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ABSTRACT
Introduction. The assessment of body
composition is relevant to establish nutritional
status and identify potential health risks.
Objective. a) To develop regression equations
to predict fat mass (FM) using a dual-energy
X-ray absorptiometry as reference method;
b) to propose reference FM values based on
chronological and biological age for Chilean
children and adolescents.
Methodology. Cross-sectional study in children
and adolescents aged 5.0 to 18.9 years from the
Maule Region (Chile). The sample was made up of
3593 subjects in a probabilistic fashion (stratified).
Subjects’ weight, standing height, sitting height,
and waist circumference were assessed. Body
mass index and age at peak development velocity
(APGV) were estimated. Body composition (FM,
fat-free mass, bone mass, and fat percentage)
were established based on a dual-energy X-ray
absorptiometry scan.
Results. APGV (biological age) was 14.9 ± 0.9 years
among boys and 11.5 ± 0.7 among girls. Equations
were developed to estimate FM among boys and
girls using chronological age, APGV, and waist
circumference as predictors. Percentiles were
estimated to assess FM by dual-energy X-ray
absorptiometry and regression equations.
Conclusion. Equations were acceptable to
establish FM; in addition, reference values were
proposed to assess FM based on chronological
and biological age.
Key words: body composition, prediction equations,
X-ray absorptiometry, child, adolescent.
http://dx.doi.org/10.5546/aap.2017.eng.453

To cite: Cossio-Bolaños M, de Arruda M, Sulla Torres J,
et al. Development of equations and proposed
reference values to estimate body fat mass among
Chilean children and adolescents. Arch Argent Pediatr
2017;115(5):453-461.

INTRODUCTION
An adequate assessment of body
composition is very important to
identify potential health risks,
especially those related to an
excess or a deficiency of different
body components. 1 Measuring fat
mass (FM) and fat-free mass (FFM)
is particularly interesting in the
assessment of nutritional status among
children, adolescents, and adults.
An increase in body fat is associated
with a greater risk for diseases,
including obesity, cardiovascular
disease, type 2 diabetes, and
hypertension,2 and a reduced muscle
mass is related to a history of fractures
among children, adolescents, and
adults.3,4
Body composition during
childhood and adolescence can be
assessed by sophisticated techniques,5,6
such as hydrostatic weighing, electric
conductivity, bioelectrical impedance,
isotope dilution, potassium-40
content, and dual energy X-ray
absorptiometry (DXA).6,7
Most studies conducted in
children and adolescents that identify
the size of the problem and healthrelated consequences resulting
from overweight and obesity use
international body mass index (BMI)
references based on age and sex; 8
however, to our knowledge, in Chile
there are no national references
in place to estimate fat percentage
(F%) and/or FM, specifically among
children and adolescents. Such type
of reference may improve public
health surveillance, facilitate the
detection of clinical conditions, and
make advancements in research
to prevent obesity 8 in clinical and
epidemiological contexts.
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This study proposes the hypothesis that
anthropometric outcome measures, such as
chronological and biological age, may predict
FM among children and adolescents. Previous
studies have demonstrated their usefulness and
applicability as a non-invasive method to analyze
body composition.7,9,10
In this context, an accurate FM measurement
would mean developing age- and sex-specific
reference standards, especially in a setting such
as the Chilean population, who have the highest
overweight and obesity rates in Latin America.11,12
The objectives of this study were a) to develop
regression equations to predict FM, using a DXA
as a reference method, and b) to propose reference
values based on chronological and biological
age for children and adolescents from the Maule
Region (Chile).
MATERIAL AND METHODS
Sample and study
This was a cross-sectional study conducted in
children and adolescents aged 5.0 to 18.9 years
from the Maule Region (Chile). Four municipalities
were included (Cauquenes, Curicó, Linares, and
Talca).
Students included in the study attended one of
12 primary and secondary public schools in this
region. The schools were selected by convenience
(participation availability). The sample was
made up of 25 668 students (14 374 boys and
11 294 girls). The sample size was estimated
on a probabilistic fashion (stratification with
proportional allocation) (95% confidence interval),
reaching 14.0% (3593 subjects, 1950 boys and
1643 girls). The number of sample elements from
each stratum was directly proportional to the
stratum size (age and sex) within the population.
Students were transferred by bus from their
respective schools to the facilities of Universidad
Autónoma de Chile (Laboratory) and back to
school during school hours.
Subjects were eligible if they were between 5.0
and 18.9 years old and came from non-smoking
families. Students with physical disabilities that
prevented them from moving on their own, or
had had a respiratory problem in the past 3 weeks,
or had metal implants and/or prostheses were
excluded. Data were collected in a card prior to
performing the DXA scan.
Prior to obtaining the informed consent, the
study objectives and the methods to be used
were explained to parents and/or legal tutors.
Parents signed an informed consent to authorize

