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Habitual physical activity levels in childhood and adolescence

assessed with accelerometry

V.P.LOPES !, C. M. 5. VASQUES !, J. A. R. MAIA 2, J. C. V. FERREIRA ¢

Aim. The purposes of this study were: 1) to evaluate age and gen-
der differences in physical activity (PA) of children and ado-
lescents; 2) to find out if children and adolescents fulfill the
PA recommendations of 60 min*day-! of moderate (MPA) to
vigorous PA (VPA).

Methods. PA was assessed in 265 female and 238 male subjects,
ranging from 6 to 18 years of age, grouped in 4 age groups,
with MTI ActiGraph model 7164, during 7 consecutive days.
The MTI actigraph data was reduced to bouts (30-, 20-, 10-,
and 5-min) and minutes spent in MPA, VPA, and very VPA
(VVPA).

Results. The oldest boys and girls revealed a lower number of
PA bouts than the younger ones. Significant gender differ-
ences were found in daily VPA, F(1, 492)=37.67, P<0.001;
and VVPA F(1, 494)=24.11, P<0.001. Boys were more active
than girls. Significant age group differences were also found
in MPA, F(3, 494)=87.4, P<0.001; VPA, F(3, 492)=78.15,
P<0.001; and VVPA, F(3, 454)=54.89, P<0.001. In both gen-
ders MPA, VPA and VVPA decreased with age. Till the age
of 14, children had means between 79.6+30.6 and 144.1+£76.9
min*day-! of PA. After this age, there was a decrease to
44.1+19.9 min*day-! in girls and to 56.3+31.9 min*day-! in
boys.

Conclusion. Boys had more minutes a day of VPA and VVPA
than girls. PA decreased with age. The subjects of this study,
aged 6 to 15, fulfilled the recommendations of 60 min*day-! of
MPA to VPA.
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here is a strong agreement in the scientific com-

munity that physical activity (PA) positively influ-
ences individual health status, both in children! and
adults.2 # Regular PA is an important factor to pro-
mote a healthy lifestyle along the whole life cycle,
although some studies have shown that children and
adolescents spend a large part of their free leisure time
in sedentary activities.* 3

PA duration, i.e., total energy expenditure, is relevant
in obesity problems: several studies have demonstrat-
ed a negative relationship between PA and body fat.6-
8 But PA intensity is also important to improve phys-
ical fitness components, namely cardiovascular fit-
ness. Therefore. it is important in habitual PA assess-
ment to consider not only the duration, but also the
intensity and frequency of PA.

Most of the epidemiological studies done with youth
samples indicate that boys are more active than girls.%
10 Longitudinal studies report that PA declines with
age, mainly between childhood and adolescence and
during adult age, namely between 9 and 27 years.!!-13

The importance of evaluating PA in any population is
due to the need of establishing the current level of PA of
that population and to determine if that level is appro-
priate for good health. The PA guidelines for children and
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adolescents from various organizations vary in PA inten-
sity, duration and frequency prescribed.!4 The most
recent PA recommendation for American students aged
6 to18 calls for 60 min or more per day of moderate
(MPA) to vigorous PA (VPA).! Other recommenda-
tions!5-17 call for 30 to 60 min of daily MPA to VPA. In
Portugal, there are very few large sample studies carried
out with youth, and most of them use self-report meth-
ods to assess PA. Although these studies contain impor-
tant information about the PA of Portuguese children and
adolescents, a large sample has never been assessed
with an objective instrument in order to have a more
precise understanding of the PA characteristics of
Portuguese children and adolescents. Therefore, the
purposes of this study were: 1) to evaluate age and gen-
der differences in PA of children and adolescents, using
accelerometry as an objective method of PA evalua-
tion; and 2) to find out if children and adolescents ful-
fill the PA recommendations.

Materials and methods

Sample

The sample size comprised 503 individuals from 6
to 18 years of age (265 female, 238 male) grouped as
follows: group 1, aged 6 to 8, n=156 (76 boys and 80
girls); group 2, aged 9 to 11, n=149 (79 boys and 70
girls); group 3, aged 12 to 14, n=100 (42 boys and 58
girls); and group 4, aged 15 to 18, n=98 (41 boys and
57 girls).

