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Introduction

Conventional equations used to estimate resting energy 
expenditure (REE) consider generalized body dimensions without 
taking into account the different metabolic activities of tissues 
and organs2. Hence, adjusting REE for different body components 
is essential to making intra-individual comparisons3, 4. Fat free 
mass (FFM) is considered the best predictor of REE5, because it 
consists of organs with a high metabolic rate such as the heart, 
spleen, kidneys, brain, liver, gastrointestinal tract6 and large 
tissue structures (skeletal muscle, and osteoarticular systems 
and ligaments). Therefore, both anatomically and metabolically,  
FFM is a heterogeneous compartment3, 4 , the specific metabolic 
rate of which can be measured, for instance, by the difference 
of arteriovenous concentration of tissues and blood flow3. The 
procedures to make such estimates involve various assumptions7 
still seldom reported in the literature. Research, however, has 
advanced understanding concerning the relationship between 
estimated metabolic rate and body composition (BC) to predict 
the REE of each component8. 

Intra-individual REE differences can be explored using 
predictive models at a tissue level3, 9, 10, with an approach that 
enables associating the variation of metabolic rate among 
individuals that is explained by BC11. To do this, the individual 
mass of an organ or tissue is determined using image analysis 
techniques, multiplied by a specific metabolic rate3. That was 

the way Hayes, Chustek, Wang, Gallagher, Heshka, Spungen12 
confirmed the hypothesis that REE can be estimated using 
five components measured by DXA: brain area, appendicular 
lean soft tissue (ALST), bone mineral content (BMC), total fat 
mass, and body weight. REE can also be estimated using other 
configurations, such as Usui, Taguchi, Ishikawa-Takata and 
Higuchi6 did when measuring four organ tissue components: 
adipose tissue (AT), bone tissue (BT), skeletal muscle tissue 
(SMT), and residual tissue (RT), which corresponds to the 
difference between body mass and the total of the remaining. 
This last model sounds more promising, as it considers the 
high metabolic rate (54 kcal/kg/d) of organs6 as part of the RT.

So, DXA can be considered accurate for determining BC at 
the 3-C model, as it includes components at a molecular level13: 
fat mass (FM), BMC, and ALST from a whole-body scan14. DXA 
presents the lowest operational cost and low risk, as well, when 
compared to computed tomography and magnetic resonance15, 
which makes the method highly recommended for pediatric 
populations. Studies stress the use of DXA to provide a “metabolic 
map” that is able to precisely correct REE variation among 
individuals12, in addition to differentiating energy expenditure 
between high and low metabolic rate tissues. 

According to these estimates, individuals with a larger 
body mass present higher REE compared to people with lower 
weight. It is, however, a mistake, to consider only body mass 
as a normative parameter of REE. The greater body mass 
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of obese individuals is mostly composed of fat, an inertial 
metabolic component with a specific expenditure rate, i.e., energy 
expenditure by unit of body weight is also low16. 

Hence, information regarding nutritional status and its 
relationship with REE needs to be better understood, while 
the mechanisms associated with greater energy demands and 
the physiological basis of this process need to be clarified17 to 
consider specific and individual metabolism. For this reason, 
it seems desireable to consider nutritional status to accurately 
determine every REE. Additionally, the rate of energy production 
per unit of metabolically active tissue is not constant; it varies 
according to body size9. These relationships provide new insights 
in the field of energy metabolism, favoring greater understanding 
of the relationships inherent to BC and REE18. 

The most intense transformations in human growth take place 
during childhood and adolescence. The functional evolution 
of body systems and structures occurs at very distinct inter-
individual speeds and periods14, based on changes that take place 
in cells, tissues, and various body systems and compartments19. 
Energy expenditure during growth includes energy spent on 
tissue functioning and additional energy used to synthesize 
new tissues20. Estimates of REE attributed to physical growth 
reach 20%21, though more specific estimates consider a daily 
expenditure for each age and sex. An energy cost of 2 kcal/g 
of body weight gain for growth is an acceptable parameter of 
such an estimate17. When considering the potential variation of 
BC among children and adolescents of the same age and sex, 
the classification of nutritional status with adequately estimated 
REE is essential to diagnosing nutritional differences1. Currently, 
studies have concentrated on the adult population, while the 
use of this model in the pediatric population has been ignored. 

