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Abstract
Assessing children’s growth adequately is important due to the necessary prevention of adequate body composition, especially at pre-pubertal
age. Simpler measurements such as anthropometry or bioimpedance, using equations validated in Caucasian children, have been demonstrated
to overestimate or underestimate fat mass percentage (FM%) or fat-freemass (FFM) in Chilean children. In a sample of 424 children (198 boys and
226 girls) of 7–9 years old, the three component (3C) model was assessed, where total body water was determined by 2H dilution and body
volume by air displacement plethysmography, in order to design and validate anthropometry and bioimpedance equations. The FM (%) equa-
tion specific for Chilean children was validated as (1·743 × BMI z-score) + (0·727 × triceps skinfold) + (0·385 × biceps skinfold) + 15·985, against
the 3C model (R2 0·79). The new FFM equation (kg) generated was (log FFM = (0·018 × age) + (0·047 × sex) + (0·006 × weight) + (0·027 ×
resistance) + 2·071), with an R2 0·93 (female = 1 and male = 2). The Bland–Altman analysis shows a mean difference of 0·27 (SD 3·5) for the
FM% in the whole group as well as 0·004 (SD 0·9) kg is the mean difference for the bioelectrical impedance analysis (BIA) FFM (kg) equation.
The new equations for FM (%) and FFM (kg) in Chilean children will provide a simple and valid tool for the assessment of body composition in
cohort studies or to assess the impact of nutritional programmes or public policies.
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The assessment of body composition in childhood is relevant, as
growth encompasses changes in several components of the
body: total body water (TBW), fat mass (FM) and osseous min-
eral content which reflects weight change, also depending on
sex, age, ethnic characteristics, food intake and physical activ-
ity(1). The rapid obesity increase in childhood since early age
reinforces the need to have a simple and valid methodology
for the evaluation of prevention efforts or clinical interven-
tions(2). In Chile, national data collected at public schools show
an increment in obesity in first-grade children from 14 % in 1996
to 24 % in 2016(3).

Most of thesemethods are limited to research because of their
complexity and cost(4–6). The four-component (4C) and three-
component (3C) models of body composition constitute refer-
ence methods(7). Both models make it possible to verify the
degree of agreement for FM or fat-free mass (FFM), measured
by simpler methods, such as anthropometry equations and
bioelectrical impedance analysis (BIA). The advantage of the

three-compartment model is to minimise assessment error; thus,
they increase the validity of FM or FFM equations, when using
simpler methods(8).

Skinfold thickness and BIA are techniques frequently used by
health professionals to measure FM and FFM(9,10). Expert panels
have recommended themeasurement of triceps and subscapular
skinfold thickness, as a routine assessment of children and ado-
lescents, whose conversion to FM will depend on sex, age, race
and BMI(11). BIA is easy to measure and relatively cheap(12–14)

and requires less technical skill than skinfold assessment, which
makes it useful where training opportunities may be limited. The
main limitation of BIA studies is that each equipment utilises
empirical equations provided by the manufacturer(15), to convert
the resistance measurement into TBW or FFM. The Tanita BIA
segmental body composition analyser (BC-418MA) has been
validated for FFM in some studies in Caucasian children(16), com-
pared with the reference method, although in other ethnic pop-
ulations, it has underestimated FFM(17) or overestimated it(18).

Abbreviations: 3C, three component; BIA, bioelectrical impedance analysis; BMIZ, BMI z-score; FFM, fat-free mass; FM, fat mass; TBW, total body water.
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These differences could be explained by the prediction equation
of the equipment, predominantly developed in Caucasian pop-
ulation, or having different maturation status, physical activity
level or extreme values(11,12). Recently, authors have developed
specific equations for FM, using BIA in Mexican children(17) and
also in a multiethnic group of young children(18).

In a recent work, Aguirre et al.(19) used a three-compartment
model to determine FM% in 424 7–9-year-old Chilean schoolchil-
dren, in order to assess the validity of published anthropometri-
cal equations(9,10) and BIA equations using the Tanita BC-
418M(18). High biases and large confidence limits were found,
demonstrating that those equations were inaccurate in pre-
pubertal Chilean children.

The importance of assessing body composition at pre-puber-
tal age is due to the adiposity rebound during this period(20,21).

Themain objectives of the present study are the development
and validation of new equations for anthropometry and bioelec-
trical impedance, compared with the 3C model as the reference
method, in order to have simpler methods to assess body com-
position in 7–9-year-old children.

