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ABSTRACT



Introduction: physical growth patterns and nutritional status of children
and adolescents living at moderate altitude are not applicable for clinical
assessment of growth for diverse populations around the world.
Objective: a) to compare weight, height and body mass index (BMI)
variables with CDC-2012 references; b) to verify if BMI and/or ponderal
index (PI) are applicable to children living at moderate altitude; and c) to
propose percentiles to assess physical growth by age and sex.

Methods: a total of 5,377 students, ranging in age from 6.0 to 17.9
years, were evaluated. The students were from two geographic regions
of moderate altitude in Peru (2,320 meters) and Colombia (2,640
meters). Weight and height were measured. BMI and Pl were calculated.
Weight, height and BMI were compared with CDC-2012 references.
Results: males showed lower weight and height from age 11 to 17.9
years compared to CDC-2012. Females weighed less than the reference
from 9.0 to 17.9 years. Female height was lower from 6.0 to 14.9 years;
however, from 15.0 to 17.9 years, values were similar to the reference.
As for BMI, there were differences in both sexes (in males, from 15.0 to
17.9 years, and in females, from 12.0 to 17.9 years). Age, weight and
height explained BMI: between R?> = 17 and 83 % in males, and in
females between R? = 24 and 85 %. These same variables influenced PI
in a lower percentage in both sexes: for males (R? = 0.01 to 49 %) and
for females (R? = 0.01 to 18 %).

Conclusions: children and adolescents living at moderate altitude in
Peru and Colombia diverge from the CDC-2012 physical growth patterns.
In addition, Pl is a new alternative for estimating weight in relation to
BMI. The proposed curves for weight, height, and Pl by age and sex
could have greater implications in the control of child health programs

and in clinical and epidemiological practices.
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RESUMEN

Introduccion: los patrones de crecimiento fisico y el estado nutricional
de los nifos y adolescentes que viven a una altitud moderada no son
aplicables para la evaluacién clinica del crecimiento de las diversas
poblaciones del mundo.

Objetivo: a) comparar las variables de peso, estatura e indice de masa
corporal (IMC) con las referencias del CDC-2012; b) verificar si el IMC y/o
el indice ponderal (IP) son aplicables a los nifios que viven a una altitud
moderada, y c) proponer percentiles para evaluar el crecimiento fisico
por edad y sexo.

Métodos: se evaluaron 5377 estudiantes con edades que oscilaban
entre los 6,0 y 17,9 afnos. Los estudiantes procedian de dos regiones
geograficas de altitud moderada de Perd (2320 metros) y Colombia
(2640 metros). Se midieron el peso y la estatura. Se calcularon el IMC y
el IP. El peso, la estatura y el IMC se compararon con las referencias de
los CDC-2012.

Resultados: los varones mostraron un peso y una estatura inferiores de
los 11 hasta los 17,9 afios en comparacién con la CDC-2012. Las mujeres
pesaron menos que la referencia desde los 9,0 hasta los 17,9 anos. La
estatura de las mujeres fue inferior de los 6,0 a los 14,9 afos; sin
embargo, de los 15,0 a los 17,9 anos, los valores fueron similares a los
de referencia. En cuanto al IMC, se produjeron diferencias en ambos
sexos (en varones, desde 15,0 hasta 17,9 anos, y en mujeres, de 12,0
hasta 17,9 anos). La edad, el peso y la altura explicaron el IMC: entre R?
= 17 y 83 % en los varones, y en mujeres entre R? = 24 y 85 %. Estas
mismas variables influyeron en el IP en un porcentaje menor en ambos
sexos: para los varones (R?> = 0,01 a 49 %) y para las mujeres (R? = 0,01
a1l8 %).



Conclusiones: los ninos y adolescentes que viven a una altitud
moderada en Perd y Colombia divergen de los patrones de crecimiento
fisico del CDC-2012. Ademas, el IP es una nueva alternativa para estimar
el peso en relacién al IMC. Las curvas propuestas para el peso, la talla y
el IP por edad y sexo podrian tener mayores implicaciones en el control
de los programas de salud infantil y en las practicas clinicas y

epidemioldgicas.

Palabras clave: Crecimiento fisico. IMC. IP. Altitud. Ninos. Adolescentes.

INTRODUCTION

Physical growth studies continue to emphasize the importance of
descriptions of growth for diverse human populations (1). Then, to
understand variations in growth and human development has been a
long-time primary objective of human biology and public health studies
(2). In fact, the sensitivity of human growth to the environment is
demonstrated both by the processes of stunting and wasting in response
to poor nutrition (3), and of catch-up growth during environmental
improvements following episodes of stress (4).

