were not available.
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Fig. 1. Secular changes in the standing broad jump of Chinese youths aged 7-19 years
(standardized to 1991 = 100). Each point represents a single age X gender X year report.
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Fig. 2. Secular changes in the 400/800/1,000 m run times of Chinese youths aged 7-19
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report. Lower values indicate better performance. Open circles indicate urban dwellers,
closed circles indicate rural dwellers, and the solid line represents a third-order polynomial
fitted to all points.
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Fig. 3. Comparison of peak oxygen uptake recorded from four studies on Chinese
male children and adolescents. Adapted from Lin et al. [12] with permission of Wiley-Liss,
Inc., a subsidiary of John Wiley and Sons, Inc.

colleagues [13] made comparisons with other peak oxygen uptake data col-
lected on boys in Beijing by Qiao [14] (reported as using ‘running in place’),
Zhou and Lu [15] (reported as using cycle ergometry) and Ding et al. [16]
(treadmill ergometry). The extremely high values reported by Ding et al. [16]
exceeding 70ml - kg™' - min~! in both the 14- and 17-year-old boys, suggest
these data may not be representative of a normal school population. The lower
values reported in the other three studies appear likely to be more representa-
tive, and also show a gradual improvement in aerobic power across all ages
from 1964 to 1986, and then to 1996 (fig. 3). However, as mentioned by Lin
et al. [12] the slightly higher values of aerobic power may in part reflect the
expected higher values found using treadmill ergometry when compared to
cycle or stepping protocols. Though peak oxygen uptake data on girls are lack-
ing, it appears that little has changed since the mid-1980s [12].

Hong Kong

Only over relatively recent years have standardized measurement tech-
niques been employed in Hong Kong to be able to assess secular changes. One of
the earliest and most comprehensive fitness studies on children and adolescents
was performed by the Chinese University of Hong Kong, in conjunction with
Michigan University, using the nine-item Asian Committee’s Standardized
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Physical Fitness Test [17]. The resulting normative data from 9,770 students
aged 10-18 years were then used in 1991 to promote the Physical Fitness Award
Scheme for Secondary Schools by the Education Department and the Hong
Kong Childhealth Federation. After the formation of the Hong Kong Sport
Development Board in 1991, an even larger survey [18] of 20,304 Hong Kong
school children was performed. This study used the Asian youth version of the
International Council for Health, Physical Education, Recreation, Sports and
Dance (ICHPER.SD-Asia) health-related fitness test that was adopted in 1989
by a regional meeting of [ICHPER.SD-Asia [19] and the data subsequently used
to update the School Fitness Award Schemes norms.

In 1998-1999 and 2002-2003, the Physical Education Section of the
Education Department, aided by the Hong Kong Physical Fitness Association,
conducted two territory-wide surveys of Hong Kong secondary schools. Data
were collected on approximately 300 students at the age X sex level, resulting
in nearly 5,000 students in each study [20]. Changes could be determined in
cardiovascular endurance (9 min timed run), and abdominal (sit-ups) and upper
body strength (push-ups). There were consistent declines in all fitness tests
(which were greater for boys than for girls), with the 9 min run performances
declining at an average of —0.95% (CI —1.06 to —0.84%) p.a.

Japan

In Japan, there has been a long history of research tracking changes in fit-
ness test performance of children and adolescents. The first Japanese study exam-
ining secular changes in fitness performance was by lkai and Fukunaga [21],
which looked at the evolution of power, speed and cardiovascular endurance per-
formance over the period 1917-1969. In this study, performances on the standing
broad jump, 50 m (girls) and 100 m (boys) sprint and 5 min run tests were com-
pared between 1917 and 1969 in Japanese 8- to 18-year-olds. Performances over
time were relatively stable in all tests, the exception being boys’ 100 m sprint
performances. Over the period 1929-1969, standing broad jump performance
declined at an average rate of —0.10% (range —0.36 to +0.08%) p.a. There was
little change in the 50 m sprint, with age X sex changes ranging from a decline of
—0.11% p.a. to an improvement of +0.22% p.a. (average +0.04% p.a.). In the
100 m sprint, however, performance declined, averaging —0.31% (range —0.54 to
—0.12%) p.a. Performance changes in the 5 min run were small, increasing at an
average rate of +0.06% (range —0.13 to +0.20%) p.a.

Using large datasets from the Japanese Ministry of Education, Culture,
Sports, Science and Technology’s annual nation-wide survey of physical fitness
and athletic ability, Matsuura [22] described the secular changes in body size
and fitness performance of 10-, 13-, 16- and 18-year-old Japanese students
between 1984 and 1993. Every year since 1964, a national survey of physical
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fitness and athletic ability has been conducted in Japan, using the same tests
and sampling procedures, on children and adolescents aged 1019 years. Each
year, about 1,000 students per age X sex X test group are tested on a battery of
14 fitness tests — seven which mark physical fitness and seven athletic ability.
The fitness test battery includes tests measuring power (the vertical and running
broad jumps), speed (50 m sprint) and cardiovascular endurance (the 1,000 m
run for girls and the 1,500 m run for boys), as well as flexibility (trunk flexion
and extension), and muscular strength (back and grip strength). Height and
mass are also measured annually.

Fitness performance generally declined across the period 1984-1993.
Vertical jump performance declined at an average rate of —0.08% (CI —0.10 to
—0.06%) p.a. The average rate of decline was four times larger in the running
broad jump, averaging —0.32% (CI —0.34 to —0.30%) p.a. Secular changes in
the 50 m sprint for speed were similar to those observed for the vertical jump
for power, averaging —0.06% (CI —0.08 to —0.04%) p.a. Rates of decline in
cardiovascular endurance tests on the other hand were similar to those observed
in the running broad jump. On average, 1,000 and 1,500 m distance run perfor-
mance declined at the average rate of —0.25% (CI —0.27 to —0.23%) p.a.
Moreover, Japanese children and adolescents in 1993 were taller, heavier, less
flexible and weaker than their counterparts were in 1984.

A mixed-longitudinal study of Japanese students enrolled in a single Tokyo
secondary school examined the secular changes in running performance and
developmental patterns [23]. Anthropometric and fitness tests were adminis-
tered in physical education classes to first year students in late May each year,
from 1968 to 1989 inclusive. At the time of testing, first-year students were
12 years of age. Students were tested annually over the duration of their 6-year
stay at the school. Changes in speed (50 m sprint) and cardiovascular endurance
(the 1,000m run for girls and the 1,500m run for boys) performance were
reported for first-year (12-year-old) and final-year (18-year-old) students over
the 21-year period. In total, 1,720 students were tested for speed, and 1,028 for
cardiovascular endurance. Over the period 1968-1989, 50m sprint perfor-
mance remained stable at —0.06% (CI —0.23 to +0.11%) p.a., while distance
run test performance declined at —0.23% (CI —0.45 to —0.01%) p.a.

To examine the effects of physical education on health promotion in Japanese
students, Noi and Masaki [24] analyzed the physical fitness (n = 218,540) and
athletic ability (n = 233,287) test results of 11-, 14- and 17-year-olds over a
34-year period, from 1964 to 1997. The 11-year-olds represented students from
elementary school, the 14-year-olds from junior high school and the 17-year-olds
from full-time senior high school. Data came from the annual nationwide
survey of physical fitness and athletic ability conducted by the Ministry of
Education, Culture, Sports, Science and Technology over 1965-1998. Changes
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in ‘overall’ physical fitness and athletic ability (scaled, composite scores from
seven tests of physical fitness and seven tests of athletic ability, respectively)
were reported. Performance in the vertical jump test (power), as well as tests of
flexibility, and muscular strength and endurance, contributed to overall physical
fitness. For athletic ability, performance in the running broad jump (power),
50 m sprint (speed), and 1,000 m (girls) and 1,500 m (boys) runs (cardiovascular
endurance) all played a part.

Noi and Masaki [24] reported that educational practice throughout Japan
was set by the government-issued ‘Guideline for Teaching’ and is bound by law.
Since the end of the Second World War, school physical education has been
revised almost every decade, with ‘systematic athletic exercise’ emphasized in
physical education in the 1960s, ‘physical fitness’ in the 1970s, ‘play’ in the
1980s and ‘pleasurable play’ in the 1990s. The authors examined secular changes
in overall physical fitness and athletic ability over each ‘Guideline for Teaching’
period. Changes in overall physical fitness and athletic ability were markedly
similar in the direction of change, yet somewhat different in the magnitude of
change. Overall physical fitness improved in the 1960s (+0.71% p.a.) and 1970s
(+0.28% p.a.), changed little in the 1980s (—0.01% p.a.), and declined in the
1990s (—0.26% p.a.). In athletic ability, large improvements were seen in the
1960s (+1.90% p.a.) and smaller improvements in the 1970s (+0.39% p.a.), but
declines of —0.38 and —0.91% p.a. in the 1980s and 1990s, respectively (fig. 4).
The changes in each decade were similar in boys and girls. Interestingly, 100%
(12 of 12) of the age X sex reports for overall physical fitness and athletic ability
in the 1960s were improvements. In the 1970s and 1980s, the respective figures
were 83% (10 of 12) and 50% (6 of 12). In the 1990s all reports were declines.

Few data are available to allow examination of secular changes in peak
oxygen uptake in Japanese children. A study by Miyashita and Sadamoto [25]
compared peak oxygen uptake data (ml - kg™! - min~!) taken from two previous
reports of Japanese 10- to 12-year-olds collected in 1969 and 1978-1979. All
age X sex reports showed declines, ranging from a minimum of —0.63% p.a. to a
maximum of —1.96% p.a., at an average of —1.24% p.a. Figure 5 contrasts the
peak oxygen uptake of Japanese 10- to 12-year-olds in 1969 and 1978-1979.

Korea

Three studies reporting on secular changes in fitness test performance
of Korean children and adolescents were obtained. The first of these Korean
studies contrasted the fitness test performances of over 1,900 randomly selected
public school students (grades 9 and 12) tested on the Korean Student Physical
Fitness Test (KSPFT) in 1978, 1979 and 1986 [26]. Though the KSPFT
has changed over the years, several consistent test items, at least over the
1978-1986 period, were the standing broad jump (power), 100 m sprint (speed),
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Fig. 4. Secular changes in means (circles) and coefficients of variation (CV, squares)
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play’. Adapted from Noi and Masaki [24] with permission from the Oxford University
Press.
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Fig. 5. Comparison of peak aerobic power in Japanese children aged 10-12 years
between 1969 and 1978-1979. Adapted from Miyashita and Sadamoto [25] with permission
from Edizioni Minerva Medica.

and the 800 m (girls) and 1,000m (boys) runs (cardiovascular endurance). In
general, power and speed test performance improved, while cardiovascular
endurance test performance declined. Between 1979 and 1986, there was an
improvement in the standing broad jump [+0.16% (CI +0.01 to +0.31%) p.a.]
and stability in the 100m sprint [+0.07% (CI —0.08 to +0.22%) p.a.]. In
contrast, performance declines were observed in the distance runs, averaging
—0.36% (CI —0.51 to —0.21%) p.a.: —0.44% (CI —0.65 to —0.22%) p.a. for
boys (1,000 m) and —0.28% (CI —0.50 to —0.07%) p.a. for girls (800 m).

The Korean Ministry of Culture and Tourism reported the findings of their
five national surveys of physical fitness conducted between 1988 and 1998
[27], and whose aims included the examination of secular changes in physical
fitness of Korean students. Stratified, proportional samples of Koreans aged
6—17 years from all 15 provinces were tested in 1988, 1989, 1992, 1995 and
1998. A total of 30,227 Koreans were tested over the 10-year period for power
(standing broad jump), speed (50m sprint) and cardiovascular endurance
(1,200m run), in addition to muscular strength and endurance (push-ups and
sit-ups) and flexibility (sit-and-reach). Height and mass were also measured.
Over the decade, standing broad jump performances declined at an average rate
of —0.68% (CI —0.74 to —0.62%) p.a., with running performances also
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declining, averaging —0.33% (CI —0.39 to —0.27%) p.a. for the 50 m sprint
and —1.16% (CI —1.24 to —1.08%) p.a. for the 1,200 m run. Furthermore,
Koreans were taller, heavier, less flexible and had improved muscular strength
and endurance in 1998 than in 1988.

A study by Tomkinson et al. [28] described the secular changes in the
cardiovascular endurance test performances of 22,127,265 6- to 18-year-old
Koreans tested between 1968 and 2000 on runs ranging in distance from 600 to
1,200 m. Distance run data from six studies, plus the very large datasets from
the Korean Ministry of Education, and Ministry of Culture and Tourism, were
collated, with secular changes examined pre- and post-1985 (note, the changes
reported here only reflect those of 10- to 17-year-old tested on the 600, 800 and
1,000 m runs). The secular change in fatness (operationalized as BMI) was also
investigated. Prior to 1985, the cardiovascular endurance performance of
Korean children and adolescents declined slightly, at an average rate of —0.05%
(CI —0.05 to —0.05%) p.a. (note, due to very large sample sizes, the estimated
standard errors, and hence the confidence intervals, are extremely small).
However, after 1985, the rate of decline was much greater, averaging —0.88%
(CI —0.89 to —0.87%) p.a. (fig. 6). The post-1985 declines in cardiovascular
endurance performance are similar to those reported by the Ministry of Culture
and Tourism [27]. The pattern of change in BMI was similar in magnitude, but
opposite in direction (i.e. increases in BMI over time).

Singapore

A paper presented by Menon’s group in 1993 at the International Sports
Science Conference in Singapore [29] provides some insight into the secular
changes in fitness test performances of young Singaporeans. This study com-
pared the Singapore Sports Council’s National Physical Fitness Award (NAPFA)
norms, developed in 1980-1981, to the revised norms generated over a decade
later in 1991-1992. The original NAPFA norms involved 1,800 Singaporeans of
all ages [30] while the revised norms used a random, cluster sample of 3,263 stu-
dents aged 12—-19 years. Comparisons between 1980—-1981 and 1991-1992 were
made on fitness tests measuring power (standing broad jump), speed agility
(4 X 10 m agility shuttle run) and cardiovascular endurance (2.4 km run), as well
as flexibility (sit-and-reach) and muscular strength and endurance (sit-ups, pull-
ups and the inclined bent arm hang). Over the 12-year period, the standing broad
jump performances improved at an average rate of +0.25% (CI +0.09 to
+0.41%) p.a. Improvements were greater in the 4 X 10m agility shuttle run
though, with an average rate of improvement of +0.41% (CI +0.25 to +0.57%) p.a.,
whilst in the 2.4 km run, the pattern of change was reversed, with performances
declining at an average rate of —0.16% (CI —0.32 to 0.00%) p.a. Although the
Ministry of Education in Singapore annually updates a superb health-related
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Fig. 6. Scatterplot of mean run times in Korean youths (standardized to 1992 = 100)
against year of testing. Each circle represents a single age X sex X year of test X test report.
Higher values indicate poorer performance. The closed circles indicate boys and the open cir-
cles girls. The error bars are the standard errors. Note that some errors bars are not visible
because the standard errors are so small (i.e. sample sizes are very large). Adapted from
Tomkinson et al. [28] with permission from Georg Thieme Verlag.

fitness database on its schoolchildren, it was not possible to access these data in
order to analyze more recent secular changes.

India

There were no articles that focused on secular fitness changes of Indian
children, and only a small number of articles published in English that reported
on their cardiovascular fitness levels (as measured by peak aerobic power). Two
relatively recent papers [31, 32] reported data collected from Jaeger metabolic
equipment, using cycle and treadmill ergometry, respectively. Khanna et al.
[32] presented a cross-sectional analysis of 777 children training for high-level
sport, together with 209 untrained schoolchildren of 10-16 years of age
throughout India. They did not differentiate the results between boys and girls,
but provided a comprehensive comparison with a variety of international coun-
terparts. In comparison, Dey and Debray [31] reported data from 394 boys
aged 8—14 years from three stages in the Eastern Region and five states in the
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Fig. 7. Comparison of the peak aerobic power data on 209 untrained Indian school-
children (boys and girls combined together) [32], and on 394 boys from the Eastern Region
(ER) and North-Eastern Region (NER) of India [31].

North-East region, using equipment based at the Sports Authority of India,
Kolkata. A similar comprehensive comparison of their data was made with chil-
dren from 11 other international countries. Figure 7 summarizes the results of
these two studies and shows the peak aerobic power of the Indian boys in 2003
was comparable to the 1986 and 1996 data on Chinese boys (fig. 3).

Thailand

As part of his doctoral research into the socio-demographic distribution of
health-related fitness of Thai children, Klanarong [33] compared his national
survey of 5,970 randomly sampled 6- to 12-year-old tested in 2003 with three
previous national surveys of physical fitness of Thai children in 1990
(n = 18,000), 1995 (n = 12,000) and 1997 (n = 12,000). All surveys examined
physical fitness using the International Committee for the Standardization of
Physical Fitness Tests (ICSPFT) fitness test battery [34]. Secular changes were
reported on those aged 8—12 years and across fitness tests measuring power
(standing broad jump), speed (50m sprint), upper body strength (hand-grip
strength), and abdominal strength and endurance (sit-ups in 30 ).

Over the 13-year period, power test performance declined at an average rate
of —0.81% (CI —0.86 to —0.76%) p.a. A smaller decline was observed in speed
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test performance, with an average rate of decline of —0.50% (CI —0.55 to
—0.45%) p.a. Declines were also observed for abdominal strength and endurance,
with improvements in upper body strength. The author noted that an oversampling
of private school and urban children, and an undersampling of rural children in the
2003 study, could lead to spurious conclusions regarding secular changes.

Geographic Variability in Fitness Test Performance

There have been few reports that have commented on the geographic vari-
ability in the fitness test performance of Asian children. Of the 11 located, only
two [35, 36] commented on the variability within Asia, with the remainder
making international comparisons. This section will focus primarily on the
studies examining the variability within Asia.

Comparisons within Asia

In response to a call for comparisons of fitness test performance among
Asian children, pilot data using the eight-item ICSPFT fitness test battery were
collected on children aged 7, 12 and 18 years, from seven Asian countries [36].
Data were available from Hong Kong, Japan, Korea, the Philippines, Taiwan,
Thailand and Vietnam. A total of 3,200 children were tested between 1969 and
1971, with at least 40 subjects tested in age X sex X test group.

To quantify the variability in fitness test performance of children among the
seven Asian countries examined, an overall ‘Performance Index’ was calculated
using the procedures outlined in Olds et al. [37]. Briefly, the ‘Performance
Index’ is calculated by (a) generating pseudo data from reported means and stan-
dard deviations (SDs) using a Monte Carlo simulation, (b) for each fitness test,
performances are then expressed as z-scores relative to all children of the same
age and sex from all countries, and (c) averaging the age X sex X test-specific
z-scores for all children from that country. Note that the overall ‘Performance
Index’ was determined using only data from seven of the eight fitness tests,
because the protocol for lower trunk flexibility varied among countries.

