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Daily physical activity and blood lactate indices of

aerobic fitness in children
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This study examined the relationship between daily
physical activity and aerobic fitness in 11-16-year-olds.
Habitual physical activity was assessed in 28 boys
(mean(s.d.) age 13.6(1.3) years) and 45 girls (mean(s.d) age
13.7(1.3) years) from minute-by-minute heart rate monitor-
ing during 3 school days. Aerobic fitness was assessed by
determining the percentage peak Vo2 at blood lactate
reference values of 2.5 and 4.0 mmol 1-1 during incremen-
tal treadmill running. The 4.0 mmol 1-1 level occurred at a
mean(s.d.) value of 89(7)% peak Vo2 in both boys and girls
and mean(s.d.) values at the 2.5 mmol 1-1 level were
82(9)% peak Vo2 in girls. Mean(s.d.) percentage time with
heart rates at or above 140 beats min- was 6(3)% in boys
and 5(3)% in girls. Corresponding values for percentage
time at or above 160 beats min- were 3(2) for boys and
2(1) for girls. The number of 10- and 20-min periods of
activity with the heart rate sustained above the 140 and 160
beats min- thresholds were also totalled over the 3 days.
No significant relationships were identified between
percentage peak Vo2 at the 2.5 or 4.0 mmol 1-1 blood lactate
reference levels and either percentage time or number of
10- or 20-min periods above 140 or 160 beats min' (P >
0.05). These results support the hypothesis that daily
physical activity levels in 11-16-year-old children do not
stress aerobic metabolism sufficiently to influence aerobic
fitness.
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The question of whether or not children are
sufficiently active on a day-to-day basis to promote
aerobic fitness remains extremely difficult to answer,
the major hindrance being the lack of objective
methods for quantifying children's daily physical
activity.
Recent studies from our laboratory exploiting the

use of heart rate telemetry to gauge children's
physical activity from continuous heart rate monitor-
ing have reported disturbingly low levels of physical
activity in 10-16-year-old subjects' 2. On the basis of
current opinion these levels would be considered
insufficient to benefit the cardiopulmonary system.
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We have subsequently demonstrated that physical
activity levels and peak Vo2 are unrelated in children
of this age3. This conclusion was based upon our
failure to identify relationships between treadmill or
cycle ergometer determined peak V02 and various
heart rate indices of physical activity. These included
the percentage of total time monitored spent with
heart rates above thresholds of 140 and 160 beats
min-1, and the frequency of 5-, 10- or 20-min periods
with the heart rate sustained above these two
thresholds. The findings were derived from a sample
of 196 11-16-year-old children monitored for 3 school
days.
Also using heart rate telemetry, but in contrast to

our work, Atomi et al.4 found that peak Vo2 was
significantly correlated with total time spent with
heart rate greater than 160 beats min- in 11
10-year-old boys. This led them to conclude that the
volume of daily physical activity at intensities greater
than 60% VO2max might increase aerobic power.

In the light of these contrasting findings there is
clearly a need to investigate further the fitness-activ-
ity relationship in children. Although Armstrong et
al.3 failed to demonstrate a correlation between peak
V02 and habitual physical activity, this does not
exclude the possibility of a relationship between
aerobic fitness and daily physical activity, Peak Vo2
as a measure may lack sufficient sensitivity in
children to detect variations in aerobic fitness as a
result of different levels of daily physical activity.
Furthermore, any relationships which exist may be
obscured by the strong genetic component to peak
V02 (Reference 5) and the influences of normal
growth and maturation6.
Aerobic exercise training in adult subjects typically

induces improvements in submaximal blood lactate
indices which are greater in magnitude than improve-
ments in peak Vo2 (References 7, 8). This occurs
because there is much greater scope for increasing the
oxidative capacity of muscle than there is for
enhancing the central mechanisms which limit peak
V02 such as maximal cardiac output9. Consequently,
submaximal measures of blood lactate are now
widely used and accepted as valid and sensitive
indices of aerobic fitnessl1.
The aim of the present study was to examine the

relationship between children's submaximal aerobic
fitness, as reflected by the percentage peak Vo2 at
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blood lactate reference values, and their daily
physical activity levels, in order to examine further
whether fitness and activity are related in 11-16-year-
olds.