Currently, on a global scale, international references, such as those from
the Centers for Disease Control and Prevention or CDC (5,6) and the
World Health Organization or WHO (7) are used to study physical growth
and the nutritional status of children and adolescents. Frequently, these
references are based on anthropometric indicators like weight for age
(WFA), BMC, and height for age (HFA). These indicators are used to
assess underweight, wasting, and delay in growth of children older than
five years of age (7).

In that sense, a number of recent studies have verified that the

international references (5-7) are not applicable for clinical evaluation of



growth in different world populations (8-10). This is specifically true for
populations in South America living at a moderate altitude (11).

These observed differences may not be appropriate for describing the
physical growth patterns and nutritional state of children and
adolescents at a moderate altitude. Therefore, it is necessary to develop
an international growth reference for this pediatric population. Based on
what is known, the original proposal designed by the World Health
Organization included children born below 1500 meters above sea level
(12). Furthermore, the American CDC references (5,6) do not take into
account altitude as a factor to adjust for in their reports.

Therefore, an international reference for children and adolescents living
at a moderate altitude is necessary. This information could help describe
growth patterns associated with the greatest health benefits. In addition,
these standards could be used to take into account health risks
associated with plasticity processes of development in pediatric
populations living at a moderate altitude.

Furthermore, it is worth noting that in some recent studies carried out
with children living at a moderate altitude demonstrated that BMI has
limited use for this type of population (13). Thus, during adolescence,
body weight is not proportional to height squared (14), nor does it
completely allow correcting for height in children. Consequently, this
may lead to confusion regarding differences in growth (15).

As a result, the authors of this research study hypothesize that children
and adolescents living at a moderate altitude in Peru (2,320 meters) and
Colombia (2,640 meters) could differ in weight, height, and BMI in
relation to the American reference of the CDC-2012. In addition, we
propose that the ponderal index (PI = W/H3?) could be used as a
fundamental tool to adjust differences in height. Moreover, it could be
more applicable in classifying the weight status of children with regard
to BMI.



Thus, the objectives of this study included the following: a) to compare
weight, height, and BMI variables with the American references of the
CDC-2012; b) to verify if BMI and/or Pl is applicable to children and
adolescents living at a moderate altitude; and c) to propose percentiles
to assess the physical growth of children and adolescents by age and

sex.

METHODS

Study design and sample size

A descriptive, cross-sectional study was carried out with 5,377 students
(2,856 males and 2,522 females). Students living in two cities at a
moderate altitude were recruited from public educational institutions in
Colombia (Bogota, at 2,640 meters above sea level) and Perd (Arequipa,
at 2,320 meters above sea level). In both cities, subjects were selected
by non-probabilistic sampling from 2013 to 2016. In general, in these
countries and cities, students attending these types of public schools are
middle-class. In addition, similarities exist in geography and climate
between the two cities. For example, in Arequipa, relative humidity
varied between 46 and 70 % and temperatures between 10 to 25 °C
(16). In Bogota, during the year, temperatures oscillated between 12 and
15 °C, and relative humidity varied between 73 and 86 % (17).

During 2013, for Colombia, the Human Development Index (HDI) was
0.711 and for Bogotd 0.911. In Peru, the HDI was 0.741 and in Arequipa
0.745 (18). In both cases, the HDI reached its maximum growth at the
country and city levels, respectively. Figure 1 illustrates the geographic
locations of both cities in South America.

With regard to the sample for this study, students excluded were those
displaying physical disabilities that could impede anthropometric
assessment, and those not giving their informed consent as authorized

by parents or guardians. Students included in the research were those



with an informed consent from their parents or guardians, and a consent
from the students themselves, and those who completed the
anthropometric assessments. The study received permission from the
respective school administrators. Furthermore, the research project was
developed based on the Helsinki Declaration, Resolution 8430, and the
Ministry of Health and Social Protection of Colombia, and received an
ethical approval from the Ethics Committee at Universidad Catdlica

Santa Maria de Arequipa, Peru.

Procedures

The data collection procedures were carried out in two stages. First, the
schools were identified in order to request permission to conduct the
study. Second, a space was created in each school where the
anthropometric variables could be assessed. These spaces were
distributed amongst the researchers collecting the data based on their
schedules and their availability.

Assessments were carried out at the specified locations in the involved
schools. All procedures were performed by 16 physical education
teachers (8 teachers in Bogota and 8 in Arequipa). All of the teachers
had extensive experience in anthropometric measurements, and they
had undergone previous training by the International Society for the
Advancement of Kinanthropometry (ISAK). The technical error of
measurement (TEM) for intra- and inter-observer measurements for all
variables ranged between 0.82 and 1.5 %.

