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Objectives: To provide normative data on maximum oxygen uptake (Voomax) and physical activity in
children 6-7 years of age and analyse the association between these variables.

Methods: Vomax was measured in 366 boys (mean (SD) 6.8 (0.4) years of age) and 332 girls (6.7 (0.4)
years of age) from preschool classes in two suburban communities in Copenhagen, during a progressive
treadmill exercise. Habitual physical activity was measured with accelerometers.

Results: Boys had higher Voomax both in absolute values (1.19 (0.18) v 1.06 (0.16) litres/min (+11%),
p<0.001) and relative to body weight (48.5 (6.0) v 44.8 (5.6) ml/kg/min (+8%); p<<0.001) than girls.
The difference in Voomax between boys and girls decreased to +2% when expressed relative to lean body
mass (LBM). Absolute Vo,max was related to LBM, body mass, and stature (all p<<0.001). Boys were more
physically active than girls (mean counts +9.4%, p<0.001), and even when boys and girls with the same
Vo,MAX were compared, boys were more active. The difference in physical activity between the sexes was
higher when sustained activity of higher intensity was compared.

Conclusions: VoomaX is higher in boys than girls (+11%), even when related to body mass (+8%) and LBM
(+2%). Most of the difference in Vo,max relative to body mass was explained by the larger percentage
body fat in girls. When boys and girls with the same Vo,max were compared, boys engaged in more

declined, but few data are available.'! Even though

children do not suffer from lifestyle diseases, it is
recommended that they stay physically active and fit, because
a high physical activity (PA) level may prevent future illness.”
A high level of physical fitness has been associated with a
decreased risk of cardiovascular disease (CVD) in the adult
population.” Even in children, risk factors for CVD have
been identified, and physical fitness also seems to have
an effect on the level of risk factors in children.” Even
though children do not suffer from CVD, it is recommended
that children are physically active and fit, as this may
help to prevent the disease in the future. Therefore it is
important to assess physical fitness at an early age.
Maximum oxygen uptake (Vo,max) is probably the best
index of physical fitness and has been studied intensively in
adults.® However, measurements of Vo,max in 6-7 year old
children are sparse, and representative data do not exist.*"
Even in older children and adolescents, very few population
based studies exist.'*'* " The reasons for this include
difficulties in testing young children. Ethical considerations,
safety factors, and equipment made for adults render testing
with young children more challenging. Another health
related measure of children is their level of PA, as PA has a
positive effect on metabolism." Most studies have assessed
PA by self report, but accelerometers provide a robust
measure of habitual PA."” No population study has analysed
the association between Vo,max and PA assessed by
accelerometry.

Vo,max is consistently higher in boys than in girls even
before puberty.' This has been attributed to a different body
composition and a larger stroke volume of the heart in boys.
However, even though boys have been shown to be more
active than girls, the difference is too small to explain the
difference in Vo,max.® '7 '

The fitness level in children in the western world has

minutes of exercise of at least moderate infensity.

The aim of this study was to provide population data on
Vo,max and PA measured using accelerometry in 6-7 year old
children from Copenhagen, and also explore potential sex
differences and analyse the association between PA and
Vo,max. We hypothesised that boys have higher Vo,max than
girls, and that this difference may be the result of differences
in their levels of fat and PA.

METHODS
Children from 46 preschool classes (6-7 years of age) in 18
schools in two suburban communities in the Copenhagen
area were invited to participate in the Copenhagen school
child intervention study. In 2000 the community of Ballerup
(10 schools, 27 classes) increased the number of PE lessons
from two to four a week for the first three years of school. The
community of Taarnby (eight schools, 19 classes) was chosen
as a control as it resembles Ballerup in sociodemographics. A
total of 706 children (69% of those eligible) volunteered for
the study, and written informed consent was obtained from
the parents/guardians. Of these 706 children, 415 from
Ballerup and 291 from Taarnby participated. The ethics
committee of Copenhagen county approved the study. The
tests were performed from December 2001 until May 2002 at
the 18 different schools involved. The exercise test was
performed using permanently installed equipment in a
camper trailer. All other physiological tests were performed
in a gym or a classroom. All tests were performed before noon
(0800-1200).

