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Abstract

Objective

Evaluate the effect of different exercise intensities on spontaneous physical activity energy
expenditure in overweight adolescents.

Methods

A crossover study was developed with a control session, followed by moderate and
vigorous exercise sessions, with six days of monitoring each. Twenty-four adolescents,
11-13 years old, male and overweight were selected. Spontaneous physical activity energy
expenditure was assessed by accelerometers. Linear mixed effects models were used to
evaluate the differences per session across time.

Results

Energy expenditure during the 1st hour was different between all three sessions, with aver-
ages of 82, 286 and 343 kcal to the control, moderate and vigorous sessions, respectively
(p <0.001). The same pattern of difference in energy expenditure between the sessions
remained after 24 hours (704 vs 970 vs 1056 kcal, p <0.001). However, energy expenditure
during the six days indicates compensation from second to the sixth day, although small dif-
ferences remained at the end of the 6-day period (5102 vs 5193 vs 5271 kcal, p <0.001).

Conclusions

A single aerobic session seems to modify the spontaneous physical activities in overweight
adolescents but still keeping the vigorous session with higher total energy expenditure during
the follow-up period. Despite the observed compensatory effect, the greater energy expendi-
ture observed in both moderate and vigorous exercise sessions indicates that physical activ-
ity should be recommended to promote an increased energy expenditure in adolescents.
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Introduction

Obesity is an important current public health problem, affecting approximately 35 to 40% of
adults and 15 to 25% of children and adolescents worldwide [1]. The most important determi-
nants of obesity in children and adolescents are inadequate eating habits associated with low
levels of physical activity and sedentary lifestyle [2-4]. Several government agencies and profes-
sional organizations have recommended exercise for weight control [5-7]. For children and
adolescents, at least 60 minutes of moderate to vigorous physical exercise is recommended
daily for the maintenance of health and for the prevention of obesity and other diseases [8,9].
However, the reviews published in recent years regarding the effect of physical activity on
weight control have showed conflicting results [10-12]. Thus, it is important and necessary to
improve the understanding of how exercise regimens contribute to changes in daily energy
expenditure, the aim of this study.

Intervention studies focused on physical activity reported that such interventions did not
promote changes on BMI in children and adolescents [10,11]. Still, others have shown that
physical exercise programs are able to enhance physical fitness and change body composition
and several other risk factors for cardiovascular disease [12]. This controversy may be related
to the fact that some studies have reported a lower energy deficit induced by exercise sessions
when compared to the energy expenditure theoretically predicted [13,14], which can be
explained by a possible compensatory effect on physical activities throughout the day [15,16].
The first researchers to address this phenomenon, Epstein & Wing [17] observed that patients
undergoing exercise sessions had less weight loss than expected, suggesting that those who
exercised modified their pattern of physical activity during the rest of the day. In other words,
participants moved less to maintain an overall stable level of physical activity or energy expen-
diture over time, being described later as the activitystat hypothesis [18]. Although studies
about this issue in children and adolescents have already been published [19,20], the results
about the existence of compensatory mechanism are still conflicting [21]. Furthermore, most
studies involved adults and the comparison of different exercise intensities has not been
explored enough [21].

Despite the fact that there is a consensus in the literature about the recommendation of
physical activity for children and adolescents, the intensity of exercise that should be recom-
mended for weight loss remains unclear and the compensatory effect promoted by different
exercise intensities on subsequent physical activities needs to be tested. Therefore, the objective
of the present study was to determine the effect of exercise intensity on spontaneous physical
activity energy expenditure among overweight adolescents.

Methods
Study design and sample

An experimental crossover study was conducted during the school year of 2014 in a public
school in Niterdi, Rio de Janeiro, Brazil. Initially, all children enrolled in the 6th and 7th grade
were invited to undergo anthropometric measurements to determine their body mass index
(BMI). Only those adolescents classified as overweight according to World Health Organiza-
tion parameters for age and sex [22] were included in the study. Adolescents who reported any
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cardiovascular diseases, musculoskeletal injuries or any other factors that preclude the realiza-
tion of the exercise protocols, measured by using the PAR-Q questionnaire (Physical Activity
Readiness Questionnaire), were excluded from the study [23].