The variables of weight and height were measured with students
wearing minimal clothing (barefoot, shorts and shirt). Body weight (kg)
was measured using an electronic scale (Tanita Ltd., United Kingdom)
with a scale of 0 to 150 kg and an accuracy of 100 g. Height was
measured with a portable stadiometer (Seca Gmbh & Co. KG, Hamburg,
Germany) with a precision of 0.1 mm. Body mass index (BMI) was
calculated with the formula: BMI = weight (kg) / height?> (m), and the



ponderal index (Pl) was calculated with the formula: Pl = weight (kg) /
height* (m). Ages were arranged in intervals of 10 years: 6.0 to 6.9
years, 7.0 to 7.9 years, and soon up to 17.0 to 17.9 years.

The American Centers for Disease Control and Prevention CDC-2012 was
used as the reference to classify the status of weight by age and sex into
low weight, normal weight, overweight, and obesity. As well, this
reference was also used to compare the average values of weight,
height, and BMI by sex (5). The elevated values of BMI and Pl (= p85)

were interpreted as excessive weight based on age and sex.

Statistical analysis

The Kolmogorov-Smirnov (K-S) test was carried out in order to establish
the normal distribution for all of the anthropometric variables.
Descriptive statistics of the arithmetic mean were calculated — standard
deviation, frequency, percentage, and range. The differences between
both sexes were verified by means of the t-test for independent
samples. A Chi-squared analysis was conducted to verify differences
between nutritional categories (BMI and Pl). Pearson’s coefficient was
used to evaluate the relationship between variables. A simple linear
regression was calculated between age, weight, and height as
independent variables, and BMI and Pl as dependent variables (adjusted
R?, standard error of estimation - SEE). Percentile curves (p3, p5, p10,
p25, p50, p75, p85, p90, p95, and p97) were created using the LMS
Method (Cole et al., 2000). The adjusted LMS Method was based on three
smoothed curves: L(t) Box-Cox Power, M(t) median, and S(t) coefficient
of variation. The LMS Chart Maker, version 2.3, software was used (19).
The statistical calculations were carried out with Excel spreadsheets and
SPSS 16.0. The level of significance adopted was 0.05.

RESULTS



The anthropometric variables of weight, height, BMI, and PI of both sexes
are showed in table I. Males showed greater weight at 10 and 12 years
of age, and from ages 14 to 17 years when compared to females. With
regard to height, males were taller than their female counterparts at
ages 10, 13-14, and 17 years. For Pl and BMI, differences only occurred
at 17 years, where males showed greater height values (p < 0.05). For
the remaining variables and ages, no significant differences occurred (p
> 0.05).

The comparison of growth (weight and height) and BMI variables with
the CDC-2012 references are illustrated in figure 2. Males living at a
moderate altitude showed less weight and height commencing at age 11
until 17.9 years in relation to the CDC-2012 (p < 0.05). However, at early
ages, from 6.0 until 10.9, no significant differences emerged. With
regard to BMI, the patterns were similar from age 6.0 to 14.9 years,
while from age 15. 0 to 17.9 years adolescents living at a moderate
altitude scored significantly less than the reference.

For the girls, no differences occurred in weight during the early ages (6.7
to 8 years). However, commencing at 9.0 years of age until 17.9 years,
females living at a moderate altitude weighed less than the reference.
With regard to height, the values were significantly less than the
reference commencing at age 6.0 to 14.9 years. However, for the three
later years (ages 15-17), the values were similar to those in the CDC-
212. For BMI, differences appeared at ages 12.0 to 17.9 years. These BMI
values were lower when compared to the references (p < 005).

A simple linear regression was carried out (Table Il). The analysis
demonstrated that age, weight, and height explained the BMI as
between 17 % to 83 % in males, and in females as between 24 to 85 %.
However, these same variables influenced Pl at a lower percentage in
both sexes; for example, in males (R*>= 0.01 to 49 %) and in females (R?

= 0.01 to 18 %). In general, the simple linear regression analysis



demonstrated that age, weight, and height had a greater influence on
BMI than on PI.

Tables Il and IV show the percentiles (p3, p5, pl10, pl5, p25, p50, p75,
p85, p90, p95, and p97) for weight, height, and Pl for age and sex. In
both cases, the values for weight and height increased as age advanced,

and Pl values decreased slightly as age increased.

DISCUSSION

With regard to the first objective of this study, the results showed clear
differences in physical growth patterns and the BMI in comparison with
the American CDC-2012 references. The males living at a moderate
altitude reached the averages of the reference during childhood.
However, during adolescence, the physical growth patterns and BMI
showed decreased values. Of note, though, is that the females living at a
moderate altitude reached the mean height values of the CDC-2012
during the last three years. This means that the females reached the
genetic potential expected at 15.0 to 17.9 years of age, respectively.
Therefore, the discrepancies found in this research study are confirmed
by other studies carried out on populations living at a moderate altitude
in Peru and Colombia (11), including other geographic regions of the
world (8,9,16). Such differences could be due to the genetic constitution
observed between the populations (20). However, some consider that
these differences could be due to the public health services and levels of
physical activity (21) and to the changes caused by secular tendencies
during recent years (22).