There was considerable variability in fitness test performance of Asian chil-
dren. Overall, the best performing country was Japan (table 2). Japanese chil-
dren were 0.6 SDs above the overall Asian average. They ranked first in five of
the seven fitness tests, and second in the remaining two. Children from Hong
Kong, Taiwan, Korea and Thailand were middle-ranked, while their counterparts
from the Philippines and Vietnam performed the worst. Filipino and Vietnamese
children were about 0.3—0.5 SDs below the overall Asian average, with Vietnamese
children producing the poorest performances in 5 of the 7 tests.

The magnitude of differences among countries is shown in figure 8, using
the relative performances of 18-year-old girls tested on (a) the 800 m distance
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Table 2. Performance Index values (mean age X sex X test-specific z-scores) for 7-, 12- and 18-year-olds from seven Asian countries

tested in 1969-1971

Country Performance Index (SE)
BAH/PUP HGR RUN SBJ SHR SPR SUP Z-AVE

Japan 0.19 (0.05) 0.94 (0.04) 0.79 (0.04) 0.76 (0.05) 0.56 (0.04) 0.61 (0.03) 0.47 (0.04) 0.62 (0.02)
Hong Kong  —0.42 (0.08) 0.01 (0.09) —0.06 (0.04) 0.43 (0.09) 0.74 (0.08) 0.24 (0.08) —0.08 (0.09) 0.11 (0.03)
Taiwan 0.04 (0.03) 0.13(0.03) —0.10(0.03) —0.11(0.03) —0.05(0.02) 0.17 (0.02) 0.30 (0.02) 0.05 (0.01)
Korea —0.07 (0.02) —0.26 (0.03) —0.33(0.02) 0.20(0.03) —0.09(0.03) —0.25(0.04) —0.60(0.03) —0.11(0.01)
Thailand —0.55(0.04) —0.23(0.05) —0.53(0.05) —0.21(0.04) —0.02(0.06) —0.21(0.05) 0.38 (0.05) —0.17(0.02)
Philippines  —0.34 (0.04) NA 0.11(0.08) —0.23(0.07) —0.04(0.07) —0.74(0.07) —0.47(0.06) —0.30(0.03)
Vietnam 0.69(0.09) —0.94(0.04) —0.95(0.08) —0.49(0.04) —0.23(0.07) —0.47(0.07) —0.87(0.06) —0.46(0.03)

Data are from Meshizuka and Nakanishi [36]. Performance Indices are shown for the following tests: bent arm hang and pull-up (BAH/PUP);
hand-grip strength (HGR); 800m and 1,000 m distance runs (RUN); standing broad jump (SBJ); 40 m agility shuttle run (SHR); 50 m sprint
(SPR); and, sit-ups in 30 s (SUP). The overall Performance Index value (Z-AVE) is also shown. Standard errors (SE) are shown in parentheses.
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Fig. 8. The magnitude of differences in Asian children’s fitness test performance in
1969—-1971. Shown are the average values for 18-year-old girls from Hong Kong, Japan, Korea,
the Philippines, Taiwan, Thailand and Vietnam. a Distance (m) the average child from the rep-
resented countries would finish behind the fastest 800 m average. b Distance (cm) behind the
best standing broad jump average. ¢ Distance (m) behind the fastest 50 m sprint average.

run, (b) the standing broad jump, and (c) the 50 m sprint tests. The Japanese were
consistently the best performers, varying between 3 and 10% better than their near-
est rival.

Twenty-five years after the Meshizuka and Nakanishi [36] study, a second
study examining the geographical variability in fitness test performance of Asian
children was published. Fitness test data were collected over the period
1991-1995 on 10- to 17-year-old students from Japan (n = 2,149), Mainland
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China (n = 3,168), Hong Kong (n = 20,304) and Macau (n = 1,547), using the
ICHPER.SD-Asia fitness test battery [35]. Although the primary purpose of
developing the ICHPER.SD-Asia tests was to encourage greater interest in health
and fitness and not to provide data to compare among countries, this study
remains unique in its size and scope. Comparisons were made on tests measuring
cardiovascular endurance (distance runs ranging from 800 m to 1,500 m), abdom-
inal and upper body strength and endurance (sit-ups and pull-ups), and lower
trunk flexibility (sit-and-reach). The authors concluded that the Mainland Chinese
children performed the best overall, with children from Hong Kong and Japan
similar and middle-ranked, and children from Macau the poorest performers. The
superiority of Mainland Chinese relative to children from Hong Kong has also
been highlighted by Hong and Chan [38], who showed that Mainland Chinese
children were superior in tests measuring strength and cardiovascular endurance.

International Comparisons

Nine reports using data collected in the 1950s and 1960s (4) and 1990s (5)
were located which compared Asian children to their international counterparts.
The postgraduate dissertations of Tcheng [39] and Ikeda [40] compared Chinese
and Japanese children to United States children, respectively. Relative to United
States children, Asian children were stronger and more powerful, faster (in the
case of the Japanese) and had superior cardiovascular endurance (in the case of
the Chinese). A third postgraduate study of children from Japan, the Philippines
and the United States showed similar results [41]. Japanese children had superior
strength, power and cardiovascular endurance, however United States children
were faster. Overall, United States and Filipino children were similar.

A later comparative study on tests of power showed that relative to European
(Belgian, British and Czechoslovakian) and North American (American and
Canadian) children, Japanese children came out on top, with Taiwanese and
Indonesian children middle-ranked and Thai children at the bottom [42]. In
terms of speed, Japanese and Taiwanese children again outperformed the Thai
children, and were similar to Eastern European children. Japanese boys out-
performed their Taiwanese counterparts on cardiovascular endurance tests, and
were similar to Eastern Europeans. The patterns among Asian children
observed by this Czechoslovakian-based study [42] are congruent with those of
Meshizuka and Nakanishi [36].

Two studies comparing Taiwanese and United States children showed that
Taiwanese children in the early 1990s had inferior abdominal strength and
endurance [43, 44], yet they presented mixed results on cardiovascular tests.
Huang [43] showed that American 12- to 14-year-old outperformed their
Taiwanese counterparts in the 1-mile run (1,609 m), while Su [44], using the
same test, showed that in general, Taiwanese boys were superior and girls were
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similar. Another comparison was made with United States children using the
median data from a 1989-1990 study of 7,000 Hong Kong children aged
5-12 years [45]. The results indicated the Hong Kong children averaged 32%
fewer sit-ups and covered 7.2% less distance in the 9 min run, yet they were
slightly more flexible but had higher skinfold thicknesses than their American
counterparts.

Two studies have used the 20 m shuttle run test to draw international com-
parisons in cardiovascular endurance test performance. In a study comparing
approximately 500 children, Eston et al. [46] reported that Welsh and Hong
Kong children had similar cardiovascular endurance, which when compared to
Canadian children, was poorer in young children, but similar in older children.
In another comparison using 109 studies of the 20 m shuttle run test in 37 coun-
tries (n = 418,026), Olds et al. [37] reported that the best performing children
were from Northern Europe (Estonia, Iceland, Finland and Lithuania), with the
worst from Southern Europe (Greece, Italy and Spain) and the Pacific Rim
(Singapore, United States, Hong Kong and Australia). Japanese children were
above average and ranked 12th overall, while Hong Kong and Singaporean chil-
dren were below average, ranking 30th and 37th, respectively.

Methodological Issues

Extensive attempts were made to gain access to as many databases as pos-
sible on the fitness performance of Asian children and adolescents. Although
on-line searches were restricted to English publications, this review was not
delimited to including only English datasets or studies, as local experts within
many countries were contacted and their help solicited in obtaining and trans-
lating extensive non-English sourced data. In spite of excellent cooperation in
many countries, not all Asian countries were able to provide suitable data for
analysis and there remain gaps in our coverage. Although the ICHPER.SD-Asia
test has been promoted for over a decade, it has not been widely adopted and
considerable inconsistencies remain between Asian countries in the selection of
field measures of health-related fitness. Nevertheless, this study provides the
most comprehensive summary to date, of the Asian evolution of anaerobic
(power and speed) and aerobic fitness test performances in children and adoles-
cents, with secular changes summarized on over 23.5 million 6- to 19-year-olds
from seven Asian countries between 1917 and 2003.

Secular changes generated from studies using different sampling proce-
dures (from random national surveys to convenience samples) and testing pro-
tocols (e.g. the number of allowed trials, practice, etc.) raise issues of
representativeness. Despite that these factors are rarely reported, and without
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evidence of systematic time-related changes in them, estimates of mean perfor-
mance changes should not be biased.

As mentioned previously, not all secular changes are linear, so the use of lin-
ear regression analysis to estimate secular changes may not have been ‘ideal’.
Though perhaps not ideal, a consistent method of analysis was needed to estimate
performance changes, as each country X age X sex X test change comprised
2-21 country X age X sex X year of test X test reports, spanning 5-52 years.

Conclusions

Obtaining representative data suitable for determining the secular changes
and geographical variability in the fitness test performance of Asian children and
adolescents is not an easy task. In spite of Asia containing well over half of the
world’s population, many Asian countries still do not have the infrastructure or
resources to collect data that would facilitate systematic analyses of fitness
changes and variability. Where data exist, they are sometimes not released for
public use or may not be published in the English scientific media. The analysis
of secular changes in fitness is important since inadequate fitness, along with
physical inactivity and poor dietary habits are inextricably associated with
adverse health consequences, especially the emerging epidemic of childhood
obesity [3]. Governments need to recognize the risks and costs associated with an
increasingly unfit, inactive, and obese population; hence the need for good empir-
ical data as a basis of proactive health policies [47]. It would seem that nutrition-
ists throughout Asia have been much more proactive in providing data on
dietary/obesity changes, with numerous regional studies found in the Asia Pacific
Journal of Clinical Nutrition, including countries like the Philippines, Malaysia,
India, and Thailand, where few published fitness data appear to exist. Thus, as can
be seen from this review, Asian health and fitness professionals appear to be lag-
ging behind, with relatively few Asian countries being in a position to provide
representative data on secular fitness changes and geographical variability.

There have been recent reports of a ‘global’ decline in the cardiovascular
endurance test performance of children in recent decades [48; Tomkinson and
Olds, this vol., pp. 46—66]. Performances on cardiovascular endurance tests
appear to have been declining at about 4—5% per decade since 1970. This study
shows that a similar pattern of change is found in Asia, with Asian children
declining at an average rate of —0.44% (CI —0.44 to —0.44%) p.a. since 1970
(fig. 9). In fact, 94% of the country X study X age X sex X test reports on
children tested after 1970 were declines. The pattern of decline, however, has
not been consistent throughout Asia. Since 1970, Chinese, Japanese and
Singaporean children have declined at rates half that of the global decline,
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Fig. 9. Bivariate plot showing the span of measurement years (x-axis) and the perfor-
mance changes (% p.a.; y-axis) for (a) power; (b) speed, and (C) cardiovascular endurance.
Each horizontal line represents a single country X study X sex report. The length of the line
shows the span of measurement years. Higher values indicate performance improvements.

while Hong Kong and Korean children have declined at rates double the global
decline. Given the association between aerobic fitness and numerous degenera-
tive conditions (e.g. diabetes, obesity and metabolic syndrome), particularly in
adults, these changes should be an issue of major concern for public health
authorities throughout Asia.

Over the same time, there has been very little global change in children’s
performance on power and speed tests [49]. Changes in power and speed test
performances of Asian children are consistent with the global change, with
average changes of —0.03% (CI —0.03 to —0.03%) p.a. and 0.00% (CI 0.00 to
0.00%) p.a., respectively. Of the country X study X age X sex X test reports
on children tested after 1970, 51% of the power-related reports and 48% of the
speed-related reports were declines.

Although comparing geographic variability in children and adolescent fit-
ness may run the risk of fanning the flames of nationalistic pride, it is designed
more to provide international comparisons upon which countries can benchmark
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one component of its nation’s health. To these ends, children and adolescents
from the Asian powerhouses of China and Japan generally appear to have per-
formed better than their smaller Asian neighbors. However, like most countries
around the world, the overall changes towards decreasing cardiovascular fitness
levels in young people throughout Asia should be of greatest concern, as these
changes may predict future public health catastrophes.

It is beyond the scope of this study to debate the merits of measuring phys-
ical fitness or physical activity, yet both are known to be separate heart disease
risk factors in adults [50]. Interested readers are referred to a discussion of the
relationship between physical activity and physical fitness, the factors that affect
physical activity, together with a discussion of secular changes in physical activ-
ity, by Salmon and Timperio [this vol., pp. 183—199]. More comprehensive inves-
tigations of both physical fitness and physical activity, using simple and
inexpensive standardized instruments which can be adapted to each country,
would be beneficial. In this respect, the periodic use (e.g. every 3—5 years) of
measures such as the Eurofit [51] or Fitnessgram [52] for physical fitness, and
questionnaires such as the International Physical Activity Questionnaire (IPAQ
[53]) for physical activity, on at least a representative sample of the population,
would not only help promote greater awareness of health and fitness in children
and adolescents, but would also provide empirical data to aid health profession-
als formulate and monitor the efficacy and effectiveness of their public health
strategies.
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Abstract

Introduction: There have been an increasing number of reports in recent years which
have highlighted that the aerobic fitness test performances of Australian and New Zealand
children and adolescents are declining. Some researchers have previously commented on
secular changes in performance, but have used data dating back only to 1985. Using a meta-
analytical approach, this study aimed to quantify the secular changes in the aerobic fitness
test performances of Australasian (Australian and New Zealand) children and adolescents
over the past half a century. Methods: Forty-six studies reporting on the aerobic fitness test
performances of healthy Australasian children and adolescents were included in the analysis.
Corrections for methodological variation were made where possible, and data for each aero-
bic fitness test were expressed in a common metric. Raw data were merged with pseudo data
generated from reported means and standard deviations using Monte Carlo simulation.
Changes in aerobic test performance were calculated at the country X age X sex X test level
using least squares linear regression. Results: Secular changes were calculated for 161,419
6—17-year-old tested on five different maximal field-running tests of aerobic fitness between
1961 and 2002. Overall, the aerobic performance of young Australasians declined at an aver-
age rate of —0.24% per annum (95% confidence interval —0.22 to —0.26% per annum). The
pattern of change, however, was not consistent over time. Early in the 1960s, changes in per-
formance shifted from improvements to declines, with the rate of decline accelerating until
about 1990, and slowing thereafter. Secular changes were reasonably similar for boys and
girls, but quite different for children and adolescents. Discussion/Conclusion: There has
been a marked decline in aerobic fitness test performances of Australasian children and ado-
lescents in recent decades. It is likely that this secular decline is caused by a network of
social, behavioral, physical, psychosocial and physiological factors.

Copyright © 2007 S. Karger AG, Basel

It is commonly believed in Australia and New Zealand (henceforth collec-
tively termed ‘Australasia’) that today’s children and adolescents have lower



aerobic fitness than their peers from decades past. Though there have been few
scientific studies which have explicitly commented on secular changes in
Australasian children’s aerobic fitness (operationalized as performances on
maximal field-running tests), available evidence is consistent and supportive of
popular belief. In 1996, McNaughton et al. [1] compared a statewide health and
fitness survey of 2,450 7- to 10-year-old Tasmanian children in 1995 to a
national survey of 8,484 young Australians in 1985 [2]. Over the 10-year
period, 1,600 m running performance declined at an average rate of —0.24%
per annum (p.a.) (range —0.01 to —0.37% p.a.). A similar study of 1,463 10- to
11-year-old South Australian children found a decline of —0.64% p.a. (range
—0.52 to —0.75% p.a.) in 1,600m running performance between 1985
and 1997 [3]. In a review of 55 studies of the 20 m shuttle run test (20 mSRT) in
11 countries, Tomkinson et al. [4] reported an average decline of —0.31% p.a.
in 20 mSRT performances of 38,380 Australian youths tested between 1990 and
2000. The pattern of change has been more marked in New Zealand children
however. In a study of 5,579 10- to 14-year-old New Zealand children tested
from 1991 to 2000, Dawson et al. [5] reported an average decline of —1.83%
p.a. in 550 m run performance. A year later, Hamlin et al. [6] compared the
550 m run performances of 2,296 10- and 12-year-old children tested between
1984-1985 and 2000, reporting declines of —1.12% p.a. (range —0.65 to
—1.43% p.a.).

These snapshots, when pieced together, paint a very consistent picture —
they all show declines in aerobic performance of young Australasians, ranging
on average from —0.24 to —1.83% p.a. However, these data are typically lim-
ited to children from narrow age bands, compared over relatively short periods
of time, and extend only as far back as the mid-1980s. However, field-testing
for fitness has been very popular in Australasia since the early 1960s, with per-
formances on maximal field-running tests commonly used to index aerobic fit-
ness. With a wealth of data available from both the lay and scientific literature,
and available scientific evidence on secular changes limited in scope, the aim of
this study, therefore, was to quantify the secular changes in aerobic fitness test
performance of Australasian children and adolescents.

Methods

Data Sources

An extensive review of literature was undertaken to locate studies which reported on
the fitness test performance of Australasian children and adolescents. Studies were identified
in four main ways. First, a computer search of online and CD-ROM bibliographic databases
(Australian Sport, CINAHL, Current Contents, Digital Dissertations, ERIC, Medline, and
Sports Discus), and the University of South Australia’s library catalogue, was undertaken.
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Numerous key words (fitness, performance, power, speed, agility, endurance, cardiovascular,
run, jump, sprint, anaerobic and aerobic) and modifiers (child, adolescent, boy, girl, youth,
young and infant) were used for the computer searches. Second, all hard copy scientific jour-
nals and books (the 150, 570, 610 and 790 Dewey decimal classification ranges), and
bibliographic indexes, held at the University of South Australia Library, were manually
searched. Third, the reference lists of all located reports were examined and cross-referenced,
and followed up where appropriate. Lastly, attempts were made to personally contact the
authors of each study to clarify details of their own study, to request raw data, and to ask if
they knew of further studies which could be of use.

Seventy-one candidate studies were located. Twenty-five of these were excluded from
the analysis because data were reported for: (a) individuals not aged between 6 and 17 years;
(b) large, undifferentiated age ranges spanning 3 or more years (e.g. 10—12-year-olds); (c) a
sample not distinguished by sex; (d) unhealthy or non-normal individuals (e.g. asthmatics or
elite young athletes); (e) a sample previously reported in other located studies, or (f) individ-
uals not tested on maximal field-running tests of aerobic fitness (e.g. distance-runs, timed-
runs and endurance shuttle runs).

