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Abstract

Introduction: The reference tools used to assess child growth in Spain are the graphs of Fun-
dacion Orbegozo and the charts of the World Health Organization (WHO). The objective of this
study is to analyze the differences between the two charts for weight, height and body mass
index, and assess their relevance to identify growth or nutritional problems.

Material and methods: The values of the extreme percentiles of height, weight and body mass
index for each sex from 0 to 10 years in both charts are compared. Absolute differences and z
scores are calculated for each value. To evaluate the impact on the prevalence of the various
nutritional or growth disorders the location of the value of the extreme percentiles in each
chart was investigated.

Results: Significant differences were observed between the 3rd percentile of height and weight,
97th of weight, and 85th and 97th of body mass index. Marked differences were observed for
the extreme values of body mass index. During the first years, the Orbegozo charts overestimate
the prevalence of malnutrition (between 2% and 19% depending on age and sex) compared to
the WHO charts. In subsequent ages Orbegozo underestimates WHO between 0.7% and 2.89%.
Orbegozo underestimates the prevalence of overweight (between 2.5% and 14.8%) compared
to the WHO charts. The 97th percentile of body mass index in the Orbegozo charts corresponds
in most cases with WHO percentiles above 99.99%.

Conclusion: The two charts analyzed have significant differences from a clinical and public
health point of view, in the estimation of overweight/obesity and malnutrition.

© 2014 Asociacion Espanola de Pediatria. Published by Elsevier Espafa, S.L.U. All rights
reserved.
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Tablas de crecimiento: impacto sobre la prevalencia de los trastornos nutritivos

Resumen

Introduccion: Las referencias mas empleadas en Espafia para evaluar el crecimiento son las
graficas de la Fundacion Orbegozo y las graficas de la Organizacion Mundial de la Salud (OMS).
El objetivo es analizar las diferencias entre ambas para las magnitudes: peso, talla e indice de
masa corporal, y valorar su relevancia para identificar problemas nutricionales o de crecimiento.
Material y métodos: Se compara el valor de los percentiles extremos de talla, peso e indice de
masa corporal para cada sexo desde los 0-10 afos de ambas graficas. Se calculan diferencias
absolutas y de puntuacion Z. Para evaluar el impacto sobre la prevalencia de trastornos nutri-
tivos o de crecimiento se examina la ubicacion del valor numérico de cada percentil extremo

Resultados: Se observan diferencias significativas entre los percentiles 3 de talla y peso, 97 de
peso y 85y 97 de indice de masa corporal. Durante los primeros afos, la referencia Orbegozo
sobreestima con respecto a la referencia OMS la prevalencia de desnutricion entre un 2 y un
19%. En edades posteriores, la subestima entre un 0,7 y un 2,89%. La referencia Orbegozo
subestima con respecto a la referencia OMS la prevalencia de sobrecarga ponderal (entre un
2,5y un 14,8%). El valor del percentil 97 de indice de masa corporal de la referencia Orbegozo
se corresponde en la mayoria de los casos con percentiles de la referencia OMS superiores al

Conclusion: Los patrones analizados presentan diferencias que pueden ser relevantes desde el

© 2014 Asociacion Espanola de Pediatria. Publicado por Elsevier Espaiia, S.L.U. Todos los dere-
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entre ambas tablas.
99,99%.
punto de vista clinico y de salud publica.
chos reservados.
Introduction

Growth assessment is an essential part of the health evalu-
ation of children. Its purpose is to obtain a series of reliable
anthropometric measurements and compare them to a ref-
erence standard that documents the normal variability in
relation to age and sex.

Growth standards have been developed with different
populations and methodologies. In Spain, the Fundacion
Orbegozo study started in the 1970s."-> The Fundacidn
Orbegozo charts are the most frequently used reference*>
in our country. Other studies have been conducted more
recently of both national® and local scope in various Spanish
regions.”~"" Pooling several regional studies gave rise to the
Spanish cross-sectional and longitudinal Growth Studies, >4
which are valuable because they are representative of the
entire Spanish population and incorporate recent data. Sim-
ilar studies have been performed in other countries and
are periodically revised to reflect changes brought on by
environmental factors and/or the secular acceleration of
growth. 1

