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Abstract
The purpose of this study was to use the measurement of the PAEE taken from Actiheart in order
to calculate the TEE in Costa Rican schoolchildren, and at the same time, to determine the effectiveness when it is compared against the TEE obtained by the DLW. A total of sixteen male schoolchildren were measured for their total daily energy expenditure (TEE) with the doubly labeled
water (DLW) technique. The TEE obtained by the Actiheart monitor was calculated and validated
against the DWL. The TEE was obtained adding the physical activity energy expenditure given by
the Actiheart, plus the basal metabolic rate, and the energy cost of growth. The Pearson’s product‐
moment correlation coefficient and the paired t‐test sample were measured in order to identify
the association of the data and to evidence the differences between both measurements of TEE
respectively. The Lin’s concordance correlation coefficient and the Bland-Altman plot evaluated
the concordance of both methods. The correlation between the TEE obtained by DLW and the one
calculated by Actiheart was r = 0.97, P < 0.001. The paired t-test showed no significant differences
between both methods. Lin’s concordance correlation coefficient was Cb = 0.99, classified as almost perfect. The study validated the TEE calculated with Actiheart against the TEE measured by
the DLW.
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1. Introduction

Modern lifestyles have turned more sedentary among children [1] [2]; this has been drawing the public’s attention [3] since there has been an increase in childhood obesity regardless of the socioeconomic and academic levels [4] [5].
As a result of physical inactivity, there has been a decrease of the total energy expenditure (TEE) and therefore, childhood obesity has increased [1] [2]. That is why the screening of the energy expenditure (EE) in the
condition of a free lifestyle is a fundamental matter for this study that deals with the etiology of obesity and of
other chronic diseases [6]-[9].
There are several screening techniques to measure the EE [9] but the doubly labeled water (DLW) isotopic
technique has been set as the “gold standard” one for the measure of EE in a free lifestyle condition [9] [10].
The gold standard technique is high in cost; therefore, now there are other devices that measure EE such as:
heart rate monitors (HR) [9] [11], pedometers [12], and accelerometer monitors (AC) [13]. These devices are
small, portable, non-invasive, and lower in cost. They also provide the physical activity energy expenditure
(PAEE). The readings of the total energy expenditure (TEE) obtained by these devices have been validated
against the DWL readings [14].
Nowadays, the HR monitor is considered to be the most popular method for calculation of the EE and the
physical activity (PA) patterns in a free lifestyle condition [9], nevertheless, it is also known that the calculation
of the EE might be altered by the influence of factors such as stress, hydration level, and other environmental
factors [15], also because low intensity activities limit the capacity of prediction of PAEE [9] [11].
It has been reported that AC monitors register correlations between EE and AC that range from moderate to
high; on the other hand, accelerometers are not as accurate when certain physical activities, static jobs, and
movements against external forces have to be measured [16]. This certainly is the limitation for the calculation
of the TEE in sedentary populations. Therefore, the use of HR and AC monitors decreases the limitations and at
the same time provides a more accurate reading of the TEE [9] [16] [17]. Nowadays, the Actiheart is one of the
most accurate monitors for the measurement of PAEE, which is an essential component for the calculation of
TEE in a free lifestyle condition, for both the adult and the pediatric population [18]-[21].
Higher-quality and lower-cost equipment is necessary to obtain the information required to calculate the TEE
accurately. Accuracy is important to know how the EE deals with the prevention of overweight and obesity in
the pediatric population. Consequently, one of the objectives of this study is to use the reading of PAEE provided by the Actiheart monitor in order to calculate the TEE in Costa Rican schoolchildren and at the same time
to determine its effectiveness when it is compared against the TEE obtained by the DLW technique.

2. Materials and Methods
This is a cross-sectional analytical study. The participants were sixteen male schoolchildren with an average age
of 7.2 ± 0.98 ranging from six to nine years old. They all belonged to a school in the metropolitan area, specifically in the city of San Jose. The project was approved by the Ethics Committee for Research of the University
of Costa Rica, and an informed written consent was obtained from all the participants’ parents.

2.1. Anthropometric Data
The body height was measured to the nearest 0.1 cm, and the body weight was measured in individuals wearing
light clothes to the nearest 0.1 kg using a balance beam scale. The mean of the three measurements was recorded.
Once these anthropometric measurements were recorded, the BMI was calculated with the formula: BMI =
weight (kg)/heigh2 (m). All the measurements were obtained after twelve hours of overnight fasting and relative
resting.