Subjects and methods
In all, 73 untrained students aged 11-16 years
participated in the study. Of these, 18 were randomly
selected from the class lists of a local comprehensive
school and all of those selected consented to
participate. The remainder were selected randomly
from those who volunteered to take Part in the
Coronary Prevention in Children Project, ". Written
informed consent was obtained from both the
subjects and their parents. Mean(s.d.) age and
physical characteristics of the sample are displayed in
Table 1.

Assessment of daily physical activity
Physical activity was not measured directly, but the
relative stress placed upon the cardiopulmonary
system as a result of physical activity was recorded by
monitoring the children's minute-by-minute heart
rate for continuous periods. Heart rate data were
collected for at least 10 h during 3 normal school days
within the same week. This was achieved using a
self-contained, computerized telemetry system (Sport
Tester 3000, Cranlea, Birmingham, UK) which com-
prises a transmitter attached to the chest via a belt or
electrodes and a microcomputer worn as a watch on
the wrist. Heart rate data were retrieved and
analysed through interfacing the watches with a
microcomputer. Heart rate monitoring took place
throughout the school year but in our experience
activity levels do not differ significantly between
summer and winter terms12
The mean percentage times spent with the heart

rate at or above thresholds of 140 and 160 beats minm
were calculated for each child over the 3-day
monitoring period. In addition, the number of 10-
and 20-min periods during which the heart rate was
continuously sustained at or above the two threshold
values during the 3 days were totalled for each child.
This form of analysis, in contrast to calculation of
percentage of time, is less responsive to transient
elevations in heart rate due to other factors, such as
emotion.
The choice of these thresholds was based upon

current opinion which suggests that a weekly
minimum of three 20-min periods of sustained

Table 1. Physical characteristics and mean peak cardiopulmonary
responses of subjects

Physical characteristic Boys (n = 28) Girls (n = 45)
Mean(s.d.) Mean(s.d.)

Age (years) 13.6(1.3) 13.7(1.3)
Height (m) 1.60(0.11) 1.58(0.10)
Mass (kg) 48.7(10.5) 48.7(8.5)
Peak Vo2 (I min-') 2.40(0.59) 1.90(0.38)
Peak Vo2 (ml kg-' min-') 49(5) 39(5)
Peak heart rate (beats min-') 203(8) 202(8)

activity with the heart rate raised to at least 80% of
peak rate is necessary for the improvement of
cardiopulmonary fitness in children13. This equates
to a heart rate of 160 beats min' in these subjects.
The same volume of activity at an intensity of 70%
peak heart rate (140 beats min-) is the recommended
minimum level for the promotion of health and the
maintenance of current levels of cardiopulmonary
fitness"4. To put the heart rate thresholds into
perspective, it is worth noting that brisk walking at
6kmh-1 and jogging at 8kmh-1 elicit steady-state
heart rates averaging 146 and 164 beats min-'
respectively, with children of this age3.

Measurement of aerobic fitness
With adult subjects it has become customary to assess
submaximal aerobic fitness through the measurement
of Vo2 at a fixed blood lactate reference value of
4.0mmoll-1 (Reference 10). The choice of this value
was based upon data which showed that this was, on
average, the highest level of blood lactate which
could be sustained without a progressive increase
during extended bouts of submaximal exercise, i.e. it
represented a maximal lactate steady state'5 16. As a
result it was hypothesized that this would be an
optimal training intensity. In fact, interindividual
variation in maximal lactate steady state is consider-
able'7,18 and the actual lactate level obtained at the
steady state is highly dependent upon the specific
lactate methodology employed'9. Nevertheless, per-
formance at the 4-mmolI' level is highly related to
endurance performance and sensitive to improve-
ments in aerobic fitness with training7 2O.
Although the 4.0-mmoll-1 level has been used in