The subjects were recruited from public elemen-
tary and secondary school system from two towns in
the North of Portugal (Braganca and Viseu). All the
subjects lived in the urban area. In elementary schools,
there is no weekly physical education or sports pro-
gram. However, they have occasionally organized PA
activities. In secondary schools, there are 3 h a week
of physical education and students could choose to
participate in extra-curricular school sport programs.
Previous informed consent was obtained from chil-
dren, their parents, and school directors.

Physical activity measurement

PA was evaluated during 7 consecutive days with the
MTI ActiGraph model 7164 (Manufacturing
Technology, Inc., Fort Walton Beach, FL., USA), for-
mer CSA. The MTI actigraph is a uniaxial accelerom-
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eter designed to detect vertical acceleration ranging
in magnitude from 0.05 to 2 Gs with frequency of
0.25-2.5 Hz. These parameter values allow the detec-
tion of human motion and will reject high frequency
vibrations from other sources, such as riding in a car.
The filtered acceleration signal is digitized and the
magnitude is summed over a user-specified time inter-
val. At the end of each interval, the summed value or
activity count is stored in memory, and the integrator
is reset. For this study, a 1-min time interval was used.
All activity monitors used were previously calibrated
according to manufacturer parameters.

The validity of the MTI actigraph has been estab-
lished with indirect calorimetry!8 (r=0.86) and dou-
bly labeled water!® (r=0.39 to r=0.58) as criterion mea-
sures.

Subjects were instructed to wear the MTT actigraph
during waking hours. Monitors were attached to an
elastic belt worn firmly over the waist. Subjects were
instructed not to remove the device, except for bathing,
swimming or sleeping. Each subject had to register
the time they wore the monitor.

Accelerometer counts analysis

The stored activity counts were downloaded to a
computer for subsequent data reduction and analysis.
With a specific computer software, the MTI actigraph
data of each day was reduced to bouts (30-, 20-, 10-,
and 5-min) of sustained MPA (3-5.9 METs), VPA (6-
8.9 METs), and very VPA (VVPA) (29 METs), as
well as to minutes spent in MPA, VPA, and VVPA.
The software converted the MTI ActiGraph counts
into units of relative energy expenditure (METS), using
the regression equation developed by Freedson er al.20
for children from 6 to 18 years of age: METs=
2.757+(0.0015 x counts/min)—(0.0896 x age[years])
—(0.000038 x counts/min x age), with r2=0.9 and
SEE=1.08 METs.

To prevent eventual instrument malfunction, all the
counts that were constant for more than 10 min were
excluded from the analyses.

The interest in quantifying the number of sustained
bouts of activity resides in the fact that such variables
provide information regarding compliance with exist-
ing PA guidelines which call for sustained bouts of
PA, and because of the importance of sustained PA to
the development of physical fitness, namely cardio-
vascular fitness. Bouts can be operationalized in many
different ways. In the strictest definition of a bout, for
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TaBLE 1L.—Measured number of weekly 30-, 20-, 10-, and 5-min bouts of moderate physical activity by gender and age groups, and P values

for J.
30-min bouts 20-min bouts 10-min bouts 5-min bouts
Group
Girls Boys Girls Boys Girls Boys Girls Boys

1 0.4+0.8 0.6+1.4 1.1x£1.2 1+1.2 7.1£5.2 7+5.1 27.1+13.4 27153
2 0.1x0.4 0.4+0.7* 0.6+1.1 1+1.1* 5.2+4.5 6.1+3.8* 20.9+10.8 22.9+10.5
3 0.1+0.5 0.4+0.9% 0.6x1 0.6+1.1 3.7£2.9 4.6+3.9 12+6.3 14+£9.4
4 0.1£0.4 0.1£0.2 0.6x1 0.5x1.6 2.8+2.6 2.6x2.1 6.6x4.7 8.8+6.3
P 0.001 0.001 0.031 0.001 <0.001 <0.001 <0.001 <0.001

*Significant gender difference (P<0.05).