the anthropometric evaluations and DXA scans
to be performed on their children. An informed
assent was also obtained from children and
adolescents. In addition, authorizations were
obtained from the Municipal Administration
of Education of Talca and from the principals
of the schools included in the study. The study
was also approved by the Ethics Committee of
Universidad Autónoma de Chile (Chile) and was
conducted in accordance with the Declaration of
Helsinki. Once the project was completed, every
parent and/or legal tutor received the results
of the anthropometric and body composition
assessment of their children.
Procedures
Data, such as date of birth, sex, and home
address, were obtained from each school
principal’s office. Anthropometric assessments
and DXA scans were performed between
August and November 2015, from Mondays
through Fridays between 8:00 AM and 1:00 PM
and between 2:00 PM and 6:00 PM, at a closed
laboratory (20-24 ºC) in Universidad Autónoma
de Chile (Talca, Chile). The assessment of
anthropometric outcome measures and DXA
scans lasted between 10 and 12 minutes per
student. Both procedures were performed by
highly trained staff members.
The protocol standardized by Ross, MarfellJones 13 was used to obtain anthropometric
outcome measures. Body weight (kg) was
measured using an electronic scale (Tanita,
United Kingdom, Ltd), with a 100 g precision
and a range from 0 to 150 kg. Standing height
was measured using a portable stadiometer (Seca
Gmbh & Co. KG, Hamburg, Germany) with an
0.1 mm precision, and adjusted to the Frankfurt
plane. Sitting height (trunk length + head length)
was measured with the aid of a 50-cm-tall wooden
bench, with a 1 mm precision and a range from
0 to 150 cm. Waist circumference (WC) was
measured in cm at the midline between the lower
ribs and the upper portion of the iliac crest using a
Seca metal tape measure graduated in millimeters
with a 0.1 cm precision. Assessments were
conducted by 4 anthropometrists (the authors
of this article). BMI was estimated based on the
following formula: BMI= weight (kg)/height2 (m).
Biological maturation was established based
on the age at peak growth velocity (APGV). The
regression equation proposed by Mirwald et
al.14 was used to predict it. This technique helps
to classify it into levels (positive or negative),
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indicating the moment before or after the peak
of growth velocity (PGV). Zero (0) means the
moment at which APGV occurs. Biological age
occurred at levels -7 to 3 APGV in boys and -6 to
8 APGV in girls.
A DXA (Lunar Prodigy; General Electric,
Fairfield, CT) was used for scanning the entire
body (leaving out the head). Assessments were
conducted at a single laboratory and using a
single densitometer. Fat%, bone mass, FFM, and
FM values were obtained. The procedure was
conducted with the subjects lying in the supine
position on the assessment platform, with their
arms and legs extended (pronation). Their ankles
were held with a Velcro fastening tape to ensure
they remained in the standard position. Subjects
were asked if they had any metal piece in their
body that might hinder the scanning procedure.
The assessment was conducted by 2 highly
experienced technicians in charge of calibrating
the equipment on a daily basis.
As a quality control of outcome measures
collected in the study, 10% of the total sample was
assessed twice (189 boys and 170 girls). The testretest technique was used for the anthropometric
assessment and the DXA scan. The standard error
of the mean (SEM) for anthropometric outcome
measures was below 2.0%, and for DXA values,
below 3.2%.
Statistics
The normal distribution of data was verified
using the Kolmogorov-Smirnov test. A descriptive
statistical analysis was performed to establish the