2.2. Calculation of the Total Energy Expenditure
The “gold standard” isotopic technique known as Doubly Labeled Water (DLW) measured the TEE in a free
lifestyle condition of the human being, it belongs to the dosage of 18O at deuterium (2H) water in which the
99.9% of the hydrogen atoms present the form of 2H. The method was developed during seven days for purposes
of the study.
After twelve hours of fasting and relative resting, each student was given a DLW aliquot by mouth (0.22 g of
18
O per kg body weight enriched at 10% and 0.11 g of 2H per kg of body weight enriched at 99.9%). The stu-
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dents were observed during the intake of the dosage in order to make sure that it was done correctly and completely. The dosage was prepared at the laboratory of the Health Research Institute of the University of Costa
Rica.
Before the DLW dosage was provided, a basal urine specimen was collected from each student to determine
the natural basal content of 2H and 18O in the body could. Afterwards, the first urination of the day was collected
each morning for the first seven days. The exact time of collection was recorded and the samples were kept at
−70˚C until their next analysis.
A continuous flow mass spectrometer HYDRA (Europa Scientific, Crewe, United Kingdom) conducted by
triplicate the analysis of the content of 2H and 18O in each of the urine samples at the Energy Metabolism and
Stable Isotopes Laboratory of the Institute of Nutrition and Food Technology, of the University of Chile.

2.3. Calculation of the TEE Using the Actiheart Monitor
In order to obtain the formula for the measurement of the TEE, it was necessary to use the values of the basal
metabolic rate (BMR), the energy cost of growth (ECG), and the PAEE obtained by the Actiheart for three days.
For purposes of the study, the formula was defined as:
TEEActiheart = BMR + PAEE + ECG; and the factors are explained as follows.
2.3.1. Basal Metabolic Rate (BMR)
Using the Schofield equation [22], which is coincident with the one established by Henry & Rees [23] for children that reside in tropical regions.
2.3.2. Physical Activity Energy Expenditure (PAEE)
It was obtained through the Actiheart monitor (Mini Metter Company, Inc., USA), ambulatory compact device
(thickness 7 mm, diameter 33 mm, weight 10 g) equipped with an omnidirectional accelerometer and a processor of ECG signal that measures the HR and the AC together providing that way the PAEE.
2.3.3. Energy Cost of Growth (ECG)
2 kcal·kg−1·day−1 was the reference used for the body growth. FAO/WHO/UNU [24] provided the reference,
which is for children between 6 and 9 years old.
Right after the intake of the DLW dosage, each of the students got an Actiheart monitor placed and they were
asked to use it without taking it off for three consecutive days; these days were two weekdays and one day of the
weekend (i.e. Thursday, Friday and Saturday). The device was secured in the chest of each child with pediatric
electrodes (3M® Red Dot 2248). The main sensor was placed in the left side of the breastbone, and the wire was
placed parallel along the midclavicular line at the third intercostal space (upper position), or just below the left
breast (lower position). Each parent received a supply of electrodes and they were instructed on how to take care
of the monitor and how to replace the electrodes in the event they were attached incorrectly.

3. Statistical Analysis
The factors that required descriptive statistics were: age, weight, height, BMI, ECG, BMR, the TEE measured
with the DLW, and the TEE calculated with the Actiheart monitor. They were expressed as means ± standard
deviation values. We used the Pearson’s correlation coefficient to evaluate the correlation between the TEEs,
and the Paired sample t-test to test the differences between both means obtained. The reproducibility between
the DLW and the Actiheart was assessed using the Lin’s concordance correlation coefficient [25]. Lin’s strength
of agreement [25] was considered poor (<0.90), moderate (0.90 - 0.95), substantial (0.95 to 0.99), and almost
perfect (>0.99). The Bland-Altman procedure plotted the differences between the DLW and the Actiheart monitor [26].
Analyses were performed using MedCalc statistical software version 11.5.1 (Mariakerke, Belgium) and SPSS
for Windows version 16.1 (IBM Corporation, New York, USA). The significance level was adopted in p < 0.05.