Experimental methods

The study group was drawn from children participating in the
Chilean Growth and Obesity Cohort Study, which started in
2006 in children between 3 and 4 years old, attending nursery
schools of the National Nursery Schools Council Program
(JUNJI), in the southeastern area of Santiago, Chile. All children
were born in 2002, with birth weights between 2500 and 4500 g,
having no physical or psychological conditions that could
severely affect their growth or body composition(22,23). The sam-
ple for the present study was obtained from verifying the inter-
action of maturation and body composition plus assuming a
power of 0·8 and a two-tail α= 0·05; this sample size makes it
possible to detect small effect sizes (d 0·23, r 0·1, f 0·01).

The final sample for body composition studies consisted of
515 children participating in the Chilean Growth and Obesity
Cohort study in the years 2010 and 2011. After excluding children
with puberty stage 2 (n 55), twenty underweight and sixteen
lacking completed data, the final sample size was 424 children
(198 girls and 226 boys). The present study was conducted
according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving human subjects were
approved by the Ethical Committee of the Institute of
Nutrition and Food Technology (Act no. 19, 2009). A signed
informed consent was obtained from the children’s parents or
guardians.

Anthropometry and body composition were measured in
children participating in the Chilean Growth and Obesity
Cohort study in the years 2010 and 2011. A standardisation pro-
cedure was performed by the two registered dietitians for
weight, height and skinfold thicknesses. Weight was measured
with a portable electronic scale (Seca 770) with a precision
of 0·1 kg.

Height was measured with a portable stadiometer
(Harpenden 603; Holtain Ltd) to the nearest 0·1 cm. BMI was
determined as weight/height2 (kg/m2)(24).

BMI z-score (BMIZ) was calculated using the WHO 2007
growth reference in 5–19 years(25). Skinfold thickness (triceps
and biceps) was measured in triplicate on the right side, with
a Lange calliper to the nearest 0·5 mm and the mean value
was used. The intra-observer technical measurement and the
mean average bias of the observer were within the limits sug-
gested by the WHO in the Growth Reference Study(26).
Technical error of measurement in trained and standardised
nutritionists was 4 % in skinfolds and 1 % in other measurements.

Body volume was measured by an air displacement plethys-
mography (BOP POD; Life Measurement Instruments), using
standardised procedures. Children had to refrain previously
from physical activity to avoid loss of water, and food ingestion
was allowed 2 h before the measurement. The BOD POD equip-
ment was calibrated daily, and measurements were conducted
according to the manufacturer’s guidelines. Children were
assessed in tight-fitting bathing suits, to avoid air trapped in
clothes, and hair was covered with swimming caps. Quality of
data was assured by considering volume readings not differing
>150 ml, and the measurement was repeated again, until com-
pliance. The two closest values were averaged, according to
the agreement criteria. Thoracic gas volume was predicted by
the software, using a validated child-specific equation(27). The
range of error for this test is 1–2.7 %, and precision was 0·56–
1·34 %(28). The reproducibility of BOD POD is 1 % in measure-
ments of children this age.

TBW was measured by the 2H dilution method, using a dose
equivalent to 0·4 g D2O/kg body weight (98·9 atom % excess;
Europa Scientific). Pre-dose 2H abundance was obtained from
3ml saliva sample, and the post-dose sample was collected
3–4 h after dosing, using absorbent saliva-collection material
(cotton swabs). Samples were stored at −20° for later triplicate
analysis, using the equilibration method in a HYDRA isotope
ratio–MS (Europe Scientific). The D2O method for measurement
of TBW was 1.2 % and precision 2–3 %(29).

BIA was measured using Tanita BC-418MA, an eight-elec-
trode hand-to-foot system, manufactured by Tanita
Corporation, which in standard conditions has 2–4 % error(30).
BIA measurements were made according to the manufacturer’s
guidelines at 50 kHz frequency. Height, sex and age were
entered manually, while weight was recorded automatically.
The parents were asked to limit their child’s physical exertion
during the day before measurements were taken at the labora-
tory at the Institute of Nutrition and Food Technology.

Two BIA recordings were obtained, one with elbows flexed
at 90° and one with elbows extended at 180° (hereafter 90° or
180° arm positions), with the child standing in the anatomical
position(31). The measurement is influenced by age, sex, hydra-
tion status and bone maturation(32). The FFM considers the
hydration coefficients, by sex and age.