Therefore, the challenge of determining the specific 
expenditure of body components remains, as well as that of 
confirming the effectiveness of DXA in estimating the inter-
individual REE of children and adolescents. Given the previous 
discussion, this study’s purposes were: a) to determine the REE 
of each component based on the 3-C model given by DXA, 
transformed to the tissue level of pubertal boys; and b) to 
compare the REE of different groups according to nutritional 
status, determining the specific mass and REE equivalent for 
each component.

Method

Participants

The sample of this cross-sectional study included 278 boys 
(11-16 years old) recruited in community sport centers and 
schools located in Presidente Prudente, SP, Brazil. Previous 
analyses did not present interracial differences or sports 
modalities22, so the sample was considered homogeneous. 
The sample was composed of individuals who reported being 
Caucasians (n=184), Afro-descendants (n=56), Hispanics 
(n=35), and Asians (n=3). The individuals were invited to 
voluntarily participate in the study and did not present any 
pathology or medical restrictions, amputated body parts, nor 
did they take medications or undergo any clinical treatment that 
could affect metabolism or growth, and in pubertal Tanner23. 
Parents or legal guardians signed consent forms and the study 
was conducted in accordance with the guidelines and standards 
regulating research involving human subjects (Resolution nº. 
466/12 from the National Council of Health), and was approved 
by the Institutional Review Board at the University of São 
Paulo, Ribeirao Preto School of Physical Education and Sport 
(CEP332007/EEFE/04.04.2007-2006/32).

Procedures

BMI (kg/cm2) was calculated in order to compare REE 
among the participants and classify nutritional status by age, 
that is: Underweight (UW), Normal Weight (NW), Overweight 
(OW) and Obese (OB)1. Body mass and height were measured 
according to the recommended method found in the literature24. 

Body composition was estimated by scanning the whole body 
and portions of the body (Lunar DPX-NT - GE Medical, Software 
Lunar DPX encore 2007 version 11.40.004, Madison, WI). The 
exam provided total and regional components of: Total mass 
(g); FM (g); Lean soft tissue (g) (LST); BMC (g), and scanning 
area (cm2). In order to calculate REE, the components measured 
by DXA (molecular level) were transformed at the organ-tissue 
level13, according to the previous equations, presented in Table 1.

Table 1. Transformation of components measured by DXA from the molecular level to the organ-tissue level and specific energy expenditure of 
each component (References in superscript).

Tissue Molecular Level (kg) Energy expenditure (kcal/d)
41AT 1.18 (FM) 3, 41EEAT = 4.5 (AT)
42, 43BT 1.85 (BMC) x 1.0436 3, 41EEBT = 2.3 (BT)
26SMT 1.003 (ALST) + 0.039 (BW) – 1.315 3, 41EESMT = 13 (SMT)

RT BW - (AT + BT + SMT) 3, 41EERT = 54 (RT)

Total BW = (AT + BT + SMT+ RT) REEDXA = EEAT + EEBT + EESMT+ EERT

DXA: dual energy X-ray absorptiometry; AT: adipose tissue (kg); BT: bone tissue (kg); SMT: skeletal muscle tissue; RT: residual tissue (kg); FM: fat mass (kg); 
BMC: bone mineral content (kg); ALST: appendicular lean soft tissue (kg); BW: Body weight; EE: energy expenditure; REEDXA: resting energy expenditure 
given by DXA. 
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All the youngsters were classified into maturational periods 
2, 3 and 4 of pubic hair, and were considered pubertal23.

The approach used in this study to estimate total REEDXA was 
adapted from the model used by Usui, Taguchi, Ishikawa-Takata 
and Higuchi6 shared in four components, at the organ-tissue level 
derived from the DXA. The adaptation of the proposed model6 
involved the replacement of adult SMT values25, for pediatric 
SMT values26, here called REEDXA. The main reason for the 
pediatric adaptation of the model was the fast SMT growth and 
development, where major structural changes occur, including 
the relationships between height and length of legs and arms27.