TaBLE I.—Measured number of weekly 30-, 20-, 10-, and 5-min bouts of vigorous physical activity by gender and age groups, and P values

forJ.
30-min bouts 20-min bouts 10-min bouts 5-min bouts
Group
Girls Boys Girls Boys Girls Boys Girls Boys

1 0.01+0.1 0x0 00 0.01£0.1 0.1+0.4 0.5+0.9% 1.2+1.8 2.7+3.2%
2 0x0 0x0 00 0.0320.2 0.1£0.4 0.1£0.7* 1x1.6 2.1£2.8%
3 0.02+0.1 0+0 0.03+0.2 0+0 0.2+0.5 0.4+0.7 1.1+1.3 1.942.3
4 0x0 0+0 0.1£0.3 0+0 0.1£0.2 0.2+0.5* 0.3+0.6 1.3+1.7*
P — — 0.121 1 0.003 0.137 0.003 0.036

—: values not calculated. *Significant gender difference (P<0.05).

instance, a 30-min bout of MPA 1is recorded when the
software encounters 30 consecutive counts between
3 and 5.9 MET; a bout is considered over when the
program encounters the first recorded count outside the
limits of 3 and 5.9 MET. Instead of using the strictest
definition of a bout, we allowed a brief interruption
interval of 1 min. This strategy is justified by the fact
that, in children, PA patterns are characterized by short
bursts of activity, with interruptions.2!

Statistical analysis

The first step of the analysis was the calculation of
the weekly average of minutes spent in MPA, VPA
and VVPA, and also the total of 30-, 20-, 10-, and 5-
min bouts of MPA, VPA and VVPA per week.

Since the bouts of different time duration of MPA,
VPA and VVPA showed no normal distribution, a non-
parametric statistic was used. The Mann-Whitney U-
test was used to analyze the difference between boys
and girls in bouts of different time duration of MPA,
VPA and VVPA. The Jonckheere-Terpstra test was
used to analyze the decrease or increase with age of the
number of bouts of different time duration of MPA,
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VPA and VVPA. The result of a Jonckheere-Terpstra
test is a J-statistic, which is distributed as a normal z-
statistic. Therefore, all Jonckheere-Terpstra results are
presented as z-statistics with their corresponding P
values. This analysis was only conducted in variables
with a mean different from 0.

Factorial ANOVA (gender-age group) was used to
test gender and age group differences in the weekly
averages of the minutes spent in MPA, VPA and VVPA.
The L.SD test was run as a post-hoc test. Before run-
ning the ANOVA, the VPA and VVPA were log-trans-
formed because they did not show normal distribu-
tions. Statistical significance was set at P<0.05.

Results

Means and standard deviations for the weekly num-
ber of 30-, 20-, 10-, and 5-min bouts of MPA, VPA, and
VVPA are shown in Tables I-111.

In all age groups, there was a mean of O or close to
0 in 30- and 20-min bouts in both VPA and VVPA in
both boys and girls. Girls of group 4 had no bouts of
30-, 20-, and 10-min in either VPA or VVPA. Boys of
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TaBLE Il.—Measured number of weekly 30-, 20-, 10-, and 5-min bouts of very vigorous physical activity by gender and age groups, and P

values for J.
30-min bouts 20-min bouts 10-min bouts 5-min bouts
Group
Girls Boys Girls Boys Girls Boys Girls Boys

| 0.01x0.1 0.1£0.3 0.01z0.1 0.1x0.3* 0.1£0.3 0.3+£0.6* 0.4£1.1 1.26+1.9%
2 0£0 0x0 0£0 0+0 0.1+0.2 0.1:0.4 0.2+0.6 0.8+1.7
3 00 00 00 0+0 00 0.1£0.2 0.1£0.3 0.2+0.5
4 0+0 0+0 0+0 0+0 0+0 0.1x0.2 0.1+0.2 0.1+0.3
P — — — — 0.01 0.006 0.002 <0.001

—: values not calculated. *Significant gender difference (P<0.05).

TABLE IV.—Average minutes of daily moderate, vigorous and very vigorous physical activity, by age group and gender.