PA was generally measured one week after the other tests.
At schools with more than 50 participating pupils, two
weeks of PA measurements were necessary. The 31% not

Abbreviations: BMI, body mass index; CVD, cardiovascular disease;
LBM, lean body mass; PA, physical activity; SFS, sum of four skinfolds;
VOMAX, maximum oxygen uptake
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participating were analysed about one year later. The first
systematic medical examination of children in Denmark
takes place one and a half years after they start school, so we
were unable to gather data from non-participants in their
first year. There were no significant differences between
groups with respect to age, height, weight, and body mass
index (BMI) for either sex. The analysis included 612
participants and 277 non-participants.

Height was measured by a Harpenden stadiometer to the
nearest 1 mm. Body weight was measured to the nearest
0.1 kg using a SECA electronic scale. Bicipital, tricipital,
subscapular, and suprailiac skinfolds were measured with a
Harpenden skinfold caliper according to criteria presented by
De Lorenzo et al.” The dominant side of the body was
determined by asking the child to take a pen and write his/
her name. The data shown in this study represent the mean
of three measurements taken on the non-dominant side of
the body. The sum of four skinfolds (SFS) was used as an
indicator of body fatness. Fat mass, fat percentage, and lean
body mass (LBM) were derived as:

Fat mass (kg) =0.38 x body weight + (0.30 X triceps) +
(0.87 x G) — 9.42
where for boys G = 1 and for girls G = 2.*°

Habitual PA was measured by the MTI 7164 activity
monitor (Manufactory Technology Inc, Fort Walton Beach,
Florida, USA). The monitor has been validated in several
studies and has shown both high mechanical reproducibil-
ity"” and good validity with respect to free living conditions in
children.”’ The monitor samples acceleration at 10 Hz and
integrates counts over a time period (epoch) defined by the
user. In children, PA is characterised by short bursts of
activity. Therefore we chose an epoch of 10 seconds. The
choice of epoch limited the registration to three full days and
19 hours. To allow familiarisation, the children had the MTI
monitor put on one day before recording. It was secured
directly to the skin at the lower back using an elastic belt. The
children were instructed to wear the monitor continuously
except during water based activity or when sleeping. To
distinguish true zeros that arise as a result of below threshold
activity from zeros recorded when the MTI monitor was not
worn, the data were cleaned as follows: all MTI files were
screened for sustained periods of zero activity. Periods of
10 minutes or more with zero counts were interpreted as
“MTI not worn” and removed from the file. In spite of
instructions, some children slept with the monitor on and
therefore had activity recorded even late at night. Therefore
we chose to control for nocturnal activity (2230 to 0600).
Given these criteria, the data were included if the child had
accumulated more than eight hours of activity a day for at
least three days. In the end, 466 children had four valid days
and 96 children had three valid days, of whom 82 had two
week days and one weekend day and 14 had one week day
and two weekend days. Fifty eight children had less than
three valid days. A mean count was calculated for each child.
Furthermore, the number of minutes in periods longer than
five or 10 minutes of sustained activity above 2000 counts/
min, which is about three METS, was calculated.

Measurement of Vo,MAX
Vo, was determined with an AMIS 2001 Cardiopulmonary
Function Test System (Innovision, DK 5260 Odense,
Denmark). This system has been validated against the
Douglas bag system.”” We used a Hans Rudolph mouth piece
with a volume of 15 ml especially designed for children.
Heart rate was measured continuously every fifth second
(Polar Sport Tester, Kempele, Finland).

We conducted a pilot study to establish a protocol that
enabled most of the children to reach exhaustion. We chose a
continuous walking and running protocol on a treadmill. The
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velocity on the treadmill was initially set to 4 km/h without
inclination and kept there for the first three minutes to allow
familiarisation. At three minutes, the velocity was increased
to 8 km/h, and at five minutes the inclination was raised to
3%. At seven, nine, and 11 minutes, the inclination was
increased to 6%, 9%, and 11% respectively. If the child could
endure more, the velocity was increased to 9 km/h after
13 minutes and then 10 km/h at 15 minutes. No child
completed the last work load.