All body composition methods were measured at a similar
time in the morning, after children had emptied their bladders
upon arrival. Children came to the laboratory, with only
100ml of milk consumed at 07.00 hours, to avoid loss of normal
hydration. The order of measurement was first collecting the
D2O background sample and dosing, then the BOD POD and
finally BIA measurements. During the 2H equilibration period
(3 h), anthropometry data were collected. A light breakfast

38 G. Salazar et al.

https://doi.org/10.1017/S0007114520003906  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003906


(maximum 837 kJ) was provided after the BodPod measure-
ment, 1 h after D2O dosing and additional water intake was dis-
counted from TBW and BIA assessment.

Age, sex, body height and especially body fat had a signifi-
cant effect on the functional muscle:bone ratio. There was no
sex difference in the bone mineral content:muscle ratio until
pubertal stage 3(33,34).

Body composition calculations

The 3C model was selected as the reference method(6). This
model divides the body into fat, water and the remaining fat-free
dry mass, which is assumed to have a constant ratio of protein:
mineral of 0·35(28). The 3C model takes into consideration the
inter-individual variation in FFM hydration. If the various
assumed densities are considered plus the constant ratio of pro-
tein:mineral, then FM may be calculated as follows(8):

FM kgð Þ ¼ 2�220� BVð Þ � 0�764� TBWð Þð Þ � 1�465� BWð Þ;

where BV is the body volume (litres), TBW is the total body
water (litres) and BW is the body weight (kg).

The 3C model value for FM was compared with the FM (%)
equation from anthropometry.

Statistical analyses

(1) Descriptive statistics was used for analysing basic anthropo-
metric characteristics; differences by sex were assessed
using Student’s t test (normal distribution) and the Mann–
Whitney U test (for non-normal distributed variables).

(2) The generationof newequations for FMand FFMwas doneby
randomly splitting the total sample into 67% (n 284) and 33%
(n 140), to generate a sampling for prediction and validation.
For the FM (%) equation, the following variables were entered
in the analysis, sex, BMIZ, subscapular, triceps, abdominal and
bicipital skinfolds. They were selected as to having a signifi-
cant association (P< 0·05) to FM (%). Variables that remained
are part of the equation for body fat (%). For the FFMequation,
variables that entered in the stepwise model were sex, age,
height, resistance and impedance variables.

(3) Variables selected to generate the FM (%) were BMIZ, triceps
and biceps skinfolds, which represent habitual measurement
of adiposity. In the case of the FFM (kg) equation using
TANITA BC-418MA, the selected variables were age (years),
sex (female= 1 and 2=male), weight (kg) and BIA resis-
tance (ohms).

(4) The two-sample t test showed no significant differences
between the two sets (Pr (T> t)= 0·76) with respect to
the selected variables chosen for the design of FM (%)
and FFM (kg) equations. The distribution of residual data
from the equations in both samples for FM (%) and FFM
(kg) was assessed by the Shapiro–Wilk test(29), which indi-
cated a normal distribution (P> 0·9).

(5) In both equations, the variance of errors (homoscedasticity)
was evaluated by the Kernel density test, indicating both
samples were normally distributed (P> 0·6). Using the
Durbin’s alternative test (P> 0·05), no collinearity and sim-
ilar variances were obtained(35).

(6) The equations were similar in the two groups (cross-valida-
tion performance); thus, a single equationwas regressed for
FM (%) and FFM (kg) in the whole group. The error of mea-
surement was 1–2% for 2H dilution and 3–4 % for air dis-
placement plethysmography.

(7) A Bland–Altman(36) test was applied in thewhole sample for
both FM (%) and FFM (kg) equations to verify the difference
between the 3C model and the generated equations. The
Bland–Altman analysis calculated the mean difference
between the reference (3C model) and each equation.
The CI represented the 95 % distribution, in FM (%) or
FFM (kg).

(8) The level of significance used was P< 0·05. All statistics
were computed using SAS (version 8.2 for Windows:
SAS), with an α value of 0·05.

Results

The anthropometric characteristics of the sample are shown in
Table 1. Boys had higher age, but therewere nodifferences in aver-
age weight and height, with girls. FFM (kg) and FM% differed sig-
nificantly between sexes, with girls having a higher FM% and lower
FFM (P< 0·001), in spite of the age difference. Furthermore, 50%of
the sample had excess weight (BMIZ> 1), which agrees with the
rapid increase in the obesity prevalence during the last 10 years
in Chile.

