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ABSTRACT

Purpose. The aim of this study was to validate the 3-Day Physical Activity Recall (3DPAR) for measuring daily energy
expenditure in children and adolescents.

Methods. Children and adolescents, a total of 148 participants, were recruited in 10 schools. The data collection was car-
ried out in a period of 11 months. The measurements of weight, skinfold, and circumferences were performed. After the
anthropometric assessment, an accelerometer was put on and the participant remained with the electrodes during 5 days.
On the fifth day, the accelerometer was taken off and 3DPAR was applied. After 1 week of the study (eighth day), 3SDPAR
was applied again for testing reliability.

Results. In the analysis of reliability and internal consistency, Cronbach’s alpha was 0.73 for the first assessment of 3DPAR
and 0.83 for the second one. The consistency of the values estimated by 3DPAR yielded Cronbach’s alpha of 0.89 in the
first assessment and 0.83 in the second one. The correlations and the coefficient of determination between 3DPAR and the
accelerometer were considered moderate and significant (r = 0.645, p < 0.001).

Conclusions. 3DPAR presented satisfactory reliability and moderate correlations with the criterion measurement in children
and adolescents aged 10-12 years.
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Introduction

In the recent decades, the prevalence of obesity in
children and adolescents has been increasing world-
wide [1]. In 2025, the number of overweight and obese
children might reach over 260 million and 91.2 million,
respectively [2]. Consequently, the incidence of chronic
diseases related to obesity, such as hyperlipidaemia,
hypertension, or diabetes, is increasing as well, even
though these are not usual in children [2, 3].

Reducing or stopping the development of chronic
diseases in children and adolescents is essential to
a healthy life in adulthood. Regarding obesity control,
daily energy expenditure (DEE) might play an essen-
tial role as the kilocalorie expenditure might contribute
to limiting obesity and, consequently, the chronic dis-
eases related to the dysfunction [4, 5]. Furthermore,
to validate instruments that measure DEE to evaluate
the prevalence, influence, and effect of physical activity
in children and adolescents is crucial [5-7]. Although
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the methods of determining DEE such as doubly la-
belled water are accurate, their application is expensive
and laborious, especially when concerning several indi-
viduals. For this reason, an accelerometer has been used
as an alternative method to measure physical activity
[8-11] and energy expenditure [12]. Actiheart® is a uni-
axial accelerometer that combines movement and heart
rate evaluation. In laboratory and field studies, Acti-
heart® showed strong and good correlations for esti-
mating the level of physical activity and DEE with the
methods of direct observation (e.g., heart rate, indirect
or direct calorimetry, and doubly labelled water) [12-15].
Besides, Actiheart® presents excellent reproducibility.
However, in studies with large samples, the use of ac-
celerometry is still hard to perform. In Brazil, only 2
studies with accelerometry were published by 2014.
Thus, questionnaires are highly recommended in huge
samples owing to their feasibility and low cost.

Consequently, several studies have adopted ques-
tionnaires [16-23], and the 3-Day Physical Activity
Recall (3DPAR) or similar versions (i.e., Previous-Day
Physical Activity Recall or 7-Day Physical Activity Re-
call) is largely used for physical activity assessment
[16, 17, 24-30]. In Brazil, Goulart et al. [31] tested the
psychometric qualities (i.e., reliability and construct
validity) of 3DPAR in 216 adolescents (13-19 years), but
the article remains unpublished in the full-text ver-
sion. 3DPAR was not validated for measuring DEE in
children and adolescents and studies have applied adult
physical activity compendiums to estimate DEE [32].
Moreover, 3DPAR evaluates not only physical activity,
but also DEE [5]. Considering the physiological differ-
ences between age groups and the increased prevalence
of obesity in children and adolescents, the validity of
3DPAR for measuring DEE is highly relevant. Thus,
this study aimed to establish the concurrent validity
and reliability of 3DPAR to measure DEE in children
and adolescents.

Material and methods
Participants

A cross-sectional study was performed. The study
population consisted of 621 schoolchildren aged 10-12
years enrolled from fifth to seventh grades of public
schools in Sdo Joao Nepomuceno, state of Minas Ge-
rais, Brazil.

The inclusion criteria involved children and ado-
lescents aged 10-12 years, healthy and able to practise
physical activities. Also, the subjects should not have
presented any chronic illnesses or used any medicine
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that could cause heart rate alterations. We did not in-
clude children or adolescents from schools with less
than 100 students, as well as from public schools that
reached a score below 60% in the national score test
(Provinha Brasil). After inclusion, if any error occurred
during the accelerometer assessment that impaired
data analysis or if the accelerometer failed to collect
10 hours of data each day, we excluded the participant
from the study.