The written informed consent was obtained from all participants before the beginning of
the study. This study was approved by the Research Ethics Committee of the Institute of Social
Medicine of the State University of Rio de Janeiro.

The protocol for this trial and supporting TREND statement checklist are available as sup-
porting information

Intervention

The intervention protocol consisted of three sessions (control, moderate and vigorous exercise)
for each adolescent, with intervals of at least 21 days between sessions and the participants
blinded to the order of the sessions. Each child participated in all three of the intervention pro-
tocols to generate data for three separate intervention sessions. The determination of the inten-
sity of each exercise session was based on the percentage of maximum heart rate achieved in a
field test (Shuttle Run Test) carried out the week before the intervention protocol.

The control session consisted of the placement of accelerometers to assess energy expendi-
ture and physical activity for a period of six days, without any specific physical exercise proto-
col. In the other sessions (moderate and vigorous), following the placement of accelerometers
as described above, specific protocols of physical training with different intensities were per-
formed on the first day of monitoring. No specific counseling to change the daily routine of
adolescents during this week was provided.

Exercise sessions, lasting 60 minutes, were divided into three phases: warm-up (2 minutes
and 30 seconds), training (55 minutes) and cool-down (2 minutes and 30 seconds). The exer-
cise protocol was different between the experimental sessions (moderate and vigorous) only in
the training phase, with similar warm-up and cool-down phases in both sessions. During the
warm-up, subjects were instructed to start walking at a low-intensity, and then increase their
pace until they reached values close to 64% of maximum heart rate. In the cool-down phase,
adolescents were instructed to gradually reduce their pace in order to reach heart rate values
close to those found at rest.

The main part of the moderate session (MS) consisted of 4 sets of 10 minutes walking at
moderate intensity (64% to 76% of maximum heart rate), interspersed with 5 minutes of light
walking (below 64% of maximum heart rate) for recovery between sets. The main part of vigor-
ous session (VS) consisted on 4 sets of 10 minutes running at vigorous intensity (77% to 95%
of maximum heart rate), interspersed with 5 minutes of light walking (below 64% of maximum
heart rate) for the recovery between sets.

During the two experimental sessions, the adolescents were supervised by a trained exercise
physiologist to ensure that they performed the intervention protocol properly. The target heart
rate was monitored using heart rate monitors by the same professionals who supervised the
training sessions.

Measurement procedures

Anthropometric measurements. Body weight was measured using a portable electronic
scale (Tanita BC -558 Japan) with a capacity of 150 kg and precision of 50g, while wearing light
clothes and no shoes. Height was measured using a portable stadiometer (Alturexata, Brazil)
with an amplitude of 200 cm and variation of 0.1 cm. The classification of nutritional status
was based on BMI (kg/m?) cutoff points recommended by the World Health Organization
[22].
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Shuttle run test. The shuttle run test was conducted on a 20 meter field where the partici-
pant runs forward and then returns at a speed imposed by beeps (recording test protocol) and
is a validated and widely used test in studies with adolescents [24,25]. The test was completed
with the participant's withdrawal or when the participant failed to reach the demarcation line
two consecutive times, as recommended. At the end of the test, the participants performed a
light walk for at least 3 minutes to recover.

Each participant used a heart rate monitor during the test and the maximum heart rate was
recorded. Thus, the intensity of each exercise session (moderate and vigorous) was calculated,
individually, according to the percentage of the maximum frequency established for moderate
and vigorous intensity [26].

A medical team was on standby during the test to provide fast treatment in case of
complications.

Energy expenditure measurements. Energy expenditure for physical activity was mea-
sured using triaxial accelerometers (Actical—Phillips—Respironics, Oregon, USA) [27]
attached to an elastic belt positioned on the right hip (anterior iliac crest). The accelerometer
was placed on the same day of the week and time of day for all sessions and removed after six
days. Participants were instructed to not remove the device during this period, except while
bathing and during water activities.

Based on counts values, kcal was estimated according to Actical software parameters. The
criteria used to define the non-use time of accelerometers was 60 consecutive minutes of zero
counts or 60 consecutive minutes of zero energy expenditure and a non-valid day was defined
as those days which non-use time was greater than 14 hours. Therefore, individuals were
excluded from the analysis of the day if they failed to provide a minimum of 600 min (10 h) of
valid data [28].