In general, the results obtained here reinforce the importance of
undertaking research related to growth and nutritional state in these
populations since 6 % of the world’s population living above 1500
meters above sea level (23) need to understand their own body growth
patterns. Therefore, on the one hand, the results need to be interpreted

by focusing on the universal characteristics and the human growth



variables to research the links between growth, health, and nutritional
state. On the other hand, research is needed in order to assess in great
detail if the international references are appropriate for all people or if
the specific references of a population could be beneficial at times (24).
In this context, this study demonstrated that the CDC-2012 references
expressed for weight, height, and BMI are not appropriate for children
and adolescents living at a moderate altitude in Peru and Colombia.
Thus, it is necessary to develop growth curves for these populations.
Moreover, it is also necessary to verify the applicability of BMI since this
systematically underestimates the prevalence of obesity in children and
adolescents (25).

Through the second objective of the study, the researchers sought to
verify the use of BMI for children living at a moderate altitude since. In
general, it is a method widely used for detecting and predicting fat and
health risks (26). Despite this, various studies carried out in a number of
cities at moderate altitudes in Peru (27) and Colombia (28,29) have used
BMI without taking into account altitude as a relevant variable with
regard to physical growth.

Therefore, the results here reflect clearly that chronological age, weight,
and height have a considerable influence over BMI in both sexes in all
BMI categories. On the contrary, when the analysis was conducted by
means of the PI, the effect decreased ostensibly.

Therefore, this index may be considered as a more reliable indicator for
classifying weight related to BMI. Furthermore, some studies have
already indicated that BMI is not a perfect indicator and applicable to
children and adolescents because of its high association with height
(30,31). Furthermore, body weight is not proportional to height squared,
specifically during the growth and development stages (32,33).
Therefore, it is necessary to adjust height cubed to correct for height

variations between children.



As a result, in accordance with the allometric model, the Pl has a more
solid mathematical basis than BMI since weight is a variable with a
cubed dimension, and height is a variable with a linear dimension (34).
Therefore, the use and applicability of Pl reflects a lesser influence on
height not only for adults but also for children over 5 years of age (35),
as was observed in this research study.

The third objective of this study was to propose percentiles to assess
physical growth based on age and sex. To accomplish this, the LMS
Method was used to generate references for weight and height for age
and sex. In addition, due to the non-applicability of BMI, the authors of
this study proposed percentiles based on Pl for age and sex to assess
the weight status of children and adolescents living at a moderate
altitude.

In this sense, generally, the curves are used to compare other
international and/or regional samples with similar characteristics. Thus,
the real value of the curves resides in the help they provide in
determining to what extent the physiological needs are met during the
growth and motor development processes (36). Moreover, the curves
can be crucial for creating public policies oriented towards the
prevention and combatting childhood obesity (37).

Therefore, based on what we know to date, this research study is the
first to propose percentiles that include values for Pl for children and
adolescents living at a moderate altitude in two cities in South America.
This information is relevant because it can function as well or better in
some aspects than BMI. Additionally, it is less frequently used with
children and adolescents. In spite of this, it continues to be a popular
method used for neonatal populations (38). This is what makes it
attractive for assessing the status of weight in pediatric populations from
a moderate altitude.

The Pl needs to be examined in future genetic and epidemiological

studies of physical growth in populations living at low, moderate, and



high altitudes since the allometric justification is an important
foundation with regard to BMI. Therefore, considering other variables,
such as nutritional, cultural, and biophysical, could help create new
reference standards (23), particularly if they focus on regions of
moderate and high altitudes.

The cut-off points for this study are based on the criteria adopted by the
CDC (5,6). Although no definite consensus exists to date, the
identification of excess weight in pediatric populations is somewhat
arbitrary (39). Therefore, these groups are subject to possible health
risks (13).

The size of the sample used with similar geographic characteristics
(altitude of 2320-2640 meters), standardized assessment of the
anthropometric variables, and the statistical model (LMS) used to
generate the percentiles are a clear indication of the strengths of this
research. However, some variables, such as the nutritional state, level of
physical activity, and biological maturation of the students, were not
possible to control. For future studies, these aspects need to be taken
into account to avoid possible bias in the results. Furthermore, it is

necessary to consider a reference method to verify the validity of the PI.