arithmetic mean and the standard deviation.
Differences between sexes were obtained using
Student’s t test for independent samples. The
relationship among outcome measures was
estimated using Pearson’s correlation coefficient.
Four regression models were developed to predict
FM (2 for boys and 2 for girls). A stepwise multiple
regression analysis was done to identify the
best combination of FM predictive outcome
measures. Equations were analyzed using the
R2, SEM, and multicollinearity by means of the
variance inflation factor (VIF). A Bland-Altman
plot 15 was used to verify agreement between
the reference method (DXA) and the equations
developed. Smoothed percentile curves for FM
were created based on each age group and sex
according to the least-mean-square algorithm
(LMS).16 The LMS Chartmaker software, version
2.3., was used. 17 The final percentile curves
were smoothed to create 3 age-specific curves:
L (lambda, asymmetry), M (mu, median), and
S (sigma, coefficient of variation). The p5, p10, p50,
p85, and p95 percentiles were estimated. The level
of significance was set at 0.001. Estimations were
processed using Excel spreadsheets and the SPSS
16.0 software.
RESULTS
Outcome measures characteristic of the
studied sample are shown in Table 1. Boys had
a higher weight, standing height, sitting height,
WC, lean body mass, and bone mass compared
to girls (p < 0.001). On the contrary, girls had a
higher FM and F% relative to boys (p < 0.001).

Table 1. Anthropometric and body composition characteristics of the studied sample
Outcome measures

Chronological age (years)
Biological age (APGV)

Anthropometry
Weight (kg)
Standing height (cm)
Sitting height (cm)
Waist circumference (cm)
BMI (kg/m2)
Body composition (DXA)
Fat mass (kg)
Fat-free mass (kg)
Bone mass (kg)
Fat percentage (fat%)

X

13.4
14.9

Boys (n= 1950)

SD

3.8
0.9*

X

Girls (n= 1643)
SD

12.4
11.5

3.7
0.7

		
13.7
7.6*
16.8
38.8
14.4*
29.3
2.1
0.8*
1.6
26.1
8.7*
35.2

8.3
9
0.5
6.4

			
54.6
19.8*
47.8
16.7
155.4
19.7*
146.5
15.5
81.1
10.5*
77.0
8.6
72.9
12.0*
69.3
11.0
21.7
4.6
21.5
4.6

X: average; SD: standard deviation; APGV: age at peak growth velocity; BMI: body mass index;
*: significant difference from girls (p < 0.005).
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APGV (biological age) was 14.9 ± 0.9 years among
boys and 11.5 ± 0.7 among girls. In addition, no
significant differences were observed in terms of
chronological age and BMI between both sexes
(p > 0.05).
Four regression equations were proposed
(Table 2) to predict FM among male and female
children and adolescents. Two equations were
based on chronological age (equations 1 and 3)
and the other two, on biological age (equations 2
and 4). For all equations, inflation values
ranged between 1.47 and 1.55. The percentage

of explained adjusted R for the 2 equations
corresponding to boys reached 64% and for the
2 corresponding to girls, 73%. In all cases, SEM
values were below 4.65%.
Agreement between both methods (reference
method and equations) is shown in Figure 1. The
4 equations developed for both boys and girls
showed ample agreement limits compared to the
reference method. Such limits went from -10.42 to
11.53 kg for boys and from -9.74 to 10.51 kg for girls.
Also, correlations in the 4 plots ranged between 0.79
and 0.85, and were highly significant (p < 0.001).

Table 2. Development of specific regression equations to estimate fat mass among children and adolescents
No. Equations

VIF		

R

R2

SEM

p

Boys (n= 1950)		
				
1
FM = -22.059 - 0.45 * age + 0.573 * WC
Age
1.55
0.8
0.64
4.65
0.000
		
WC
1.55				
2
FM = -29.401 - 0.65 * APGV + 0.58 * WC
APGV
1.61
0.8
0.64
4.64
0.000
		
WC
1.61				
Girls (n= 1643)		
				
3
FM = -26.329 + 0.362 * age + 0.558 * WC
Age
1.47
0.85
0.73
4.42
0.000
		
WC
1.47				
4
FM = -19.779 + 0.459 * APGV + 0.521 * WC
APGV
1.71
0.85
0.73
4.35
0.000
		
WC
1.71		
FM: fat mass; APGV: age at peak growth velocity; WC: waist circumference; VIF: variance inflation factor;
SEM: standard error of the mean.

