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Endurance training

Endurance in young athletes: it can

be trained

A D G Baxter-Jones, N Maffulli

enhances exercise tolerance and

Endurance exercise trainin

ultimately improves the performance of young athletes

large number of young athletes
Atrain for competitive sport before

puberty, yet the understanding of
their capabilities to benefit from endur-
ance training is limited.' * Many studies
of endurance trainability of children
have methodological flaws. Most investi-
gations that have involved adequate
intensity, type, and duration of training
have shown in children the qualitative
changes expected from adults, although
children may need a greater exercise
intensity than adults to trigger cardio-
vascular adaptations to training.’

PHYSIOLOGY OF ENDURANCE
EXERCISE

Maximal oxygen uptake (Vo,max) is the
key cardiorespiratory determinant of
endurance exercise. Not all children and
adolescents fulfil the adult criteria of
obtaining Vo,max by reaching a plateau
in oxygen consumption (Vo,). Peak Vo,,
the highest level of Vo, elicited during an
exercise test to exhaustion, is considered
a more appropriate index for determin-
ing the endurance exercise potential in
children.' *

Another critical variable for endur-
ance performance is anaerobic threshold
(AT). In its original concept, AT described
the specific level of work below which
metabolic acidosis and the associated
changes in gas exchange occurred. How-
ever, blood lactate levels probably reflect
the balance between lactate production
and elimination rather than the onset of
cellular anaerobiosis. The identification
of the threshold point has been circum-
vented by the use of fixed blood lactate
reference levels, although it should be
acknowledged that the specific theoreti-
cal underpinning of the use of the 4.0
mM level in adults is quite different from
that of the classical AT.” As children can
exercise close to exhaustion without
exceeding a blood lactate of 4.0 mmol/l,
an alternative 2.5 mmol/l level is consid-
ered more appropriate.” The cut off age
for when this level is applicable in
children is uncertain.

Peak Vo, and AT are major determi-
nants of endurance exercise perform-
ance. An increase in either variable
improves the athlete’s ability to sustain a
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higher rate of aerobic energy expendi-
ture. Absolute peak Vo, (litres/min)
increases with age in both boys and girls,
although the increase in girls is some-
what less, particularly after puberty.*’

EFFECTS OF GROWTH ON
ENDURANCE

Performance in endurance sports (run-
ning, swimming, cycling, rowing, etc)
improves steadily throughout child-
hood.® Genetic makeup seems to play a
prominent role in children’s endurance
capabilities and response to training, and
the effects of training may be small.”

SCALING ISSUES
As body size significantly affects the
measurement of physiological perform-
ance, Vo, should be normalised or scaled
to account for the differences in body
size. When Vo, is expressed as ml/kg/min
(indicating that changes in Vo, are in
direct proportion to changes in body
mass), sex differences become evident.
Generally, relative peak Vo, (ml/kg/min)
remains stable throughout childhood
and adolescence in boys, and decreases
progressively in girls.” ¢

Scaling peak Vo, using a “per body
mass” ratio standard, however, is theoreti-
cally limited. Some authors have ex-
pressed peak Vo, relative to mass.”” How-
ever, growth in children is not a regular
process, and differential or non-isometric
changes occur in the proportions of body
segments. Therefore this theoretical expo-
nent may not be appropriate for all age
groups.” With a log-linear scaling method,
peak Vo, increases throughout childhood
to puberty in both boys and girls. After
puberty, peak Vo, continues to increase in
boys, and it levels in girls as they approach
adulthood,’ probably a consequence of the
increase in subcutaneous fat in girls.!
Endurance capabilities of children im-
prove as they become older and increase
in body size. This improvement differs
slightly in boys and girls, as girls increase
their capabilities in a similar way to boys,
but with less magnitude.’”’

EFFECTS OF TRAINING ON
AEROBIC POWER

The rate and magnitude of increases in
peak Vo, resulting from training in
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adults is related to baseline measure-
ments of Vomax and the frequency,
duration, and intensity of the exercise
regimen. Young adults typically show a
15-20% increase in Vo,max with training,
although there may be large intra-
subject variation due to genetic factors.”
Compared with adults, there are fewer
reports on the response of children to
exercise training. Early research sug-
gested that aerobic training did not influ-
ence levels of peak Vo, before puberty.®
One explanation for the lack of trainabil-
ity in children was that they have greater
levels of habitual physical activity, which
maintains them closer to their Vo,max
potential. Another explanation was that
the habitual physical activity that chil-
dren undertake, although plentiful, is sel-
dom of the duration and intensity be-
lieved necessary to improve peak Vo,.”