Sample size. Sample size was calculated based on a mean difference in daily energy expen-
diture between sessions of 110 kcal [29], with a coefficient of variation equal to 1 (standard
deviation of 110 kcal) [30]. The sample size required for the study, with an o of 0.05 (two-
sided) and B of 0.10 and estimating a refusal rate of 20%, was 27 adolescents [31]. Only 24 ado-
lescents participated in the study, however sample size calculation did not take into account
repeated measures, which increases the power of the study [32].

Data Analysis

The descriptive analyses were calculated the mean and standard deviations for continuous and
percentages for categorical variables. The Kurtosis and Skewness test using Stata 13.0 software
was performed to assess the normality of the data.

Energy expenditure associated with physical activity was assessed in the 1st hour of acceler-
ometer usage, which corresponds to the period of the exercise protocol for moderate and vigor-
ous sessions, and over the course of six days. Cumulative total energy expenditure was
estimated from accelerometer data for 24, 48, 72, 96, 120 and 144 hours. Differences between
sessions for energy expenditure in the first hour were performed by using a one-way ANOVA
followed by a post-hoc Scheffé test. Differences in daily and accumulated energy expenditure
between exercise sessions was performed using linear mixed models, which takes into account
the correlations between repeated measures over time. The model incorporated a quadratic
term (time X time) for those analyses which demonstrated a non-linear change (p<0.05). We
tested the covariance structure of the models and the unstructured covariance matrix appeared
to be the most adequate for these data. All of the analysis was performed in SAS 9.3 (Statistical
Analysis System, USA) and STATA 13.0 software. Statistical significance was set at p<0.05 for
all analyses.
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Results

Of the 84 children enrolled in 6th and 7th grade, 24 met the criteria for inclusion determined
in the study and were selected for the research protocol (Fig 1). No adverse events were
observed during training sessions.

Physical characteristics and baseline data for all participants are summarized in Table 1.

Non-valid days for energy expenditure were observed in two subjects in the control session
(one on the third day and one on the fourth day), 14 in the moderate session (two in the first
six in the second, three in the third day, two in the fifth and one in sixth), and 10 in the vigor-
ous session (five in the second, one on the third day, one on the fourth and three in the fifth),
with these values (> 14 hours of zeros counts) excluded from the analysis.

Energy expenditure during the first hour following the intervention (Table 2) was
significantly greater in the vigorous and moderate sessions compared to the control session
(p <0.001) and greater in the vigorous compared to the moderate session (p = 0.04).

For the 24 hours following each intervention (Table 3), energy expenditure was greater in
the vigorous compared to the moderate and control sessions (1056 vs. 970 and 704 kcal, respec-
tively, p = 0.008) and in the moderate compared to the control session (970 vs. 704 kcal, respec-
tively, p <0.001) (Fig 2A). Cumulative total energy expenditure for the six days following each
intervention was higher for the vigorous session compared to the moderate (5271 vs. 5193 keal,
p <0.001) and the control sessions (5271 vs. 5102 kcal, p <0.001). The cumulative total energy
expenditure for the six days following the moderate was higher compared to that following the
control session (5193 vs. 5102 keal, p <0.001) (Fig 2B). Differences in cumulative total energy
expenditure between control and exercise sessions diminished at the end of the six-day period
(Table 3).

The daily energy expenditure (not accumulated) was significantly lower in the moderate
and vigorous sessions compared to the control session from the second to the sixth day follow-
ing the exercise session, with significant differences in time trajectories between control and
exercise sessions (p <0.001) (Fig 3).

Discussion

The main finding of the present study was a change in spontaneous physical activity energy
expenditure in overweight adolescents after a single bout of exercise, both for moderate and
vigorous exercise intensities. Rowland (1998) describes the hypothesis of 'activitystat' as a
homeostatic mechanism, where a biological center would be responsible for the physical activ-
ity control according to a set point of energy expenditure. According to this theory, modifica-
tion in physical activity levels, at any given time, would be offset by changing these levels at
another time, in defense of an individual set point [18].