Figure 1. Bland-Altman plot of agreement among fat mass values obtained with the reference method (DXA) and the
4 specific equations: figures 1. A and 1. B show agreement with equations 1 and 3. Figures 1. C and 1. D show agreement
with equations 2 and 4

FM: fat mass; DXA: dual-energy X-ray absorptiometry.
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Figure 2 shows the comparison among the
reference average values (DXA) and the 4 specific
equations (2 for boys, A-C, and 2 for girls, B-D).
No significant differences were observed in
the 4 plots (p > 0.05); this indicates that the
4 equations reflected similar results compared to
the reference method (DXA).
The percentile distribution to assess FM
based on the reference method (DXA) and the
regression equations is shown in Tables 3 and 4.
The values from Table 3 can be used to make
comparisons based on chronological age, and those
from Table 4, based on biological age. For boys, both
percentiles (reference method versus equations)
differed between -2.0 and 1.6 kg whereas for girls,
the difference ranged between -2.5 and 2.5 kg. In
general, median values for both boys and girls
increased alongside chronological and biological
age.
DISCUSSION
The outcome measures chosen to develop
equations to predict FM are chronological age,
biological age, and WC. These are the outcome
measures usually used in clinical practice,
the education system, sports science, and
epidemiological research.

Previous studies have proposed regression
equations based on anthropometric outcome
measures and chronological age to estimate
body fat% in samples of pediatric individuals,
which were considered small sample sizes;18-22
however, to our knowledge, this is the first study
conducted in Chile that included the development
of regression equations to estimate FM in a
representative sample size and using a DXA as
the reference method.
The 4 regression equations developed here
evidenced moderately accurate coefficients of
regression as described in the bibliography,23,24
given that the R2 reached a 64% explanation
among boys, and 73% among girls. In addition,
the proposed equations showed an adequate
level of agreement when compared to the DXA
reference method because 95% confidence limits
were relatively narrow, and even correlation
coefficients were significant, between 0.79
and 0.85.
VIFs were lower than values established as
normal (> 0.10, < 10.0), as described by Slinker
and Glantz,25 and SEMs were lower than the 5%
suggested by Lohman.26 No significant differences
were observed between the reference method
(DXA) and the equations. These results suggest

Figure 2. Comparison among mean values for the reference method (DXA) and the 4 equations (2. A with equation 1,
2. B with equation 3, 2. C with equation 2, and 2. D with equation 4)

DXA: dual-energy X-ray absorptiometry.
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that the prediction of FM among children and
adolescents from the Maule Region (Chile) is
adequately accurate.
The 4 prediction equations developed to
estimate FM among male and female students
may potentially be used for large scale studies
as they allow to predict obesity based on
chronological and biological age. The 4 equations
included WC because this anthropometric
outcome measure is very commonly used to
assess abdominal fat in different age groups. In
this context, anthropometry is a widely used tool
to develop regression equations for the estimation
of body composition. This field technique is
known to be easy and simple, and also low-cost27
compared to laboratory or reference methods,
which are still insufficient for their adequate use
in field and clinical research, respectively.10

In relation to the proposed reference values
to estimate FM based on chronological and
biological age, percentiles have been developed
on the basis of data obtained from DXA and
regression equations by age and sex.
The cut-off points adopted in this study are
p10, p85, and p95, which reflect a low weight,
a normal weight, and overweight and obesity,
respectively. These parameters were chosen
based on international studies that use BMI as the
main criterion to classify body fat,16,28 although,
in general, the definition of excess body fat in
growing populations is quite arbitrary.29 To our
knowledge, there is not a definite consensus
as to which indicators or parameters should
be used to define obesity or even the cut-off
points to be adopted. Reference standards, either
national and/or international, currently in force,