Forty-six studies were included in the analysis, 34 from Australia and 12 from New
Zealand. Of these, 57% (26 of 46) were peer-reviewed scientific journal articles, 3% (1 of 46)
published book chapters, 7% (3 of 46) published conference papers or abstracts, 7% (3 of 46)
post- and under-graduate theses, and 28% (13 of 46) unpublished raw datasets. Studies were
published between 1962 and 2003. Most studies employed a cross-sectional design (91% or
42 of 46) using a mixed sample of boys and girls (76% or 35 of 46). The majority of studies
(54% or 25 of 46) used convenience samples, with 22% (10 of 46) using randomized-strati-
fied samples on a regional or national basis, 4% (2 of 46) stratified-uniform samples and
20% (9 of 46) stratified-proportional samples based on education systems or geographical
areas. Table 1 summarizes the studies used in this analysis.

Data Entry

A lineage covering a good span of years was available for five maximal field-running
tests of aerobic fitness: the 550 and 1,600 m distance-runs, the 10- and 12-minute timed-runs,
and the 20 m SRT. Fifty-four percent of all studies reported data as descriptive summary sta-
tistics, with 37 and 9% available as soft- and hard-copy raw data, respectively. All hard copy
data (descriptive and raw) were manually entered into a spreadsheet and checked for tran-
scription errors, with corrections made where appropriate. All raw data (constituting 62% of
all data points) were checked for outliers by running automated range checks, with anom-
alous data eliminated if they fell more than three standard deviations (SDs) from the mean.
Age and measurement year were recorded using procedures described by Tomkinson et al.
[4]. Sample size statistics were not reported at the age X sex X test level in three studies (8%
of all data points), and were derived from available data or through personal contact with the
study authors.

Data Treatment

While it is recognized that fitness test performances can be affected by factors such as
the environment, clothing, practice, motivation, test administration and instructions, such
factors were rarely reported, and therefore could not be controlled for. Furthermore, there is
no evidence of a systematic, time-related bias in these factors. Nonetheless, primary data
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Table 1. Summary of the studies used in this analysis

Study Country Years Sex Age range, years Sample No. Test(s)
ACHPER [7] Australia 1994 M, F 9-18 35-104 1,600 m, 20 m SRT
ASC [8] Australia 1993 M, F 12-17 301-542 20m SRT
Birchall [9] Australia 1990-91 M, F 6-12 4-185 1,600 m
Booth et al. [10] Australia 1997 M, F 9,11,13,15 399-634 20m SRT
Brewer et al. [11] Australia 1991 M, F 11-14 57-256 20m SRT
Brown [12] New Zealand 1961 M, F 11-17 21-600 550m
Carter [13] Australia 1972 M 13-15 117-139 550m
Cooley and McNaughton [14] Australia 1998 M, F 11-16 339-636 20m SRT
Coonan [15] Australia 1982 M, F 10.2 = 0.6 9-207 1,600 m
Corkill et al. [16] New Zealand 1974 M, F 12-16 10-193 12 min
Dawson et al. [5] New Zealand 19912000 M, F 11-13 2-79 550m
Dollman et al. [3] Australia 1997 M, F 10-12 101-447 1,600 m
Gibbs et al. [17] Australia 1995 F 9.5+ 0.7 36-38 20m SRT
Hage [pers. commun.] Australia 1999 F 13, 14, 16, 17 3-126 20m SRT
Hamlin [pers. commun.] New Zealand 2002 M, F 6-11 1-20 550m
Hamlin et al. [6] New Zealand 2000 M, F 6-12 9-95 550m
Hands [18] Australia 1999 M, F 6-13 1-37 20m SRT
HDF [unpubl. data] Australia 1991-95 M, F 9-12 154-1, 198 1,600 m
Jenner et al. [19] Australia 1988 M, F 12.0 = 04 527-565 20m SRT
Lindquist [pers. commun.] Australia 1998-99 F 7-15 1-40 20m SRT
Lloyd and Antonas [20] Australia 1999 M, F 11-12 35-53 20m SRT
Masson [pers. commun. ] Australia 1999 M, F 14,16 4-15 20m SRT
McNaughton et al. [1] Australia 1995 M, F 7-10 30-327 20m SRT
Miller [21] Australia 1969 M 14.5 = 0.5 84 550m
Mulkearns [pers. commun.] Australia 1996-98 F 7-10 3-79 20m SRT
NZDE [22] New Zealand 1966 M, F 9-13 239-796 550m
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Table 1. (continued)

Study Country Years Sex Age range, years Sample No. Test(s)
NZDE [23] New Zealand 1968 M 13-16 589-1,106 550m
NZDE [24] New Zealand 1969 F 13-17 329-1,106 550m
NZDE [25] New Zealand 1971 M, F 9-13 239-796 550m
Okely et al. [26] Australia 1996 M 14.3 51 20m SRT
Pavy [27] Australia 1963 M, F 13-17 200 550 m
Pyke [2] Australia 1985 M, F 7-15 361-520 1,600 m
Robertson [pers. commun.] Australia 1969 M, F 12-17 2-160 550m
Russell et al. [28] New Zealand 1985 M, F 10, 12, 14 367-415 12 min
SASI [unpubl. data] Australia 199501 M, F 11-15 7-1,473 20m SRT
TIS [unpubl. data] Australia 1996-01 M, F 12-15 47-833 20m SRT
WAIS [unpubl. data] Australia 1999-01 M, F 12-15 213-1,473 20m SRT
Tilbrook [pers. commun.] Australia 1984,00 M, F 612 8-31 10 min
Vandongen et al. [29] Australia 1990 M, F 10-12 485-486 1,600 m, 20m SRT
Walker [pers. commun. ] Australia 1993-02 M, F 13,16 3-100 1,600 m, 20 m SRT
Whitebrook [30] Australia 1961 M, F 10-16 560 550 m
Willee [31] Australia 1969-70 M, F 13-17 173-1,217 550m
Williams [32] New Zealand 1967 M 13-16 27-121 550m
Wilson and Russell [33] New Zealand 1982 M, F 12.0, 15.8 38-45 12 min
Woolard [pers. commun.] Australia 1999 F 8-13 1-7 20m SRT
Wooller et al. [34] Australia 1981-83 M, F 10, 13 300-350 1600 m

Shown are country, year(s) of measurement, sex (F = female, M = male), age range, range of sample sizes (at the
country X age X sex X test X year of test), and the test(s) for which data were available.

ACHPER = Australian Council for Health, Physical Education and Recreation; ASC = Australian Sports Commission; HDF = Health
Development Foundation; NZDE = New Zealand Department of Education; SASI = South Australian Sports Institute; TIS = Tasmanian
Institute of Sport; WAIS = Western Australian Institute of Sport.

10min = 10 min timed run; 12min = 12 min timed run; 550 m = 550 m distance run; 1,600m = 1,600 m distance run; 20m SRT = 20m
shuttle run test.




treatment procedures were adopted prior to combining studies and calculating secular
changes, in order to systematically control for any identified, controllable biases (e.g. differ-
ences in 20 m SRT protocols) (for more details, see Tomkinson et al. [4]).

The results of all studies reporting on the same fitness test were expressed in a common
metric: time in seconds for the 550 and 1,600 m distance-runs, distance in metres for the
10- and 12-minute timed-runs, and speed in km - h™! for the 20m SRT (for precise details
regarding expressing 20m SRT performances in speed at the last completed stage, see
Tomkinson et al. [4]). For studies not reporting descriptive summary statistics as means
(seven studies constituting 15% of all data points) and SDs (12 studies constituting 23% of
all data points), the means and SDs were estimated. Means were estimated using simple lin-
ear regression equations relating mean and median values using studies where both were
reported, and SDs were estimated using sex X test specific sample-weighted mean coeffi-
cients of variation.

Statistical Analysis

Changes in aerobic fitness test performance were calculated using a combined dataset
comprising both raw and descriptive summary data. Datasets were combined using the pro-
cedures described in Tomkinson et al. [35]. All fitness test results were adjusted such that
higher scores indicated better performance. Secular changes were calculated at the
country X age X sex X test level using simple linear regression, with year of test as the pre-
dictor variable and fitness test performance as the response variable. Only country X age X
sex X test groups spanning a minimum measurement year range of 5 years were analyzed.
Secular changes were expressed in relative terms by expressing the slope of the regression
line (the absolute change) as a percentage of the mean value for all data points in the regres-
sion. Negative values indicated performance declines, and positive values improvements.
Sample-weighted mean changes were calculated to compare between groups [e.g. children
(<13 years) and adolescents (=13 years)] and to estimate whether groups differed signifi-
cantly from zero. The standard error of a sample-weighted mean change was approximated
using equations reported in Tomkinson [36], with the 95% confidence interval (CI) calcu-
lated as *=1.96 standard errors about the sample-weighted mean. A sample-weighted mean
change was considered significantly different from zero when the CI did not include zero.
The time-related patterns of change and time-related patterns of performance were summa-
rized using the procedures of Tomkinson and Olds [this vol., pp. 46—66].

Results

Changes in aerobic fitness test performance were calculated in 161,419 6- to
17-year-old Australasians tested between 1961 and 2002, with 135,990 from
Australia (61 age X sex X test groups) and 25,429 from New Zealand (23
age X sex X test groups) (table 2). The secular changes spanned an average of
14 years (range 541 years), and involved an average of seven country X age X
sex X test X year of test reports (range 2—27). Three quarters (62 of 84) of the
individual changes were negative (declines in performance).
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Table 2. Summary of the country X age X sex X test groups for which
changes in aerobic fitness test performance were calculated

Test Australia New Zealand
k n k n
550 m 10 14,869 17 23,005
1,600 m 20 39,239
20m SRT 17 81,353
10 min 14 529
12 min 6 2,424
Total 61 135,990 23 25,429

Shown are the number of country X age X sex X test groups (k) and sam-
ple sizes (n).

Over the 41-year period from 1961 to 2002, the aerobic performances of
Australasian children and adolescents declined at an average rate of —0.24%
p.a. (CI = —0.22 to —0.26% p.a.). This overall decline increased slightly to
—0.28% p.a. (CI = —0.26 to —0.30% p.a.) when only the statistically signifi-
cant changes (74% of all changes at the country X age X sex X test level) were
considered. When secular changes were calculated using only raw data, the
results were strikingly similar. Using 20 m SRT test data collected on 13- to 15-
year-old Australians as an example, declines in the raw dataset ranged from
0.00 to —0.19% p.a. and in the combined dataset from —0.07 to —0.16% p.a.,
both averaging —0.11% p.a.

The differences in sample-weighted mean changes among country X test
groups are shown in figure 1. Sample-weighted mean changes ranged from a
decline of —0.89% p.a. for Australians tested on the 10 min run (1984-2000) to
an improvement of +0.33% p.a. for Australians tested on the 550m run
(1961-1972). All groups, except Australians tested on the 550 m run, showed a
decline in performance over time. All sample-weighted mean changes were sig-
nificantly different from zero.

Overall, secular changes were somewhat greater for boys [—0.32% p.a.
(CI = —0.36 to —0.28% p.a.)] than for girls [—0.15% p.a. (CI = —0.19 to
—0.11% p.a.)]. In contrast, performances declined in children at the average
rate of [—0.62% p.a. (CI = —0.66 to —0.58% p.a.)], and remained stable in
adolescents [+0.01% p.a. (CI = —0.01 to +0.03% p.a.)].

There was a fair degree of lability in the individual secular changes when
sample sizes and the span of measurement years were small, with individual
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Fig. 1. Sample-weighted mean changes (% p.a.) in Australasian children tested on five
maximal field-running tests of aerobic fitness. Shown are the sample-weighted mean
changes for Australians tested on the 550m run [550m (AUS)], 1,600m run [1,600m
(AUS)], 20m SRT [20 m SRT (AUS)] and 10 min run [10 min (AUS)], New Zealanders tested
on the 550 m run [550m (NZ)] and 12 min run [12 min (NZ)], and all Australasian children
and adolescents. The error bars are the 95% confidence intervals about the sample-weighted
mean changes. Higher values (i.e. those to the right) indicate performance improvements.

changes tending to stabilize near the overall sample-weighted mean change of
—0.24% p.a. as both increased. Secular changes also varied considerably with
the mid-year of the measurement periods over which they were calculated, with
positive changes constituting 64% of all changes in the 1960s, 50% in the 1970s,
zero in the 1980s, and 16% in the 1990s. This helps explain why the sample-
weighted mean change for Australians tested on the 550 m run shown in figure 1
is unique — the mean mid-year for these changes was 1966 (range 1961-1972).
Figure 2 shows the time-related pattern of change (fig. 2a) and the time-
related patterns of performance (fig. 2b) over the period 1961-2002. Using data
from Tomkinson and Olds [this vol., pp. 46—66], the global pattern is also shown.
Because Tomkinson and Olds [this vol., pp. 46-66] used unweighted average
annual changes to describe the global time-related pattern of change, unweighted
values were used here to show the Australasian pattern. The use of weighted rather
than unweighted average annual changes had little effect on the overall pattern.
Consider first the time-related pattern of change (fig. 2a). In the early 1960s,
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Fig. 2. Time-related patterns of (a) change and (b) performance for Australasia and the
World (1961-2002). The World data are from the chapter by Tomkinson and Olds [this
vol., pp. 46—66]. In (@), higher values (i.e. those greater than zero) indicate improvements
in performance, while in (b), higher values (i.e. those greater than 100) indicate better
performance.

changes in Australasians shifted from improvements to declines, with the rate of
decline accelerating until about 1990, and slowing thereafter. Over the past three
decades, the Australasian and global rates of decline have been remarkably similar,
averaging about —0.5% p.a. The Australasian and global patterns of change dif-
fered in two distinct ways. First, the crossover point from improvements to declines
came earlier in Australasia (1963 vs. 1968), and second, there has been decelera-
tion in the Australasian decline and stability in the global decline in recent years.
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Consider now the time-related pattern of performance (fig. 2b). Globally,
performances improved in the early 1960s, plateauing from the mid-1960s until
the mid-1970s, followed by a 28-year decline. In Australasia, aerobic perfor-
mances plateaued throughout the 1960s, and declined thereafter, at a rate simi-
lar to that observed globally.

Discussion

There have been declines in aerobic fitness test performances in Australasian
children and adolescents since the early 1960s, with declines accelerating until
about 1990, and slowing thereafter. The Australasian decline is similar to the
global decline. However, the recent slowing of the decline in Australasia
appears to be a local, rather than a global, pattern. Secular changes differed
among aerobic fitness tests, itself underscoring the value of a universal test bat-
tery for tracking secular changes, yet were reasonably similar for boys and girls
(declines were observed for both and were somewhat higher for boys), and quite
dissimilar for children and adolescents (there were decline in children and no
change in adolescents). The somewhat greater declines in boys relative to girls
could reflect secular differences in increases in fat mass. Using the Pyke [2] and
Dollman et al. [3] datasets, the secular increase in fat mass (calculated using the
triceps and subscapular skinfolds as inputs into the Slaughter equations to esti-
mate percentage body fat, and hence fat mass by calculating the percentage of
body mass comprised of fat) between 1985 and 1997 was greater for boys
(+3.1% p.a.) than for girls (+2.2% p.a.). Mechanistically, increased fat mass
should impair weight-bearing distance-running performance, as ‘fat constitutes
an extra load to carry and reduces mass-specific aerobic power approximately
on a pro rata basis’ [chapter by Olds et al., this vol., pp. 226-240]. The differ-
ences between children and adolescents are probably because secular changes
varied with the mid-year of the measurement periods over which they were cal-
culated. The majority of the changes for adolescents (55%) spanned only the
1960s and 1970s, a time when most of the changes were positive, with only 5%
of changes for children falling in the same period. This temporal variability is
likely the reason for the polarized results in children and adolescents.

A major strength of this study is that it provides the most comprehensive
picture to date of the secular changes in aerobic fitness test performance of
Australasian children and adolescents, by describing secular changes in 161,419
6- to 17-year-old Australasians between 1961 and 2002. This study applied a
strict set of inclusion and exclusion criteria, and rigorous primary data treatment
procedures to systematically control for identified, controllable biases which
might have lead to spurious conclusions when estimating secular changes.
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For example, it used a novel simulation procedure to ‘recreate’ pseudodata [35]
in order to minimize the effect of skew on estimates of secular changes and to
expand the secular coverage (raw data were only available post-1984).

However, like other meta-analyses, this study is not without its limitations.
First, there were differences in sampling protocols. Ideally, large raw data sets
from nationally representative samples taken at regular time-intervals should
have only been used, however such data are rare. Only eight national fitness sur-
veys of Australasian children and adolescents have been conducted, with these
data constituting only 23% of all data points and spanning only the period
1961-1985. In addition, data were not always collected under precisely the
same test conditions, due to uncontrollable and largely unreported factors such
as environmental conditions, practice and running surfaces. However, without
evidence of a systematic, time-related bias in sampling procedures or test con-
ditions, estimates of mean changes should not have been biased, although our
confidence in such estimates will be somewhat reduced. Third, it is acknowl-
edged that not all secular changes are linear, and the use of linear regression
analysis to estimate secular changes may not have always been the most appro-
priate. However, linear regression analysis did at least provide a consistent
method of analysis, which was needed because of the diversity in the number of
country X age X sex X test X year of test reports (range 2—27) and the span of
measurement years within country X age X sex X test groups (range 5—41).

Comparisons with Other Australasian and Overseas Studies

Even though previous studies examining secular changes in aerobic fitness
test performance of Australasian children and adolescents are limited in scope,
the results of this study are strikingly similar. Previous Australasian studies
examining secular changes show a decline in aerobic performances of about
—0.50% p.a. since 1985. Over the same period, the rate of decline in this study
was —0.56% p.a. The secular changes reported in this study are also consistent
with global changes. This is best illustrated by comparing the results of this
study to those of Tomkinson and Olds [this vol., pp. 46—66], who report on the
secular changes in maximal field-running test performance of over 25 million
children and adolescents from 27 countries between 1958 and 2003 (fig. 2).
Since 1970, aerobic performances have been declining at a global rate of
—0.51% p.a. — a rate identical to that observed in this study over the same
period. This suggests that Australasia is part of the global change.

What Is Causing the Observed Decline in Performance on

Maximal Field-Running Tests of Aerobic Fitness?