Statistical Analysis 

The descriptive statistics represented the values of central 
measures between groups of nutritional status. ANOVA (One-
Way) was used to compare the groups’ means (Underweight, 

Normal Weight, Overweight, and Obese). Bonferroni’s post hoc 
test was used when p < 0.05. All analyses were conducted using 
SPSS version 23.0 (SPSS Inc., Chicago, IL) with the level of 
significance established at α=0.05.

Results

The means concerning the descriptive characteristics, the 
BC at organ-tissue level, and REE of each component estimated 
by DXA of the total sample (and according to nutritional 
classification) are presented in Table 2. The results concerning the 
groups’ nutritional status reveal that most individuals (73.38%) 
were classified as NW; 19.42% as OW; 5.40% as OB; and 1.80% 
as UW. Transformation of body components from the molecular 
level (DXA 3-C) to the organ-tissue level13 enabled calculation 
of the total REEDXA,  mass, and REE of each component.

Table 2: Descriptive statistics and Analysis of Variance of body composition and resting energy expenditure of boys classified according to their 
nutritional statuses.

  Total (n = 278) aUnderweight (n = 05) bNormal weight (n = 204) cOverweight (n = 54) dObese (n = 15)

Age (years) 13.8 (2.5) 16.0 (2.1) 13.7 (2.4) 13.9 (2.7) 13.4 (2.3)

Height (cm) 161.2 (14.7) 175.9 (17.1) 160.7 (14.9) 161.6 (13.8) 160.5 (13.3)

Body weight (kg) 52.4 (15.9) 46.1 (8.0) d 48.0 (12.9)c, d 62.4 (14.6)d 79.0 (17.5)

REEDXA (kcal/day) 1200.4 (311.1) 1259.7 (212.9) 1197.6 (309.4) 1205.7 (339.2) 1199.1 (277.2)

     Body composition – organ-tissue level 

BT (kg) 4.1 (1.3) 4.0 (0.8) 4.0 (1.3)c, d 4.7 (1.4) 4.9 (1.1)
AT (kg) 11.5 (9.3) 4.4 (0.8)c, d 7.5 (3.8)c, d 20.4 (7.0)d 36.6 (9.3)
SMT(kg) 19.6 (6.5) 18.8 (4.0) 19.0 (6.3) 21.2 (6.8) 22.8 (6.6)

RT (kg) 16.4 (4.3) 18.3 (3.0) 16.8 (4.2)d 15.3 (4.7) 13.5 (3.4)

     Estimated REEDXA 

REEBT (kcal/day) 9.5 (3.1) 9.2 (1.8) 9.1 (3.0)c, d 10.7 (3.3) 11.3 (2.5)

REEAT (kcal/day) 51.9 (41.9) 19.8 (3.5)c, d 33.8 (17.3)c, d 91.7 (31.7)d 164.6 (41.8)

REESMT(kcal/day) 255.5 (84.1) 245.0 (51.2) 247.5 (82.2) 275.1 (88.5) 295.8 (85.3)

REERT (kcal/day) 883.5 (232.9) 985.8 (161.4) 907.1 (225.2)d 828.2 (255.8) 727.4 (182.9)

DXA: dual energy X-ray absorptiometry; REE: resting energy expenditure; REEDXA: resting energy expenditure given by DXA; BT: bone tissue; AT: adipose 
tissue; SMT: skeletal muscle tissue; RT: residual tissue; REEBT: resting energy expenditure of bone tissue; REERT: resting energy expenditure of residual tissue; 
REEAT: resting energy expenditure of adipose tissue; REESMT: resting energy expenditure of skeletal muscle tissue; 
a, b, c, ddifferences among nutritional groups (p < 0.05).