Table 3. Percentiles based on the LMS method to assess fat mass among children and adolescents based on chronological age
and sex
Age

n

L

M

S

P5 P10

		
Boys (n= 1950)
Fat mass measured by DXA
5.0-5.9
68 -0.41 6.25
0.4 3.5 3.9
6.0-6.9
91 -0.38 7.09
0.4 3.8 4.4
7.0-7.9
89 -0.35 8.12
0.4 4.3 4.9
8.0-8.9
95 -0.32 9.26
0.4 4.9 5.5
9.0-9.9
121 -0.31 10.41 0.4 5.4 6.2
10.0-10.9 128 -0.32 11.31 0.4 5.8 6.7
11.0-11.9 118 -0.33 11.82 0.4 6.1 7.0
12.0-12.9 125 -0.36 11.99 0.4 6.2 7.1
13.0-13.9 179 -0.39 12.07 0.4 6.3 7.2
14.0-14.9 170 -0.43 12.29 0.4 6.5 7.4
15.0-15.9 166 -0.46 12.73 0.4 6.8 7.7
16.0-16.9 200 -0.49 13.28 0.4 7.2 8.1
17.0-17.9 257 -0.52 13.74 0.4 7.6 8.5
18.0-18.9 143 -0.55 14.04 0.4 7.8 8.8

		
Girls (n= 1643)
Fat mass measured by DXA
5.0-5.9
79 -0.35 7.31
0.4 4.1 4.7
6.0-6.9
84 -0.29 8.31
0.4 4.7 5.2
7.0-7.9
99 -0.23 9.43
0.4 5.2 5.9
8.0-8.9
93 -0.19 10.61 0.4 5.9 6.6
9.0-9.9
128 -0.17 11.85 0.4 6.5 7.4
10.0-10.9 159 -0.16 13.16 0.4 7.3 8.2
11.0-11.9 125 -0.17 14.56 0.4 8.1 9.2
12.0-12.9 140 -0.20 16.06 0.4 9.1 10.3
13.0-13.9 109 -0.25 17.51 0.4 10.1 11.4
14.0-14.9 136 -0.30 18.79 0.3 11.1 12.4
15.0-15.9 115 -0.36 19.81 0.3 12.0 13.3
16.0-16.9 132 -0.42 20.58 0.3 12.7 14.0
17.0-17.9 149 -0.49 21.08 0.3 13.3 14.6
18.0-18.9 95 -0.55 21.38 0.3 13.7 15.0

P50 P85

P95

6.3
7.1
8.1
9.3
10.4
11.3
11.8
12.0
12.1
12.3
12.7
13.3
13.7
14.0

9.9
11.4
13.1
15.1
17.1
18.6
19.6
19.9
20.1
20.5
21.2
22.0
22.7
23.0

7.3
8.3
9.4
10.6
11.8
13.2
14.6
16.1
17.5
18.8
19.8
20.6
21.1
21.4

11.2
12.7
14.3
16.0
17.8
19.7
21.7
23.8
25.8
27.5
28.7
29.6
30.1
30.3

L

M

S

P5

P50

P85

P95

13.7
15.7
18.2
20.9
23.7
26.0
27.5
28.2
28.7
29.4
30.6
31.9
32.8
33.3

Fat mass measured by equation 1
0.00
7.44
0.4
3.6
4.3
7.4
0.05
8.36
0.4
4.0
4.8
8.4
0.09
9.29
0.4
4.5
5.3
9.3
0.13
10.15 0.4
4.8
5.7
10.1
0.15
10.90 0.4
5.2
6.2
10.9
0.15
11.48 0.4
5.5
6.6
11.5
0.14
11.88 0.4
5.9
6.9
11.9
0.10
12.23 0.4
6.2
7.2
12.2
0.04
12.78 0.4
6.7
7.8
12.8
-0.02 13.60 0.4
7.5
8.5
13.6
-0.10 14.43 0.3
8.3
9.3
14.4
-0.18 15.07 0.3
8.9
10.0 15.1
-0.26 15.39 0.3
9.5
10.5 15.4
-0.33 15.48 0.3
9.9
10.8 15.5