International charts have been developed for their use
irrespective of geographical location.?-2* The World Health
Organization (WHO) growth charts were developed with data
from healthy children 0 to 5 years of age from America,
Europe, Africa and Asia who were breastfed exclusively for
the first six months of life and living in environments without
health, environmental or economic disadvantages. Accord-
ing to their authors, the WHO charts constitute the first
growth standard reflecting how children in this age group
should grow, anywhere in the world. More recently, the WHO

developed charts for children 5-19 years of age, merging
data from the National Center for Health Statistics/WHO
from 1977 and data from the WHO sample of children 0-5
years of age.”*

The individual monitoring of children usually involves tak-
ing serial measurements to achieve a dynamic view of their
growth.”?7 In that context, the choice of growth standard
is less relevant, but when it comes to the use of stan-
dards in epidemiology and public health for the purposes
of determining the prevalence of abnormal anthropometric
values, the position of the extreme percentiles is of utmost
importance.?¢

In the Autonomous Community of Valencia, the anthro-
pometric reference used in primary care (PC) paediatric
services was switched in 2009/2010. Thus, up to 2010,
the Child Health Book (CHB) included the Orbegozo charts,
which were then replaced by the WHO charts. Likewise, the
Programa informatico de Control y Seguimiento del Nifo
(Electronic System for the Management and Followup of
Children) used the Orbegozo charts until 2009 and both
charts from then on, with the WHO charts being used by
default for children born after 2009 (personal observation
of author).

In this context, our study had two aims:

- To analyze the differences between the 2 growth ref-
erences that are being used concurrently in the child
health records of the Autonomous Community of Valencia
(Orbegozo and WHO charts) for the main anthropometric
measurements and assess how these differences impact
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the identification of nutritional or growth problems in the
population.

- Learn which charts are being used in the primary care
paediatric medical records (PCPMRs) and the CHBs of the
different autonomous communities (ACs).

Materials and methods

Differences between the Fundacion Orbegozo and
the World Health Organization growth charts

We compared the values of the 3rd, 50th, and 97th per-
centiles of height and weight, and the 3rd, 50th, 85th and
97th percentiles of body mass index (BMI) for each sex from
age 0 to 10 in the WHO Charts?>% and the Orbegozo Charts'
(longitudinal study). The age intervals used in our analysis,
consistent with the data provided by the charts of the two
growth standards, were of 3 months from age 0 to 12 months,
and of 6 months from 12 months onward.

For each percentile of each anthropometric measure-
ment, we calculated absolute differences and z-scores
(relative to the 50th percentile of the WHO charts) between
the two charts. We tested the null hypothesis that the mean
observed differences would be zero by means of Student’s t
test or the nonparametric Mann-Whitney test, depending on
whether the distribution of the differences approximated a
normal distribution.?® We tested the goodness of fit by means
of the Kolmogorov-Smirnov test.”?? We set the significance
level for all hypothesis tests at « = 0.05, which corresponded
to P<.05.

To assess the impact of the application of each growth
standard on the prevalence of nutritional or growth dis-
orders, we compared the numerical value of the extreme
percentiles in each set of charts. Specifically, we calcu-
lated the percentile of each chart that corresponded to the
numerical value of a given percentile in the other chart.
The difference in percentile rank obtained when compar-
ing both charts could be used to estimate the increase
or decrease in prevalence that would be expected when
the Orbegozo charts were applied to the population of the
WHO charts and vice versa. We performed the various cal-
culations using the R open-source software (available at
http://www.R-project.org).

Charts used in the different autonomous
communities

We obtained this information from the Departments of
Public Health through their official web pages and/or by
telephone. We completed our search using the intranet of
the Asociacion Espafola de Pediatria de Atencion Primaria
(Spanish Association of Primary Care Paediatrics [AEPAP]) to
contact paediatricians of different ACs that were members
of the association, and by direct telephone contact with
healthcare centres. The information we requested was: (a)
Which growth charts are being used in the PCPMRs of your
AC? and (b) Which growth charts are included in the CHB of
your AC?

Results

Differences between the Fundacién Orbegozo and
the World Health Organization growth charts

Table 1 presents the absolute differences and z-scores in
the different percentiles for the various measurements ana-
lyzed for both sexes, as well as the statistical analysis of
these differences. Figs. 1-3 provide a graphical represen-
tation of the superimposition of the analyzed percentiles in
both growth charts for each anthropometric measurement.
Table 2 shows the location of the value of the extreme per-
centiles of the Orbegozo charts in the WHO charts, and
the expected change in percentile rank for these values
when the Orbegozo charts are applied to the WHO pop-
ulation. Table 3 shows the opposite comparison, that is,
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Figure 1  Superimposition of percentiles for each sex: height.