Tomkinson and Olds [this vol., pp. 46—66] described a model which sug-
gests that the secular declines in aerobic performance are caused by a network of
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social, behavioral, physical, psychosocial and physiological factors (see
Tomkinson [36] for more detail). The model argues that proximate causes of
declines in maximal field-running performance are essentially changes in maxi-
mal oxygen uptake, mechanical efficiency and the sustainable fraction of maxi-
mal oxygen uptake. In addition, a reduction in affective (e.g. motivation) and/or
cognitive (e.g. pacing) aspects of maximal performance may also be important.
These physiological changes are in turn affected by physical changes such as
increased fat mass and reduced cardiovascular function. These physical changes
are the result of behavioral changes such as excessive energy intake relative to
expenditure, reduced energy expenditure, and reduced vigorous physical activity.
These behaviors, in turn, are driven to some extent by large social changes, such
as a changing family profile, advancing technology and a shift towards subur-
banization. Though this model describes plausible underlying causal mecha-
nisms, it is the changes in aerobic performances which are of primary interest in
this study. It is the ability to play harder and longer which is important for chil-
dren’s physical activity levels, irrespective of the underlying causal mechanisms.

It could also be argued that the time-related patterns of change are a function
of differences in the distribution of aerobic tests over time. In the 1960s and 1970s
in Australia, the most popular aerobic test for children and adolescents was the
550 m run, in the 1980s it was the 1,600 m run, and in the 1990s it was the 20 m SRT.
It is therefore possible that the time-related changes reflect differences in the
physiological and psychosocial demands of the tests. For example, factors such as
oxygen uptake kinetics and anaerobic capacity will be relatively more important
for performances over shorter distances, though the effect will be very small over
distances of more than several hundred meters [37]. Given that there has been lit-
tle secular change in the anaerobic performances of young Australasians [38], this
could help explain the improvements in 550m run performances of young
Australians between 1961 and 1972. However, secular data on New Zealand chil-
dren and adolescents tested on the 550 m run, which span the period 1961-2002,
show initial improvements followed by more recent declines.

Comparison of Secular Changes in Aerobic and Anaerobic Performance

Tomkinson et al. [38] reported in their meta-analysis of 39 Australasian
studies, that the power and speed test performances of 232,564 6- to 17-year-
old Australasians have remained relatively stable since 1960, with mean
improvements of +0.05% p.a. (CI = +0.01 to +0.09% p.a.) and +0.04% p.a.
(CI = +0.02 to +0.06% p.a.) for power and speed, respectively. This study has
shown that the secular change in maximal field-tests of aerobic fitness is much
larger, with an overall decline of —0.24% p.a. (CI = —0.22 to —0.26% p.a.)
observed over the 19612002 period. It is not obvious why we see declines in aer-
obic performance and relative stability in anaerobic performance. It is possible
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that the secular differences in aerobic and anaerobic performance may be due to
the differential effects of fat mass and fat-free mass. Mechanistically, additional
fat mass should impair weight-bearing performance more so in distance-
running than in sprint-running or jumping, and additional fat-free mass should
assist performances requiring explosive power, such as sprint-running and
jumping, as opposed to distance-running. There is evidence that (a) there is a
stronger negative relationship between fat mass and distance-running, than
between fat mass and sprint-running and jumping, and (b) there is a stronger
positive relationship between fat-free mass and jumping and sprint-running,
than between fat-free mass and distance-running [38]. With recent increases in
both fat mass and fat-free mass in Australian children [38], it is possible that the
positive effect of increasing fat-free mass counteracts the negative effect of
increasing fat mass for jumping and sprint-running (hence the secular stability),
but is not enough to counteract the negative effect of increasing fat mass for
distance-running (hence the secular decline). Though not complete, this does at
least suggest a reason for the secular differences in aerobic and anaerobic
performances (see also Tomkinson and Olds, in this volume, for a discussion on
other possible reasons for these secular differences).

Conclusion

This study shows that there has been a sharp decline in the aerobic fitness
test performance of Australasian children and adolescents in recent decades.
The etiology of this secular change is difficult to pinpoint, although it is likely
caused by a network of social, behavioral, physical, psychosocial and physio-
logical factors. There is at least some room for optimism, as the secular decline
in aerobic performance appears to be slowing.
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Abstract

The purpose of this chapter was to describe prevalence and trends in children’s physical
activity (PA) and to overview the evidence of relationships between the broader neighbor-
hood social and physical environment and child and youth PA. PA typically declines through-
out childhood and adolescence. Few countries describe prevalence estimates of the
proportion of children and youth meeting current PA recommendations; however, trends sug-
gest declines in population level PA among children, in particular declines in active transport
and school physical education. While reasons for these changes are not well-understood,
there is an increasing research focus on the influence of the neighborhood social and physi-
cal environment as possible determinants of these declines. Literature examining associa-
tions between the broader social and physical environment and child and youth PA identified
factors such as safety concerns (e.g. road safety, crime and concerns about strangers), social
interaction (e.g. child visits with peers, neighborhood relationships, other children live in
neighborhood close by), and urban design (e.g. connectivity of streets, access and availabil-
ity of public open spaces and sports facilities) as important influences. However, much of the
evidence is preliminary and context specific. That is, studies that reported null associations
with children’s PA used global rather than context-specific measures of PA (e.g. walking in
the neighborhood). Future research requires better conceptualization of the social and physi-
cal environment in which children live and consideration of context-specific behaviors and
behavior-specific aspects of the environment relevant to children and youth. Prospective
studies are needed to establish temporal relationships between the social and physical envi-
ronment and child and youth PA.

Copyright © 2007 S. Karger AG, Basel

Regular physical activity is critical for children’s healthy growth and also
for their physical, mental, and social health. The purpose of this chapter is to



describe the prevalence, trends and environmental influences on child and
youth physical activity. While there are many ways in which the ‘environment’
is conceptualized, this chapter focuses on the broader neighborhood social and
physical environments and does not review evidence of other potentially impor-
tant environmental influences on children’s physical activity such as peers and
family, the home, school, and policy environments.

Delineating Physical Fitness and Physical Activity

It is important at the outset to clearly delineate the terms physical activity
and physical fitness. Among adults, physical activity is typically defined as
movement of large skeletal muscles that results in energy expenditure,
whereas physical fitness is a set of attributes that are a product of being active
and that also contribute to people’s ability to perform activity [1]. Physical fit-
ness consists of cardiorespiratory fitness along with other health- and skill-
related fitness components such as endurance, strength and flexibility. Among
adults there is reasonably consistent evidence that, in addition to having a
genetic basis, optimal physical fitness is a product of physical activity.
Children, however, are not simply miniature adults. Their movement and phys-
ical activity behavioral patterns differ markedly from those of adults. For
example, children rarely engage in lengthy sustained bouts of activity, but typ-
ically participate in intermittent and spontaneous activity [2]. Children’s phys-
ical activity consists of active play, organized and non-organized sports,
school physical education, transport-related activity (e.g. walking and
cycling), chores, and other incidental activities. With physical development,
independence and social changes, the types of physical activity in which
young children engage shifts from informal active play and begins to mirror
the types of physical activity performed by adults. The association between
children’s physical activity and cardiorespiratory fitness is complex and will
be briefly explored.

Links between Physical Activity and Cardiorespiratory Fitness

Among children the relationship between cardiorespiratory fitness and
physical activity is varied [3]. Many studies have reported low to moderate pos-
itive correlations between physical activity and fitness [4]. It has been argued,
however, that this relationship is largely mediated by adiposity [3]. The lack of
a strong and consistent relationship between physical activity and cardiorespi-
ratory fitness may be attributed to the challenges of assessing children’s phys-
ical activity, different rates of maturation, and genetically predetermined fitness
[3]. However, most of the evidence is derived from cross-sectional relationships
and these do not always reflect secular relationships [5]. Therefore, it is important
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to consider that although there may be a weak positive relationship between
physical activity and fitness, the terms should not be used interchangeably.
While it is important to identify the physiological health outcomes of physical
activity in young people, designing interventions to affect such outcomes in
children and youth can be difficult. Furthermore, an important benefit of focus-
ing on physical activity in health promotion initiatives is that it consists of a
group of behaviors that can themselves be directly promoted [6]. In addition,
children may feel they have more ‘control’ over their physical activity than their
physical fitness, and they are able to self-monitor and note changes in their
behavior more easily.

Children’s Physical Activity: Health, Tracking,
and Recommendations

Links between Physical Activity and Health

There is consistent epidemiological evidence that physical inactivity (i.e.
an absence of physical activity) is associated with increased risk of cardiovas-
cular disease, osteoporosis, some cancers, obesity, and type II diabetes among
adults [7]. However, much less is known about the health effects of physical
inactivity on child health. There is some evidence of links between physical
inactivity and risk factors for cardiovascular disease (CVD), overweight/
obesity, type II diabetes, and positive associations between physical activity and
psychosocial outcomes and bone health among children [8]. Risk factors for
CVD, such as poor blood lipid profiles, are weakly associated with physical
inactivity in childhood [3]. There is more consistent evidence of links between
physical inactivity and various indices of adiposity among children and youth
[9]. Little is known, however, about dose-response relationships between
physical activity and adiposity or other health outcomes among children or
adolescents.

Although the evidence of relationships between physical activity and
health among children and adolescents is not as strong as it is for adults, intu-
itively physical activity is likely to be important for children’s growth and
development as well as for their health. Furthermore, there is emerging evi-
dence that weight bearing physical activity during childhood is important for
adult skeletal health and reduced risk of osteoporosis later in life [10], and that
CVD risk factors and obesity track from childhood to adulthood [11]. Given the
benefits of physical activity, it is important for children to remain physically
active throughout childhood and adolescence. Evidence of tracking of physical
activity from childhood to adulthood will be briefly explored in the following
section.

Child and Youth Physical Activity 185



Tracking of Physical Activity

In the absence of consistent evidence of relationships between physical
activity and health during childhood, a common rationale for focusing health
promotion efforts on increasing children’s physical activity is that physical
activity tracks from childhood into adulthood. A small number of cohort studies
have examined this issue. Collectively, these studies have found that physical
activity appears to track over 3—5 year periods, but that there is little evidence
that physical activity tracks over longer periods [12]. However, a recent tracking
study of more than 1,500 Finnish children and adolescents [13] found that over
a 21-year period physical activity declined but those who were persistently
active (defined as being in the upper tertile for physical activity over 2—3 con-
secutive measurements) were significantly more likely to be physically active
as adults. There is evidence that physical inactivity tracks from childhood to
adulthood [14]. Although most of these studies demonstrate overall decreases in
physical activity with age, evidence from animal studies of declines in energy
expenditure with age suggests a possible biological basis for this phenomenon
[15]. These tracking studies indicate that it is important to promote physical
activity throughout the lifespan. Focusing physical activity promotion efforts
solely on children may not be sufficient to maintain an active population
through to adulthood. It is therefore important that physical activity is promoted
and encouraged throughout childhood and adolescence and that children, par-
ents, teachers, and public health practitioners are provided with guidelines
regarding how much activity children and youth should be doing for their
health.

Physical Activity Recommendations for Children and Youth

Ideally, physical activity recommendations for children and youth should
be based on evidence regarding how much activity is important for health gains.
However, it is important to develop and implement such recommendations even
in the absence of such evidence [16]. Guidelines have been developed in several
countries (UK, US, Canada, Australia) and are reasonably consistent in the dose
and intensity of physical activity recommended [17-21]. Most recommend
at least 60 min of moderate- to vigorous-intensity physical activity (MVPA) every
day. The Canadian guidelines are less prescriptive, however, recommending a
global increase of 30 min of MVPA per day and a corresponding 30-minute per
day decrease in the use of electronic media (e.g. television viewing, computer
games, Internet), regardless of current levels [20]. Other guidelines also recom-
mend participation in activities that promote bone health [19] and recommend
spending less than 2h per day using electronic media for entertainment [17,
21]. In addition to informing young people, parents, teachers, and health practi-
tioners about the duration, frequency, intensity, and type of physical activity
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recommended for children’s health, one of the main objectives of developing
physical activity guidelines is to establish a benchmark level of physical activ-
ity for monitoring purposes. The following section will provide an overview of
the prevalence of physical activity among children and youth across the popula-
tion, and trends in physical activity participation over time.

Prevalence and Trends in Child and Youth Physical Activity

As described earlier, the physical activity of both children and youth
occurs in various domains. Most of the evidence on trends in children’s physical
activity is derived from specific domains such as transport and organized sport;
much less evidence is available on population changes in overall levels of chil-
dren’s physical activity over time.

Active Transport

In the US, transportation surveys have shown declines of 40% in the pro-
portion of 5- to 15-year-old children and adolescents walking and cycling to
school between 1977 and 1995 [22]. However, a more recent analysis reported
that of the 36% of 5- to 15-year-old children who travel 1 mile or less to school,
the proportion walking to school increased from 31% in 1995 to 36% in 2001
[23]. A study of physical activity trends among 10- to 12-year-old Melbourne
school children between 1985 and 2001 found evidence of declines in the fre-
quency of walking (4.4 trips to 3.6 trips per week) and cycling (1.2 trips to 0.4
trips per week) to/from school [24]. Using a measure of habitual active trans-
port, estimates from that survey suggest that in 2001, 38% of children reported
never walking to school and 92% reported never cycling to school during a typ-
ical week. A recent study of 11- to 12-year-old children (n = 136) in South
Australia found that 6% cycled to/from school on the previous day and 26%
walked to school [25]. These estimates are consistent with a 1994 survey of
travel to school among 6- and 9-year-old children conducted in Melbourne and
Perth, which found that 3% cycled to/from school, 30% walked to school and
35% walked from school, on the day of the survey [26].

Using a similar measure, in 2003 the Western Australian (WA) Child and
Adolescent Physical Activity and Nutrition Survey (CAPANS) found that
approximately one-quarter of children in school year 3, more than 35% of chil-
dren in school years 5 and 7, and 41% of children in years 8, 10 and 11 walked
to school on the day of the survey [27]. A higher percentage of children
(approximately 4% more across all age groups) walked home from school.
Although variations in assessment of active transport between surveys make it
difficult to accurately determine the current prevalence of walking and cycling
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to/from school among children, there appears to have been some declines in
these physical activity opportunities, and current estimates suggest that this is a
potentially important domain for intervention.

Physical Education and School Sport

The school setting provides important opportunities for children to be
active informally through play during school breaks and formally through phys-
ical education (PE) and school sport. In Australia, school sport is distinct from
PE in that ‘PE is defined as the process through which sport, outdoor education,
dance, gymnastics, aquatics and games are used by physical educators to teach
students motor skills and fitness skills’, whereas school sport is defined as
involving competition [24, p. 338]. Children generally participate in team or
individual organized sports against each other or against children from other
schools.

The study of physical activity trends among 10- to 12-year-old Melbourne
school children between 1985 and 2001 described earlier [24], identified
declines in the frequency of school PE, from 1.6 lessons per week to 1.2 lessons
per week. The proportion of children receiving two or more PE lessons per
week declined from 52% in 1985 to 22% in 2001. It is of note that these
declines were relatively greater among children attending schools in low
socioeconomic status (SES) areas (50-8%) compared with children attending
schools in high SES areas (53-31%). However, the declines appeared to be
off-set by increases in school sport over this 15-year period (from 0.9
lessons - week ! to 1.2 lessons - week ') among children attending schools in
both high and low SES areas. In 1985, almost half the children in the survey did
no school sport; however, in 2001 only 8% of children reported no school sport.
This increase in school sport is most likely attributable to the introduction of a
school PE/sport mandate in that state in 1993.

The 2003 CAPANS study in WA found that 12% of boys and 8% of girls in
primary school, and 10% of adolescent boys and 17% of adolescent girls did no
school PE, or reported that they were rarely active during PE lessons [27]. In
the US, a study examining PE data from the school-based Youth Risk Behavior
Surveillance System (YRBSS) that was collected every 2 years from 1991 to
1997 found that although enrolment in PE classes did not decline (49% enrol-
ment), there were decreases in the proportion of youth who attended PE classes
daily and there was a significant decline in the proportion of youth reporting
more than 20 min of physical activity per PE lesson (from 34% in 1991 to 22%
in 1997) [28].

In 1994, 85% of young people in school years 2—11 in the UK participated
in school sport regularly (at least 10 times per year), which declined slightly to
83% in 1999, and to 82% in 2002 [29]. Although the proportion of young
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people spending 2h or more in school PE declined between 1994 and 1999
(from 46 to 33%), in 2002 the proportion had increased to 49%, which means
that more than half the children and adolescents in the UK are not receiving two
or more hours of PE per week at school. Findings from the studies reviewed
here highlight the importance of the quality of PE classes, and equity in access
among children attending schools in low SES areas. In addition, there appears
to be substantial fluctuation in the quantity of PE delivered in schools over the
years. School PE and sport should be the focus of strategies for promoting chil-
dren’s physical activity, particularly those attending schools in low SES areas.

Organized Sport

In 2000, 59% of Australian children aged 5—14 years were reported to have
participated in sport that had been organized by a school, club or association
outside of school hours in the previous 12 months [30], with a higher participa-
tion rate for boys (66%) than girls (52%). Participation rates also varied by age,
ranging from 32% at 5 years of age to a peak of 69% at 11 years of age followed
by a decline to 58% at 14 years of age. Overall, there was a small increase in
participation to 62% in 2003 [31], however, these estimates were based on a
proxy-report instrument that asked parents whether their child participated in
organized sport on at least one occasion in the last 12 months, and therefore it is
difficult to differentiate between children who participate frequently and those
who participate infrequently. Longer-term trends in sports and recreational
activities among 9- to 15-year-old children were compared from the 1985
Australian Health and Fitness Survey, a 1991 Australian Sports Commission
survey, a 1997 South Australian survey, and the 2000 Australian Bureau of
Statistics leisure activities survey [32]. Participation in at least one organized
sport declined from 83% in 1985 to 60-64% in the latter surveys, and even
greater declines in the proportion of children performing three or more sports
(~40% in 1985 and 11% in 2000) were noted.

In 1995, 50% of US youth in school years 9-12 participated in school
sports teams (an increase from 43% in 1991) and 37% participated in sports
teams run by other organizations [7]. A 2002 telephone survey of more than
3,000 US parents and their children (aged 9-13 years), asking about their
child’s participation in organized physical activity during the previous week,
found that 39% reported engaging in organized sports and 77% reported free-
time physical activity in the week preceding the survey [33]. In New Zealand,
there has been a decline in sport and active leisure from 93% in 1997 to 89%
in 2001 [34]. The greatest declines in participation appeared to be among the
13- to 15-year-olds (from 94% in 1997 to 88% in 2001) and 16- to 17-year-olds
(from 81% in 1997 to 74% in 2001). Although it was reported that the sport and
active leisure rates were based on a 2-week recall proxy-report instrument, the
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definition of participation was unclear in the report [34]. In the UK, trends in
out-of-school organized sport participation among children and adolescents
from school years 2—11 over three population-based surveys (in 1994, 1999 and
2002) remain stable with a high proportion of young people (98%) participating
at least once per year in one sport [29]. However, when frequency was taken
into consideration a much lower proportion of young people ‘regularly’
(defined as at least 10 times per year) participated in organized sport (13% in
1994 and 1999 and 14% in 2002).