The children were instructed to run until exhaustion. One
subjective and three objective criteria were used to determine
if the test was maximal. Every child had to meet the
subjective criterion and at least one of the three objective
criteria. Criteria were chosen according to Rowland’s
recommendations.” The physiological criteria were: heart
rate >200 beats/min; respiratory exchange ratio =0.99; a
defined plateau of Vo, (an increase less than 2.1 ml/kg/min).
Subjective criteria were signs of intense effort such as
unsteady running pattern, sweating, facial flushing, and
clear unwillingness to continue running in spite of repeated
strong verbal encouragement.

Twenty 6-7 year old children outside the sample were
invited to do a test-retest on the peak Vo, test. Written
informed consent was obtained from the parents/guardians.
The children were retested either five or seven days after the
first test. Four children did not meet the criteria on one or
both occasions, and their results were not used in the later
analysis, leaving 16 children with two valid tests. A Bland-
Altman plot showed no systematic difference between the
first and second test, suggesting no learning effect from the
first to the second test. The plot also showed that the size of
the difference was not dependent on the absolute level of
Vo,max. The typical error of measurement on the difference
between Vo,max between tests was 0.02 litre/kg.

Statistical analysis
The data were stored and analysed using SPSS 11.5.0. Data
that were not normally distributed were log transformed, and
the mean of transformed values was back transformed to
obtain the geometric mean as suggested by Altman.* Vo,mAx
relative to body mass was split into deciles by sex to compare
differences over the whole distribution, and Vo,max (ml/kg/
min) was calculated for each of the deciles. For a comparison
of differences between sexes, we adjusted for body size by
two methods of allometric scaling. Data from this study were
used to find the scaling factors. In the analyses, the scaling
exponent b was identified in the allometric equation Y = a;+
a,X®, where Y is the physiological variable (Vo,max) and X is
the anthropometric scaling variable (weight or LBM). To
obtain b, both the Y and X were log transformed, and least
squares regression identified the b in the equation In(Y) =
In(ay) + bIn(X).

Differences between sexes were tested using Student’s ¢
test. The relation between Vo,max and PA was assessed by
linear regression. A significance level of p<<0.05 was chosen.

RESULTS

Table 1 shows the total number of boys and girls that entered
the study, the number of valid tests, the number of children
that stopped before exhaustion, the number of children not
fulfilling the criteria, and children who refused to do the
treadmill test. A valid Vo,MAX measurement was not assessed
in 114 children, because 37 failed to comply with the
approval criteria and 57 did not want to wear the Vo,
equipment or did not wear the equipment satisfactorily. Ten
children were unwilling to perform the test, and 10 children
were absent on all the test days. The final number of accepted
tests was 592. Analysis of children with non-valid tests was
performed for each sex separately. Time to exhaustion, heart
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Table 1 Age, height, body weight, and maximal exercise data for groups with different test status for the maximal exercise test
Boys Girls
Not willing to Not willing to
Valid Non-valid No Vo, datat be tested Valid Non-valid No Vo, datat be tested
Number 309 20 28 7 283 17 29 3
Age (years) 6.8 (0.4) 6.7 (0.3) 6.7 (0.4) 6.9 (0.4) 6.7 (0.4) 6.6 (0.3) 6.6 (0.4) 6.4 (0.4)
Stature (m) 1.24 (0.05) 1.23(0.05  1.23(0.04) 1.23 (0.05) 1.22(0.05 1.20(0.04)* 1.23(0.04) 1.21(0.01)
Mass (kg)t 24.6 (3.7) 24.4 (3.3) 24.7 (3.2) 24.3 (4.6) 23.9 (3.2) 22.6 (3.2) 25.0 (4.5) 22.8 (1.3)
s el (st i) 196 (9) 174 (8) * 193 (9) 199 (9) 179 (6) * 196 (11)
Test time (min:s) 8:06 (1:55)  5:53 (1:16)* 7:39(1:39) 7:28 (1:36)  4:50 (0:55)*  6:46 (1:33)*
VoMAx (litres/min) 1.19(0.18)  0.99 (0.24)* 1.06 (0.16)  0.76 (0.16)*
Values are mean (SD).
*Significant difference between valid fest groups and other groups: p<0.05.
tChildren performing a maximal test with no recording of Vo,.
$Mass was not a Gaussian distribution. Therefore data were log transformed and a mean was calculated and then back transformed to a geometric mean.