Statistically significant differences (P<.05) were found in the
means comparison test for the 3rd percentile in both sexes.
FORBC, Fundacion Orbegozo charts; WHOC, World Health Orga-
nization charts.
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Table 1 Differences in absolute values and z-scores between the FORBC and the WHOC.

Age (years) Height (cm)
3rd %ile girls 3rd %ile boys 97th %ile girls 97th %ile boys

ABS dif® z dif ABS dif® z dif? ABS dif z dif ABS dif? z dif
0 0.16 0.09 -0.17 —0.09 —0.54 —0.30 —0.34 —0.18
0.25 0.37 0.18 1.12 0.56 0.87 0.41 0.90 0.45
0.5 0.13 0.06 0.90 0.43 0.71 0.32 0.68 0.32
0.75 0.41 0.17 1.17 0.51 0.86 0.36 0.52 0.23
1 0.49 0.19 1.15 0.50 0.51 0.20 0.19 0.08
1.5 0.33 0.11 1.10 0.41 0.98 0.34 0.73 0.27
2 0.34 0.11 0.86 0.29 1.66 0.52 1.48 0.49
2.5 2.10 0.58 2.57 0.76 —0.55 —0.15 —0.32 —0.09
3 1.92 0.49 2.68 0.72 0.31 0.08 0.28 0.08
3.5 1.89 0.47 2.64 0.66 0.74 0.19 0.23 0.06
4 1.95 0.45 2.45 0.58 0.78 0.18 —0.08 —0.02
4.5 2.12 0.46 2.43 0.55 0.66 0.14 —0.41 —0.09
5 2.38 0.51 2.37 0.50 0.38 0.08 —0.70 —0.15
5.5 2.27 0.45 2.46 0.52 —0.43 —0.09 -2.20 —0.47
6 2.43 0.48 3.07 0.61 —0.96 —0.19 —0.98 —0.20
6.5 2.50 0.47 3.84 0.75 —1.59 —0.30 —0.71 —0.14
7 2.55 0.46 3.74 0.71 —2.02 -0.37 —1.03 —0.19
7.5 2.66 0.47 3.67 0.68 —2.35 —0.41 —1.33 —0.25
8 2.72 0.47 3.54 0.62 —2.57 —0.44 —1.40 —0.25
8.5 2.71 0.45 3.44 0.59 —2.67 —0.45 —1.57 -0.27
9 2.76 0.45 3.33 0.56 —2.55 —0.42 —1.54 —0.26
9.5 2.87 0.46 3.31 0.53 —2.32 —0.37 —1.36 —0.22
10 2.96 0.46 3.47 0.54 —1.88 —0.29 —0.93 —0.15

Age (years) Weight (kg)