In accordance with the inclusion and exclusion cri-
teria, 2 elementary schools with more than 100 chil-
dren and adolescents each were selected, represent-
ing 421 students enrolled between fifth and seventh
grade. To ensure a study power of 95% and an alpha
error of 3%, the minimum sample should be 111 chil-
dren and adolescents aged 10-12 years. However,
after estimating a loss of 90%, the final sample con-
sisted of 208 individuals. For the sample calculation,
we used the G*Power version 3.1 software. With the
consideration of the data obtained in the 2 schools, stu-
dents were numbered in sequence. Then, by using
a table of random numbers by Excel 2003 (Microsoft
Corporation, Redmond, USA), the corresponding num-
ber of children was selected in the list, until the num-
ber to compose the sample was reached.

Overall, 40 students dropped out of the study be-
cause of device problems and 5 for inconsistent data on
3DPAR. The problems related to the device were the
following: 4 participants had allergy wearing it on the
first day, 12 presented allergy on the second day, and
3 on the third day; moreover, 21 subjects reported
allergy during the study but remained with the device
all 3 days long. One child damaged the device on the
first day. Also, 20 participants were excluded because
of time recording (i.e., < 10 hours per day). After ac-
celerometer data normalization, 148 participants were
analysed.

Data collection

The data collection was carried out within 11 months,
during February and June of 2012 in the first school,
and during July and December of the same year in the
second school.

Anthropometric measurements

Each participant was anthropometrically assessed
in private rooms. The measurements of weight, skinfold,
as well as the waist, hip, and abdomen circumferences
were performed. During the assessment, socio-demo-
graphic questionnaires were filled in by the parents;
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also, an informative paper about the appropriate use of
the accelerometer was given to them.

Bodyweight was evaluated with digital scales (Seca
877, Australia) with a maximum capacity of 150 kg
and accuracy of 0.1 kg, whereas height was determined
by using a stadiometer (Alturaexata, Brazil) with a scale
of 1-213 ¢m and accuracy of 0.1 cm.

Circumferences of the waist, abdomen, and hip were
measured with a tape (Sanny®, Brazil). Triceps, abdo-
men, subscapular, and medial calf skinfolds were de-
termined with an adipometer (Lange Skinfold Caliper®)
ranging from 0 to 60 mm with an accuracy of 1 mm.
The examinations were carried out by a professional
with more than 10 years of experience and in accor-
dance with the International Society for the Advance-
ment of Kinanthropometry [33] norms. The body fat
equation used in this study was developed by Slaughter
et al. [34].

Accelerometer

The accelerometer (Actiheart®, Cambridge Neuro-
technology Ltd, Papworth, UK) was put on the thoracic
region of the participants. The area was cleaned up with
alcohol and the electrode (Red Dot 3M) was placed.
The subjects remained with the electrodes for 5 days
(Wednesday, Thursday, Friday, Saturday, and Sunday),
even though data were collected only on Thursday, Fri-
day, and Saturday. The accelerometer has the weight of
8 g, length of 7 mm, and diameter of 33 mm. It contains
a movement sensor able to measure horizontal and ver-
tical acceleration, heart rate, DEE, and electrocardio-
graphic parameters during a predetermined time [35].

On the fifth day of the study (Sunday), the research-
ers visited the participant’s homes to take the accel-
erometers off. Two questions were asked: ‘Did you feel
uncomfortable wearing it?” and ‘Did you have any kind
of allergy wearing it?” The accelerometer data were
downloaded in the Mini Mitter, Actiheart v. 2.2 soft-
ware. The Actiheart® software provides DEE without
adding any more information such as basal metabolic
rate. Thus, to obtain net DEE (kcal - day™), the Schofield
equation value [36] was summed up with the acceler-
ometer values.

3DPAR

3DPAR is a questionnaire that allows individuals
to remember the physical activities of the previous
3 days, within intervals of 15 minutes, from 06 to 24
hours or during the subject’s awake time. The ques-
tionnaire is composed of 62 options of activities that

the participant might perform during a regular day.
To increase the accuracy of the questionnaire, the ac-
tivities were grouped up in 6 categories: eating, after
school/spare time/hobbies, transportation, sleeping/
bathing, school, and physical activities/sports. The in-
dividuals observed the activities and filled in the ques-
tionnaire in accordance with the performed activities.
Then, an X was marked for the corresponding effort
level (light, moderate, high, or very high). Light inten-
sity was described as having mild respiration, without
or with small movements. Moderate intensity was
characterized by normal respiration and some move-
ments [37]. High intensity was established when res-
piration was increased, with intense movements. Very
high intensity occurred with accelerated respiration
and a high increase in movement intensities.