rate, and Vo,max were lower for the 20 boys and 17 girls that
did not meet the criteria (p<<0.001). The girls that did not
comply with the criteria were 2.6 cm shorter than girls who
did comply (p<<0.05). Twenty eight boys and 29 girls had a
recorded time to exhaustion, but had no valid Vo, measure-
ments. The girls without a valid Vo, recording ran 42 seconds
less (p<<0.05) than girls with a valid test. Differences between
all other age, anthropometric, and Vo, test data were non-
significant. Only data for the 592 children with a valid test
were included in the following analysis. Of the 592 children
that met the subjective criteria, 210 met the levelling off
criterion (35%), 283 (47%) met the pulse criterion, and 507
(86%) met the respiratory exchange ratio criterion.

Table 2 shows descriptive data for age, anthropometry, and
PA. Except for BMI, differences were found between boys
and girls for all variables. The girls had larger SFS (15%,
p<0.001) and fat percentage (23%, p<<0.001). The boys were
older (2%, p<0.001), heavier (3%, p<0.05), taller (1%,
p<<0.001), had a greater LBM (8%, p<<0.001), a higher level
of PA (mean counts/min 8%, p<<0.001), and more minutes in
periods of five or 10 minutes of sustained activity at a level of
2000 counts/min or greater (60% and 103% respectively,
p<0.001). It should be noted that all boys had five minute
periods of sustained activity, whereas three girls did not have
any. Further, 38 boys and 83 girls did not have any 10 minute
periods of sustained activity.

The absolute differences in the treadmill data between boys
and girls were moderate (table 3). The girls had higher
maximum heart rate (2%, p<0.001) and respiratory
exchange ratio (5%, p<0.001), and the boys had higher
absolute Vo,max (11%, p<<0.001), Vo,max relative to body
mass (8%, p<0.001), and Vo,max relative to LBM (2%,
p<<0.05). Vo,max remained different (9%, p<<0.001) after

allometric scaling using (body mass)®”*? as scaling, but did

not differ when LBM''%® was used as the scaling factor.

Deciles in Vo,max (ml/kg/min) by sex were constructed
and then Vo,max was compared between boys and girls for
each decile (fig 1). This was done to see if the difference
between the sexes appeared over the whole distribution or if
only the lower or upper part of the distribution differed. The
whole distribution was shifted to the right in boys compared
with girls. Differences were found between all groups within
sexes using Bonferroni post hoc analysis of variance
(p<0.001).

Relation between PA and fitness

A scatterplot of Vo,max relative to body weight and the PA
variables showed a linear relation. A linear regression was
performed with mean count of PA, the number of minutes
above 2000 counts/min in five minute periods, and sex as
independent variables, and Vo,max relative to body weight as
a dependent variable.

The following equations where G = 1 for boys and G = 2
for girls were used:

Model (1) Vo,max (l/kg/min) =
PAmean count (p<0001)

Model (2) Voomax (I/kg/min) = 49.6 — 3.1 x G + 0.02 X

PAin 5 min periods (P<0001)
Partial correlations for model (1) were —0.38 and 0.12 for sex
and PApcan count respectively. Partial correlations for model
(2) were —0.25 and 0.24 for sex and PAj, smin periods
respectively.