When the differences of BC components were compared, the 
statistical indicators (F and sig.) that resulted from ANOVA were 
the same for all the variables of body composition – organ-tissue 
level and REEDXA. The ANOVA did not reveal any significant 
differences (F(3, 274) = 0.071, p = 0.976) when the total REEDXA 
were compared among groups. When, however, the specific 
expenditures of each component were compared, differences 
among groups were found for all components: BT and REEBT 
(F(3, 274) = 5.794, p = 0.001), AT and REEAT (F(3, 274) = 229.543, p 
< 0.001), SMT and REESMT (F(3, 274) = 2.820, p = 0.039), and RT 
and REERT (F(3, 274) = 4.438, p = 0.005). 

The post hoc test revealed the groups in which differences 

concerning mass and REE occurred. Differences concerning 
the bone component (p < 0.05) occurred between NW-OW 
and between NW-OB, while differences regarding the adipose 
component (p < 0.001) were found among all groups, except 
between UW-NW (p = 1.000). In the visceral system and organs 
the differences (p = 0.022) occurred between NW-OB.

An estimate of total REEDXA normally represented by 
conventional methods21, 28-30 does not show the estimate of 
the specific expenditure of each component. When, however, 
fractioning of REEDXA is specific for each component, differences 
concerning relative REE among groups, classified according to 
nutritional status, are apparent (Figure 1).
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The total daily REEDXA (kcal/day) presented an inverse 
relationship with body volumes represented in each nutritional 
status group. The greatest differences are perceived in the relative 
increase of REEAT, from 1.6% to 13.7%. The REERT represents 
relatively greater participation in the daily total, inverse to body 
size (from 78.3% to 60.7%). Body dimensions seem to play a 
smaller role in REESMT and REEBT, the values of which remained 
relatively similar among groups. 

Discussion

	 The results concerning the total or specific REEDXA 
for each component reveal that REE varies according to one’s 
nutritional status, with different and specific metabolic rates. 
It shows there is a clear advantage in identifying interpersonal 
differences in terms of energy metabolism, which is not always 
evident when traditional models are used20, 28-30.

Beginning in the last century, efforts have been made to 
improve understanding regarding the relationship existing 
between energetic metabolism and the BC components8. With 
advancements achieved by studies addressing this topic3, 9, 12, 31 and 
the availability of more accurate imaging methods (i.e., computed 
tomography, magnetic resonance and DXA), a new perspective 
that considers the specificity of REE for each component has 
emerged. Due to the high operational cost of magnetic resonance 
and computed tomography, as well as the risks associated with 
using contrasts and the high radiation emission rates, the use of 
imaging methods remain restricted to the scientific community. 
Hence, DXA emerges as a practical and accessible alternative 
to predict REE at the organ-tissue level12. In the present study, 
we showed the possibility of using DXA to estimate REE in 
children and adolescents.

In regard to nutritional status as determined by BMI, 
most boys presented weight appropriate to their age, though a 
considerable percentage (24.8%) of individuals were classified as 
overweight or obese. These results portray the Brazilian context 

in which the  prevalence of being overweight and obese among 
male adolescents is 21.7% and 5.9%, respectively32.

The possibility of mapping metabolic REE for each 
component enables differentiating expenditure at high and low 
metabolic rates. ALST given by DXA, i.e., which characterizes 
Skeletal Muscle Tissue25, represents only 20% to 30% of REE 
in adults, even though it constitutes 40% to 50% of total body 
weight3, 9; this reveals a low specific metabolic rate (13 kcal/kg/
day) in the total estimated REE. The LST of the trunk and head, 
on the other hand, which includes organs and tissues, represents 
only 6% of the total body weight but expresses a relatively high 
metabolic rate (200 to 440 kcal/kg/day)3, which denotes 60% 
to 70% of total daily REE.

The relatively higher AT presented by the OB group (Figure 
1) accounted for 13.7% of the total REEDXA. This increase 
in the REE variation is expected in populations with greater 
proportions of fat33. Nonetheless, comparisons based on multiple 
regression analysis indicate that the REE of FFM can be 3 to 7 
times greater than that of AT REE34; a similar proportion was 
found in this study’s results. This type of analysis, considering 
subgroups with different adiposity levels, has shown that the 
REE variance explained by FFM and AT presents approximately 
80% of the variation in greater adiposity levels and values below 
59% in overweight individuals; i.e., the contribution of AT to 
the variance of REE increases with higher adiposity levels35. 
For this reason, FFM is the main determinant of REE and both 
AT and FFM add variance to REE in different adiposity levels34.