In Table 2, TBW (litres) and BOD POD volume (litres) are
also shown, values which are significantly different by sex, as
expected.

The equation was derived into 2/3 of the population
(n 254) out of the total of 424 children. In the other third, a
cross-validation was conducted, with results showing that
similar variables explained FM%.

Table 1. Anthropometric characteristics and body composition of the sample (197 girls and 224 boys)
(Medians and ranges)

Age (years) Weight (kg) Height (m) BMI (kg/m2) BMI≥ 1 (%)

Girls
Median 7·9* 27·8* 1·27* 17·3 43
Range 7·6–8·2 24·8–33 1·23–1·37 16–20

Boys
Median 8·9* 31·1* 1·32* 18·0 52
Range 8·4–9·1 27·6–36·8 1·28–1·37 16·1–20·6

* P< 0·001 (t test).
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FM %ð Þ ¼ 1�743� BMIZð Þ þ 0�727� triceps skinfoldð Þ
þ 0�385� biceps skinfoldð Þ þ 15�985 ðR20�79Þ

For the case of FM (%) equation, the R2 in the cross-validation
simple (0·77) had a difference <0·1 when compared with the
R2 in the whole sample (0·78), which, according to Kleinbaum
et al.(29), indicated that the final model was reliable.

The three-compartment data by sex on FM%and FFM (kg) are
shown in Table 2.

In Fig. 1, the Bland–Altman plot shows a mean difference of
0. 27 (SD 3. 5) % for fat percentage in the whole group. The limits
of agreement for the body fat (%) are C1 = 6·82 and C2 =−6·75.
The FM (%) obtained with the new anthropometric equation
differs against the 3C model, 1·0 (SD 3·2) % for boys and −1·8
(SD 3·4) % for girls (P< 0·05).

Dependent variables, such as the resistance, age, sex and
weight, were regressed producing the following equation for
Log FFM (kg), explaining 92 % of FFM variability:

LogFFM kgð Þ ¼ 0�018� ageð Þ þ 0�047� sexð Þ þ 0�006�weightð Þ
þ 0�027� resistanceð Þ þ 2�071 ðR20�93Þ

Girls= 1; boys= 2.

In the regression for FFM (kg), R2 was 0·93 and in the validation
sample, R2 was 0·92, which was also <0·1; thus, according to
Kleinbaum et al.(29), the final model was reliable.

In Fig. 2, the Bland–Altman analysis for the comparison of
3C model FFM (kg) and BIA FFM is shown. The limits of agree-
ment for FFM are C1= 1·79 and C2=−1·87. These equations are
valid for groupmeasurement due to the high limits of agreement.
The equation leads to a 0·004 (SD 0·92) kg of FFM difference.
When the differences to the 3C model are considered by sex,
these differences were −0·02 (SD 1·0) and 0·02 (SD 0·8) kg in
boys and girls, respectively, indicating that the equation has
no bias by sex. These values are shown in Table 3.

Discussion

The present study is one of the few estimating body composi-
tions in children of Hispanic origin (7–9 years old). We proposed
new equations for FM, based on anthropometry and FFM using
bioimpedance.

Our results for the FFM equation are similar to those found in
Jemaa et al.(37), where they measure 8–11-year-old children. In
spite of age difference, BIA provided a valid equation for FFM.
The results of the study done in Mexican children, for body fat
and FFM, differed substantially from ours, due to a high obesity
prevalence which was not similar to the present study.

Results provided by the BIA equipment are also prone to error
in children, as the Tanita BC 418MAmay utilise an adult hydration
factor, which is lower than those seen in children(29). Considering
these factors, we have generated new anthropometrical and BIA
equations for FM (%) and FFM (kg), taking into account these fac-
tors (Hispanic origin, sexual maturation, hydration factors and
having an excess weight similar to our national data).

In Chilean children, mainly of Hispanic origin, the Slaughter
equation clearly underestimated FM (%) by over 12 %. This
huge difference may be explained by the fact that it was devel-
oped in 1988 in Caucasian children(38). Thus, the Slaughter’s
anthropometric equation should not be used for Chilean chil-
dren or of Hispanic origin. Additionally, the sex distribution
in the Slaughter’ equation is not similar to ours, which may
affect the estimation of FM in girls. Other anthropometrical
equations developed for Mexican children(17) failed to provide
good results in 7–9-year-old Chilean children, due to
differences in obesity prevalence, sample composition or
methodological issues. Anthropometrical equations validated

Table 2. Body compartmental values for girls and boys
(Medians and ranges)

Variables
TBW
(litres)

ADP body
volume (litres)

3C FM
(kg)

3C FFM
(kg)

Girls
Median 14·7* 27·3* 8·3 19·3*
Range 13·9–16·4 24·2–32·9 6·6–11·7 18·0–21·3

Boys
Median 17·2* 30·3* 8·5 22·8*
Range 15·6–19·0 26·3–30 5·9–12·5 20·6–25·0

TBW, total body water; ADP, air displacement plethysmography; 3C FM, three com-
ponent model fat mass; 3C FFM, three component model fat-free mass.
* All of the variables, except 3C FM, were significantly different by sex (P< 0·001).