In agreement with our findings, other studies conducted among children and adolescents
support this theory [33,34]. Frémeaux et al. (2011) evaluated the effect of a higher volume of
physical activity practiced at school on the volume of physical activity performed outside the
school among children aged 8-10 years and found that an increased volume of physical activity
practiced at school induces a reduction in the spontaneous physical activities throughout the
day, demonstrating the presence of the compensatory effect [33].

Similarly, Wilkin et al. (2006) found that daily physical activity levels were similar among
children who performed low or high volumes of physical activity at school, concluding that
daily physical activity levels are not only dependent of the environmental characteristics in
which they were inserted [34] but also by physiological mechanisms that regulate physical
activity levels, reinforcing the importance of biological control theory [18]. Also, in a recent
systematic review, Gomersall et al. (2013) highlighted that compensatory effects of exercise in
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reducing physical activity levels could occur even for several days after a single exercise bout
[35], corroborating our results that reduction of physical activity energy expenditure in both
exercise sessions was observed only after two days of monitoring and lasted until the sixth day.

84 boys
6th and 7th grade

Anthropometry

Participated (n= 80)

Did not participated (n=4)

Reasons:

* Not authorized by parents (n=4)

35 overweight

Physical Activity Readiness

Questionnaire (PAR Q)
No (n=24) Yes (n=11)

control Moderate Vigorous
(n=24) (n=24) (n=24)

Lostto Lostto Lostto
Follow-up Follow-up Follow-up
(n=0) (n=0) (n=0)
Analyzed Analyzed Analyzed

Day 1 (n=24) || Day 1 (n=22) || Day 1 (n=24)
Day 2 (n=24) || Day 2 (n=17) || Day 2 (n=19)
Day 3 (n=23) || Day 3 (n=17) || Day 3 (n=20)
Day 4 (n=22) || Day 4 (n=19) || Day 4 (n=19)
Day 5 (n=23) || Day 5 (n=18) || Day5 (n=17)
Day 6 (n=24) || Day 6 (n=18) || Day 6 (n=18)

Fig 1. Flow diagram of participants through the study.

doi:10.1371/journal.pone.0147141.g001
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Table 1. Baseline characteristics of participants included in the study.

Variables (n = 24) Mean (SD*)
Age (years) 12.6 (0.95)
Stature (cm) 158.5 (10.13)
Weight (kg) 60.9 (11.89)
BMI (kg/ m2) 24.0 (2.57)
HR max shuttle test (bpm) 191.9 (8.24)

* standard deviation

doi:10.1371/journal.pone.0147141.1001

Several intervention studies failed to demonstrate an effect of physical activity on weight
loss among children and adolescents [11,36]. In a meta-analysis, Harris et al. (2009) observed
no impact of school-based physical activity interventions on BMI of children and adolescents
[36]. In addition, a systematic review conducted by Dobbins et al. (2013) did not observe an
impact of physical activity programs performed at school on BMI in children and adolescents
6-18 years old [11]. Thus, the difficulty of obtaining weight loss with interventions based solely
on physical exercise may be related to a lower energy deficit induced by exercise when com-
pared to the theoretically predicted energy expenditure due to the compensatory effect.

However, in this study, cumulative total energy expenditure during the six days of follow-up
was higher for vigorous and moderate sessions in comparison with control session. More
important, the compensatory effect observed in exercise sessions was insufficient to equalize
the cumulative energy expenditure between control and exercise sessions. Thus, even with
compensatory effect, vigorous or moderate exercise should be encouraged among adolescents
to achieve a negative energy balance and thus promote weight loss.

Although the results of the present study support the activitystat hypothesis, other studies
report results counter to this theory [37-39]. Wickel & Eisenmann (2007) compared the
amount of physical activity performed on days with and without sports practice. It was found
that a sports practice was associated with a greater daily volume of moderate-to-vigorous phys-
ical activity (30 minutes) and a reduced amount of sedentary activities (40 minutes) and sug-
gested that that sports practice does not induce the compensatory response in spontaneous
physical activity. [38]. Likewise, Dale et al. (2000) observed that physical activity restriction
during school time was not compensated by increasing physical activity in the period spent out
of school [39]. The differences observed between these studies’ results could be explained by
differences in exercise protocols, especially the type of exercise, frequency, duration and inten-
sity of exercise sessions.