CONCLUSION

Children and adolescents living at a moderate altitude in Peru and
Colombia differ in physical growth patterns from those of the CDC-2012.
Furthermore, Pl is a new alternative to estimate weight status in relation
to BMI. The proposed curves could have greater implications for child
health care programs and for clinical and epidemiological care for
students living in moderate-altitude regions. We suggest researchers
undertake longitudinal studies to confirm these results. The percentile
calculations can be carried out by wusing the following link:

http://www.reidebihu.net/
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Table I. Anthropometric characteristics of the sample studied

Weight (kg) Height (cm) Pl (kg/m?3) BMI (kg/m?)
Age (yrs) X SO X SO X DE X SD
Males
6.0-6.9 163 24.0 4.6 117.8 5.6 14.6 1.7 17.2 2.3
7.0-7.9 235 26.6 54 123.4 5.0 14.1 2.0 17.4 2.7
8.0-8.9 250 30.7 6.8 128.8 57 14.3 2.3 18.4 3.2
9.0-9.9 195 33.1 7.8 133.9 6.6 13.7 2.5 18.4 3.4

10.0-10.9 146 37.6* 8.8 140.0* 6.6 13.6 2.7 19.1 3.9
11.0-11.9 175 41.6 9.5 1458 6.3 133 25 195 3.8
12.0-12.9 246  47.1* 11,5 150.7 7.1 13.7 25 206 4.0
13.0-13.9 257 50.8 9.9 156.1* 7.3 134 21 20.8 3.2
14.0-14.9 313 55.8* 10.7 160.1* 7.9 135 21 21.7 3.3
15.0-15.9 288 56.0* 9.2 161.8 7.3 13.2 1.9 214 2.8
16.0-16.9 322 58.1* 10.3 1625 7.3 135 2.0 219 3.2
17.0-17.9 136 58.8* 104 161.2* 7.5 14.0* 2.4 22.5% 3.6

All 2774 44,5 15.6 146.5* 17.6 13.7 2.2 20.0 3.7
Females

6.0-6.9 165 23.1 4.1 1164 5.2 14.7 2.2 17.0 2.5

7.0-7.9 210 25.9 4.8 121.8 5.6 143 2.0 174 2.4

8.0-8.9 214 29.2 6.2 127.7 6.2 140 2.1 17.8 2.8

9.0-9.9 205 32.3 7.2 132.4 5.9 13.8 2.5 18.3 3.3

10.0-10.9 152  35.7 8.2 1379 6.5 135 24 18.6 3.4
11.0-11.9 209 422 8.6 1448 7.0 139 25 20.1 35
12.0-12.9 221 448 8.2 150.0 6.5 13.3 1.9 199 2.9
13.0-13.9 218 49.7 9.1 1549 6.9 134 2.3 20.7 3.4
14.0-14.9 220 52.3 9.5 158.8 8.0 131 2.2 20.7 3.3
15.0-15.9 214 54.8 8.8 160.8 7.8 132 21 21.2 3.0
16.0-16.9 213  56.3 9.5 1625 8.4 134 2.0 21.8 3.0
17.0-17.9 134 57.5 9.0 163.9 9.0 129 2.2 21.0 3.0
All 2433 42.0 146 144.1 18.0 136 2.2 195 34

*p < 0.05. BMI: body mass index; IP: ponderal index; X: mean; SD:
standard deviation; N: sample.



Simple linear regression and standard error of estimation (SEE) between age, weight, and
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height as independent variables with BMI and Pl as dependent variables

Both
R

Females

Prevalence,
n (%)

Males

Prevalence,
n (%)

Indicators

SEE p

R3

SEE p

R2

R

SEE p

RZ

BMI (W/H?)

0.8 0.7 0.8 0.00 0.8 0.7 0.8 0.00

0.8 0.8 0.6 0.00

o ~
NS =HOo

218 (9 %)

o o
o o

O O
n ™~
<O OO

oo mo

.1
.8

9
0
0

Age
Weight

Underweight 259 (9 %)

oo

1

0 8
0.6 04 1.7 0.00

Height 4
(75

2036

%)

1
0.6 1.2 0.00 1782

6 0

8

Age

11 0.00 0.8 0.7 0.2 0.00

(75 0.8 0.7

0.8

Normal

5 1

2

Height 5

0.8 0.7 0.9 0.00

(@] (@]
o o
— O — O
o o
0O < H
o ©
FTTO HO
o o
OO OO
o (@]
o o
— O — O
™~ S
OO (NO
o@ ~
~NO INO
S ©
0o NO
X
o
—

[e0]

m
(V]

o o
o o
- O - O
© —
OO0 O
~ ©
<tTO OO0
© ©
0o oo

)

c
e -@
g e
< =

X

o

—

(V]

(V]

m

)

z

=)

(O]

2

-

(O]

>

o

n o

1

7 2
0.6 03 2.7 0.00

Height 2

—o

o+ oW

0o mo

oo oo

O HO
— e ON
~NO <O

@ 1
—O oo

1793 (6 %)

00

1
0.
1

1

.6

8 0
0 2
1 4
0.5 0.3 2.8 0.00

2
0.7
Height 5

Age
Weight 8

157 (6 %)

Obese

3 1 6 1 9 1
(100 0.4 0.2 3.0 0.00 04 0.2 3.2 0.00

0

5

6

0 1
0.4 0.1 33 0.00 1793

(100 Age

2774

%)

All

%)



0.8 0.7 1.8 0.00 0.8 0.6 2.0 0.00

0.8 0.6 2.1 0.00

Weight 1

1

8

4

04 0.1 3.2 0.00

Height 4

9

Pl (W/H?)