3rd %ile girls 3rd %ile boys 97th %ile girls 97th %ile boys

ABS dif? z dif? ABS dif® z dif? ABS dif® z dif? ABS dif? z dif?
0 —0.17 —0.43 —0.23 —0.58 —0.14 —0.35 —0.11 —0.28
0.25 —0.14 —0.23 0.06 0.09 0.32 0.53 0.12 0.17
0.5 —0.23 —0.29 —0.10 —0.13 0.02 0.02 —0.20 —0.25
0.75 —0.28 —0.31 —0.27 —0.30 —0.43 —0.48 —0.53 —0.59
1 —0.63 —0.63 —0.43 —0.43 —0.62 —0.62 —0.71 —0.71
1.5 —0.61 —0.55 —0.52 —0.47 —0.58 —0.53 —0.42 —0.38
2 —0.59 —0.45 —0.57 —0.41 —0.49 —0.38 —0.45 —0.32
2.5 1.10 0.73 -0.77 —0.51 —1.69 -1.13 —0.10 -0.07
3 2.05 1.21 —0.67 —0.42 —1.72 —1.01 —0.25 —0.16
3.5 2.83 1.49 —0.50 —0.29 -1.31 —0.69 —0.55 —0.32
4 3.62 1.72 —0.10 —0.05 —1.21 —0.58 0.11 0.06
4.5 4.23 1.84 0.44 0.21 —1.20 —0.52 0.23 0.82
5 4.75 1.98 0.75 0.33 —1.45 —0.60 0.36 0.16
5.5 5.12 2.05 1.44 0.60 -2.17 —0.87 —0.26 —0.11
6 5.23 1.94 1.96 0.78 —2.72 —1.01 —1.08 —0.43
6.5 5.30 1.83 2.58 0.96 -3.39 -1.17 -1.77 —0.66
7 5.14 1.66 3.15 1.09 —3.87 —1.25 —1.40 —0.48
7.5 5.06 1.53 3.66 1.22 —4.34 —1.32 —1.63 —0.54
8 4.98 1.38 4.16 1.26 —4.77 -1.33 —1.64 —0.50
8.5 4.90 1.26 4.45 1.27 —4.86 —1.25 —1.63 —0.47
9 4.74 1.13 4.61 1.21 —4.88 —1.16 —1.60 —0.42
9.5 4.61 1.00 4.71 1.15 —4.81 —1.05 —1.66 —0.40
10 4.63 0.94 4.66 1.04 —4.45 —0.91 —1.60 —0.36
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Table 1  (Continued)
Age(years) BMI (kg/m?)
3rd %ile girls 3rd %ile boys 85th %ile girls 85th %ile boys 97th %ile girls 97th %ile boys
ABS dif? zdif*® ABS dif zdif ABS dif* zdif® ABS dif* zdif® ABSdif* zdif® ABSdif* zdif®
0 —0.62 —-0.56 -0.64 —-0.53 -0.25 -0.23 -0.20 -0.17 -0.07 —-0.06 -0.03 —0.02
0.25 -0.59 —-0.39 -0.32 -0.23 0.08 0.05 0.00 0.00 0.09 0.06 -0.10 -0.07
0.5 —-0.72 —0.51 —-0.58 —-0.45 -0.32 —-0.23 -0.70 —-0.54 -0.20 —-0.14 —-0.62 —0.48
0.75 —-1.13 -0.81 -0.99 -0.71 -1.02 -0.73 -1.19 -0.85 -0.81 —-0.58 -1.24 -0.89
1 —-1.43 -1.02 -1.02 -0.78 —-1.43 -1.02 -1.19 -0.92 -—-1.31 —-0.94 -1.32 —-1.02
1.5 —-1.32 -1.02 —-1.18 —-0.98 —-1.35 -1.04 —-1.23 —-1.03 —-1.30 —-1.00 -1.12 —-0.93
2 -1.09 -0.91 —-1.15 -1.05 -1.11 -0.93 -1.09 -0.99 -—-1.11 -0.92 -1.03 —-0.94
2.5 —-0.71 —-0.59 -0.86 -0.72 -0.82 —-0.68 —-0.63 -0.17 -0.82 —0.68 —0.55 —0.46
3 —0.28 —-0.23 -0.80 —-0.67 —-0.89 —-0.74 —-0.64 0.00 -0.97 —-0.81 —-0.56 —0.47
3.5 -0.03 —-0.02 -0.60 -0.55 -1.01 -0.78 -0.67 -0.54 —-1.11 -0.85 -0.57 —0.52
4 0.45 0.35 -0.34 -0.28 -1.20 —-0.92 -0.56 -0.85 -—-1.34 —-1.03 -0.49 —0.41
4.5 0.79 0.56 —0.30 —-0.23 -—1.26 —-0.90 -0.53 -0.92 —-1.52 —-1.09 -0.45 —0.35
5 1.00 0.71 0.20 0.17 —-1.25 -0.89 -0.74 -1.03 -1.53 —-1.09 -0.66 —0.55
5.5 1.27 0.98 0.49 0.41 —-1.40 —-1.08 -0.89 -0.99 -1.69 —-1.30 -0.94 —0.78
6 1.49 1.06 0.74 0.62 —1.54 —-1.10 -0.96 -0.80 -1.86 —-1.33 —-0.99 -0.82
6.5 1.66 1.19 0.85 0.65 —-1.76 -1.26 —-1.11 -0.85 -2.03 -1.45 -1.15 —0.88
7 1.87 1.25 1.01 0.78 —-1.94 -1.29 -—-1.26 -0.97 -2.35 -1.57 —-1.31 —1.01
7.5 1.93 1.29 1.05 0.81 -2.16 —1.44 —1.45 -1.12 -2.51 —-1.67 —-1.62 —-1.25
8 2.04 1.28 1.16 0.89 -2.39 —-1.49 —-1.68 -1.29 -2.67 —-1.67 —-1.78 —-1.37
8.5 2.10 1.31 1.25 0.89 -2.53 —-1.58 -1.92 -1.37 -2.81 -1.76 —-2.05 —1.46
9 2.20 1.29 1.32 0.94 -2.64 —-1.55 -2.07 —1.48 -2.82 —1.66 —2.22 —1.59
9.5 2.16 1.27 1.39 0.99 -2.62 -1.54 -2.20 -1.57 -2.77 —-1.63 -2.37 —-1.69
10 2.18 1.21 1.55 1.03 -2.67 —1.48 -2.32 —-1.55 -2.66 —-1.48 -2.39 —-1.59
ABS dif, absolute value difference (WHOC value - FORBC value); BMI, body mass index; FORBC, Fundacion Orbegozo charts; WHOC,