11.7
13.0
14.4
15.6
16.7
17.5
17.9
18.3
18.9
19.9
20.9
21.5
21.6
21.4

15.2
16.9
18.5
20.0
21.2
22.1
22.6
23.0
23.8
24.9
26.1
26.8
26.8
26.3

14.9
16.6
18.6
20.8
23.0
25.4
27.9
30.5
33.0
35.1
36.7
37.8
38.4
38.5

Fat mass measured by equation 1
0.49
6.90
0.4
2.8
3.6
6.9
0.40
8.22
0.4
3.7
4.5
8.2
0.31
9.65
0.4
4.7
5.6
9.6
0.23
11.18 0.4
5.8
6.7
11.2
0.15
12.73 0.4
7.0
8.0
12.7
0.08
14.23 0.3
8.2
9.2
14.2
0.03
15.69 0.3
9.4
10.5 15.7
-0.02 17.03 0.3
10.5 11.7 17.0
-0.07 18.23 0.3
11.6 12.8 18.2
-0.12 19.35 0.3
12.7 13.9 19.3
-0.18 20.36 0.3
13.6 14.9 20.4
-0.25 21.24 0.2
14.6 15.8 21.2
-0.33 21.84 0.2
15.3 16.5 21.8
-0.40 22.18 0.2
16.0 17.1 22.2

10.4
12.3
14.2
16.2
18.1
19.9
21.6
23.1
24.4
25.6
26.6
27.5
27.9
28.0

12.9
15.1
17.5
19.9
22.2
24.2
26.1
27.7
29.1
30.3
31.4
32.2
32.6
32.4

LMS: Least-Mean-Square algorithm; L: Box-Cox power; M: median; S: coefficient of variation;
DXA: dual-energy X-ray absorptiometry.
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are subject to potential bias,30 which should be
taken into consideration before their use and
implementation.
It is important to point out that this study
provides percentile values for FM obtained
based on a sophisticated method (DXA) and
on an alternative method (anthropometry).
Body fat measurement using this sophisticated
technique is superior to indirect measurements
in terms of accuracy; 31 however, when such
complex equipment is not available, it is better
to use widely available and simple techniques,
e.g. anthropometry, 32 which enable to infer
approximate FM values for different populations.
In this context, regardless of the technique
used in this study, determining excess FM among
children and adolescents could help to identify
individuals with a greater chance of developing
risk factors associated with type 2 diabetes
mellitus, cardiovascular disease, hypertension,

and cancer, 33 and subjects with psychosocial
complications resulting from excessive body fat.34
The findings of this study were not designed
to be decisive for the determination of FM in
each child and/or adolescent, but rather, to
account for the typical levels of body fat in
the population of the Maule Region (Chile) at
present; therefore, assessment results can be
used as indicators of health and well-being
because they reflect nutritional status and living
conditions35 of a subject or, in this particular case,
of a specific geographic region. The results of
this study suggest that they should be used and
implemented in clinical and epidemiological
settings.
The strengths of this study are its sample size,
the wide age range (5.0-18.9 years old), the control
of biological maturation, and the development
of equations to predict FM among children and
adolescents in a fast, cost-effective, and simple

Table 4. Percentiles based on the LMS method to assess fat mass among children and adolescents based on

biological age and sex

APGV

n

L

M

S

P5

		Boys (n= 1950)
Fat mass measured by DXA
-7
41
-0.53
5.50
0.40
3.1
-6
126
-0.44
6.83
0.41
3.8
-5
164
-0.36
8.61
0.42
4.6
-4
184
-0.31 10.46 0.43
5.5
-3
159
-0.30 11.71 0.44
6.1
-2
161
-0.32 12.17 0.44
6.3
-1
169
-0.37 12.30 0.44
6.4
0
225
-0.43 12.54 0.44
6.7
1
329
-0.50 13.13 0.43
7.1
2
321
-0.58 13.88 0.42
7.7
3
71
-0.66 14.48 0.41
8.3
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
7
8

Girls (n= 1643)
Fat mass measured by DXA
69
-0.13
6.72
0.35
3.8
115
-0.12
8.04
0.35
4.6
108
-0.11
9.41
0.35
5.4
103
-0.11 10.72 0.35
6.1
121
-0.11
11.95 0.35
6.9
132
-0.12 13.11 0.35
7.6
107
-0.14 14.26 0.34
8.3
104
-0.17 15.47 0.33
9.1
109
-0.20 16.73 0.33
10.0
114
-0.24 17.92 0.32
10.9
136
-0.27 19.10 0.31
11.8
142
-0.29 20.44 0.31
12.7
147
-0.29 22.08 0.31
13.7
97
-0.29 23.99 0.31
14.9
39
-0.29 26.10 0.32
16.1