0.0 0.0 0.5 0.00 0.2 0.0 0.6 0.00

0.6 04 0.5 0.00

—
oo

00

1
0.

1
0.5

3
0.3

5
0.5

Age

o
e
— o
et
<o
—
m S
M
0 S
o
Q
— o
N
0 S
o
~N O
e
in S
X
o
10
o
~
o
e
— o
<
n S
!
<o
™~
0 S
)
<
o
=
X
N2
©
o
—
-
<
o
o
=
—
3}
°
c
)

— O

—

< O

o O

- O

[O) I

- O

0 o

6 4 1

5

0 9 1
(76 0.1 00 1.1 0.00 0.0 0.0 1.2 0.00

4

1

8
0.0 1.2 0.00 1793

Age 3 8
2096 (75 0.1

%)

Normal

o O

N O

m O

1

1 6
0.6 04 0.5 0.00

Height 5

(o]

oo oo

.6 0.00

7
0
7

5 2
0.4 0.2

Age

1 245 (10 %)

0
0.5 0.3 0.6 0.00

Weight 5
Height 7

375 (13 %)

Overweight

o

1

2

2

=)

0.1 0.0 1.8 0.00

o
o

- o
S
~

< O

o O

Age

o
o

)

@
o

- O

Weight 7

195 (7 %)

Obese

1 1

7

1
(100 0.0 0.0 2.1 0.00 0.1 0.0 2.2 0.00

[¢)]

5

1 1
0.2 0.0 2.2 0.00 2375

Height 4
(100

2036

%)

All

2 0 1

5

0 5 1
0.3 0.1 2.0 0.00 0.2 0.0 2.1 0.00

5

%)

4 6 1 1

Weight 0.2 0.0 2.2 0.00

Age




1 4 4 1 6 3 0 1 6 7 5 1
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BMI: body mass index; Pl: ponderal index; SEE: standard estimation error.




Table Ill. Distribution of percentiles by weight, height, and Pl of males

Age (yrs) L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97
Weight (kg)
6.0-6.9 -1.16  23.05 0.18 17.4 17.9 18,.8 19.5 20.6 23.0 26.2 28.3 30.0 32.9 35.1
7.0-7.9 -1.06 25.82 0.19 19.2 19.8 20.9 21.7 22.9 25.8 29.5 32.0 34.0 37.4 40.0
8.0-8.9 -0.96 28.72 0.19 21.0 21.7 23.0 23.9 25.4 28.7 33.0 35.9 38.2 42.1 45.0
9.0-9.9 -0.85 31.81 0.20 22.9 23.8 25.2 26.3 28.0 31.8 36.7 40.0 42.5 46.9 50.2
10.0-10.9 -0.76 35.38 0.20 25.2 26.2 27.8 29.1 31.0 35.4 40.9 44.6 47.4 52.2 55.8
11.0-11.9 -0.70 39.55 0.21 28,.1 29.2 31.1 32.4 34.7 39.6 45.8 49.8 52.9 58.1 62.0
12.0-12.9 -0.67 44.10 0.20 31.4 32.7 34.7 36.3 38.7 44.1 50.9 55.3 58.6 64.2 68.4
13.0-13.9 -0.66 48.64 0.20 35.0 36.3 38.6 40.2 42.9 48.6 55.8 60.5 64.0 69.8 74.1
14.0-14.9 -0.67 52.77 0.19 38.5 39.9 42.3 44.0 46.8 52.8 60.2 64.9 68.4 74.3 78.7
15.0-15.9 -0.69 56.09 0.18 41.7 43.1 45.5 47.3 50.1 56.1 63.5 68.1 71.6 77.4 81.6
16.0-16.9 -0.69 58.60 0.16 44.2 45.7 48.1 49.9 52.6 58.6 65.8 70.3 73.6 79.1 83.1
17.0-17.9 -0.67 60.49 0.15 46.4 47.8 50.2 52.0 54.7 60.5 67.4 71.7 74.8 79.9 83.6
Height (cm)
6.0-6.9 -0.78 117.47 0.04 108.6 109.7 11..3 1125 114.2 1175 121.0 1229 124.3 126.3 127.7
7.0-7.9 -0.76  122.63 0.04 113.2 1143 116.0 117.3 119.1 122.6 126.4 1285 129.9 132.1 133.6
8.0-8.9 -0.69 127.74 0.05 117.6 118.8 120.7 122.0 1239 127.7 131.7 134.0 1355 1379 1394
9.0-9.9 -0.49 132.89 0.05 122.0 123.3 1253 126.7 128.8 1329 137.1 1395 141.1 143.6 1453
10.0-10.9 -0.09 138.39 0.05 126.6 128.1 130.3 131.8 134.0 1384 1429 1454 147.1 149.6 151.3
11.0-11.9 0.44 144.37 0.05 131.6 133.2 1356 137.3 139.7 1444 149.1 151.7 153.4 156.0 157.8
12.0-12.9 1.06 150.55 0.05 136.8 138.5 141.2 143.0 145.6 150.6 155.5 158.1 1599 162.5 164.2
13.0-13.9 1.73 156.45 0.05 141.8 143.7 146.6 1485 151.3 156.4 161.5 164.1 1659 168.5 170.2
14.0-14.9 2.40 161.32 0.05 146.0 148.0 151.1 153.1 156.1 161.3 166.3 169.0 170.7 173.2 174.8
15.0-15.9 3.07 164.68 0.05 149.0 151.2 1544 156.4 1594 164.7 169.6 172.1 173.8 176.2 177.8
16.0-16.9 3.75 166.88 0.04 151.1 153.3 156.6 158.7 161.7 166.9 171.7 174.1 175.7 178.0 1794
17.0-17.9 4.43 168.57 0.04 152.7 155.0 1584 160.5 1635 168.6 173.2 1755 177.0 179.2 180.5