To explore the relation Vo,max versus PA and fatness
further, all subjects were ranked into six fitness groups by
Vo,max (independent of sex) and the mean sums of PA level
(PAin 5 min perioas) and SFS were calculated for each sex

49.9 -3.8 x G+ 0.02 x

Table 2 Anthropometric and physical activity data in 6-7 year old children by sex
Boys Girls
No Mean No Mean p Value
Age (years) 309 6.8 (0.4) 283 6.7 (0.4) <0.05
Mass (kg) 309 24.4(19.81034.9) 283 23.7(18.4 10 32.0) <0.001
Stature (m) 309 1.24 (0.05) 283 1.22(0.05) <0.001
BMI (kg/m?) 309 159(13.5t020.2) 283 15.9(13.2t020.5) NS
SFS (mm) 307 23.3(153t051.2) 281 27.5(17.6 to 54.4) <0.001
Fat percentage 307 16.5(5.2) 281 21.4(5.0) <0.001
LBM (kg) 307 20.4(1.8) 281 187 (1.9) <0.001
PA (mean counts/min) 291 743 (452 to 1308) 269 679 (397 to 1062) <0.001
PA (minutes in 5 min bouts) 291 122 (17 to 334) 269 76 (0 to 194) <0.001
PA (minutes in 10 min bouts) 291 53 (0to 194) 269 26 (0to 94) <0.001
Values in parentheses are SD or 95% confidence inferval. Mass, BMI, SFS, and PA were not normallly distributed.
Therefore data were log transformed and a mean was calculated and then back transformed to a geometric mean
as described in the fext. For these variables a 95% confidence interval is given.
BMI, Body mass index; SFS, sum of four skinfolds; LBM, lean body mass; PA, physical activity.
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Table 3 Maximal exercise data on 67 year old children by sex

Boys (n=309) Girls (n=283) p Value
Heart rate (beats/min) 196 (9) 199 (9) <0.001
RER 1.05 (0.11) 110 (0.11) <0.001
Voomax (litres/min) 1.19(0.18) 1.06 (0.16) <0.001
Vo,MAX relative to body mass (ml/kg/min) 48.5 (6.0) 44.8 (5.6) <0.001
Voomax relative to LBM (ml/kg/min) 58.2 (6.8) 57.0 (6.5) <0.05
VoMAX relative to body mass (m|/|(g°'7]/min] 121.7 (14.5) 111.2 (12.9) <0.001
Vo,Mmax relative to LBM (m|/|<g1’]°5/min) 42.4 (4.9) 41.9 (4.8) NS

Values are mean (SD).
RER, Respiratory exchange ratio.

within each fitness group. When PA was compared between
boys and girls with the same level of fitness, boys were more
active than girls except for the least fit decile (fig 2). In a
linear regression, the association between sex and PA level
was highly significant (» = 0.20, p<0.001) even after
adjustment for fitness (r = 0.26, p<0.001).

When fatness was compared between boys and girls with
the same level of fitness, girls had a larger SFS than boys
except for the least fit decile (fig 3). In a linear regression, the
association between sex and SFS was borderline significant
(r = 0.09, p = 0.05) after adjustment for fitness (r = 0.27,
p<0.001). After adjustment for both fitness and PA, there
was no difference between sexes with respect to SFS.

There were only two girls in the most fit group, and no
standard error was plotted for this group in fig 3. The
opposite analysis was also performed—that is, mean Vo,max
was calculated for boys and girls with the same activity level
and the same SFS respectively. The boys had a 3-5 ml/kg/min
higher fitness level in each category of activity (p<<0.001) and
a 1-6 ml/kg/min higher fitness in each category of SFS
(p<0.01).

DISCUSSION

The main findings in this study are that, in a large sample of
young children, boys had a higher Vo,max and PA level than
girls. Most of the difference in fitness between the sexes
could be accounted for partly by body composition and partly
by PA. As no differences in haemoglobin or sex hormones
have been reported in this age group," it is likely that the
difference in Vo,max relative to body weight is due to body
composition and PA. However, when children with the same
Vo,max were compared, boys were still more active, and in
boys and girls with the same PA level, boys were fitter.