World Health Organization charts; z dif, z-score difference (WHOC z-score — FORBC z-score); %ile: percentile.
a Statistically significant difference: P<.05 in the mean-comparison test.

the location of the value of the extreme percentiles for
weight, height and BMI of the WHO charts in the Orbegozo
charts.

The following were the most relevant results:

- Height: The 3rd percentile for height in the Orbegozo
charts compared to that of the WHO charts is lower in all
ages, except in boys 0 years of age, and the differences are
statistically significant (Table 1, Fig. 1). If short stature is
defined as a height below the 3rd percentile,” the Orbe-
gozo charts underestimate the prevalence of short stature
in 0.55-2.58% of children, depending on age and sex, rela-
tive to the WHO charts (Table 2). If the Orbegozo charts are
taken as the reference, the WHO charts overestimate this
prevalence in 0.05-7.32% of children (Table 3).

There were no statistically significant differences in the
97th percentile between the two standards, except for the
absolute differences in boys (Tables 1-3, Fig. 2).

- Weight: On average, in both boys and girls, the 3rd per-
centile for weight in the Orbegozo charts (Table 1) showed
statistically significant differences in relation to the WHO
charts. In the early years (up to 2 years of age in girls and
4 years in boys) the WHO chart values are lower, while the
opposite is true for older ages (Fig. 2). Defining underweight
in early childhood as a value below the 3rd percentile,*
the Orbegozo charts (Table 2) overestimate the prevalence
of underweight in 0.86-9.10% of these children relative to
the WHO charts, while the WHO charts underestimate this

prevalence in relation to the Orbegozo charts in 0.24-1.91%
(Table 3). The opposite occurs in later ages, with the Orbe-
gozo charts underestimating the prevalence based on the
WHO charts in 1.05-2.99% of the children (Table 2) and the
WHO charts overestimating it based on the Orbegozo charts
in 1.83-18.04% (Table 3).

The values of the 97th percentile of the Orbegozo charts,
both in boys and girls, and especially from age 6 onward, are
higher compared to the values of the 97th percentile in the
WHO charts, and the differences are statistically significant
(Tables 1-3, Fig. 2).

- BMI: Statistically significant differences in the 3rd per-
centile values between the Orbegozo and the WHO charts
occurred only in girls (Table 1). We found a biphasic pattern
in this percentile for both sexes (Fig. 3). Thus, in younger
ages (up to 3.5 years in girls and 4.5 years in boys) the 3rd
percentile of the Orbegozo charts corresponded to a higher
percentile in the WHO charts, while in later ages it corre-
sponded to a percentile below the 3rd in the WHO charts
(Table 1, Fig. 3). Defining malnutrition as a BMI below the 3rd
percentile,® the Orbegozo charts overestimate its preva-
lence based on the WHO charts in 2.97-19.55% of these
children (Table 2, Fig. 4a and b). Based on the Orbegozo
charts, the WHO charts would underestimate this condition
in 0.69-2.75% (Table 3).

The opposite is true at later ages, with the Orbe-
gozo charts underestimating the prevalence of malnutrition
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Table 2 Location of the 3rd and 97th percentiles for height, weight and BMI and of the 85th percentile for BMI of the FORBC
in the WHOC.