In summary, organized sport participation rates vary from between
50-60% in Australia and the US to approximately 90—98% in the UK and New
Zealand. While some surveys reported no change [29] or a small increase in
participation rates [31], other surveys reported a decline [32]. These estimates
are likely to vary according to the definition of participation (e.g. assessment of
frequency) and also the methodology and instrument used. The latter is impor-
tant as self-report surveys or child-assisted proxy-report surveys may result in
over-estimates of participation and unassisted proxy-reports may result in
underestimates, particularly if parents are not fully aware of all of their child’s
activities (although this may be less likely with organized sport participation
than with unstructured free-play). In addition to data on prevalence of children’s
physical activity in specific domains, a small number of studies have reported
on the prevalence of children’s overall physical activity.

Overall Physical Activity

With many of the current physical activity recommendations only recently
being endorsed, most countries are yet to monitor the proportions of children
meeting these recommendations. In the UK, survey estimates suggest that 3 of
10 boys and 4 of 10 girls fail to meet physical activity recommendations for
children [19]. In New Zealand, proxy-reported physical activity levels across all
young people have marginally declined from 69% being active (defined as
spending more than 2.5 h in sport and active recreation in last 7 days) in 1997 to
67% in 2001, and there was also a significant increase in the proportion report-
ing no activity in the past week from 8 to 13% over this period [34]. Self-report
data on Australian adolescents showed that 20-25% failed to meet adult phys-
ical activity recommendations of 30 min in MVPA on 5 days per week [35]. The
US Surgeon General’s Report on physical activity identified that almost half of
American youth did not regularly engage in vigorous-intensity physical activity
[7]. Of more concern, 14% were not participating in even light- to moderate-
intensity physical activity. More recent US population data suggest that one in
three youth in school grades 9-12 reported no regular vigorous-intensity phys-
ical activity [33]. It has been argued, however, that current national estimates in
the US are inaccurate for children and youth due to inadequate measures of
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physical activity [36]. One of the key challenges of monitoring children’s phys-
ical activity is the assessment of this complex, multifaceted health behavior
[37]. Pratt et al. [36] argue that wherever possible objective measures should be
used to monitor children’s physical activity in populations.

Studies that have used more objective measures of children’s physical
activity have been reviewed; 26 international studies (n = 1883) using heart-
rate monitoring to measure physical activity in children and adolescents (aged
3—-17 years) classified participation into different intensities based on the time
spent at or above a particular percentage of heart rate reserve (HRR) [38]. It
was identified that children and adolescents participated in an average of
47 min - day~! of moderate-intensity activity (40-50% of HRR) and an average
of 15min - day~! of vigorous-intensity activity (60-70% of HRR). When these
results are interpreted according to youth physical activity guidelines, it appears
that many children may be meeting the minimum recommendation of
60 min - day~' of MVPA. A limitation of using HRR to estimate children’s par-
ticipation in physical activity, however, is that HR is also influenced by car-
diorespiratory fitness, psychological state, and temperature.

Nevertheless, these findings are consistent with studies using accelero-
meters to assess children’s activity. For example, a US study of more than 350
children (aged 7—16 years) was the first to use objective assessment of physical
activity to determine the proportions of children meeting physical activity rec-
ommendations [39]. More than 90% of youth met the Healthy People 2010
objective of more than 30 min of moderate-intensity physical activity on five or
more days per week, and more than two-thirds met the more recent US recom-
mendations of more than 60 min of moderate-intensity physical activity on at
least 5 days per week. In contrast, less than 3% met the objective of more than
20 min of vigorous-intensity physical activity on three or more days per week
[39]. The European Youth Heart Study [40] reported the physical activity levels
of more than 2,000 children (aged 9 and 15 years) from Denmark, Portugal,
Estonia, and Norway assessed by the Actigraph accelerometer. That study
found that almost 98% of younger children met the guidelines; however, there
were significant cross-sectional declines among the older children (89% of
boys and 62% of girls met recommendations).

A study of children’s physical activity among approximately 1,200 chil-
dren aged 5—6 and 10—12 years in Melbourne, Australia also used the Actigraph
accelerometer [41] and found very similar patterns of physical activity by age
and sex to the European study. Physical activity levels of children in the
Australian study appeared to be quite similar to those in the European study,
particularly the younger children (99%). However, a higher percentage (97%)
of 10- to 12-year-olds met recommendations in the Australian study compared
to 15-year-olds in the European study. These variations may be attributable to
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age differences between the samples, lack of representativeness of the
Australian sample, and methodological differences in management of the
accelerometry data. Nevertheless, the data from both studies are consistent in
showing cross-sectional declines in physical activity by age and that girls are
significantly less active than boys, even at a very young age. However, accuracy
of these measures is also limited in that accelerometry does not capture load
(e.g. carrying heavy objects, walking/running uphill), water-based activities
(although the Mini Mitter® and the new version of the Actigraph® are water-
proof), or other activities such as cycling, or activities involving predominantly
upper body movements.

In summary, accurate assessment of children’s physical activity is hindered
in varying degrees, by limitations with all currently available measures. Issues
around measurement continue to provide a challenge for countries that have
invested in or are intending to establish regular monitoring and surveillance of
children’s physical activity. Therefore, evidence of trends in children’s physical
activity is primarily derived from studies of children’s active transport, school-
based physical activity, and organized sport. No published data on trends in
children’s overall physical activity, particularly in relation to current recommen-
dations were located. The following section considers changes in the social and
physical environment that may relate to population level declines in children’s
physical activity over time, and where possible describes evidence of relation-
ships to children’s physical activity.

Social and Environmental Changes and Children’s Physical Activity

There is widespread commentary that declining levels of physical activity
are largely the result of a changing environment that discourages physical activ-
ity [42]. Although there are some ecological-level data documenting changes in
the environment over recent decades that have occurred alongside shifts in
physical activity [42, 43], there is a need for empirical data linking both the
neighborhood social and physical environment to physical activity [44]. While
there are many aspects of the ‘environment’ in which children live their lives,
this section focuses only on the broader social and physical environments
within children’s immediate neighborhoods.

Safety Concerns

It has been argued that compared to previous generations, children now
have greater restrictions placed on their ability to travel without an adult
(decreased independent mobility) [45]. Fears for the safety of children have led
to increased surveillance of children’s activities, a shift from unstructured to
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structured play activities, and greater levels of ‘chauffeuring’ to destinations
[46], all of which may contribute to declines in overall physical activity. It is
argued that these changes have been driven by fears for children’s safety from
strangers and traffic, and potentially by changing notions of parenting where
chauffeuring and supervision of activities is considered a symbol of a ‘good
mother’ among some groups [46, 47]. Indeed, there has been a dramatic
increase in car ownership [43] and reliance on private transport [42, 47] over
the past five decades that has fuelled greater levels of traffic.

Road Safety

Empirical research examining traffic or road safety and children’s physical
activity has produced mixed results. For example, an Italian study of 7- to 12-
year-old children found no association between perceived level of danger
regarding traffic in the area and children’s independent mobility [48], while an
Australian study [49] reported that parental perceptions of heavy traffic were
positively associated with 5- to 6-year-old children’s walking or cycling to des-
tinations in their neighborhood, and reported no association with perceptions of
road safety among 5—6 or 10—12 year olds. Nevertheless, among 10- to 12-year-
old girls, a perceived need to cross several roads to reach play areas was nega-
tively associated with children’s walking and cycling in the neighborhood [49],
and 5- to 6- and 10- to 12-year-old children whose shortest possible route to
school crossed a ‘busy’ road have been shown to be less likely to walk or cycle
to school [50]. In addition, a study of Australian adolescents found that those
who perceived there was so much traffic in their neighborhood that it is
difficult/unpleasant to walk, and those who had concerns about road safety
were less likely to cycle or walk in their neighborhood [51]. Thus, the evidence
regarding traffic safety is mixed and may vary according to age and the type of
activity being assessed. However, infrastructure for dealing with traffic-related
issues, such as traffic lights and pedestrian crossings, have been related to local
walking or cycling trips [49] and active transport to school [50].

Crime and Concerns about Strangers

While concern about strangers is commonplace [49], empirical evidence of
associations between crime or personal safety and children’s physical activity is
also equivocal. Parental concern about stranger danger and youth anxiety about
strangers, respectively, have not been found to be associated with Australian chil-
dren’s [49] or adolescents’ [51] walking or cycling in the neighborhood, or with
active transport to or from school [50]. Further, no associations have been found
between general child perceptions of the neighborhood being a safe place to play,
or walk or ride a bicycle and 8-10 year olds African-American girls’ objectively
assessed physical activity [52] or Australian adolescents’ self-reported walking or
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cycling in the neighborhood [51]. However, Romero [53] found a positive associ-
ation between perceptions of safe adults at facilities and frequency of vigorous
physical activity among 10- to 16-year-old youth in the US.

Also in the US, incidents of serious crime have been inversely associated
with self-reported physical activity among adolescents [54], and adolescents’
self-reported physical activities outside of school [55], while fear of crime
was not associated with children’s proxy-reported independent mobility among
7- to 12-year-old Italian children [48]. When broader measures of social disor-
der (e.g. litter, traffic, crime, noise) are considered, empirical findings have
been equally mixed [53, 56, 57].

Social Interaction in the Neighborhood

Conversely, positive social interactions may be conducive to children’s
physical activity. Various aspects of social connectedness (e.g. child visits with
peers, neighborhood relationships, other children live in neighborhood close
by) have been shown to be associated with Italian children’s independent mobil-
ity [48] and Australian youth walking and cycling in the neighborhood [51].
Further, an Australian study found that children were less likely to actively
commute to school if their parents perceived that there were few other children
nearby [50]. It may be that parents’ concerns about safety and traffic may be
moderated when their child is with other children or adults, when there are
other children in their neighborhood, or when they live in an environment where
there is a certain level of trust or familiarity between neighbors.

Urban Design

Over the past few decades, there has also been a shift towards suburban liv-
ing and increasing urban sprawl, characterized by low-density housing, segre-
gated land use (such as separate areas for housing, stores, businesses, utilities
and schools) [43] and poorly connected road and pedestrian networks that pro-
mote dependence on private transport to reach services and employment [58].
Studies of adults have consistently shown that high population or residential
density, better connected streets and mixed land use are associated with higher
levels of active travel [58]. Such aspects of urban design have been infrequently
examined among children. A US study found higher rates of walking or cycling
to school among 5th grade children from larger schools and schools located in
areas with higher residential density, but no association with street connectivity
[59]. In contrast, a study of Australian primary (elementary) school children
found a negative association between potentially direct routes to school (i.e.
better connectivity) and actively commuting there [50]. Further, a qualitative
study of parents in Australia found that families who lived in or near a court or
cul-de-sac considered this to be a positive influence on their child spending
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time outside playing [60]. It may be that poor connectivity is indicative of lower
traffic exposure [50] and may be supportive of other aspects of children’s phys-
ical activity such as active free-play.

Several studies have examined access and availability of facilities or
spaces where children can participate in structured or unstructured physical
activity. The accessibility of destinations or physical activity spaces is often a
function of urban form. Empirical evidence supports the impact of distance,
with children in an Australian study being more than 10 times as likely to walk
or cycle to school if their school is within 800 m of home [50]. Furthermore,
10- to 12-year-old girls who perceive that there are no parks near where they
live were half as likely as other girls to make regular walking or cycling trips
within their neighborhood [49], and the number of open spaces and sports
pitches in a local area have been positively associated with frequency of vigor-
ous activity among 11- to 12-year-old children from South London [61].
However, US studies of total physical activity among 8- to 10-year-old African-
American girls [52] and 10- to 16-year-olds [53] have reported no relationships
between access to and availability of facilities and overall physical activity.

Conclusions and Future Directions

This chapter aimed to provide an overview of the trends and prevalence of
child and youth physical activity, and to discuss possible environmental
changes that may be related to such trends. The limited evidence available sug-
gests that children’s active transport and school PE may have declined, however,
participation in organized sport appears to be more stable (although this varied
by country and by survey within country). However, the quality of trend data is
insufficient to conclude ecological associations between changes in the envi-
ronment and trends in children’s physical activity.

Very little is currently known about why some children are more active
than others, and why some types of physical activity, such as active commuting
to school, appear to have declined over recent decades. The evidence summa-
rized here relates only to the neighborhood social and physical environments
and is equivocal, with different relationships for different age groups and for
different domains of physical activity. However, this was not intended to be a
comprehensive review of the literature and other aspects of the environment
(such as the home and school environment and broader societal rules and regu-
lations) were not examined. For example, it is possible that changes in teacher
training, making room for PE and school sport within a crowded school cur-
riculum and the overall perceived value of physical activity within schools may
have contributed to reductions in physical activity in that setting.
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Furthermore, consistent with ecological theories [44], individual factors
(such as motivation, self-efficacy, enjoyment) may interact with the environ-
ment, changes to family circumstance (such as increases in single-parent fami-
lies, divorce rates and the number of families with two working parents) and
broader changes in the school and neighborhood environment to influence
physical activity participation. Physical activity is a complex behavior com-
prised of several domains of activity and each domain is subject to many influ-
ences at various levels. Thus, there is a need for conceptual models that take
such complexities into account, and a need for multilevel study designs that
incorporate individual-level influences, proximal social influences and influ-
ences within the broader environment in order to better understand (and thus
promote) physical activity behavior.

As described in this chapter, there is a clear lack of quality data on the
physical activity behaviors of children and youth and how these behaviors have
changed over time. There is, therefore, an urgent need to establish child and
youth physical activity monitoring and surveillance systems that use valid and
reliable estimates of physical activity prevalence and trends, as well as monitor-
ing environmental and other factors that may explain changes in physical activ-
ity within populations. There is also a need for prospective studies that establish
temporal relationships between key aspects of the environment and child and
youth physical activity.
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Evolution of Maximal Oxygen
Uptake in Children
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Abstract

Evidence exists that physiologic aerobic fitness, defined by maximal oxygen uptake
related to body mass (VO, - kg™"), bears health implications for children as well as adults.
Identifying secular trends in VO, -kg™' is important, then, in assessing the impact of
socio-cultural influences on aerobic fitness in youth. At present, no data exist to provide a
population-based indication of secular trends in VO,,,,, in young persons. However, based on
documented temporal changes in childhood obesity and physical activity levels, it can be
anticipated that a decline of VO,,,, - kg~! is occurring over time. This fall would be more
likely due to increases in body fat in youth, inflating the size-normalizing factor (‘per kg’),
rather than a temporal deterioration in cardiovascular function per se.

Copyright © 2007 S. Karger AG, Basel

Maximal oxygen uptake (VO,,,,) defines the limits of oxygen utilisation
by the metabolic machinery of exercising muscle and serves as the fundamental
marker of physiologic aerobic fitness. When expressed in absolute terms (i.e.
litres per minute), VO, reflects cardiovascular fitness — a congregate value
indicating the functional capacity of the myriad components of the oxygen
delivery chain — anatomic and physiologic factors which begin as air intake into
the lungs and ending in cellular oxidative phosphorylation.

Since VO,,,,, corresponds to body size, comparisons between individuals or
in the same person over time — a major consideration in dealing with children —
are typically adjusted for body mass. It is important to recognise that when VO,
is expressed in this manner values become influenced by body fat content as well.
In the denominator of VO,,,,.-kg~!, body mass includes fat which is largely
metabolically inert. Thus, a lean individual will have a greater VO, - kg~ than
an obese subject who has an identical oxygen delivery capacity.



The means of determining VO,,,,, during a progressive treadmill or cycle
test is the same in children as adults. However, certain aspects of maximal aer-
obic power are distinct to the pediatric age group (see [1] for discussion). Since
a true VO,,,,, necessitates an exhaustive volitional effort, however, valid mea-
sures in young children are difficult to obtain. For this reason, most data in
youth have been published in subjects over 8—10 years old.

It is not common for children to demonstrate a tapering or “plateau’ of VO,
during such testing, which has been utilised in adults as an indicator of a true
maximal value. When children achieve certain heart rate or respiratory
exchange ratio criteria, however, a maximal value can be assumed. Some have
labeled this as peak VO, rather than VO,,,,..

VO,,,. in absolute terms rises progressively during childhood, with greater
values in males than females. When expressed relative to body mass, values are
essentially stable in boys across the childhood years at about 50 ml - kg™!-min~!,
while girls tend to show a progressive decline (a 20% decrease between years 8
and 13). A strong argument has been presented, however, that the ratio standard,
or kg' is not an appropriate normalizing factor for VO,,,,., and that values should
instead be expressed relative to allometrically-derived mass exponents (such as
mass®%7 or mass®’%). Using such size adjustment, VO,,,, relative to mass in males
increases slowly during the growing years, while values in females are essentially
stable. By whatever analysis, however, increase in body size — specifically the
dimensions of the heart, lungs, and exercising muscle — is responsible for the rise
in VO,,,., during the course of childhood.

Compared to adults, VO,,,,, in children appears to be much less ‘plastic’
(i.e. relatively insensitive to changes in level of physical activity or endurance
training). This may explain the relatively low tracking of VO,,,, from child-
hood into the adult years (coefficients typically r = 0.05-0.20) [2].

VO,,..., and Health

In adults, physiologic aerobic fitness as indicated by VO,,,, has been linked
to positive health outcomes. In the adult population surrogate markers of VO,,,.
such as treadmill endurance time and submaximal exercise testing have been
associated with significantly diminished risk of coronary artery disease and
myocardial infarction as well as a lower rate of all-cause mortality (see [3, 4] for
review). Moreover, these reports indicated an inverse relationship between indi-
rect markers of VO,,,,, and cardiovascular risk factors such as hypertension,
unfavorable serum lipid profiles, and total and abdominal obesity [5, 6].

Studies examining the relationships between directly measured VO,,,,, and
health outcomes in adults have produced similar results. Kavanagh et al. found
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that for every 1 mg-kg™'-min~' greater VO,,,,, mortality rate from ischemic
heart disease in 60-year-old women fell by 10 percent [7]. Talbot et al.
described a reduction in coronary heart disease risk related to VO, in both
younger (<65 years old) and older men independent of other traditional risk
factors [8]. A 16% increase in VO,,,,, with endurance training in 17-65-year-old
subjects was associated with favourable changes in body composition and
serum lipoprotein profile [9].