Pl (kg/m?)



6.0-6.9
7.0-7.9
8.0-8.9
9.0-9.9
10.0-10.9
11.0-11.9
12.0-12.9
13.0-13.9
14.0-14.9
15.0-15.9
16.0-16.9
17.0-17.9

-0.97
-0.97
-0.97
-0.98
-0.99
-1.03
-1.08
-1.13
-1.16
-1.19
-1.21
-1.22

13.88
13.62
13.39
13.17
12.97
12.78
12.59
12.38
12.23
12.20
12.23
12.24

0.13
0.14
0.15
0.16
0.16
0.16
0.16
0.16
0.16
0.16
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0.15
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10.2
10.0
9.8
9.7
9.5
9.5
9.5
9.5
9.6

11.4
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10.5
10.3
10.1
10.0
9.8
9.7
9.7
9.8
9.8

11.9
11.5
11.2
11.0
10.8
10.6
10.4
10.3
10.2
10.2
10.2
10.3

12.2
11.9
11.6
11.3
11.1
10.9
10.8
10.6
10.5
10.5
10.6
10.6

12.7
12.4
12.2
11.9
11.7
11.5
11.4
11.2
11.1
11.0
11.1
11.1

13.9
13.6
13.4
13.2
13.0
12.8
12.6
12.4
12.2
12.2
12.2
12.2

15.2
15.1
14.9
14.7
14.5
14.4
14.1
13.9
13.7
13.7
13.7
13.7

16.1
16.0
15.8
15.7
15.6
15.4
15.2
14.9
14.7
14.6
14.6
14.6

16.7
16.6
16.6
16.4
16.3
16.2
15.9
15.7
15.4
15.3
15.3
15.3

17.7
17.7
17.7
17.7
17.6
17.5
17.3
17.0
16.7
16.6
16.6
16.5

18.4
18.5
18.6
18.6
18.6
18.5
18.3
17.9
17.7
17.5
17.5
17.4

L: Box-Cox power; M: median; S: coefficient of variation; Pl: ponderal index.
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Table IV. Distribution of percentiles by weight, height, and PI for females