The REEAT of the OB group (164.6 kcal/day), presented in 
Table 2, was 55.7% greater than that of the OW group; 80.6% 
greater than the NW group; and 89.5% greater than the AT 
of the UW group. Even presenting a low metabolic rate36, AT 
may be an important factor in REE because the gaini or loss of 
AT leads to compensatory adjustments in REE37 and adipose 
tissue may be coupled with energy homeostasis by “adiposity 
markers”, such as leptin and insulin, which act on the central 
nervous system and influence behavioral and autonomic outputs 
for energy restoration or fat balance38. These factors contribute 
to an increase REE in obesity, partially explaining the greater 
total REEDXA in the OB group addressed in this study.

The relationship of REE in FFM varies according to body 
mass9, hence, individuals with lower mass and FFM present a 
greater REE/FFM relationship than individuals with a greater 
body mass5. A similar example is observed in all mammals, 
where small animals have greater proportions of FFM with 
high metabolic rates and lower amounts of low metabolic rate 
components; hence, REE in FFM decreases with an increase in 
FFM3. This phenomenon was seen in the inverse relationship 
between REE and the extent that the body size of nutritional 
groups increased (Table 2). This fact may be explained by the 
composition of FFM, as the tendency of greater REERT in the 
UW group and lower REERT in the OB group, as confirmed in 
our results.

	 Therefore, analysis of BC, which considers the 
functional factors of body components, improves knowledge 
concerning the individual REE variance39, 40. The models that 
consider only two compartments, FM and FFM for instance, 
are insufficient to explain these variations because they do not 

Figure 1. Total daily values (kcal/day) and relative (%) estimated 
resting energy expenditure based on DXA among boys classified 
according to nutritional status.

Note: REE: resting energy expenditure; AT: adipose tissue; SMT: skeletal 
muscle tissue; BT: bone tissue; RT: residual tissue.
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consider individual differences and the specificity of FFM, a 
heterogeneous component3, 4. In this sense, a more detailed 
analysis of body components adds a more sophisticated 
perspective of diseases, metabolism and nutritional status34, 
enabling nutritional interventions and the prescription of more 
effective exercise programs. The differences of organs and 
tissues contribute to explaining the different REE found among 
underweight, overweight and obese adults11, a behavior also 
observed in terms of the Kg of each component of BC – organ-
tissue level (Table 2). 

	 As this is the first study to present an REE fractioned 
based on DXA among children and adolescents, there are some 
limitations. The equations used to estimate REE are not specific 
for children and adolescents, so we adapted the adult model. 
Additionally, these equations do not consider growth energy 
expenditure for different ages20. We did not investigate the 
effects of maturation. That was not the purpose. This study’s 
results, however, present coherent regularity, because the REE 
coincide with the body mass (kg) of each component, as it is 
derived from this estimate.

	 Further studies addressing the use of methods that 
quantify the metabolic rate of organs and tissues in pediatric 
populations are needed to shed light on the variations of REE 
among children and adolescents. The energy demand of the organs 
or the effect of maturation on REE, considering the somatic 
variation of body components, could also be investigated. 

Conclusion

	 The predictive models presented herein to estimate 
total REE, and that of organ-tissue components, represent a new 
approach to monitoring the energy metabolism of children and 
adolescents. The total REEDXA failed to confirm differences among 
nutritional groups, suggesting that estimated total REE presents 
low sensibility to distinguish interpersonal differences. On the 
other hand, the specific expenditure per component presented 
here, provides new insights to understanding the mechanism of 
energy metabolism, broadening understanding of differences in 
regard to the mass of metabolically active tissue. Even though 
this is the first study to estimate REE by DXA of children and 
adolescents, it introduces an applicable tool both for prescribing 
exercise programs and administering specific diets for pediatric 
populations. It signifies an important advancement in the analysis 
of REE of the tissue of interest, expressing the real magnitude 
of heat-producing body components. 
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