Age (years) Height
Girls Boys
3rd %ile A %ile 97th %ile A %ile 3rd %ile A %ile 97th %ile A %ile
0 2.10 —0.90 98.93 1.93 3.55 0.55 97.84 0.84
0.25 1.87 -1.13 93.20 —3.80 0.69 —2.31 93.32 —3.68
0.5 2.45 —0.55 94.86 —2.14 0.98 -2.02 94.31 —2.69
0.75 2.04 —0.96 94.04 —2.96 0.87 —-2.13 94.52 —2.48
1 2.09 -0.91 95.43 —-1.57 0.79 —-2.21 96.95 —0.05
1.5 2.22 -0.78 94.05 -2.95 1.08 -1.92 94.31 —2.69
2 2.21 -0.79 91.74 —5.26 1.44 —1.56 92.51 —4.49
2.5 0.73 -2.27 97.65 0.65 0.42 —2.58 97.59 0.59
3 0.97 -2.03 95.92 —1.08 0.44 —2.56 96.53 —0.47
3.5 0.88 —2.12 95.91 —1.09 0.56 —2.44 96.35 —0.65
4 0.97 -2.03 95.57 —-1.43 0.69 —2.31 97.13 0.13
4.5 0.99 —2.01 95.58 —1.42 0.74 —2.26 97.61 0.61
5 0.82 —2.18 96.67 -0.33 0.87 —-2.13 97.72 0.72
5.5 1.03 -1.97 97.42 0.42 0.78 -2.22 99.09 2.09
6 0.92 —2.08 98.17 1.17 0.67 -2.33 97.91 0.91
6.5 0.92 —2.08 98.49 1.49 0.42 —2.58 97.84 0.84
7 0.97 -2.03 98.75 1.75 0.50 —2.50 98.13 1.13
7.5 1.00 —2.00 98.85 1.85 0.51 —2.49 98.44 1.44
8 0.94 —2.06 98.99 1.99 0.62 —2.38 98.24 1.24
8.5 1.02 —1.98 98.96 1.96 0.67 -2.33 98.49 1.49
9 0.97 2.03 98.94 1.94 0.68 -2.32 98.38 1.38
9.5 0.94 —2.06 98.86 1.86 0.69 —2.31 98.17 1.17
10 0.97 -2.03 98.55 1.55 0.70 —2.30 97.83 0.83
Age (years) Weight
Girls Boys
3rd %ile A %ile 97th %ile A %ile 3rd %ile A %ile 97th %ile A %ile
0 5.76 2.76 99.78 2.78 7.71 4.71 99.72 2.72
0.25 3.86 0.86 98.36 1.36 2.60 —0.40 97.57 0.57
0.5 5.62 2.62 99.06 2.06 4.01 1.01 99.38 2.38
0.75 7.12 4,12 99.83 2.83 5.60 2.60 99.75 2.75
1 12.1 9.1 99.87 2.87 8.53 5.53 99.82 2.82
1.5 10.32 7.32 99.89 2.89 8.92 5.92 99.70 2.70
2 9.42 6.42 99.71 2.71 9.56 6.56 99.16 2.16
2.5 0.68 -2.32 99.97 2.97 11.12 8.12 98.83 1.83
3 0.18 —2.82 99.95 2.95 8.17 5.17 99.32 2.32
3.5 0.08 -2.92 99.89 2.89 6.31 3.31 99.69 2.69
4 0.03 -2.97 99.84 2.84 4.12 1.12 99.09 2.09
4.5 0.02 —2.98 99.84 2.84 2.43 -0.57 98.84 1.84
5 0.01 —-2.99 99.93 2.93 1.95 -1.05 98.73 1.73
5.5 0.01 —-2.99 99.98 2.98 1.05 -1.95 99.35 2.35
6 0.01 —2.99 99.99 2.99 0.55 —2.45 99.82 2.82
6.5 0.02 —2.98 99.99 2.99 0.35 —2.65 99.90 2.90
7 0.03 -2.97 >99.99 >2.99 0.25 -2.75 99.85 2.85
7.5 0.06 —2.94 >99.99 >2.99 0.14 —2.86 99.93 2.93
8 0.10 -2.9 >99.99 >2.99 0.16 —2.84 99.90 2.90
8.5 0.16 —2.84 >99.99 >2.99 0.14 —2.86 99.93 2.93
9 0.24 -2.76 >99.99 >2.99 0.17 —2.83 99.93 2.93
9.5 0.37 —2.63 99.99 2.99 0.21 -2.79 99.93 2.93