3DPAR, recently adopted for Brazilian Portuguese
[38], was applied on Sunday, after removing the accel-
erometer. In order not to leave any questions unan-
swered, the participants started reporting the physi-
cal activities performed during 3 consecutive days:
Thursday, Friday, and Saturday. The mean time spent
on filling in the questionnaire was 28.1 *+ 16.7 minutes
(recorded by the evaluator). Parents, guardians, or
anyone else did not intervene in the answers. 3DPAR
makes 2 measurements possible: DEE (kcal - day™ or
kcal - kg” - day™) and time devoted to efforts of different
intensities: sedentary, light, moderate, high, and very
high. On the eighth day of the study, 3DPAR was ad-
ministered again for reliability.

3DPAR data were saved with Hypertext Prepro-
cessor (PHP) Web software developed specifically to
calculate DEE. To estimate DEE by using 3DPAR,
a compendium by Ridley et al. [20] designed for chil-
dren and adolescents was applied.

Statistical analysis

All data were presented as means and standard
deviations. The Kolmogorov-Smirnov test was used to
verify the normality of data. Student’s paired t-test was
applied to establish the differences between DEE values
determined by different methods (3DPAR and the ac-
celerometer). Cronbach’s alpha served to test the reli-
ability and consistency of 3DPAR. To assess the concur-
rent validity between 3DPAR and the accelerometer,
values for DEE were tested by Pearson correlation.
Next, the Bland-Altman plot was used to verify the
equivalence of DEE between the methods. To establish
the intra-individual 3DPAR reliability, the intraclass
correlation coefficient (ICC) was applied. All the analyses
were performed with the SPSS v. 21.0 software. The
alpha value adopted in this study equalled 0.05.
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Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Paediatric
Department of Medicine, Federal University of Minas
Gerais (No. 26/10) and the Human Research Ethics
Committee, Federal University of Minas Gerais (No.
0396.0.203.000.10).

Informed consent

Informed consent has been obtained from the par-
ents or legal guardians of all individuals included in
this study. All the examined students assented to
participate.

Results

Table 1 presents the anthropometric characteristics
of the participants.

In the analysis of reliability and internal consist-
ency, Cronbach’s alpha was 0.73 for the first 3DPAR
assessment and 0.83 for the second one. The consist-
ency of the values in kcal - day™ estimated by 3DPAR
yielded Cronbach’s alpha of 0.89 for the first assess-
ment and 0.83 for the second one.

Reliability was measured by ICC. The analyses car-
ried out per day presented an ICC of 0.74 for Thurs-
day (Thursday 1 vs. Thursday 2, ICC 95% CI: 0.64-0.81,
p < 0.001), 0.80 for Friday (Friday 1 vs. Friday 2, ICC

95% CI: 0.72-0.86, p < 0.001), and 0.71 for Saturday
(Saturday 1 vs. Saturday 2, ICC 95% CI: 0.61-0.80).
Figure 1 shows a comparison of DEE values of
3DPAR for Thursday, Friday, and Saturday in the test
and retest assessments. There was no difference be-
tween the test and retest (Thursday 1 vs. Thursday 2,
tasr = 1.033, p = 0.30; Friday 1 vs. Friday 2, ¢47 = 0.59,
p = 0.56; Saturday 1 vs. Saturday 2, ¢14;) = 1.62, p = 0.11).
Table 2 presents the descriptive information on DEE
as measured with the accelerometer and with 3DPAR.
As for the correlations and coefficients of determi-
nation for DEE (kcal - day™) between 3DPAR and ac-
celerometer measurements, the values were considered

2500
2000 —‘7 —‘7
1500
1000

500

Dialy Energy Expenditure (Kcal - day ™)

Sat(1) m‘l(z) Fn"(2) Sat‘(Z)
3DPAR

Figure 1. Comparison of 3-Day Physical Activity Recall
(B3DPAR) test and retest for daily energy expenditure

Thu(1)  Fri(1)

Table 1. Anthropometric characteristics of the sample (n = 148)

All (148) Boys (76) Girls (72)
Characteristics
Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI

Age (years) 10.99 (0.81) 10.85-11.11 11.04 (0.78) 10.85-11.22 10.9 (0.82) 10.75-11.11
Body mass (kg) 43.93 (10.51) 42.39-45.96  42.23 (10.54) 40.73-45.72  44.72 (10.38) 42.48-46.96
Height (m) 1.50 (0.08) 1.49-1.51 1.50 (0.08) 1.48-1.52 1.50 (0.07) 1.48-1.52
Body fat (%) 25.04 (10.0) 23.45-26.62  23.37 (10.80)  20.78-25.97 26.42 (9.10) 24.45-28.38
Body fat (kg) 11.72 (7.07) 10.60-12.84 10.82 (7.35) 9.07-12.58 12.46 (6.88) 10.99-13.92
Lean mass (kg) 32.22 (5.69) 31.36-33.20 30.87 (5.99) 30.87-33.72 32.26 (5.64) 31.04-33.48

Table 2. Descriptive information on daily energy expenditure measures on the accelerometer and 3DPAR

Accelerometer DEE (kcal - day™)

3DPAR DEE (keal - day™)

Groups

Friday Thursday Saturday Friday Thursday Saturday
All 1895.8 (512.5) 1954.3 (538.9) 1875.0(557.7) 1559.8 (423.39) 1630 (452.7) 1671.7 (608.83)
Boys 2145.7 (555.5) 2230.0 (636.7) 2157.6 (578.4) 1575(446.2) 1655.2(555.9) 1762.5(749.5)
Girls 1693.9 (369.7) 1721.1 (419.4) 1632.7 (408.0) 1546.6 (405.5) 1608.9 (420.4) 1594.5 (447.4)

Data presented as mean (SD).

3DPAR - 3-Day Physical Activity Recall, DEE - daily energy expenditure
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Figure 2. Correlations between daily energy expenditure LA —limit of agreement
measured by the 3-Day Physical Activity Recall (3DPAR) Figure 3. Bland-Altman plot for the 3-Day Physical Activity
and the accelerometer per day Recall (3DPAR) and accelerometer indications per day
moderate and significant: accelerometer DEE for Thurs- Table 3 shows the correlations between DEE as indi-
day vs. 3DPAR DEE for Thursday, r = 0.570, p < 0.001; cated by 3DPAR and the accelerometer per day and sex.
accelerometer DEE for Friday vs. 3DPAR DEE for Fri- Error mean values of DEE between the methods for
day, r = 0.610, p < 0.001; accelerometer DEE for Satur- particular days are depicted in Figure 3A (333 + 479.9
day vs. 3DPAR DEE for Saturday, r = 0.630, p < 0.001 kcal - day™, 20%), Figure 3B (321 + 491.9 kcal - day™,
(Figure 2). 18%), and Figure 3C (222 + 558.1 kcal - day™, 12%).
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Table 3. Correlations between daily energy expenditure measured by the accelerometer and 3DPAR and per day and sex

Accelerometer vs. 3DPAR correlations

Groups Friday Thursday Saturday
r 95% CI 95% CI r 95% CI

All 0.56* 0.45-0.68 0.55* 0.42-0.65 0.56* 0.43-0.67
Boys 0.69* 0.56-0.82 0.73* 0.60-0.86 0.67* 0.54-0.80
Girls 0.61* 0.48-0.74 0.60* 0.46-0.72 0.59* 0.43-0.70
3DPAR - 3-Day Physical Activity Recall
*p<0.001

Discussion reliability remained satisfactory for intra-individual

The results provided evidence for moderate valid-
ity of 3DPAR in assessing DEE among children and
adolescents aged 10-12 years when compared with
the criterion measurement. DEE values for 3DPAR and
the accelerometer yielded similar results on Thursday
and Saturday.

As for the criterion validity, Eklund et al. [39] used
heart rate for comparisons; nevertheless, they did not
find any difference between DEE estimated by 3DPAR
and heart rate in 30 adolescents (15.0 £ 1.0 years of
age). In this study, the internal consistency presented
by Cronbach’s alpha values equalled 0.73 for test
and 0.86 for retest. The results were similar to those
of 2 different studies [40, 41] that revealed good inter-
nal consistency of measuring DEE.