Why the body’s capacity to transport oxygen to exercising muscle should
have a salutary effect on such a wide diversity of pathogenetic mechanisms of
disease is not altogether obvious. Evidence exists for a variety of effects [4].
The influence of VO,,,,, might be a direct one (i.e., enhanced peripheral vas-
cular reactivity or myocardial vascularisation, inhibition of thrombosis, or
reduced risk of arrhythmias with higher aerobic fitness might mitigate effects
of atherosclerotic vascular disease). Alternatively, an expanded cardiovascular
system and improved oxygen delivery with greater VO,,,,, could depress
risk factors for cardiovascular disease (diminished resting and exercise
sympathetic tone to reduce blood pressure levels, improved insulin sen-
sitivity). Or, it might be that VO,,,,, and improved health outcomes are not
causally related but both simply independent expressions of a third process
(such as endurance training or regular physical activity, perhaps with genetic
influences) (fig. 1).

In children and adolescents, of course, it is not possible to link VO,,,,, with
disease outcomes such as coronary artery disease and the complications of obe-
sity, hypertension, diabetes, and osteoporosis. Consequently, evidence for a
salutary effect of VO,,,,, on health in this age group has focused instead on
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assessing relationships of maximal aerobic power with recognised risk factors
for these diseases. And here the argument for a link between VO,,,,, and health
is less compelling than that observed in adults.

In the healthy pediatric population, aerobic fitness appears to have little
bearing on cardiovascular risk factors. With few exceptions [10], cross-sectional
studies in non-trained pediatric subjects have indicated no significant relation-
ship between directly-measured VO, per kg and systolic or diastolic blood pres-
sure, serum lipid concentrations, waist/hip circumference, serum insulin, or
blood glucose levels once the influence of body fat content has been considered
[11-15].

On the other hand, highly-trained child and adolescent endurance athletes
tend to show a more favorable lipid profile (in particular, higher levels of HDL-
cholesterol) compared to non-athletes [16]. When analyses are confined to this
group, weak-to-moderate positive correlations between VO, and HDL-cholesterol
have been reported [17-19]. Eisenmann et al., e.g. demonstrated a correlation
coefficient of r = 0.31 (p < 0.05) between VO,,,,, and HDL-cholesterol levels
once body fat had been accounted for in a group of 10- to 19-year-old distance
runners [17].

Atomi et al. reported significantly higher levels of HDL-cholesterol in 21
trained soccer players ages 10—12 years compared to non-training control boys
matched for height, weight, skeletal age and percent body fat [18]. V02max val-
ues were 54.0 = 1.0 (SE) ml-kg™!'-min~! and 48.9 = 1.0ml-kg™!-min~! in
the athletes and non-athletes, respectlvely. When the two groups were com-
bined, VO,,,., related to lean body mass correlated significantly with HDL-cho-
lesterol level (r = 0.35). Whether these findings in athletes reflect a training
effect or rather a genetically-based constitutional characteristic of a pre-
selected population of youth is unclear. As Tolfrey et al. pointed out [20] ‘a
cause-effect relationship between exercise and the lipoprotein profile cannot be
readily established from this design’.

In this regard, it is important to recognise that periods of aerobic training
in non-athletic healthy children have failed to reveal any consistent alterations
in serum lipoprotein levels [20]. In 12 such studies, HDL-cholesterol concen-
tration rose in 4 (by 9-20%), decreased in one, and remained unchanged in 7.
The inability of these programmes to improve HDL-cholesterol might be
explained by the limited training duration. Only two exceeded 15 weeks in
duration, and seven of the 12 lasted 12 weeks or less. It may be important, too,
that such endurance training programs in prepubertal children, in distinction
from those in adults, typically result in only small (~5%) improvements in
VO,,.... Highly-trained child endurance athletes, on the other hand, usually
demonstrate a VO,,,,, which is approximately 30% grater than that of
untrained children [21].
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In respect to VO, - kg~! and lipid profiles in youth, it is possible from these
data to suggest that there may, in fact, be a dose-response relationship, but one
which is considerably weaker than that observed in adults. The long-term health
implications of any such effect of this magnitude are, of course, problematic.

Endurance training programs in normotensive youth typically demonstrate
no changes in resting blood pressure. However, improvements in VO,,,,, have
accompanied endurance training programs in which blood pressure reductions
have occurred in youth with mild pre-training hypertension [22]. For instance,
Hagberg et al. demonstrated that a 6-month training program in 25 adolescents
lowered average blood pressure from 137/80 to 129/75 with a rise in mean
VO, from 43 to 48 ml-kg™! - min~! [23].

The evidence supporting a link between VO, and cardiovascular risk
factors in youth is not overly convincing either by cross-sectional or training
studies. However, certain longitudinal data provide a more compelling case for
the importance of aerobic fitness during the growing years. Using data from the
Amsterdam Growth and health Longitudinal Study, Twisk et al. demonstrated
that VO,,,, measured serially between the ages of 13 and 27 years was inversely
correlated with total cholesterol [24]. In the Danish Youth And Sports Study,
Hasselstrom et al. found that relationships between VO,,,,, in adolescence and
cardiovascular risk factors in young adulthood was weak, but when the change
in aerobic fitness over the eight years of the study was considered, the relation-
ships became significant [25].

Janz et al. assessed VO,,,,, and cardiovascular risk factors over five years
in 125 healthy children beginning at the age of 10.5 years [26]. Changes in aer-
obic fitness explained 4% of the variability in systolic blood pressure, 11% of
total cholesterol to HDL-cholesterol ratio, 5% of LDL-cholesterol levels, and
15% of adiposity at year five.

Secular Changes in VO,,,,, in Youth

It is of interest to health scientists and practitioners to analyze changes in
aerobic fitness in the pediatric population over time. Such an assessment might
provide (1) a marker of socio-cultural influences which may affect VO, and,
in turn, (2) signal a need to for public health strategies to promote aerobic fit-
ness for positive health outcomes.

Freedson and Goodman compiled data on 38 exercise studies which mea-
sured VO, relative to body mass in boys from 1938 to 1993 [27]. As indicated
in figure 2, no obvious changes were evident over this 55-year period. Eisenmann
and Malina performed the same type of analysis ten years later [28]. They compiled
results of 43 studies in boys and 32 of girls which involved direct measurement of
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Fig. 2. VO, values in studies of boys between 1938 and 1993 (compiled in Freedson
and Goodman [27]). Reprinted with permission.

VO,,,., in non-athletic healthy subjects residing in the United States. VO, (both
absolute and mass-relative) showed no change in boys over time.

Among studies in females, a greater degree of fluctuation of values
between decades was observed. For instance, studies in the oldest group (age
15-19 years) had a mean value of 34.6ml-kg™'-min~' in the 1960’ a rise to
41.6ml-kg ! -min~! in the 1970, and a decline back to 33.4ml-kg ! -min~!
in the 1990s.

Values of VO, in children were stable in studies reported in the United
Kingdom between 1975 and 1991 [29]. However, in the 45-year period between
1952 and 1997, measurements of VO,,,,, of Norwegian children and adoles-
cents declined at an average rate of —0.12% annually [30].

These exercises in data-gathering are interesting but in truth provide little
insight into the question of temporal changes in VO,,,, in the pediatric popula-
tion. They are not epidemiologic investigations but rather represent compila-
tions of small studies designed to answer a certain physiologic question. The
subjects involved are typically volunteer recruits and as such reflect children
who are athletically-inclined, non-obese, and motivated to exercise. At best they
can be considered to reflect trends in VO,,,,. in children over time in those who
will volunteer for maximal exercise testing.

The problem is compounded by the fact that these studies have been per-
formed in a large number of laboratories using different equipment, staffing, and
testing conditions. Moreover, during the time span in consideration, equipment
for measuring oxygen uptake has evolved dramatically. The importance of these
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factors is reflected in the wide range of VO, reported in these studies, the con-
sequence of which is that there are no defined ‘norms’ for VO, in children and
adolescents. At present there exist no population-based measurements of VO,
in youth over time to assess temporal changes in aerobic physiologic fitness.

Determinants of VO,,,,,: A Model for Secular Changes

Although there are no solid data to indicate if VO,,,, is changing over
time in youth, certain inferences can be drawn by considering the more docu-
mented temporal trends of factors which influence both the numerator and
denominator of VO, -kg~'. Based on these, a model of what should be
expected to happen with VO, .. levels in the pediatric population over time
can be constructed.

Barring genetic mutation, there is no reason that intrinsic changes within
the oxygen delivery chain should be expected to vary over time. However, there
are two external influences, habitual physical activity and body fat content, that
have the potential for affecting temporal trends in VO,,,, per kg.

Habitual Physical Activity

The dimensions (left ventricular size, plasma volume, muscle capillarisa-
tion) and function (muscle aerobic enzyme activity) of the oxygen delivery
machine which define VO,,,,, are responsive to alterations in level of physical
activity (i.e., endurance training). Would the perceived decline in habitual phys-
ical activity of children in response to an increasing technological society be
expected to cause a temporal fall in VO, - kg~ '? If so, by how much?

The answers are not entirely clear. However, there are several lines of evi-
dence to suggest that a population-wide decline in daily physical activity in
youth might have little impact on VO,,,,. First, numerous studies have indi-
cated that VO, bears little relationship to level of habitual activity in the pedi-
atric population [31]. And, as noted above, if you not just increase daily activity
but rather place a child in an intense program of regular aerobic training, little
changes in VO,,,,, are observed (typically about 5%) [21]. Kemper et al. found
a significant relationship in changes in VO,,,,, and physical activity in the same
subjects between ages 13 and 27 years [32]. However, the influence of physical
activity was very small, accounting for only a 2-5% rise in aerobic fitness.

The effect of a child’s adopting a sedentary lifestyle on his or her VO,
has not been well defined. In a study in which change in aerobic fitness was
estimated after 9 weeks of fotal inactivity in children, VO,,,,, per kg declined
only 13 per cent [33]. This information suggests that little decrease in the
numerator of VO, -kg~! (i.e. absolute VO,,,,, or cardiovascular functional
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capacity should be expected over time from downward trends in habitual phys-
ical activity in children and adolescents.

Body Fat Content

As described above, an accumulation of metabolically-inert body fat
inflates the denominator of VO,-kg~!. Consequently, greater obesity is
inversely related to VO, kg™!, even if true cardiovascular fitness (i.e.
absolute VO, in the numerator) increases [34]. Given the dramatic rise in
childhood obesity in recent decades, it should be expected perforce that a tem-
poral decline in VO,,,, - kg~! should be observed in both boys and girls.

It should be re-emphasised that such a trend would not reflect true cardio-
vascular functional capacity but rather a secular change in the factor (body
mass) by which absolute VO, max is being adjusted for body size. In this
respect, secular declines in levels of physical activity which cause or exacerbate
obesity would, in fact, be linked to a reduction in VO, -kg~! This would
result by influencing the denominator rather than the numerator of VO, - kg ™!
(see above).

Conclusion

In summary, although not as persuasive as in adults, evidence does indicate
arole for physiologic aerobic fitness in the future health of children and adoles-
cents. At present there are no data by which trends in VO,,,,, - kg~" over time in
the pediatric population can be judged. By examining established trends in fac-
tors that influence VO,,,, - kg~!, however, it should be expected that a down-
ward trend over time is occurring. It is most likely, however, that such trends
reflect temporal alterations in body composition (increasing obesity) rather
than a true decrement of cardiovascular function over time.
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Abstract

There is accumulating evidence of worldwide declines in cardiorespiratory endurance
(CRE) among children. To date, few studies have focused on trends in distributional charac-
teristics of CRE performance. This study analyzed 1985 and 1997 samples of Australian chil-
dren on the 1.6km run/walk test, using a variety of descriptive and inferential statistics to
compare distributions of average running speed among 10- to 11-year-olds. The analysis was
conducted on 965 boys and 935 girls from 1985, and 661 boys and 553 girls from 1997.
Among boys there was a significant increase in the coefficient of variation of average com-
pletion times, with a marked decrease in negative skew. This was largely attributable to the
largest declines occurring in the middle percentiles, with relatively smaller declines at low
(<<5th) and high (>90th) percentiles. The bulk of the scores have shifted towards the left side
of the distribution, reducing the skew. Among girls the distributional trends were different;
there was little change in ‘scatter’ and skew of test scores, with declines in performance being
relatively uniform across the distribution. These findings contrast with previous reports of
greater declines among the lowest ranked performers on CRE tests. The observed declines in
all percentiles other than the lowest and highest ranked boys suggest that mechanisms for
declining fitness are widespread throughout the population and may reflect changes in envi-
ronmental barriers and enablers of regular physical activity among Australian youth.

Copyright © 2007 S. Karger AG, Basel

Recent research into trends in children’s performance on tests of cardio-
respiratory endurance (CRE) has revealed deteriorating scores over the last
20 years [1]. While there is now clear evidence of a decline in average per-
formance, changes in the distribution of children’s fitness scores are less clear.
The issue is potentially important in understanding both how the decline in



performance came about, and how best to address it. If average test scores are
being dragged down by an increasingly long tail of poor scores, it would sug-
gest that some factor is differentially affecting certain subsets of children. If, on
the other hand, there has been an across-the-board fall in scores, with little or no
distributional change, a generalized influence — presumably environmental —
may be at work. A reduction in the tail of superior performances, on the other
hand, may have implications for talent identification, with a reduced pool of
very fit youngsters.

There is evidence that the variability of CRE test scores is increasing.
Tomkinson [2] reported consistent increases in the coefficient of variation (CV)
of CRE test scores in Australasia. There were changes of —0.08 to +0.75% per
annum in the CV (%) for performances of over 130,000 children on the 1.6 km
walk/run, 600 yard run and 20 m shuttle run test (20 m SRT) between the 1960s
and the 1990s. Assuming an average increase in CV of about 0.35%, this
amounts to a performance deterioration of about 0.25 standard deviations (SD)
for the 1.6km run/walk per decade. Using large datasets from the Japanese
Ministry of Education, Science and Culture, Noi and Masaki [3] also reported
increases in the CVs of fitness test scores for 11-, 14- and 17-year-olds from
1980 onwards.

Unfortunately, trends in CVs do not provide information on what has been
happening at the tails of the distribution, nor on changes in skewness. Using
CVs alone, it is not possible to know whether the better performers improved,
the poorer performers deteriorated, or both. A handful of studies have com-
mented on secular trends in distributions. Wedderkopp [4] examined secular
trends in CRE test performance using maximal work test data from three repre-
sentative samples of Danish children and adolescents between 1983 and 1998.
In general, unfit Danish children and adolescents were less fit in the 1990s than
in the 1980s, with the fittest girls fitter, and the fittest boys less fit. Wilson [5]
examined CRE test scores from a single boys’ school over a 15-year period.
There was an increasing negative skew (towards the poor-performing tail) in the
600 yard run. Shifts in distributional characteristics in 1.6 km run test perfor-
mance were also reported by McNaughton et al. [6], who contrasted Australian
schoolchildren tested in 1985 and 1995. The better performers in 1995 were
superior to those of equivalent rank in 1985. In contrast, the average and below
average performers in 1995 were worse than in 1985. Taken together, these few
studies suggest that by and large it is change at the poorly performing tail of the
distribution which is dragging the average scores down, while the better-
performing tail has shown little change.

The aim of this study was to examine distributional changes in 1.6 km
run/walk test performance between 1985 and 1997 among 10- to 11-year-old
South Australians.
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Methods

Performance scores on the 1.6km run/walk from the Australian Schools Health and
Fitness Survey (ASHFS; [7]) and the South Australian Schools Health and Fitness Survey
(SASHFS; [8]), were assessed for evidence of a distributional shift. Protocols of administra-
tion for the test were carefully replicated between surveys, as the primary objective of the
1997 SASHFS was to describe trends since 1985 in a range of fitness and body composition
variables.

Subjects and Sampling

In 1985, a nationally representative sample of 8,484 children aged 7-15 years partic-
ipated in the ASHFS, providing extensive data on health and fitness through various field
and technical tests, questionnaires and blood samples. The sampling design has been
described in detail elsewhere [7]. Briefly, a self-weighted sample was drawn by selecting
schools with a probability proportional to enrolment numbers, and then using simple random
sampling to select 10 children per age/sex category within each school. Ninety percent of
invited schools agreed to participate (n = 109), and 77.5% of students selected in the initial
sample received parental consent to participate.

In the SASHFS, 33 schools were randomly chosen from a list of 580 South Australian
primary schools. Within each school, all children who were either 10 or 11 years of age on
September 30, 1997, were invited to be tested. Twenty-eight schools (85% of those invited)
agreed to participate, and within participating schools 72% of children agreed to take part.
The distribution of selected schools between metropolitan and non-metropolitan areas, and
between government and non-government sectors, closely matched the overall distribution
across the state.

All data, both from this and the 1985 study, were analyzed on the basis of the child’s
age in decimal years at the time of testing. Comparisons were confined to boys and girls who
were aged 10-11 years at testing, on whom height, weight and 1.6 km run/walk data were
available. This included 965 boys and 935 girls from 1985, and 661 boys and 553 girls from
1997.

1.6 km Run Test

Depending on the space available in schools, a circular 200m or 400 m track was
marked out. Children completed the test in several small groups, starting at different points
on the track. Instructions were provided on ‘pacing’ to achieve the best time, and on the
appropriate ‘warm-down’ procedure. Subjects were regularly informed of the number of laps
to be completed and verbally encouraged throughout. Times were recorded to the nearest
0.1s, with one timekeeper per runner. Performances were expressed as average running
speeds (m - s71).

Statistical Analysis

A range of statistical and graphical methods can be used to describe and compare dis-
tributions. In this study, we have quantified the scatter of a distribution about an average
value using the CV (the standard deviation divided by the mean, expressed here as a percent-
age). The larger the CV, the greater is the scatter or spread of the distribution. CVs were com-
pared for statistical significance, using the standard errors. In addition, the skewness or
asymmetry of the distribution was quantified using the coefficient of (excess) skewness. A
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Fig. 1. Distributions of 1.6 km run speeds (m - s™!; left panels) and times (s; right pan-
els) for 10- to 11-year-old boys (upper panels) and girls (lower panels) from 1985 and 1997
combined.

positive skewness coefficient indicates a longer right tail of the distribution, with a large
number of extremely high values. A negative coefficient indicates a correspondingly long
left tail of low values. Skewness coefficients can be compared statistically using their stan-
dard errors.

The simplest graphical representation of a distribution is the frequency histogram.
Figure 1 shows an example. Another method of representing a distribution is a quantile-
quantile (QQ) plot which shows the scores corresponding to various percentiles on each dis-
tribution plotted against each other. An example is the upper left panel of figure 2. When the
numbers in each distribution are the same, the QQ plot is just a scattergram of the sorted data
of each distribution. The deviation of the QQ plot from the identity line indicates the differ-
ences between the distributions. In figure 2 for example, the differences between the two
distributions are greatest in the middle part of the distribution. QQ plots usually do not show
actual percentiles, but in the graphs shown here, key percentiles have been indicated by
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Fig. 2. Distributional changes in 1.6 km walk/run performance in 10-year-old boys.
The upper left panel shows the QQ plot, and the lower left panel the MD plot. The circles rep-
resent the 1st, S5th, 50th, 90th, 95th and 99th percentiles. The right panel shows the frequency
histograms.

numbered circles. Finally, a mean-difference (MD) plot graphs the differences between the
two distributions at various percentiles against the average value at that percentile for each
distribution, as shown in the lower left panel of figure 2. The MD plot is another view of the
QQ plot, with the largest differences occurring in the middle of the range.