10 0.44 —2.56 99.99 2.99 0.32 —2.68 99.93 2.93
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Table 2 (Continued)

Age (years)

BMI

Girls

Boys

3rd %ile A %ile

85th %ile A %ile 97th %ile A %ile

3rd %ile A %ile 85th %ile A %ile 97th %ile A %ile

0 8.92 5.92 93.32 8.32 99.24
0.25 7.98 4.98 84.45 —0.55  97.38
0.5 8.97 5.97 92.55 7.55  99.24
0.75 16.39 13.39 97.40 12.40  99.79
1 22.23 19.23 98.18 13.18  99.90
1.5 22.55 19.55 98.58 13.58  99.94
2 17.75 14.75 98.52 13.52 99.94
2.5 10.72 7.72 97.34 12.34  99.87
3 5.48 2.48 97.68 12.68  99.92
3.5 4.75 1.75 97.32 12.32 99.90
4 1.42 —-1.58 98.11 13.11 99.96
4.5 113 —-1.87 97.95 12.95  99.95
5 0.62 —2.38 98.24 13.24  99.97
5.5 0.24 —-2.76 99.31 14.31  >99.99
6 0.22 —-2.78 99.15 14.15 >99.99
6.5 0.15 —2.85 99.55 14.55 >99.99
7 0.18 —2.82 99.57 14.57 >99.99
7.5 0.13  —2.87 99.77 14.77  >99.99
8 0.15 —-2.85 99.75 14.75 >99.99
8.5 0.11 —2.89 99.84 14.84 >99.99
9 0.16  —2.84 99.82 14.82  >99.99
9.5 0.15 —2.85 99.87 14.87 >99.99
10 0.20 —-2.80 99.80 8.32 >99.99

2.24 11.19 8.19 90.88 5.88  98.85 1.85
0.38 5.97 2.97 87.35 2.35 98.39 1.39
2.24  8.08 5.08 96.16 11.16  99.73 2.73
2.79 1.69 —-1.31 97.27 12.27  99.84 2.84
2.90 16.24 13.24 98.07 13.07  99.92 2.92
2.94 22.16 19.16  98.58 13.58  99.93 2.93
2.94 21.98 18.98 98.82 13.82  99.95 2.95
2.87 15.07 12.07 95.46 10.46  99.57 2.57
2.92 13.93 10.93 95.54 10.54  99.58 2.58
290 8.63 5.63 97.01 12.01 99.80 2.80
296 7.12 4.12  94.88 9.88  99.61 2.61
295 7.19 4.19 93.12 8.12 99.23 2.23
297 228 —-0.72 96.90 11.9 99.85 2.85
>2.99 1.25 —-1.75 97.18 12.18  99.91 2.91
>2.99 090 -2.1 97.98 12.98  99.96 2.96
>2.99 095 -2.05 97.77 12.77  99.95 2.95
>2.99 0.68 —-2.32 98.61 13.61 99.98 2.98
>2.99 050 -2.5 99.23 14.23 99.99 2.99
>2.99 0.39 -2.61 99.63 14.63 >99.99 >2.99
>2.99 0.46 -2.54 99.61 14.61  >99.99 >2.99
>2.99 039 -2.61 99.82 14.82  >99.99 >2.99
>2.99 0.27 -2.73 99.89 14.89 >99.99 >2.99
>2.99 035 -2.65 99.87 14.87 >99.99 >2.99

BMI, body mass index; FORBC, Fundacion Orbegozo charts; WHOC, World Health Organization charts; A %ile: increase or decrease in

percentile rank.

For each age, we show the percentile where the numerical value of the analyzed percentile of the FORBC is located in the WHOC.

based on the WHO charts in 1.58-2.89% of the children
(Table 2, Fig. 4a and b). Based on the Orbegozo charts,
the WHO charts would overestimate the same prevalence
in 2.68-5.85% (Table 3).