Group 1 Group 2 Group 3 Group 4
Girls Boys Girls Boys Girls Boys Girls Boys
MPA* 133.6+54.1 122.61+62 107.2+42.2 113.5+40.3 70.7£25.8 77+39.4 41.3+18.7 48.4+27.3
VPA*® 14.6£9.9 22.6x13.6 13.4£7.8 [8.8+11.5 7.9+6.3 12.4+49.4 2.4+2.6 7£6.4
VVPA*® 4.5£53 8.9+9.6 3.6x3.1 5.4+6.4 1+1.1 2.3%2.5 0.5£0.7 0.9+1.2

*Significant age difference (P<0.05). °Significant gender difference (P<0.05). MPA: moderate physical activity; VPA: vigorous physical activity; VVPA: very vigorous

physical activity.

group 4 had no bouts of 30- and 20-min in both VPA
and VVPA. In MPA, significant gender differences
were found only in groups 2 and 3. In group 2, the
differences occurred in the 30-, 20-, and 10-min bouts;
in group 3 the differences occurred only in 30-min
bouts. In all the cases, boys had more bouts than girls
(Table I). In VPA, significant differences were found
between boys and girls in groups 1, 2, and 4. The dif-
ferences occurred in 10- and 5-min bouts. Boys had
more bouts than girls (Table II). In VVPA, significant
differences between genders were only found in group
1. The differences occurred in 20-, 10-, and 5-min
bouts. Boys had more bouts than girls (Table III).
The oldest boys and girls revealed a lower number
of PA bouts, independent of the duration. In 30-, 20-,
10-, and 5-min bouts of MPA, both boys and girls
showed a significant decrease with age (J, both
P<0.031; Table I). In 30-, 20-, and 10- min bouts of
VPA, there was no significant decrease with age, but
the number of bouts was too low, O or close to 0, in all
age groups. In 5-min bouts, there was a significant
decrease with age in both boys (J, P=0.036) and girls
(J, P=0.003). In 30-, and 20-min bouts of VVPA, only
the youngest group had a mean different from O bouts.
In 10-, and 5-min bouts, there was a significant
decrease with age in both genders (J, both P<0.01).
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Table I'V shows the non-transformed means and
standard deviations for the average minutes of daily
MPA, VPA and VVPA by age group and gender.

Significant gender differences were found in daily
VPA, F(1, 492)=37.67, P<0.001, and VVPA, F(1,
494)=24.11, P<0.001; in all cases boys were more
active than girls. There was no significant gender dif-
ference in MPA. In VPA, the difference between boys
and girls increased with age. In VVPA, the difference
between boys and girls remained almost the same in all
age groups (between 33.3% and 56.5%). In MPA, girls
of group 1 were 8.9% more active than boys, while
boys of group 4 were 14.7% more active than girls. In
VPA, boys of all groups were more active than girls:
35.4% more in group 1, and 67.7% in group 4.

Significant age group differences were also found in
MPA, F(3, 494)=87.4, P<0.001, VPA, F(3, 492)=78.15,
P<0.001, and VVPA, F(3, 454)=54.89, P<0.001. In
both genders, MPA, VPA and VVPA revealed a
decrease with age. In boys, the highest decrease in
MPA, VPA, and VVPA happened between group 3
and group 4: 59%, 77%, and 155%, respectively for
MPA, VPA, and VVPA. In girls, the decrease was also
higher between group 3 and group 4: 71.2%, 229.2%,
and 100% respectively for MPA, VPA, and VVPA,
than between the previous age groups.
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Discussion

Accelerometry is an objective method of PA assess-
ment especially recommended for young people. In
Portugal, there have not been any studies with such a
large sample to evaluate PA with accelerometry; up to
now, most of the studies were done with questionnaires.

Although these studies have a cross-sectional design,
it was found, in accordance with literature,!2.22.23 that in
both boys and girls there was an apparent decline of PA
with age. Telama ef al.,"" in spite of finding a general
decline in PA, reported an increase of VPA. On the oth-
er hand, van Mechelen er al.!2 found an increase of MPA
and an increase of VPA. In this study, the decline occurred
in all three PA intensities evaluated: MPA, VPA, and
VVPA. Most of the longitudinal studies assessed PA
with questionnaires, but, even when objectively mea-
sured, PA showed a decline.!® 23 Despite this decline,
some studies assessing sport participation indicate a
higher track value for sport participation than for non-
organized activities.2* When the decline of PA is ana-
lyzed, probably we will have to distinguish between
spontaneous PA and non-spontaneous PA, such as sport
participation or organized PA. It seems that the PA decline
has a biological basis.25 In fact, it is also observed in
animals,2¢ and it appears to be related with alterations of
neurotransmissions associated with dopamine.27 28
Likewise, play, and in particular PA play, also showed a
decline with age as the child matures.2® In fact, some
studies found that late mature subjects are more active
than advanced mature ones.30-31 Maybe a good strategy
for promoting PA in young people is to look at sport
activities as, perhaps, the best way to maintain PA lev-
els throughout life, since sports activities are generally
organized and scheduled in a regular way, i.e., as a rou-
tine, and this routine could lead to a PA habits.