P10

P50

P85

P95

3.5
4.3
5.3
6.3
7.0
7.2
7.3
7.6
8.0
8.7
9.2

5.5
6.8
8.6
10.5
11.7
12.2
12.3
12.5
13.1
13.9
14.5

8.8
10.9
13.8
16.9
19.1
20.0
20.4
20.9
21.8
23.0
24.0

4.3
5.2
6.1
6.9
7.7
8.5
9.3
10.2
11.2
12.1
13.0
14.0
15.1
16.4
17.8

6.7
8.0
9.4
10.7
11.9
13.1
14.3
15.5
16.7
17.9
19.1
20.4
22.1
24.0
26.1

9.8
11.7
13.7
15.5
17.3
18.9
20.5
22.1
23.8
25.3
26.9
28.7
31.0
33.7
36.8

L

M

P50

P85

P95

12.3
15.2
19.0
23.2
26.3
27.9
28.8
29.9
31.6
33.8
35.8

Fat mass measured by equation 2
0.13
6.19 0.49 2.7 3.2 6.2
0.17
7.47 0.47 3.3 4.0 7.5
0.19
8.99 0.45 4.0 4.9 9.0
0.19 10.34 0.44 4.8 5.7 10.3
0.15 11.22 0.42 5.4 6.4 11.2
0.07 11.79 0.40 6.0 7.0 11.8
-0.02 12.58 0.38 6.7 7.7 12.6
-0.11 13.59 0.36 7.6 8.6 13.6
-0.16 14.40 0.35 8.4 9.4 14.4
-0.19 14.92 0.33 8.9 9.9 14.9
-0.21 15.24 0.32 9.2 10.3 15.2

10.1
11.9
14.1
16.0
17.1
17.8
18.7
19.9
20.8
21.3
21.5

13.2
15.4
18.1
20.3
21.7
22.5
23.7
25.2
26.2
26.6
26.7

12.3
14.7
17.2
19.5
21.6
23.6
25.6
27.5
29.6
31.5
33.3
35.6
38.4
41.9
45.7

Fat mass measured by equation 4
0.43
5.66 0.43 2.4 3.0 5.7
0.32
7.24 0.40 3.5 4.1 7.2
0.20
8.88 0.37 4.6 5.4 8.9
0.10 10.49 0.35 5.8 6.6 10.5
0.02 12.02 0.32 7.0 7.9 12.0
-0.05 13.48 0.30 8.3 9.2 13.5
-0.11 14.82 0.28 9.4 10.4 14.8
-0.15 16.07 0.26 10.6 11.6 16.1
-0.17 17.22 0.25 11.6 12.6 17.2
-0.17 18.24 0.24 12.5 13.6 18.2
-0.16 19.31 0.23 13.5 14.6 19.3
-0.13 20.62 0.22 14.5 15.7 20.6
-0.09 22.29 0.21 15.9 17.1 22.3
-0.06 24.24 0.21 17.4 18.7 24.2
-0.02 26.36 0.20 19.0 20.4 26.4

8.5
10.7
12.9
15.0
16.8
18.5
19.9
21.2
22.4
23.4
24.5
25.9
27.8
30.0
32.5

10.5
13.2
15.9
18.3
20.4
22.3
23.8
25.1
26.3
27.2
28.3
29.7
31.7
34.1
36.7

LMS: Least-Mean-Square algorithm; L: Box-Cox power; M: median; S: coefficient of variation;
DXA: dual-energy X-ray absorptiometry.
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manner. This study has certain limitations, such
as the fact that the equations developed in this
study may not be valid for other ethnic groups
because it was not possible to perform crossvalidation and should therefore be analyzed and
used with caution. Future studies should consider
the possibility of including other body perimeters
and skinfolds in equations to estimate total body
FM in addition to specific body regions.
CONCLUSION
Equations developed in this study showed
that they were acceptable to determine FM
among male and female children and adolescents.
Reference values have been proposed to assess
FM by means of a DXA and regression equations
based on chronological and biological age.
Such percentiles offer additional information
for epidemiological and clinical research to
diagnose, classify, monitor, and control health
risks associated with overweight and obesity
among children and adolescents. Estimations may
be done in the following web site:
http://reidebihu.net/masagrasa.php. n
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