70 —
® Boys
A Girls
60 —
=
£
3 50 —
=
£
§ 40 —
£
£
30—
ol L 1y
10 20 30 40 50 60 70 80 90 100
Deciles of fitness (ml/kg/min)
Figure 1 Subjects were ranked into 10 centiles of Vo,MAX by sex. The

mean Vo,max was calculated for boys and girls separately in each
centile. Standard errors are so small that they are not visible.
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Only a few studies in the literature report measured values
of Vo,max for children less than 8 years of age and only for a
small number of children.® ***” Mean values of 39-53 ml/kg/
min have been reported. Differences in Vo,max between
studies seem to be due, at least partly, to differences in
protocol. The lowest mean value reported (39 ml/kg/min)
came from a field test.”” The highest mean values found were
53 and 52 ml/kg/min for 5-7 year old boys and girls
respectively.” The highest values were calculated from the
original data of Astrand.® Testing was carried out on a
treadmill with a continuous running protocol in a laboratory
setting, and subjects were highly selected. Compared with
earlier studies,® ** in which a difference in Vo,MAx relative to
body weight of less than 2% between the sexes in prepubertal
children was reported, our data show a considerable
difference (8%). Rowland” suggested that at least some of
the sex difference in children comes from the difference in fat
percentage. In our study, the difference was 23%. As the boys
were 3% heavier than the girls, this indicates that at least part
of the sex difference in Vo,max is related to difference in body
composition. The much smaller 2% difference we found in
Vo,max relative to LBM between boys and girls supports this.
Further, when allometric scaling was performed with LBM as
scaling factor, the difference was only 1% and statistically
insignificant. This implies that the sex difference in Vo,max is
due mainly to a difference in body composition.

Vinet ef al*® and Rowland ef al* came to different
conclusions. Vinet ef a/ found no difference in stroke volume
and Vo,max after allometric scaling and stated that body
composition alone (and not cardiac functional capacity)
could account for the sex difference. Rowland et al found a
difference between sexes even after allometric scaling and
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Fitness (ml/kg/min)

Figure 2 All subjects together were ranked info six groups of Vo max
re?arive to body weight. Physical activity level was plotted with SE for
boys and girls with tﬁe same fitness level. Numbers of girls and boys are
shown for each group.
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Figure 3  All subjects together were ranked into six groups of Voomax
re?c:tive to body weight. Sum of four skinfolds was plotted with SE for
boys and girls with the same fitness level. Numbers of girls and boys are
shown for each group.

stated that both body composition and cardiac functional
capacity accounted for the difference between boys and girls.
Further, Rowland ef a/ found that anthropometric and aerobic
physiological factors cannot entirely explain the magnitude
of the sex differences.

Physical activity

We found a large sex difference (60%) in PA with regard to
sustained activity, and sustained periods of PA explained 9%
of the variance in Vo,max relative to body weight. It was
tempting to claim that habitual PA may be part of the
explanation for the difference in Vo,maAx between boys and
girls. This is also the case, but even within the same stratum
of Vo,max the boys had a higher PA level, so differences in PA
seem only partly to explain the differences in Vo,max.
Sundberg® compared Vo,max (ml/kg/min) in sighted chil-
dren and blind children, who are not able to participate in
vigorous play, and found 22% and 26% higher values in
sighted boys and girls respectively compared with blind
children. From Sundberg’s data, it could be expected that
much of the difference between fitness levels in prepubertal
children can be explained by differences in PA. It is therefore
surprising in the present study that boys were more active
than girls even within the same stratum of fitness. It is
perhaps less surprising that boys have smaller SFS compared
with girls in the same stratum of fitness. These two
observations support the view of Rowland et al* that the
higher level of fitness in boys is due to both the higher level
of PA and the lower level of fatness.

Representativity

The number of children in this study is relatively high and
represents 69% of all children in preschool in two suburban
communities of Copenhagen. There were no significant
differences between participants and non-participants in
age, height, weight, and BMI in the study, so it seems safe to
conclude that the participant cohort is representative of the
two communities. Further, we have compared our sample
with a sample from nationwide Danish studies with
measurements of height and weight in children.”' ** The
differences between these two studies and our study with
regard to mean height and BMI are less than 1%. It seems
reasonable to conclude that with regard to height and BMI
our cohort is representative of Danish children aged 6-7
years. The strengths of this study are that a large number of
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What is already known on this topic

No study has assessed population data in 6-7 year old
children on aerobic fitness and physical activity using direct
measurement of VooMAX and ogiective measurement of
physical activity.