20 40 60

–20

–10

0

10

20

Average (BF%)

6·82

0·032

–6·75

S
ki

nf
ol

d 
eq

ua
tio

n 
– 

3C
 m

od
el

 (B
F%

)

Fig. 1. Body fat % (BF%) anthropometrical equation agreement to three com-
ponent model (3C model) data. 2 SD= 6·82 and −2 SD = −6·75.

10 20 30 40

–6

–4

–2

0

2

4

6

Average FFM (kg)

1·79

–0·04

–1·87

B
IA

 e
qu

at
io

n 
– 

3C
 m

od
el

FF
M

 (k
g)

Fig. 2. Fat-free mass (FFM) (kg) bioimpedance equation agreement to three
component model (3C model) data. BIA, bioelectrical impedance analysis.
2 SD = 1·79 and −2 SD = −1·87.

40 G. Salazar et al.

https://doi.org/10.1017/S0007114520003906  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520003906


for Latino children(10) have overestimated or underestimated
FM in other populations(39). The new proposed equations for
FM (%) in 7–9-year-old Chilean children utilise BMIZ and skin-
folds and may be used in the group of children, due to its stan-
dard deviation (3·5 %) of the difference in the Bland–Altman
analysis(40). These equations are valid for group measurement
due to the high limits of agreement. For FFM in both boys and
girls, the Huang equation showed the best agreement for boys
(r 0·73) and the Ellis equation had the best agreement for girls
(r 0·92) compared with the 3C BIA FFM equation(41,42).

Previous research assessed the validity of habitual equa-
tion used for 7–9-year-old children, it was found that BIA
works well for TBW and FFM assessment in healthy subjects,
although in chronic diseased subjects or children, a specific
BIA equation should be which is applied appropriate with
regard to age, sex and race(11–14). An important issue is that
BIA was designed to measure the impedance across TBW,
but BIA usually does not provide the equations to esti-
mates FFM.

The present proposed equation for FFM has an R2 0·92, using
height, resistance and anthropometrical variables, which can be
applied in 7–9-year-old Chilean children, and its validity should
be tested if applied to children of different Hispanic origin.

Ethnic-specific impedance-based equations for body compo-
sition are justified because of differences in body build among
ethnic groups(18). Of special interests are relative leg lengths,
frame size and body build which may be factors responsible
for ethnic differences in the relationship of BMI to FM. On the
other hand, FFM hydration decreases with age, an osseous con-
tent increases(7,27,28).

One of the strengths of this study is the use of the 3Cmodel to
validate FM (%) and FFM equations, needing fewer assumptions
than the two-compartment model (2C model). That approach
has to rely on assumptions, about the FFM density and hydration
of TBW within the FFM which may vary substantially during
child growth. In fact, from infancy to childhood and through ado-
lescence, TBW decreases, whereas bone mass increases(7,28).
Therefore, 2C models tend to overestimate FM and under-
estimate FFM in children and are less accurate as a criterion
method for developing anthropometric-based model or
from BIA(7,43). To the best of our knowledge, few studies
have assessed differences and validity in Latino children, using

BIA or anthropometric equation measurements against the 3C
model (10,17).

The other advantage of this work is the sample size, which
allowed for an adequate representation of the FM (%) and FFM
(kg) variables for the equations in the 7–9-year-old children.
With respect to weaknesses, we identified the limited age range
studied, the amount of overweight in children in this work and
the standard deviation for the FM (%) equation,which indicates that
the equation should be applied to groups, rather than individuals.

In conclusion, the proposed equation for anthropometry and
BIA should be used preferentially in children of Hispanic origin
with similar age, ethnicity, obesity prevalence and maturation
status, in order to diminish errors in the estimation of FM (%)
or BIA FFM (kg) in the study of body composition of children
7–9 years of age.
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