Gender differences in PA are well documented: most
of the studies show that boys are more active than girls. 10
32,33 In this study, boys had significantly more minutes
aday of VPA and VVPA, but not in MPA. Trost ef al.1?
found the same pattern of gender differences, with only
slight differences in MPA and significant differences in
VPA. Boys had also more bouts of MPA, VPA and VVPA
in the cases where significant differences were found,
especially in the longest bouts and older groups.

The reasons underlying gender differences in PA
levels are not well known. Bjorklund er al.34 suggest-
ed that the gender differences in PA play behavior
could be related to gender differences in spatial cog-
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nition developed during the evolutionary process of
the Homo sapiens. Free physical play of boys often
involves activities that require eye-hand (or foot) coor-
dination, such as playing soccer and other ball games.35
These activities promote the development of spatial
cognition to a higher level than what it was observed
in girls,?** and require a more intense movement, which
can account for the higher PA levels in boys compared
to girls. Conversely, girls are more likely to engage in
less intense activities.3S In the same way, girls and
women engage in PA for appearance, health and fitness
reasons, and boys and men for competition and demon-
stration of ability.?¢ Others suggest that the socializa-
tion process could explain the gender differences in PA
in adolescents. For instance, Sallis ef al.37 and Andersen
et al.38 found that boys are more likely to have physi-
cally active friends than girls. The gender differences
in PA require differentiated PA promotion programs for
boys and girls. In consequence, it is important to find
the main reasons for gender differences in PA, in order
to delineate appropriate PA promotion programs.
The most recent PA recommendation for American
students aged 6-18 calls for 60 min or more per day of
MPA to VPA.! The recommendation highlights the
need for variety in physical activities that are devel-
opmentally appropriate and enjoyable. Other recom-
mendations!5-17 call for 30 to 60 min of daily MPA to
VPA, which could be achieved with the accumulation
of short periods of activity. The recommendations of
60 min-day-! was defined based on the systematic
analysis of the evidence effects of regular PA on sev-
eral health and behavioral outcomes in children and
youth.! Nevertheless, PA recommendations should be
seen as a minimal target that everyone has to achieve.
In the sample of this study only the boys and girls of
group 4 (15 to 18 years of age) did not fulfill the rec-
ommendations of 60 min a day of MPA to VPA (group
I: girls 152.7+63 min-day-' and boys 154.1+76.9
min-day-!; group 2: girls 124.2+49 min-day-! and boys
137.8+50.1 min-day-!; group 3: girls 79.62+30.6 min-day-
I'and boys 91.8247.3 min-day-'; group 4: girls 44.1+£19.9
min-day-! and boys 56.3+31.9 min-day-!), although they
fulfilled the other recommendations of 30 to 60 min of
daily MPA to VPA. Most of the PA is done in moderate
intensity level and in short bouts. In fact, there were
almost zero 30- and 20-min bouts of any of the studied
PA intensity level. However, it is necessary to do con-
tinuous VPA for periods of 20 to 30 min, several days a
week, so that one can develop some aspects of physical
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fitness, such as cardiovascular fitness and muscular
strength and endurance.! In this aspect, the sample did not
reveal the adequate PA level.

Conclusions

Boys had more minutes a day of VPA and VVPA

than girls, but not in MPA. This difference increased
with age. In both boys and girls, PA decreased with age.
The children from 6 to 14 years of age fulfilled the
recommendations of 60 min-day-! of MPA to VPA.
The adolescents of 15 to 18 years of age did not fulfill
this recommendation. None of the children or adoles-
cents had the minimum of 3 of 30- or 20-min bouts of
PA a week, necessary to the development of cardio-
vascular fitness and muscular strength and endurance.

14.
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