What this study adds

® Even in 6-7 year old children, boys had 8% higher
fitness levels than girls, and the difference in fitness
may mainly be explained by differences in physical
activity level and body composition

® Moderate intensity physical activity may not influence

physical fitness but stiﬁ’change body composition

subjects were examined using objective and direct measure-
ments and that the sample was representative.

The number of rejected tests in this study is relatively high.
Even though there were no differences in age and size
between subjects with valid tests and rejected tests, the
tendency was that younger and smaller children chose not to
run or stopped prematurely. We also chose to reject the data
for 57 children who actually ran a subjectively approved test,
but did not have a Vo,max recording. In the end, 84% of the
participating children completed a valid test, and we consider
this satisfactory, especially as some authors have claimed that
the reliability or validity of testing Vo,max in children aged
less than 8 years is questionable.” * Our own validation of
the protocol showed good reliability, and it seems reasonable
to conduct reliable physiological testing on 6-7 year old
children with satisfying results. It should be noted that care
must be taken to carefully examine every child’s measure-
ments to ensure that the appropriate criteria have been met,
and to discard non-valid tests. In conclusion, the absolute
levels of Vo,max relative to body weight were 48.5 ml/kg/min
and 44.8 ml/kg/min in girls, Vo,max is larger in boys than
girls (+11%), also when related to body mass (+8%) and to
LBM (+2%). Most of the difference in Vo,max relative to body
mass was due to the greater percentage body fat in girls and
lower level of PA. When boys and girls with the same Vo,max
were compared, boys engaged in more minutes of at least
moderately intense activity and had a smaller SFS.

Authors’ dffiliations

S Eiberg, H Hasselstrom, V Grenfeldt, K Froberg, J Svensson, Institute
for Exercise and Sport sciences, University of Copenhagen, Denmark

L B Andersen, Norwegian University of Sport and Physical Education,
Oslo, Norway

Competing inferests: none declared

REFERENCES

1 Wedderkopp N, Froberg K, Hansen HS, et al. Secular trends in physical
fitness and fatness in Danish 9-year old girls and boys. Odense School child
Study and Danish substudy of The European Youth Heart Study. Scand J Med
Sci Sports Exerc 2004;14:1-6.

2 Berenson GS, Wattigney WA, Tracy RE, et al. Atherosclerosis of the aorta and
coronary arteries and cardiovascular risk factors in persons 6 to 30 years and
studied at necropsy (the Bogalusa Heart Study). Am J Cardiol
1992,70:851-8.

3 Hasselstrom H, Hansen SE, Froberg K, et al. Physical finess and physical
activity during adolescence as predictors of cardiovascular disease risk in
young adulthood. Int J Sports Med 2002;23:527-31.

www.bjsportmed.com


http://bjsm.bmj.com

730

4

Webber LS, Voors AW, Srinivasan SR, et al. Occurrence in children of
multiple risk factors for coronary artery disease: the Bogalusa Heart Study.
Prev Med 1979;8:407-18.

Wedderkopp N, Froberg K, Hansen HS, et al. Cardiovascular risk factors
cluster in children and adolescents with low physical fitness. Pedliatr Exerc Sci
2003;15:419-22.

Armstrong N, Williams J, Balding J, et al. The peak oxygen uptake of British
children with reference to age, sex and sexual maturity. Eur J Appl Physiol
1991,62:369-75.

Cooper DM, Weiler-Ravell D, Whipp BJ, et al. Growth-related changes in
oxygen uptake and heart rate during progressive exercise in children. Pediatr
Res 1984;18:845-51.

Lemura LM, von Duvillard SP, Cohen SL, et al. Treadmill and cycle ergometry
testing in 5- to 6-year-old children. Eur J Appl Physiol 2001;85:472-8.
McMiken DF. Maximum aerobic power and physical dimensions of children.
Ann Hum Biol 1976;3:141-7.

Wong TW, Yu TS, Wang XR, et al. Predicted maximal oxygen uptake in
normal Hong Kong Chinese schoolchildren and those with respiratory
diseases. Pediatr Pulmonol 2001;31:126-32.

Shuleva KM, Hunter GR, Hester DJ, et al. Exercise oxygen uptake in 3-
through 6-year-old children. Pediatr Exerc Sci 1990;2:130-9.