the assessment of teenage athletes21 22, recent re-
search from our laboratory has suggested that
extrapolation of the 4.0-mmoll-1 level for use with
children and adolescents may be inappropriate as a
result of their generally lower blood lactate responses
to exercise23. Furthermore, we have demonstrated in
13-14-year-old subjects that the maximal lactate
steady state occurs closer to 2.5mmoll-1 (Reference
24). Therefore, in the present study we have included
the percentage peak Vo2 at fixed blood lactate
reference levels of both 2.5mmol 1-1 and 4.0 mmol '1
as the criteria of submaximal aerobic fitness.
Peak Vo2 was determined during an incremental

running test to voluntary exhaustion. All children
completed a standardized protocol which consisted
of a 3-min warm-up at 8kmh-1 followed by a series
of 3-min exercise bouts each separated by a pause of
1 min. The first two stages were run at 8 and
10 km h-. Thereafter speed was maintained and the
treadmill progressively inclined by 2% increments.
Inspired and expired gases were monitored con-
tinuously throughout the test using a computerized
on-line gas analysis system comprising pneumo-
tachograph (GM Instruments, Glasgow, UK),
temperature probe (H and B Sensors, Bognor Regis,
UK), a child's low-resistance respiratory valve (Hans
Rudolph Valves, Cranlea, Birmingham, UK), mixing
chamber (made in house to international specifica-
tions), infra-red carbon dioxide analyser (ADC,
Hoddesdon, UK) and paramagnetic oxygen analyser
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(Servomex, Crowborough, UK). At flow rates of
2001 min' the resistance across the system was
0.039 mH20 on the inspiratory and 0.041mH20 on
the expiratory side. The system was calibrated before
each test with gases of known concentration and the
pneumotachograph checked against a 3-1 calibration
syringe at a range of flow rates. Heart rate was
monitored throughout using an electrocardiograph
(Rigel, Morden, UK). In the absence of a plateau in
Vo2, the highest value of oxygen uptake achieved
was accepted as peak Vo2, provided the heart rate
had reached age-predicted maximum or had levelled
off before the final exercise intensity, and the
respiratory exchange ratio was greater than 1.00.
Blood samples were collected from a fingerprick

into heparinized capillary tubes during the pause
between treadmill stages. Without further treatment
25-jd samples were assayed immediately for lactate
concentration using a YSI 23L whole blood lactate
analyser (Yellow Spring Instruments, Yellow Springs,
USA). From computer-generated graphs of percent-
age peak Vo2 versus blood lactate concentration
values of percentage peak Vo2 at the 2.5- and
4.0-mmoll- reference levels were interpolated.

Results
Mean(s.d.) values for peak cardiopulmonary re-
sponses obtained with these subjects are displayed in
Table 1.
The 2.5 mmol I1 blood lactate reference level

occurred at mean(s.d.) values of 82(9)% peak Vo2 in
boys and 78(12)% in girls. The mean(s.d.) value at the
4.0mmoll-1 reference level was 89(7)% peak Vo2 in
both boys and girls.

Analysis of the 3-day heart rate data revealed that
the mean(s.d.) percentage time spent with the heart
rate at or above 140 beats min1 was 6(3)% for boys
and 5(3)% for girls. Corresponding values at or above
160 beats min were 3(2)% for boys and 2(1)% for
girls. At both thresholds, the values for boys were
significantly higher than those for girls (P < 0.05). In
Table 2 the percentage of children who achieved
sustained periods of activity at the two thresholds is
displayed. Correlation coefficients between all heart
rate indicators of physical activity and percentage
peak Vo2 at 2.5 and 4.0mmol -1 were not significant
(P > 0.05) for either boys or girls.

Discussion
If performance at blood lactate reference values is to
be expressed in terms of percentage peak Vo2, then it
is important that the criteria described in the Subjects
and methods section are strictly adhered to. The
mean values obtained from this group of subjects
(Table 1) are similar to previous reports involving
children of comparable ages25'26.