In the present study, there was no influence of exercise intensity on energy expenditure with
physical activities during the six days of monitoring, with a similar compensatory effect
observed for the second to the sixth day in both moderate and vigorous sessions. However,

Table 2. Energy expenditure (EE, kcal) in physical activity in the first hour of registration.

Sessions EE hour1
Control 82 (7)

Moderate 286 (16)
Vigorous 343 (21)

* Analysis of variance (one-way ANOVA)
# Post hoc Scheffé

doi:10.1371/journal.pone.0147141.t002

p-value* Post-hoc p-value *
Control vs. Moderate < 0.001
< 0.001 Control vs. Vigorous < 0.001
Moderate vs. Vigorous 0.04

PLOS ONE | DOI:10.1371/journal.pone.0147141 January 15,2016 7/12



@’PLOS ‘ ONE

Exercise and Energy Expenditure

Table 3. Estimated means* and confidence intervals of energy expenditure with physical activities (kcal) within 24 hours and 144 hours of

monitoring.
Sessions

Control
Moderate
Vigorous

95% ClI 144 hours* 95% ClI
603-804 5102 4694-5511
869-1071 5193 4783-5603
955-1156 5271 4862-5680

*Linear mixed model with time, group, group*time, time * time, group*time*time.

doi:10.1371/journal.pone.0147141.t003

other studies have reported different results [19,20]. Kriemler et al. (1999) observed in obese
adolescents, using heart rate monitor, that energy expenditure with physical activities was
reduced by 3% on the day of moderate exercise session and 6% on the day of vigorous session
and, in the day after, moderate exercise caused an increase on energy expenditure while vigor-
ous exercise caused a reduction [19]. Thivel et al. [20] published a study about the effect of
exercise intensity on energy expenditure and found that obese adolescents demonstrated a
compensatory response to high-intensity exercises (above 70% of VO2 max), therefore reduc-
ing the energy expenditure of subsequent physical activities. Thus, due to the conflicting results
reported in the literature, further studies are needed to formulate a solid base on the effects of
different exercise intensities on energy expenditure with spontaneous physical activity, the
mechanisms involved and their determinant factors.

The present study has some limitations that require discussion to better understand the con-
text in which our results are presented. First, due to the inclusion of overweight adolescents
and their low exercise tolerance, vigorous exercise was performed near to the lower limit of the
target heart rate. Thus, differences between exercise intensities could have not been sufficient
to promote differences for compensatory effect between the exercise sessions. On the other
hand, there was significant difference to energy expenditure during moderate to vigorous exer-
cise sessions, which indicates that the intensity of exercise performed in the two sessions was
really different. Second, the practice of the exercise sessions during the same period of the year
does not guarantee stability in temperature and humidity, and may therefore influence the per-
formance of the participants during the exercise protocol. Third, the present study evaluated
the effect of a single exercise session on energy expenditure with physical activities over 6 days,
preventing the assessment of the compensatory effect after multiple sessions of physical exer-
cise. Fourth, even though the shuttle run test is not a gold standard to evaluate the maximal
exercise capacity, it is a validated and widely used test in studies with adolescents. Finally, the
present study used only overweight boys, making it difficult to extrapolate our results to other
populations.

Conclusion

In conclusion, based on the results of our study, we found that a single aerobic exercise session
modifies the level of spontaneous physical activity among overweight adolescents. In agree-
ment with the physical exercise compensatory mechanism, the increase in physical activity at
one time was offset by reducing the physical activity pattern at another time, in order to main-
tain a stable level over time. However, despite the observed compensatory effect, higher six-day
cumulative energy expenditure was observed for exercise sessions in comparison with control.
Accordingly, the practice of moderate to vigorous intensity physical exercise should be encour-
aged for overweight adolescents in order to promote a negative energy balance and facilitate
weight loss.
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Fig 2. Estimated mean values of the cumulative energy expenditure in 24 hours (A) and 144 hours (B) monitoring.  moderate vs. control; # moderate
VS. vigorous; * vigorous vs. control.

doi:10.1371/journal.pone.0147141.9002

Future studies are needed to investigate the energy expenditure compensation in obese and
non-obese individuals, the effect of different exercise intensities and a greater number of train-
ing sessions.
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doi:10.1371/journal.pone.0147141.g003
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