Andersen LB, Henckel P, Saltin B. Maximal oxygen uptake in Danish
adolescents 16-19 years of age. Eur J Appl PZysiol 1987,56:74-82.
Knuttgen HG. Aerot;ic capacity of adolescents. J Appl Physiol
1968,22:655-8.

Zhu S, St Onge MP, Heshka S, et dl. Lifestyle behaviors associated with lower
risk of having the metabolic syndrome. Metabolism 2004;53:1503-11.
Brage S, Wedderkopp N, Franks PW, et al. Reexamination of validity and
reliability of the CSA monitor in walking and running. Med Sci Sports Exerc
2003;35:1447-54.

Krahenbuhl GS, Skinner JS, Kohrt WM. Developmental aspects of maximal
aerobic power in children. Exerc Sport Sci Rev 1985;13:503-38.
Armstrong N, Kirby BJ, McManus AM, et al. Aerobic fitness of prepubescent
children. Ann Hum Biol 1995;22:427-41.

Armstrong N, Welsman J. Young people and physical activity. London: Health
Education Authority, 1997.

De Lorenzo A, Bertini |, Candeloro N, et al. Comparison of different
techniques to measure body composition in moderately active adolescents.
Br J Sports Med 1998,32:215-19.

21

22

23
24
25

26

27

28

29

30
31

32

33

34

Eiberg, Hasselstrom, Granfeldt, et al

Dezenberg CV, Nagy TR, Gower BA, et al. Predicting body composition from
anthropometry in pre-adolescent children. International Journal of Obesity
1999,23:253-9.

Ekelund U, Sjsstrom M, Yngve A, et al. Physical activity assessed by activity
monitor and doubly labeled water in children. Med Sci Sports Exerc
2001,33:275-81.

Jensen K, Jorgensen S, Johansen L. A metabolic cart for measurement of
oxygen uptake during human exercise using inspiratory flow rate. Eur J Appl
Physiol 2002,87:202-6.

Rowland TW. Developmental exercise physiology. Champaign, IL: Human
Kinetics, 1996:1-269.

Altman DG. Practical statistics for medical research. London: Chapman &
Hall/CRC, 1991:36-7.

Yoshida T, Ishiko |, Muraoka I. Effects of endurance training on
cardiorespiratory functions of 5-year old children. Int J Sports Med
1980;1:91-4.

Astrand P-O. Experimental studies of physical working capacity in relation to
age and sex. 1952:1-171.

Robinson S. Experimental studies of physical fitness in relation to age.
Arbeitsphysiologie 1938;10:251-323.

Vinet A, Mandigout S, Nottin S, et al. Influence of body composition,
hemoglobin concentration, and cardiac size and function of gender
differences in maximal oxygen uptake in prepubertal children. Chest
2003;124:1494-9.

Rowland T, Goff D, Martel L, et al. Influence of cardiac functional capacity on
gender differences in maximal oxygen uptake in children. Chest
2000;117:629-35.

Sundberg S. Maximal oxygen uptake in relation to age in blind and normal
boys and girls. Acta Paecz'lafr Scand 1982;71:603-8.

Rasmussen S, Petersen TA, Madsen M. [Body height of 6-15-year-old school
children measured in the period 1986/1987 to 1996/1997. Compared with
Danish measurements in 1971/1972]. Ugeskr Laeger 2002;164:5011-15.
Petersen A-G, Rasmussen S, Madsen M. Danske skolebarns BMI malt i
Perioden 1986/87-1996/97 sammenlignef med danske mé|inger fra 1971/
72. Ugeskr Laeger 2002;164:5006-10.

Malina RM, Bouchard C. Growth, maturation and physical activity.
Champaign, IL: Human Kinetics, 1991.

Armstrong N, Welsman JR. Assessment and interpretation of aerobic fitness in
children and adolescents. Exerc Sport Sci Rev 1994;22:435-76.

11th European Forum on Quality Improvement in Health Care

26-28 April 2006, Prague, Czech Republic

For further information please go to: www.quality.bmjpg.com
Book early to benefit from a discounted delegate rate

www.bjsportmed.com


http://bjsm.bmj.com