PUBERTAL STATUS

Some authors have stated that there is
limited evidence to suggest that training
during prepubescence increases peak Vo,
beyond the increases attributed to
growth. Conversely, others have con-
cluded that peak Vo, responds positively
to endurance training in prepubescent
children. Two hypotheses have been pre-
sented to explain the contentious rela-
tionship of maturation to children’s aero-
bic power,’ © namely that a maturational
threshold exists before which children are
unable to elicit physiological changes in
response to training, or that adolescence
is a critical period during which children
are particularly susceptible to aerobic
training. For example, training initiated
one year before the period of rapid growth
during puberty induced remarkable in-
creases in peak Vo, a possible conse-
quence of genetic, environmental, and
endocrinological factors.” In a study on
the effects of aerobic training on 12 pairs
of identical twins (ages 10, 13, and 16
years), the 10 and 16 year old twins
improved peak Vo, with training, but the
13 year old twins did not.” Despite the
arguments and research suggesting that
prepubescent children are not capable of
improving their endurance performance
with training," there is much evidence to
suggest otherwise."

Although some disagreement remains
as to whether aerobic training in prepu-
bescent children causes an improvement
in peak Vo,,"” most studies conclude that
such an effect does exist."

Few studies have investigated the
relation between peak Vo, and sexual
maturity.” *** Relative peak Vo, remains
steady in boys from maturational ages —6
to +2 maturity years (where 0 years rep-
resents peak height velocity), with a

Abbreviations: Vo,max, maximal oxygen
uptake; AT, anaerobic threshold
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slight declining trend from -1 to +2
maturity years. In girls, relative peak Vo,
shows a progressive decline from -3 to
+2 maturity years.” Most studies showed
that training increased the endurance
capability of postpubescent girls.” A
recent investigation using multilevel
modelling showed that, over the age
range 11-18 years, both chronological
age and stage of maturity are explana-
tory variables of peak Vo, independent
of body size and fatness. The increase in
peak Vo, is common to both boys and
girls, but there is a progressive diver-
gence in values in favour of boys."

Young athletes who begin to train
seriously have pronounced functional
advantages, but this finding may actually
be related to other research showing that
young athletes who regularly train in
endurance sports, in general, have early
sexual maturation.” In other words, the
athletes who begin training young and
experience success may actually do so
because they are more physiologically
mature than their chronologically age
matched peers.

Sensitivity to aerobic training is
largely dependent on genotype: only
about 30% of peak Vo, can be accounted
for by training itself. Individuals who
possess high aerobic power are likely to
select themselves for participation in
endurance sports.'

DEVELOPMENT OF AT

In general, blood lactate levels are lower
in children and adolescents than adults
at any given exercise intensity.” Although
this may be due to differences in
hormone and muscle metabolism, faster
oxygen transients, or levels of increased
habitual physical activity, there are in-
sufficient data to confirm these explana-
tions. Theoretical problems with stand-
ardisation of lactate criteria have
hindered the understanding of AT deter-
mination in children.’

When ventilatory measures have been
used to measure AT, larger increases have
been observed in the training group than
the control group. Thus it is likely that
top performing endurance child athletes,
at given absolute exercise intensities,
have lower lactate levels which are
cleared more rapidly than in less fit chil-
dren of the same sex, age, and matura-
tional level."”

CONCLUSION

Endurance exercise training enhances
exercise tolerance and ultimately im-
proves the performance of young ath-
letes. The two major physiological vari-
ables thought to determine endurance
performance are Vo,max and AT. Peak Vo,
has been widely studied in young ath-
letic and non-athletic populations, and
has remained remarkably consistent
over the last 50 years, an indication of its
close association with growth. The rela-
tively few studies that have investigated
the effects of exercise programmes in
young athletes have shown increases in
peak Vo, with training. However, the
change is smaller than that observed in
adults.” Although the effects of exercise
training on prepubescent children re-
mains debatable,” appropriate endur-
ance training in children and adoles-
cents does improve peak Vo, and AT.
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