Age (yrs) L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97
Weight (kg)
6.0-6.9 -1.08 22.16 0.19 164 16.9 17.8 18.5 19.6 22.2 25.4  27.7 29.4 325 34.8
7.0-7.9 -0.89 25.04 0.19 18.3 18.9 20.0 20.8 22.1 25.0 28.7 31.2 33.1 36.3 38.7
8.0-8.9 -0.70 28.17 0.19 20.3 21.1 22.4 23.3 24.8 28.2 32.3 35.0 37.0 404 429
9.0-9.9 -0.52 31.77 0.19 22.7 23.6 25.1 26.2 28.0 31.8 364 39.3 415 45.1 47.7
10.0-10.9 -0.38 36.00 0.19 25.7 26.7 28.4  29.7 31.7 36.0 41.1 44.3  46.6 50.4 53.1
11.0-11.9 -0.28 40.50 0.19 28.9 30.1 32.1 33.5 358 40.5 46.1 49.5 52.0 55.9 58.7
12.0-12.9 -0.23 44.74 0.18 32.3 33.6 35.7 37.3 39.7 44.7 50.6 54.1 56.7 60.8 63.7
13.0-13.9 -0.20 48.29 0.17 353 36.7 389 405 43.1 48.3 54.3 57.9 60.5 64.6 67.4
14.0-14.9 -0.21 50.81 0.16 37.8 39.2 41.4 431 45.6 50.8 56.8 60.3 62.9 66.9 69.7
15.0-15.9 -0.24 52.36 0.15 39.6 409 432 44.8 47.2 52.4 58.2 61.6 64.1 68.0 70.7
16.0-16.9 -0.28 53.15 0.15 40.8 42.1 44.3 45.8 48.2 53.2 58.7 62.1 64.4 68.2 70.8
17.0-17.9 -0.31 53.53 0.14 416 429 450 46.5 48.8 53.5 58.9 62.0 64.3 67.9 70.3
Height (cm)
6.0-6.9 -0.65 115.85 0.05 106.0 107.1 109.0 110.2 112.1 1159 119.8 122.0 123.5 125.8 127.3
7.0-7.9 -0.31 121.90 0.05 111.6 112.8 114.7 116.1 118.1 121.9 1259 1281 129.7 132.0 133.5
8.0-8.9 0.01 128.00 0.05 117.3 118.6 120.6 122.0 124.0 128.0 132.1 134.3 1359 138.2 139.7
9.0-9.9 0.29 134.13 0.05 123.1 124.4 126.5 1279 130.1 134.1 138.3 140.5 142.1 144.4 1459
10.0-10.9 0.53 140.16 0.04 128.9 130.3 1324 1339 136.1 140.2 144.3 146.6 148.1 150.4 151.9
11.0-11.9 0.66 145.67 0.04 1343 135.7 137.9 1394 141.6 145.7 149.8 152.1 153.6 1559 157.3
12.0-12.9 0.62 150.20 0.04 139.0 1404 1425 144.0 146.1 150.2 154.3 156.5 158.0 160.3 161.7
13.0-13.9 0.40 153.47 0.04 142.6 1439 146.0 147.4 149.5 153.5 1575 159.7 161.2 163.4 164.9
14.0-14.9 0.03 155.52 0.04 145.0 146.3 148.3 149.6 151.7 1555 1595 161.6 163.1 165.3 166.8
15.0-15.9 -0.44 156.67 0.04 146.5 147.7 149.6 151.0 1529 156.7 160.6 162.7 164.2 166.4 167.9
16.0-16.9 -0.92 157.19 0.04 147.4 148.6 1504 151.6 15.5 157.2 161.0 163.1 164.6 166.8 168.3
17.0-17.9 -1.38 157.48 0.03 148.0 149.1 150.9 152.1 1539 1575 161.2 163.4 164.8 167.1 168.6
Pl (kg/m?3)
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6.0-6.9
7.0-7.9
8.0-8.9
9.0-9.9
10.0-10.9
11.0-11.9
12.0-12.9
13.0-13.9
14.0-14.9
15.0-15.9
16.0-16.9
17.0-17.9

-0.97
-0.97
-0.97
-0.98
-0.99
-1.03
-1.08
-1.13
-1.16
-1.19
-1.21
-1.22

13.88
13.62
13.39
13.17
12.97
12.78
12.59
12.38
12.23
12.20
12.23
12.24

0.13
0.14
0.15
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.15
0.15

11.1
10.8
10.4
10.2
10.0
9.8
9.7
9.5
9.5
9.5
9.5
9.6

11.4
11.1
10.7
10.5
10.3
10.1
10.0
9.8
9,7
9.7
9.8
9.8

11.9
11.5
11.2
11.0
10.8
10.6
10.4
10.3
10.2
10.2
10.2
10.3

12.2
11.9
11.6
11.3
11.1
10.9
10.8
10.6
10.5
10.5
10.6
10.6

12.7
12.4
12.2
11.9
11.7
11.5
11.4
11.2
11.1
11.0
11.1
11.1

13.9
13.6
13.4
13.2
13.0
12.8
12.6
12.4
12.2
12.2
12.2
12.2

15.2
15.1
14.9
14.7
14.5
14.4
14.1
13.9
13.7
13.7
13.7
13.7

16.1
16.0
15.8
15.7
15.6
15.4
15.2
14.9
14.7
14.6
14.6
14.6

16.7
16.6
16.6
16.4
16.3
16.2
15.9
15.7
15.4
15.3
15.3
15.3

17.7
17.7
17.7
17.7
17.6
17.5
17.3
17.0
16.7
16.6
16.6
16.5

18.4
18.5
18.6
18.6
18.6
18.5
18.3
17.9
17.7
1.5

17.5
17.4

L: Box-Cox power; M: median; S: coefficient of variation; Pl: ponderal index.
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of Perd and Colombia, locating the sites of the research
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