4. Results
Table 1 shows the age, the body characteristics, the ECG and the BMR of the schoolchildren. Results according
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Table 1. Characteristic of the schoolchildren.
Variable

Mean (SD)

Age

7.2 (0.9)

Weight (kg)

28.3 (6.3)

Height (m)

1.24 (0.05)

2

BMI (kg/m )

18.1 (3.2)

−1

−1

ECG (kcal·kg ·day )

47.7 (6.0)

−1

BMR (kcal·day )

1137 (144)

to the TEE, and the TEE corrected by the daily body weight are shown in Table 2.
The measurements of the TEE were not significantly different (1938 ± 235 vs. 1955 ± 265 kcal·d−1, p = 0.33)
when the t-test analysis was performed. The correlation analysis between TEEs was r = 0.97, p < 0.0001, meaning that there was a strong concordance between both measurements. The Lin’s concordance correlation coefficient identified a substantial strength of agreement (Cb = 0.99).
The plot of the differences between DLW and Actiheart according to the Bland-Altman procedure can be seen
in Figure 1.
The TEE mean (±SD) with the DLW method was 1938 (±235) kcal·d−1; the Actiheart’s TEE mean was 1955
(±265) kcal·d−1. The bias of the Actiheart was −17.1 kcal·d−1 (95% CI = −53.92 to 19.67) showing that the Actiheart measured a higher TEE than the DLW method. The lowest limit of agreement was of −152.5 (95% CI =
−216.76 to −88.23) and the highest limit of agreement was of 118.3 (95% CI = 53.98 to 182.51), showing a reliable limit of the 270.8 kcal [118.3 kcal − (−152.5 kcal)]. The percentage of error is 14% (reliable limit of 270.8
divided by the mean value of 1938 and multiplied by 100).
The TEE corrected by the body weight per day was analyzed to know if both results were also showing an
adequate concordance. It was not possible to identify any significant difference for the means of both methods
(69.8 ± 8.3 vs. 69.8 ± 7.8 kcal·kg−1·d, p = 0.98) after the t-test analysis was performed. The correlation analysis
and the substantial strength of the agreement (Cb = 0.99) evidenced a strong relationship between both results (r
= 0.96, p < 0.0001) (Figure 2).
The TEE mean (±SD) of the DLW method was 69.8 (±8.3) kcal·kg−1·d−1. The Actiheart’s TEE mean was 69.8
(±7.8) kcal·kg−1·d−1. The bias of the Actiheart was 0.0 kcal·kg−1·d−1 (95% CI = −1.17 to 1.18) showing that the
Actiheart measured the same TEE than the DLW. The lowest limit of agreement was −4.32 (95% CI = −6.38 to
−2.26), the highest limit of agreement was 4.34 (95% CI = 2.2869 to 6.4045), evidencing a reliable limit of the
8.6 kcal·kg−1·d−1 [4.34 kcal·kg−1·d−1 − (−4.32 kcal·kg−1·d−1)]. The percentage error is of 12% (reliable limit of
8.6 divided by mean value of 69.8 and multiplied by 100) (Figure 2).

5. Discussion
Up until a few years ago, there was no trustable method for measuring the EE in a free lifestyle condition in
quantity terms; therefore, it was difficult to detect the differences of this variable among populations [27].
With the introduction of the DLW method, it is now possible to obtain the EE measurements in quantity terms,
and at the same time, to validate the methods that allow a more accurate and cheaper estimation of the EE
short-term changes in groups of individuals [27].
In the last years, the Actiheart monitor has measured the PAEE in an accurate way [28] and the results have
been validated against the DLW technique; nevertheless, these studies have only calculated the EE provided by
the PA. The EE results belong to one single portion of the daily TEE, but the most important measure to calculate in overweight and obese children is the daily TEE. Because of this, other studies have been performed, studies that allow to calculate the daily TEE in a free lifestyle condition in an accurate way using variables as the
fat-free mass, the resting energy expenditure, Harris-Benedict equations [29], and the use of non-invasive and
low cost methods such as pedometers [12] [30], HR monitors [9] and accelerometers [31]. These results have
also been validated against the DLW technique.
Since the TEE estimation is the sum resulting from the addition of diverse variables, it is recommended to include the ECG [32] and the PAEE, which preferable has to be measured directly [33] with an ambulatory device,
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Figure 1. Bland-Altman plot showing limits of agreement between TEEActiheart and DLW total energy
expenditure measures (kcal·kg−1).