The distributions of 1.6km run scores in 1985 and 1997 were compared for four
groups: 10- and 11-year-old boys and girls. The QQ plots were generated by randomly choos-
ing from the larger 1985 datasets a number of scores equivalent to the sample size from the
smaller 1997 dataset. For example, there were data on 473 10-year-old boys from 1985, and
on 279 10-year-old boys from 1997. Consequently, 279 scores were randomly chosen from
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the 1985 dataset, and plotted against the 1997 scores. MD plots were also based on the
randomly chosen 1985 datasets. The statistics (CVs and skewness coefficients) were based
on the entire datasets.

Results

Descriptive Statistics of the Survey Samples

Table 1 shows the sample sizes, ages and average 1.6 km running speeds
for the participants. There were significant declines (p < 0.0001) in running
speed between 1985 and 1997 in each age/sex group.

Distributions of 1.6 km Run Performances

Figure 1 shows the distribution of 1.6 km run times (s) and speeds (m - s 1)
for boys and girls from the combined 1985 and 1997 datasets. The distribution
of speeds shows a negative skew, while the distribution of times shows a more
marked positive skew. The skews are less extreme for girls than for boys. These
distributions are typical of running performance scores, and reflect a ‘ceiling
effect’ in very fit children. The greater skews in boys probably reflect higher
activity levels and a greater overall engagement in sport.

Distributional Shifts in 1.6 km Run Performances: Boys

Table 2 shows the distributional statistics for 10- and 11-year-old boys’ perfor-
mances from 1985 and 1997. The scatter of scores increased in both groups. The
increases in the CVs were significant (z = 6.21, p < 0.0001 for 10-year-old boys;
z = 2.36,p = 0.018 for 11-year-old boys). There were also significant decreases in
negative skew: from —0.81 to —0.23 for 10-year-old boys (z = 3.34, p = 0.0008),
and from —0.59 to —0.26 for 11-year-old boys (z = 2.39, p = 0.017).

Figures 2 and 3 show the QQ and MD plots and frequency histograms for
10- and 11-year-old boys. Visual inspection of the histograms shows that in
both cases, the distributions have become less negatively skewed. The QQ and
MD plots show that the reason for this is that the largest declines have occurred
in the middle percentiles, with relatively smaller declines at low (<<5th) and
high (>90th) percentiles. The bulk of the scores have shifted towards the left
side of the distribution, reducing the skew.

Distributional Shifts in 1.6 km Run Performance: Girls
Table 3 shows the distributional statistics for 10- and 11-year-old girls’
performances from 1985 and 1997. The pattern here is quite different from that
of boys. There has been very little change in the scatter of scores. The small
increases in CVs were not significant. While the negative skew had decreased
slightly, the changes were also not significant.
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Table 1. Sample size, mean (SD) age (years) and mean (SD) 1.6 km running speed (m - s~!) for the participants

1985 1997

boys girls boys girls

10 years 11 years 10 years 11 years 10 years 11 years 10 years 11 years
n 473 492 467 468 279 386 260 293
Age (SD), years 10.4 (0.3) 11.4 (0.3) 10.4 (0.3) 11.4(0.3) 10.6 (0.2) 11.4 (0.3) 10.6 (0.3) 11.4 (0.3)
Run speed (SD), 3.22(0.47) 3.28(0.51) 2.74 (0.40) 2.80(0.45) 2.98(0.50) 3.04 (0.53) 2.56 (0.40) 2.61(0.44)

m-s!




Table 2. Distributional statistics for performances (m - s~ !) on 1.6km
walk/run test for boys in 1985 and 1997

10-year-old boys 11-year-old boys

1985 1997 1985 1997
CV, % 14.5 20.3? 154 17.3?
Skewness —0.81 —0.232 —0.59 —0.26*

CV = Coefficient of variation.
21997 value significantly greater than 1985 value.

Figures 4 and 5 show the QQ and MD plots and frequency histograms for
10- and 11-year-old girls. The declines in performance have been relatively
uniform across the distribution.

Discussion

The distributions of 1.6km run scores in some groups have changed sig-
nificantly between 1985 and 1997. Boys’ scores have become more widely scat-
tered, and less negatively skewed. The overall decline in boys’ performances has
been the result of a leftward shift in the middle of the distribution. In contrast,
girls’ scores have not shown distributional changes, and the overall decline in
girls’ performances has been the result of across-the-board declines.

In contradistinction to previous reports, this study did not find greater
declines at the left (poorly performing) tail of the distributions. In boys, the
declines at the tails were smaller, and in girls not different, than declines at
other parts of the distribution. These patterns suggest causative factors which
are quite general, and affect most children. The possible exceptions are very fit
and very unfit boys.

The negatively skewed pattern of boys’ scores in 1985 may reflect a ceiling
effect. In a population where most boys are very active and engaged in sport,
many will reach high levels of fitness. The distributions of girls’ scores were not
negatively skewed in 1985. This perhaps suggests that physical activity, sport
and fitness do not have the same kind of salience in girls’ lives as they do in
boys’, and fewer girls will seek to excel in these areas.

The unchanging performances between surveys among the fittest boys
may reflect this upper limit of engagement in physical activity and physiological
adaptation. On the other hand, the slowest boys in both surveys most likely
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Fig. 3. Distributional changes in 1.6km walk/run performance in 11-year-old boys.
The upper left panel shows the QQ plot, and the lower left panel the MD plot. The circles rep-
resent the 1st, Sth, 50th, 90th, 95th and 99th percentiles. The right panel shows the frequency
histograms.

completed the test at an effort level insufficient to induce physiological stress,
and the similar completion times among boys in both surveys probably reflects
a lower limit of motivation to engage in the task.

Contribution of Changes in Fatness

It can be strongly argued that increases in fatness will lead to declines in
weight-bearing CRE performance. Cross-sectionally, running performance
declines with increasing fatness. For example, in a national dataset of Australian
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Table 3. Distributional statistics for performances (m - s~ !) on 1.6km
walk/run test for girls in 1985 and 1997

10-year-old girls 11-year-old girls

1985 1997 1985 1997
CV, % 14.8 15.6 154 16.7
skewness —0.15 +0.03 —0.23 +0.13

CV = Coefficient of variation.

children [7], there were correlations of —0.37 to —0.46 (p < 0.0001) between
measures of fatness (e.g. BMI and sum of skinfolds) and average 1.6 km running
speed in boys and girls. However, the relationship between measures of fatness
and running speed is curvilinear, with fatness having very little effect on running
performance up to about the 50th percentile of BMI (fig. 6). Children of average
fatness perform as well as children who are very lean, while children of above
average BMI tend to perform worse on running tests.

Secular changes in fatness have coincided with changes in CRE perfor-
mance, with increases in fatness and declines in CRE performance becoming
marked since about 1970-1980 [9, 10]. In Australia [8, 11] and overseas [12, 13],
studies have shown disproportionate increases in fatness in certain subsets of
children and adolescents, with rates of increase more marked in fatter individu-
als. Distributions of fatness have shown increasing positive skews.

Olds and Dollman [14] compared the running performance of boys and
girls from 1985 and 1997 matched for age, BMI and triceps skinfold thickness,
in an attempt to tease out the contribution of changes in fatness to declines in
performance. The matched children from 1997 still performed worse than their
1985 counterparts, with adjustment for fatness accounting for less than half of
the overall decline in performance. Figure 7 shows QQ plots for the com-
plete and matched datasets for boys and girls. Among boys, correcting for
fatness explained about 50% of the overall performance difference up to about
the 10th percentile. Beyond that point, the matched boys from 1997 actually
outperformed their counterparts from 1985. With girls, a somewhat smaller
proportion of the overall decline was explained by matching for fatness, and the
proportion was similar across the percentile bands.

These considerations suggest that while changes in fatness account for a
moderate proportion of changes in run performance, there must be other factors
at work (perhaps lower levels of physical activity, or less experience with maxi-
mal sustained efforts), and that the effects are not consistent across the percentile
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Fig. 4. Distributional changes in 1.6 km walk/run performance in 10-year-old girls.
The upper left panel shows the QQ plot, and the lower left panel the MD plot. The circles rep-
resent the 1st, Sth, 50th, 90th, 95th and 99th percentiles. The right panel shows the frequency
histograms.

bands, at least in boys. It is possible that a proportion of boys who excel at sport
and games continue to engage in fitness-promoting activity, and are relatively
resilient to environmental effects. Girls, and boys who do not excel (two groups
who have less to gain from excellence at sport and games in terms of kudos and
identity), may be more likely to disengage from fitness-promoting activities
when environmental factors limit access to participation opportunities [15].
Unfortunately, there are few reliable data on secular trends in physical activity
patterns in children and adolescents to test the hypothesis of differential declines in
vigorous physical activity behaviors. There have been several reports of reduced
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Fig. 5. Distributional changes in 1.6km walk/run performance in 11-year-old girls.
The upper left panel shows the QQ plot, and the lower left panel the MD plot. The circles rep-
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engagement in particular contexts of physical activity, such as physical education,
organized sport and active transport [16]. However, no previous studies have ana-
lyzed distributional changes to determine whether relatively high, medium and low
‘consumers’ of physical activity are more or less engaged now compared with pre-
vious generations. The results of this analysis recommend investigations of the dis-
tribution of physical activity patterns across the socio-demographic landscape,
with a view to identifying targets for intense intervention.

Studies of temporal changes in children’s CRE are limited by a number of
biological and methodological factors. In this study CRE is represented by the
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1.6 km run/walk test. Performances in field tests are affected by factors other
than CRE, such as motivation and mechanical efficiency. A detailed analysis of
the relationship between 1.6 km run/walk performance and the physiological
determinants of VO,,,,,. (36 boys; 12.2 = 0.5 year) revealed that stroke volume
was related, but not maximal arteriovenous oxygen difference and maximum
heart rate [17]. Overall, VO,,,,, explained only 28% of the variance in 1.6 km
run/walk time, with percent body fat explaining 31%, and approximately 40%
remaining unexplained. Nevertheless, a review by Krahenbuhl et al. [18] estab-
lished that validity of field tests of children’s CRE increases with distance, and
that 1,600m is the best field predictor of VO,,,,, among both boys and girls.
From the health perspective, it could be argued that CRE performance scores,
by integrating factors such as motivation and tolerance of discomfort during
exercise, are more likely to reflect a child’s willingness to participate in health-
promoting physical activity.

Distance run performance will be affected by environmental factors such
as temperature, humidity and ground conditions, in ways that could be attrib-
uted to physiological stress and motivation. Test conditions were unlikely to
have varied systematically between 1985 and 1997. In both surveys, trials were
conducted on grassed surfaces in over 90% of schools, with the remainder on
bitumen or gravel [7]. Trials were conducted in winter and spring, and were
postponed if the ambient temperature exceeded 30°C.

Practice can have a significant impact on CRE performance tests. Watkins
and Moore [19] reported that Scottish schoolgirls (12—15 years) improved their
1 mile run times by 37-48 s over three trials in the space of two weeks, presum-
ably due to improved tactical awareness rather than a training effect. There were
anecdotal reports of rehearsals for both the 1985 and 1997 surveys in a few
schools, but there is no reason to believe that one survey’s results are contami-
nated to a greater extent than the other.

The slower moving ‘pack’ of participants in the 1997 survey may have led
to a cohort pace reduction effect, in that those capable of running faster were
tactically confused or less motivated by those around them. This may in part
explain the relatively small change in the running speed of the best performed
boys between surveys.

Secular trends in fitness and adiposity are confounded by changes in the tim-
ing of biological maturation from one generation to the next. In girls, the age of
menarche has been advancing at the rate of 34 months each decade, while in boys,
the voice is breaking earlier by about 2 months per decade [20]. Consequently,
when 10-year-old girls from 1985 and 1997 are compared, from a maturational
perspective the 1997 cohort is closer to the 10.6-year-old from 1985. Since per-
formance on fitness tests generally improves with age [10], we would expect
improved performance between 1985 and 1997 based on maturational advances
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alone. The deterioration in CRE performances in boys, other than among the
fastest and slowest, and in girls ‘across the board’, may therefore be underesti-
mating declines in physiological fitness among the majority of children.

Trends in cardiorespiratory fitness, fat mass, fat-free mass, maturational

tempo, physical activity and willingness to fully engage will interact in many
possible causal networks to determine CRE test performance. However, the
declining CRE performance among a high proportion of the youth population,
even after accounting for changes in fatness, underscores the need to fully iden-
tify where, and among whom, regular vigorous physical activity is occurring.
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Abstract

Aims: This study quantifies the cross-sectional and longitudinal relationships between
young people’s fatness (BMI, skinfold thickness) and fitness (performance on tests of aero-
bic fitness). Background: Over the last 20-30 years, young people have become fatter and
less fit. It is likely that the decline in fitness is largely due to increases in fatness. There are
strong mechanistic connections; within cohorts, variability in fatness accounts for about 20%
of variability in running performance; there is a strong correlation between overweight
prevalence and relative fitness across specific cohorts from different countries; and secular
declines in fitness coincide temporally with increases in BMI. Methods: Australians aged
10-12 years tested in 1985 were matched for age, sex, BMI and triceps skinfold thickness
with their counterparts tested in 1997 (n = 279 matched pairs), and 1215 year-old tested in
1995-1996 were matched with their counterparts tested in 1999-2000 (n = 2,834 matched
pairs). Performance differences on running tests in the matched datasets were compared with
performance differences in the complete (unmatched) datasets. Results: Performance differ-
ences persisted even when young people were matched for fatness. Matching for fatness
reduced overall performance differentials by 29-61%. Other factors such as reduced physical
activity and subsequent training effect are likely to have contributed to the decline.

Copyright © 2007 S. Karger AG, Basel

The aim of this paper is to quantify the effect of increases in young people’s
fatness on declines in young people’s fitness. We use the terms ‘fitness’ and ‘fat-
ness’ for brevity. ‘Fitness’ should be understood as performance on tests of aero-
bic fitness (typically involving tests lasting at least 3—5 min), and ‘fatness’ as
adiposity operationalized by age- and sex-specific BMI and skinfold thicknesses.

There is now overwhelming evidence that in most parts of the world young
people have been getting fatter [1] and less fit [2] for at least the last 20 years.
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Fig. 1. Secular changes in the prevalence of overweight and obesity in young people
(using the Cole cut-offs) in countries around the world. Data sources are available in
Tomkinson [32].

Figure 1 shows collated data on secular trends in the prevalence of overweight and
obesity in young people around the world using internationally agreed criteria [3].
There have been increases in all but a few countries, more marked in the US than
elsewhere.

It is tempting to causally link increased fatness with decreased fitness. It
seems natural that fatter young people will perform worse on fitness tests, par-
ticularly those involving running. This association has been suggested by a
number of researchers [4—6]. There are good reasons for making this associa-
tion: plausible mechanistic links, significant cross-sectional correlations, and
parallel secular trends in fitness and fatness.
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However, fitness, fatness and physical activity can interact in many pos-
sible causal networks [7]. One view is that fitness performance has declined
because young people are less active than they were in the past. In a recent
review of the literature on changes in aerobic fitness [7], the author concluded
that ‘if changes in aerobic fitness in young people are declining, and if this
fall is not just due to increases in body fat, it might be assumed that sedentary
living plays a direct etiological role’. The decrease in moderate-to-vigorous
physical activity has resulted in a reduced training effect, and hence reduced
fitness. While there are few reliable data on secular trends in physical
activity patterns in young people, a number of local snapshots strongly sug-
gest that young people are less active, and more inactive, than in previous
decades [8]. There are documented declines in vigorous physical activity in
US high school students [9], young people’s use of active transport in both the
UK and the US [10-12], and participation rates in US high school physical
education classes [9, 13]. There has been one recent report of declines in the
number of organized sports young people are participating in [14]. There is
stronger evidence in relation to increasing screen-based inactivity both in
young people and in adults [15, 16]. Nor can we rule out the possibility of
changes in young people’s motivation, cognitive familiarity with pacing, or
motor skills.

The etiological issue is of more than just theoretical interest. If we want to
reverse the decline in fitness, it is important to know whether it is solely due to
increases in fatness, in which case anti-overweight strategies (e.g. dietary
control) may be appropriate, or whether declines in vigorous activity are impor-
tant, in which case strategies might also focus on increasing physical activity. If
reduced levels of physical activity sufficient to elicit a training effect are an
important factor in falls in aerobic fitness performance, and if aerobic fitness is
considered to be a desirable goal of physical education, then physical educators
should be considering ways of re-introducing vigorous activity into young peo-
ple’s lives, perhaps through school and club sport. However, in many countries,
public policy is more directed towards health-related fitness.

Mechanistic Links

A number of studies have addressed the effect of added mass on running
economy. Among the consistent findings has been that added mass placed cen-
trally, and especially peripherally, increases the aerobic demand of steady-state
running when expressed as ml O, - kg™! body weight (BW) - min~' [17, 18].
However, when expressed relative to total body weight (i.e. body weight plus
added weight), passive or artificial central loads will, at least in young people,
often reduce the O, cost of running at a given speed [19], perhaps due to better
re-use of elastic energy.
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Fat constitutes an extra load to carry and reduces mass-specific aerobic
power approximately on a pro rata basis, a major determinant of running per-
formance. Unlike a passive load, fat mass will also incur some extra metabolic
‘maintenance’ costs, such as breathing and thermoregulation. There are also
potential psychosocial pathways linking increased levels of body fat and poorer
performance: fatter young people tend to have lower self-esteem and self-
efficacy, which may make them less motivated in fitness tests [20].

Cross-Sectional Correlations between Fitness and Fatness

A second argument for the association between fatness and performance
comes from cross-sectional data. Studies have generally found significant
correlations between various measures of fatness and running performance in
trained adults [21, 22], with 0-38% of the variance in running performance
being explained by variability in fatness. Krahenbuhl et al. [23] found that the
sum of skinfolds explained 0-25% of the variance in running performance over
549-1,609 m in 8-year-old American young people.

Two large Australian datasets allow us to further explore this relationship.
Pyke [24] and Dollman et al. [25] tested a total of 3,878 10- to 12-year-old
young people using the 1.6 km walk/run test. They also measured BMI. The
Australian Sports Commission’s Talent Search project collected BMI and 20 m
shuttle-run test (20m SRT) data on 17,684 Australian 12- to 15-year-old
between 1995 and 2000 [26]. In the following analyses, BMI was normalized
[27] using Box-Cox transformation [28], and the response variables were
expressed as average running speed (1.6 km walk/run) and running speed at the
final completed stage (20m SRT). Running speed was then regressed against
BMI and sum of skinfolds. The results are shown in table 1. These results are
quite consistent across sexes, age bands and tests. The percentage of variance in
running performance explained by BMI is 5-25%. The effect of fatness appears
to diminish with age.