It is difficult to compare the mean values of
percentage peak Vo2 at the blood lactate reference
values for this sample with those from other studies
due to differences in methodology, in particular the
lactate assay methodology. Many laboratories now
assay lactate in whole blood, as in this study.
However, it is important to recognize that such

Table 2. Percentage of subjects and number of sustained periods
with heart rate at or above 140 or 160 beats min-' during 3 days of
monitoring

No. ofperiods % Boys (n = 28) % Girls (n = 45)

10-min periods .140
0 37 40
1 25 27
2 11 24

.3 29 9
20-min periods .140

0 71 80
1 18 20
2 7

.3 4
10-min periods .160

0 57 69
1 25 27
2 4 2

.3 14 2
20-min periods .160

0 79 89
1 11 11
2 11

.3

values differ from those derived from other assay
methodologies which utilize blood preparations such
as lysed blood or plasma'9. However, the results
obtained from this small sample are consistent with
our previously published data which involved much
larger sample sizes2.

Similarly, the activity levels of this group of
children reflect our previous results"13 showing in
terms of both percentage time and sustained 10- and
20-min periods with heart rate raised above the two
heart rate thresholds, that these children are on
average remarkably sedentary. The non-significant
correlations between percentage peak Vo2 at the two
fixed blood lactate reference values and the heart rate
indicators of physical activity suggest that these
levels of activity are not of the frequency, duration
and intensity necessary to exert a training effect upon
submaximal aerobic fitness as reflected by blood
lactate indices.
To date, only one other study appears to have

examined the relationship between blood lactate
measures of submaximal aerobic fitness and objec-
tively assessed habitual physical activity in children'.
Using the lactate threshold (breakpoint in the
lactate-oxygen uptake curve) as their index of
submaximal aerobic fitness, these authors identified a
significant but negative relationship between percen-
tage peak Vo2 at the lactate threshold and the time
spent with the heart rate above various indices,
including the heart rate corresponding to the lactate
threshold, 60% peak Vo2 and a 160 beats min'
threshold. This relationship is in fact the opposite of
that which might be expected and may result first
from the errors inherent in the subjective identifica-
tion of the lactate threshold rather than the more
objective measurement of performance at a fixed
blood lactate reference value, and second the
restricted sample size (n = 11).
During incremental exercise, children demonstrate

significantly lower blood lactate levels than those of
adults28 29 which has led authors to note that the
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performance of untrained children at fixed blood
lactate reference values compares favourably with
that of highly trained adults28 30. The present data
indicate that this 'trained' appearance of children's
responses does not result from high levels of daily
physical activity.
The age or stage of biological development at

which blood lactate responses to exercise become
adult remains unresolved. Several authors have
noted age and/or maturational increases in blood
lactate responses to exercise at given exercise
intensities3T and the hormonal adjustments accom-
panying sexual maturation have been strongly
implicated in boys3Z 33. However, in what appears to
be the most recent and extensive study of blood
lactate responses to incremental exercise in 11-16-
year-old boys and girls, no significant alterations in
blood lactate response patterns during incremental
exercise were observed with either increasing chrono-
logical age or Tanner stage of maturity34. Child-adult
differences were noted to persist after adolescence35.
In the light of these equivocal findings, it might be
valid to suggest that blood lactate indices of aerobic
fitness are inappropriate tools to examine the
fitness-activity relationship in children. Conversely,
one may justify the use of blood lactate indices on the
basis that they have been shown to reflect improve-
ments in performance with training in children22.
Therefore the results of this study, in which objective
methodology has been used for the assessment of
both aerobic fitness and daily physical activity,
strengthen our previous conclusion, based on the
relationship between laboratory determined peak
Vo2 and habitual physical activity3, that current
laboratory indices of aerobic fitness are unrelated to
daily physical activity in 11-16-year-old children.
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