Figure 2. Bland-Altman plot showing limits of agreement between TEEActiheart and DLW total energy
expenditure measures (kcal·kg−1·d−1).
Table 2. Energy expenditure of the schoolchildren using different methods (mean ± SD).
Variable

DLW

95% CI
for the mean

Calculated using Actiheart

95% CI
for the mean

TEE (kcal·d−1)

1938 ± 235

1812 - 2063

1955 ± 265

1814 - 2096

TEE (kcal·kg−1·d−1)

69.8 ± 8.3

65.3 - 74.2

69.8 ± 7.8

65.6 - 73.9

in order to obtain an accurate estimation of the TEE in the pediatric population.
The results of this study in which the ECG and the PAEE measured by the Actiheart were included, show the
high correlation and concordance in the estimation of the daily TEE and the TEE adjusted by the student’s body
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weight when comparing the results with those obtained by the DLW technique. It also showed that the measurements of PAEE obtained by the Actiheart that were used for the calculation of the TEE provided an accurate
estimation of it.
The difference between the TEE obtained by the DLW technique and the one calculated using the measurements provided by the Actiheart is considered minimum (17 kcal·d−1) in comparison with the differences reported in other studies that range between 24 to 98 kcal·d−1 and that were obtained by estimating the TEE using
other monitors. These results were also compared against the DLW [34] [35].
Wilson et al. [21] reported a similar calculation to the one obtained in this study. In their study, the TEE was
estimated by using the Actiheart monitor in male schoolchildren with similar characteristics (ages range from 7
to 9 years old, height 120 cm, weight 27.04 kg, BMI 18.20), and they obtained an estimate TEE of 1986 ± 332
kcal·d−1. The difference between their study and this study is only 31 ± 67 kcal·d−1.
Wilson et al. [21] mention that one of the limitations responsible of the inadequate estimation of the TEE in
their study was the deficient adhesion of the electrodes in the students’ skin because of the elevated rate of
sweating caused by the high temperatures of the tropical zone where the study was performed. Because of this,
the electrodes had to be changed more frequently. Such situation limited the permanent contact of the Actiheart
with the chest of the children during the monitoring process. This also happened in another study done with
adults located in high temperature geographic zones [18]. This limitation was not present in this study despite of
the fact that the students wore the Actiheart for three consecutive days in the summer season; there was no need
for replacement.
An unknown factor about Wilson et al. [21] study was the type of electrode used to place the Actiheart, which
can also be a limiting factor in the adequate adhesion to the skin in case of a high sweating rate.
For Wilson et al. [21], other limitation that may affect the correct calculation of the TEE is the young-age
students’ ability to follow instructions, especially by avoiding touching the Actiheart since it could have caused
an inadequate entry of the data. This situation was not a limitation in this study either, since both parents and
students were provided with the correct induction of the methodology and this prevented what Wilson et al. [21]
described.
The elements that allowed an accurate estimation of the TEE in this study were: 1) to request the students’
parents not to interfere in the usual physical activity patterns of their children in order to prevent a less accurate
estimation of the EE, 2) the students were to keep the monitor every second including bedtime, 3) to use the Actiheart for two days of the week according to their normal school schedule and one day of the weekend, since
some of the physical activity patterns and energy expenditure could vary. It is recommended to take into account
the previous conditions for future studies.
It is important to remark a different aspect of this study, and that is the particularity of using the isotopic technique of DLW to validate the estimated TEE by the Actiheart in a free lifestyle condition, which is a new feature
that had never been implemented among the Costa Rican schoolchildren.
The use of the non-invasive, low cost and easy to handle equipment to estimate the TEE in an accurate way,
just as has been demonstrated by the Actiheart, is utterly important since the daily study of the TEE plays an
important role in the prevention or treatment of several illnesses that are related to lifestyles such as overweight
and obesity in schoolchildren. The increase of these conditions start by the age of six [36] [37], and it has also
been identified in Costa Rican schoolchildren with a prevalence of the 26.2% [38].

6. Conclusion
The study concludes that the Actiheart monitor provides highly reliable data and its use in future researches will
allow an estimation of the TEE at lower cost using a larger sample of Costa Rican schoolchildren that present
either overweight or obesity.
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