BMI is an imperfect measure of fatness, particularly in young people,
where higher BMIs may signal greater maturation or greater muscle mass, which
might be expected to improve rather than hinder running performance. A better
measure is the sum of skinfolds. For the Pyke and Dollman datasets, comparable
skinfold measurements were available for the subscapsular, triceps, biceps,
supraspinal and abdominal skinfolds. The sum of skinfolds was calculated and
normalized using the Box-Cox method. Table 2 shows the relationship between
the sum of skinfolds and running speed over 1.6 km for the 2,267 10- to 12-year-
old Australians for whom data were available. Here the correlations are some-
what larger, explaining 14-32% of the variance in running performance. While
there are clearly associations between fatness and performance, fatness appears
to explain only about 20% of the variance in performance. There must also be
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Table 1. Relationship between BMI and running speed in 10- to 12-year-old Australian
young people tested using the 1.6km run and 12- to 15-year-old young people tested using
the 20 m shuttle run test (20 m SRT)

1.6 km walk/run 1.6km 20 m SRT

10 years 11 years 12 years 12 years 13 years 14 years 15 years

Boys

r 0.39 0.48 0.38 0.42 0.34 0.25 0.21
n 749 870 555 972 4,225 3,064 1,524
Girls

r 0.33 0.38 0.38 0.33 0.33 0.25 0.10
n 724 756 524 1,064 3,670 2,113 952

The Pearson product-moment correlation coefficient (r) and sample size (n) are shown.

Table 2. Relationship between sum of skinfolds and
running speed in 10- to 12-year-old Australian young people
tested using the 1.6 km run

Age

10 years 11 years 12 years
Boys
r 0.50 0.57 0.49
n 339 379 490
Girls
r 0.38 0.51 0.45
n 304 287 468

The Pearson product-moment correlation coefficient (r)
and sample size (n) are shown.

other factors such as maturation, test familiarity, motivation and genetic aptitude,
which are important. The interactions between genetics, fatness, maturation, motor
skill and physiological characteristics are extremely complex, but fall outside the
scope of this discussion.

While we see consistent correlations between fatness and fitness in these
samples, do we find similar correlations when international comparisons are
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made? Since the publication of internationally agreed cut-offs for classifying
young people as overweight or obese [3], a great deal of data has become available
on the comparative prevalence of overweight around the world (e.g. [29]). We cor-
related these data with fitness performance data on young people who had been
tested using the 20 m SRT since 1980. The results for young people from each
country were expressed as the average age- and sex-specific z-score relative to
data on 418,026 young people from 37 countries [30]. These scores were then
matched with overweight prevalence estimates for young people of the same sex,
from the same country, of approximately the same age (to within 2 years), and
measured in approximately the same time period (to within 3 years). A total of 186
age X country X sex X year of test comparisons were possible, including data
from 15 countries. When several studies could be used as comparisons for the
same study of overweight prevalence, sample-weighted z-scores were calculated.

The results are shown in figure 2. A semilog (fitness z-score vs. In of
prevalence) provided a good fit, indicating a floor effect on fitness as over-
weight increased. There was a significant negative correlation between perfor-
mance and prevalence (r = —0.66, p < 0.0001; fig. 2), with variability in
overweight prevalence accounting for 43% of the variability in performance.
The countries with the fittest young people, notably those of northern Europe,
had the lowest prevalence of overweight and obesity, while the countries with
the least fit young people (USA, Brazil) had the highest prevalence’s. Each 1%
increase in the prevalence of overweight was associated with a fall of about 0.03
SDs in performance. One limitation to this analysis is the blanket use of stan-
dard BMI cut-offs across populations. Some researchers have suggested that
ethnically specific cut-offs should be used to account for inter-ethnic body size,
shape and composition differences [31].

Parallels in the geographical distributions of aerobic performance and
prevalence of overweight in young people confirm the relationships found in
intra-cohort and secular trend analyses. Variability in the prevalence of over-
weight is clearly associated with, but does not completely explain, variability in
aerobic performance. The factors other than fatness contributing to variability
in fitness between groups may be different from those contributing to variabil-
ity within groups. A wide range of cultural factors, including the role of sport in
public life, the involvement of children in physical work, socio-economic fac-
tors affecting access to passive or active recreation facilities, and social expect-
ations regarding performance in physical and intellectual domains may be
important at the level of the nation.

Secular Trends in Fitness and Fatness
Mechanistic and correlational arguments provide strong support for the
notion that fitness performance is affected by fatness. They do not necessarily
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Fig. 2. Relationship between aerobic performance (mean z-score for 20 m SRT relative
to all young people) and the prevalence of overweight in 15 countries. Data are shown for
Australia, North America (USA and Canada), Europe (Belgium, Czech Republic, Denmark,
France, Germany, Italy, Poland, Spain, Switzerland, UK) and other countries (Japan and
Brazil). Note that the abscissa uses a log scale. Data sources are available in Tomkinson [32].

entail, however, that changes in fatness are associated with changes in fitness.
While many factors contribute to inter-individual variability in fitness perfor-
mance, only some may show systematic secular changes, and hence be associ-
ated with changes in performance. Conversely, factors which may not impact
cross-sectionally on fitness performance because of uniform levels of exposure
in the cohort, may change over time and hence result in secular changes in per-
formance. While there are no studies which have longitudinally tracked fitness
and fatness changes in the same individuals, we have considerable data on secu-
lar trends in fitness and fatness at the population level. The coincident decline
in fitness performance and rise in BMI suggests a causal connection between
the two.
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Tomkinson [32] has collated data on the fitness performance of
24,874,247 young people from several dozen countries, including data on
78,863 Australian young people. Using these data, it is possible to summarize
numerically and graphically the time-related patterns of change in performance
on fitness tests. The method and source data are described in detail in
Tomkinson [32; see also chapter by Tomkinson and Olds, this vol., pp. 46—66],
and are summarized here. Time-related patterns of change were calculated
using both world and Australian fitness data. The method was also applied to
data on changes in BMI in Australian young people and to collated data from
around the world, to establish patterns of evolution of BMI. All data were
indexed for graphical purposes to a value of 100 in 1978.

The results are shown in the top two panels of figure 3. In the global per-
spective, performance on tests of aerobic fitness improved sharply until 1970.
There was a relative performance plateau between 1970 and 1980, followed by
a 20-year decline at the rate of about 0.5% per year. Australian fitness data are
only available from 1978 onwards, but show a similar decline. BMI trends are
strikingly similar for Australia and the world, with a steady climb until about
1980, followed by a sharp rise. These patterns show that the rapid decline in fit-
ness has coincided with the steep increase in BMI, although fitness was also
improving at a time when BMI was increasing from the mid-1950s to 1970. It is
possible that this occurred at a time when increases in BMI reflected increases
in fat-free mass associated with post-war recovery of world food supplies. One
of the problems with using BMI as an index of body composition change is that
small changes in median BMI may conceal very large changes at the higher
percentiles, as distributions become markedly more skewed [33, p 659].

One country where comprehensive records of young people’s BMI and fit-
ness performance have been maintained is the Korean Republic, where fitness
assessment using running tests has been compulsory for all young people since
1970. The lower panel of figure 3 shows secular trends in the aerobic perfor-
mance and BMI of Korean young people. Curves were fitted to the data using
best-fit quadratics. The fitness curve is based on 22,167,125 young people, and
the BMI curve on 43,313,201 young people. There is a clear inverse relation-
ship between the two curves.

Quantifying the Contribution of Changes in
Fatness to Changes in Fitness

One way of determining how much changes in fatness contribute to
changes in fitness is to use a matching analysis. In matching analyses, young
people tested at one time-period are matched for sex, age and fatness with
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Fig. 3. Evolution of BMI and performance on tests of aerobic fitness in young people
from around the world (left top panel), Australia (right top panel), and the Korean Republic
(bottom panel). Values are standardized to 100 in 1978. Note that no Australian fitness data
were available before 1978. The ordinate axes are relative values, and hence the absolute
BMIs and fitness performance of young people from Australia, the world and Korea are not
commensurable. Data sources and treatment may be found in Tomkinson [32].

young people tested years later. If there is no performance difference between
the matched samples, then declines in fitness could be attributed entirely to
increases in fatness. Conversely, if residual fitness differences remained in spite
of the matching procedure, it is likely that factors other than changes in fatness
are associated with fitness declines. The contribution of changes in fatness to
changes in fitness can be quantified as the ratio of the fitness difference in the
matched sample to the fitness difference in the complete sample.

The Australian datasets described at the beginning of this chapter were
used in matching analyses. Of the 2,748 10- to 12-year-old young people tested
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Table 3. Mean (SD) values for age and 1.6km run speed, and median values for BMI and triceps
skinfold thickness for boys, girls and all young people from the 1985 and 1997 matched samples

Boys Girls All young people

1985 1997 1985 1997 1985 1997
n 159 159 120 120 279 279
Age 11.5(1.1) 11.5(0.8) 11.6 (1.2) 11.6 (0.8) 11.6 (1.1) 11.5(0.8)
BMI 17.5 17.4 17.8 17.7 17.6 17.5
Triceps, mm 10.4 10.8 134 13.5 12.0 11.7

Speed, m + s7!  3.23(0.49) 3.13(0.52)* 2.78(0.39)  2.66 (0.40)° 3.04 (0.50) 2.93 (0.52)°

2Not significantly different from boys in 1985 (p = 0.09).
®Significantly different from girls in 1985 (p = 0.02).
¢ Significantly different from all young people in 1985 (p = 0.01).

in 1985, 159 boys and 120 girls could be matched for age at last birthday, sex,
BMI (to within =1%) and triceps skinfold thickness (to within £5%) with an
equal number of boys and girls from the 1997 survey [34]. When average
speeds on the 1.6 km walk/run test were compared using unpaired t tests, young
people from the 1997 survey performed significantly worse than fatness-
matched young people from the 1985 survey. The decline in performance was
evident for boys (3.13 vs. 3.23m - s7!; p = 0.09), girls (2.66 vs. 2.78m - s~ ;
p = 0.02) and all young people (2.93 vs. 3.04m - s!; p = 0.01; table 3).

These fitness performance declines were compared to declines in the com-
plete dataset [i.e. considering all young people in 1985 (n = 2,748) and all
young people in 1997 (n = 1,430)], in order to estimate what percentage of the
performance decline could be attributed to changes in fatness. When the com-
plete 1985 and 1997 datasets were compared, the differences in 1.6 km running
speed were considerably greater than the declines in the matched dataset, and
all were significant at the p << 0.0001 level. For boys, mean running speed
decreased from 3.28 to 3.02m - s~!, a reduction of 7.9%. For girls, speed
decreased from 2.79 to 2.60m - s™! (6.8%). The differences in speed for boys
in the matched sample (3.1%) represented 39% of the differences in the
unmatched samples (7.9%). In girls, the differences in speed in the matched
sample (4.3%) represented 63% of the differences in the unmatched sample
(6.8%). In other words, the differences in fitness performance were reduced by
61 and 37% for boys and girls respectively by matching for BMI and skinfold
thickness.
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Table 4. Mean (SD) values for age and 1.6 km run speed, and median values for BMI for boys, girls and all
young people from the 1985 and 1997 matched samples

Boys Girls All young people

1995-1996  1999-2000 1995-1996  1999-2000 1995-1996  1999-2000

n 1,607 1,607 1,227 1,227 2,834 2,834
Age 13.7(0.9)  13.9(0.8) 13.7(0.9)  13.8(0.9) 13.7(0.9)  13.9(0.8)
BMI 19.6 19.5 19.8 19.8 19.7 19.6

Speed, m * 57! 1142 (1.23) 1122 (124 10.18(1.05) 10.02 (1.08)> 10.70 (1.31) 10.18 (1.34)¢
VO, 47.7(63)  46.6(6.5¢  412(5.7)  404(59°  44.9(6.8)  43.9(7.0)

ml - kg™! - min~!

2 Significantly different from boys in 1995-1996 (p < 0.0001).
bignificantly different from girls in 1995-1996 (p < 0.0001).

¢ Significantly different from all young people in 1995-1996 (p < 0.0001).
4 Estimated using the equation of Léger et al. [35].

A similar analysis was undertaken with a subset of the second of the large
Australian datasets, where 12- to 15-year-old were tested using the 20 m SRT.
Young people tested in 1995-1996 were matched with young people tested in
19992000 for school, sex, age at last birthday and BMI (to within *1%). This
resulted in a matched sample of 1,607 boys and 1,227 girls in each cohort. A
decline in running speed at the last completed stage of the 20 m SRT was evident
for boys (11.22m - s71in 19992000 vs. 11.42m - s~ in 1995-1996; p < 0.0001),
girls (10.03 vs. 10.18m - s™!; p < 0.0001) and all young people (10.70 vs.
10.18m - s~1; p < 0.0001; table 4). Estimated VO, [35] showed similar patterns.

Again, these performance declines were compared to declines in the com-
plete dataset of all young people in 1995-1996 and 1999-2000 (n = 4,570 boys
and 3,368 girls), to estimate what percentage of the performance decline
could be attributed to changes in fatness. When the complete 1995-1996 and
19992000 datasets were compared, the differences in final stage running
speed were again greater than the declines in the matched dataset. For boys,
mean running speed decreased from 11.46 to 11.09m - s™!, a reduction of 3.2%.
This compared to a decline of only 1.8% in the matched boys’ dataset. In other
words, the difference in fitness performance was reduced by 46% for boys by
matching for BMI. For girls, speed decreased from 10.16 t0 9.95m - s7! (2.1%),
compared to 1.5% in the matched girls’ dataset. In the case of girls, the differ-
ence in fitness performance was reduced by 29% by matching for BMI.
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Again, the results from the two datasets are strikingly consistent: matching
for fatness (operationalized by BMI and triceps skinfold thickness) reduces but
does not eliminate the performance differential, accounting for about 30-60%
of the decline.

Conclusions

A consideration of mechanisms, correlational data and temporal trends
strongly supported an association between increased fatness and decreased fit-
ness in young people. However, when young people from different time periods
were matched for fatness, fitness differentials persisted, and were reduced by
only about 50%.

Factors other than increased fatness are therefore contributing to declines
in fitness performance. What might these factors be? Exposure to high-intensity
exercise may be important. High-intensity exercise will elicit a training effect,
and there is some evidence that high-intensity exercise may be especially effi-
cacious in maintaining energy balance, at least in adults. While running tests
such as the 20 m SRT and the 1.6 km walk/run have low measurement error, they
are only moderately good predictors of the underlying ‘construct’ of aerobic fit-
ness (i.e. VO,,,,,). Performance on running tests is affected by a constellation of
psychosocial factors, both cognitive (e.g. judgment of pace and effort) and
affective (e.g. self-efficacy). It is conceivable that there have been secular
changes in these factors, but no data are available. Furthermore, there are prob-
ably complex interactions among biological maturation, secular change in body
size and shape and psychosocial factors. If young people are less accustomed to
running, for example, their performance may be impaired. However, there is no
direct evidence of this having occurred. There have also been changes in the
socio-demographic characteristics of Australian children. After the end of the
Vietnam War, Australia saw a wave of Asian immigration which resulted in an
increase in the percentage of Asian-born Australians from 0.75% in 1981 to
about 2.5% in 1991. At the same time the school population has been changing.
There has been some shift of physically and mentally disabled children from
special schools into mainstream schools, with the result that they are more
likely to be captured in mass surveys. However, these changes are likely to have
only relatively small quantitative effects.

It should also be borne in mind that, although matched for age, sex and fat-
ness, the young people from the earlier and later samples occupy rather differ-
ent positions relative to their cohorts. The matched young people from the later
samples had BMIs and skinfold thicknesses which were, on average, less
than the rest of their cohort, while those from the earlier samples had BMIs and
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skinfold thicknesses which were greater than the rest of their cohort. It is possi-
ble that young people who are lean relative to their cohort might be more moti-
vated to be physically active, and hence fitter in virtue of a greater training
effect. If this is the case, they may not be representative of the wider population
of young people from their cohort. However, these potential differences would
only serve to reduce the proportion of the difference in fitness performance
which would be explained by fatness.

BMI is also an imperfect index of the underlying construct of adiposity.
Secular trends in BMI may reflect increases in lean body mass or earlier
maturation. More mature young people with a higher fat-free mass would be
expected to perform better on running tests. In the Australian datasets, BMI
increases by about 0.4-0.6 kg - m~2 with each year of age in the 10- to 15-year
age range. The age of sexual maturity (indicated by menarche and voices
breaking in boys) has been advancing by about 0.2-0.4 years every decade
[36], although in some countries the trend appears to have slowed or stopped in
the last two or three decades [33, pp 660—-664]. There are no recent data for
Australia. Assuming the trend towards earlier maturation is continuing, we
would expect increases of about 0.1-0.2kg - m~2 each decade even without
increases in fatness. These represent about 20% of the actual secular increases
found in the two Australian datasets analyzed in this study. The effect of cor-
recting for this ‘non-fatness’ component of secular increases in BMI would be
to further reduce the proportion of changes in fitness which could be ascribed
to increases in fatness.

While there have been shifts in the mean fitness and fatness scores, there
are few data available on distributional shifts. What evidence there is [25]
suggests that rather than across-the-board upward or downward shifts, we are
seeing increasingly long tails of fat and unfit young people, while the leanest
and fittest young people are comparable to their counterparts from earlier time
periods. Tomkinson [32] has shown significant increases in the coefficients of
variation of fitness scores over the last 30 years in Australia, probably due to an
increasing negative skew. Future research should be directed at shifts in the
distribution of fitness performance.

What of the future? Globally, overweight prevalence is now increasing at
the rate of about 9% per decade (fig. 1). Since a 1% increase in prevalence pre-
dicts a 0.03 SD decline in aerobic performance, equivalent to about 3% of mean
20m SRT performances, we would expect a decline in performance of about
2.5-3% per decade in aerobic performance. This is reasonably close to the fig-
ure (4% per decade) estimated by Tomkinson et al. [2] based on data from 11
countries. Given that we have little reason to believe that overweight prevalence
will stabilize or fall in the near future, we must also expect continuing falls in
aerobic performance.
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In conclusion, this study suggests that fatness accounts for about 15-45%

of the observed cross-sectional (within and between country) variability of
performance on tests of aerobic fitness, and about 30-60% of the changes
in performance over time. The residual variability and differences remain
unexplained.
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