Regarding reliability, in a study by Sallis et al. [42],
performed in a sample of 112 adolescents (15-18 years
old), the 7-Day Physical Activity Recall (7DPAR),
a physical activity diary similar to 3DPAR, yielded ICC
of 0.77 (1 week between tests). In another study, Lee
and Trost [7] assessed the reliability of 3DPAR among
221 Singaporean adolescents (13-16 years old), achiev-
ing an ICC of 0.90 (8 hours between tests). Pavlidou
et al. [41] tested 3DPAR reliability in 61 children of
both sexes (10-11 years old); after 1 week, a retest was
applied, yielding an ICC of 0.61 for the 3 consecutive
days. De Farias Junior [43] evaluated reliability in
a sample of 45 adolescents aged 15-18 years (16.00
+ 1.28). The test and retest had an interval of 24 hours,
showing an ICC of 0.84 (95% CI: 0.73-0.91). Argiropou-
lou et al. [44] investigated 3DPAR reliability among
40 adolescents (13.5 + 0.8 years old) in 1 week, yield-
ing an ICC of 0.97 (p < 0.001). In the present study,
3DPAR demonstrated an ICC of 0.70 in 1 week between
test and retest. Although we measured crude DEE
(kcal) and the studies cited above determined DEE as
MET - min’}, total MET, moderate to vigorous physical
activity (min), and vigorous physical activity (min), the
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assessment and test-retest [5, 45-47].

With reference to the criterion validity, the mean
Pearson correlation value was 0.58 (p < 0.001), con-
sidered moderate. Studies that validated 3DPAR us-
ing an accelerometer [5, 37, 40, 41, 44-49] or pedom-
eter [7, 40] in children and adolescents found values
between 0.40 and 0.72, all of them significant. Age
groups varied between 10 and 18 years of age; how-
ever, it seems that age is not a determinant of 3DPAR
validation.

In this study, crude predicted DEE of the acceler-
ometer was correlated to DEE predicted by 3DPAR.
As opposed to the studies that used pedometers (num-
ber of steps) or accelerometers (counts - min™) as the
criterion method [46, 47, 50], DEE values predicted
by our accelerometer are expressed in kilocalories,
which is obtained by the association of the movement
with the heart rate. Our hypothesis is that correlating
measures of the same unit could bring advantages to
the study on the prediction error of DEE since pedom-
eters and accelerometers need equations to assess DEE
oritis arbitrarily evaluated as an indirect measure of
intensity (counts - min™). Even though, our measures
are similar to those obtained in the other studies.

Regarding the DEE error between methods for the
3 days, the mean error is 292 kcal (95% CI = 495
kcal - day™). Our study sub-estimated DEE - day™.
Only Argiropoulou et al. [44] assessed crude DEE,
although no statistical analysis was applied to it. In
a study conducted by Machado-Rodrigues et al. [48]
among Portuguese children and adolescents that used
accelerometers, an error of 0.25 kcal - min™ (approxi-
mately 360 kcal - day™') was found. Also, Martinez-
Gomez et al. [47] reported an error of 32 minutes of
moderate to vigorous physical activity per day. In crude
values, for a child that weighs 43 kg, the error would be
151-333 kcal. All the other studies did not present
a Bland-Altman plot [40, 41, 49]; thus, the prediction
error was not assessed. Although the mean error value
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(292 kcal) could be considered small, it is important to
highlight two problems. First, it is related to the limits
of agreement. The values could be between -1200 kcal
and 600 kcal, a wide range of estimates for the bias.
Second, apparently a bias of approximately 292 kcal
cannot be considered low for children who have a DEE
of 1500 kcal.

The present study has some limitations that should
be addressed in future research. The inclusion of chil-
dren and adolescents within the age range of 10-12
years might limit the generalization of data. Also, some
factors could have led to an augmentation of the corre-
lation between methods. One of them is using a spe-
cific compendium for children and adolescents, and
the other is dividing an hour into 4 blocks of 15 minutes
since children and adolescents have a higher vari-
ability of activities in a short period. All cited studies
applied a compendium for adults and the hours were
divided into 2 blocks of 30 minutes. Even though we
used different compendiums and divided an hour
into 4 blocks, it did not seem to influence the results
since they did not differ from those obtained in other
studies. As the prediction error of both methods is
similar to the ones reported in the literature, the error
could be ascribed to a misunderstanding of the ques-
tionnaire, mainly with reference to intensity. Some
participants of our study (n = 5) classified an activity as
intense even performing it for 4 hours. It could explain
the error between the methods.

Conclusions

3DPAR presented satisfactory reliability and moder-
ate correlations with the criterion measurement in
children and adolescents aged 10-12 years but with
a wide range of the limits of agreement. Thereby, despite
3DPAR being a low-cost method, feasible in large sam-
ples, it should be used with caution for DEE in chil-
dren and adolescents.
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