For every age group, the Orbegozo values of the 85th and
the 97th percentiles are higher than the corresponding val-
ues in the WHO charts, and the differences are statistically
significant (Table 1). The 85th percentile of the Orbegozo
charts corresponds to the 97th or a higher percentile in the
WHO charts for most ages (Table 2, Fig. 3). If excess weight
is defined as a BMI above the 85th percentile,’ based on the
WHO charts the Orbegozo charts underestimate its preva-
lence in 2.35-14.89% of children depending on their sex and
age (Table 2, Fig. 4b). And based on the Orbegozo charts, the
WHO charts overestimate this prevalence in 5.60-33.70%,
depending on sex and age (Table 3). Similarly, the 97th per-
centile of the Orbegozo charts corresponds to a much higher
percentile in the WHO charts (Table 2, Fig. 4c and d). If obe-
sity is defined as a BMI above the 97th percentile,’ with the
WHO charts as a reference the Orbegozo charts underesti-
mate its prevalence in more than 2.5% of children in all age
groups, with the differences reaching up to 4 orders of mag-
nitude in some of them (Fig. 4d). With the Orbegozo charts
as a reference, the WHO charts overestimate the prevalence
of obesity in 0.06-12.21% of children, depending on age and
sex (Table 3).

Charts officially applied in autonomous
communities

With the exception of the Autonomous Community of Aragon
(with charts based on local regional data’), most ACs use
the Orbegozo charts. Three ACs (Valencia, Andalusia and
Navarra) use the WHO charts in the CHB. The WHO charts
are used in PCPMRs in 3 ACs, either as the sole reference
(Navarra) or concurrently with the Orbegozo charts (Valen-
cia, Castilla-Leon). The most updated charts of the Spanish
Growth Study'?>-' are not being applied in any of the ACs.

Discussion

Growth charts that express data as percentiles are com-
monly used in paediatric practise. The value of a specific
extreme percentile in the chart defines overweight, obesity,
or underweight. The population, methodology and cut-off
points used to develop a reference standard are of utmost
importance, as they determine the sensitivity and specificity
of each standard, and the threshold from which a value is
considered pathological or unhealthy.'-*?

The results of this study show that there are striking dif-
ferences between the two analyzed standards (Orbegozo
and WHO charts). Relative to the WHO charts, the Orbe-
gozo charts underestimate overweight and obesity in every
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Table 3 Location of the 3rd and 97th percentiles for height, weight and BMI and of the 85th percentile for BMI of the WHOC
in the FORBC.

Age (years) Height
Girls Boys
3rd %ile A %ile 97th %ile A %ile 3rd %ile A %ile 97th %ile A %ile

0 3.54 0.54 94.77 —2.23 2.45 —0.55 95.98 —1.02
0.25 4.55 1.55 98.96 1.96 7.48 4.48 98.64 1.64
0.5 3.47 0.47 98.66 1.66 6.41 3.41 98.84 1.84
0.75 4,42 1.42 98.78 1.78 8.09 5.09 98.21 1.21
1 4.59 1.59 98.09 1.09 7.45 4.45 97.47 0.47
1.5 3.89 0.89 98.73 1.73 6.94 3.94 98.38 1.38
2 3.88 0.88 99.3 2.3 5.65 2.65 99.17 2.17
2.5 8.31 5.31 96.01 —0.99 10.32 7.32 96.45 —0.55
3 7.7 4.7 97.47 0.47 10.27 7.27 97.41 0.47
3.5 7.37 4.37 97.99 0.99 9.57 6.57 97.34 0.34
4 7.26 4.26 97.98 0.98 8.41 5.41 96.90 —0.10
4.5 7.32 4.32 97.81 0.81 7.93 4.93 96.41 —0.59
5 7.62 4.62 97.46 0.46 7.41 4.41 96.02 —0.98
5.5 6.94 3.94 96.45 —0.55 5.51 2.51 93.23 -3.77
6 6.98 3.98 95.76 —1.24 7.52 4.52 94.74 —2.26
6.5 6.82 3.82 94.85 —2.15 10.16 7.16 96.17 —0.83
7 6.67 3.67 94.28 -2.72 9.49 6.49 95.75 —1.25
7.5 6.71 3.71 93.87 -3.13 9.02 6.02 95.39 —1.61
8 6.64 3.64 93.64 —3.36 8.50 5.50 95.34 —1.66
8.5 6.49 3.49 93.58 —3.42 8.08 5.08 95.18 —1.82
9 6.5 3.50 93.83 -3.17 7.69 4.69 95.25 -1.75
9.5 6.62 3.62 94.24 -2.76 7.53 4.53 95.53 —1.47

10 6.72 3.72 94.92 —2.08 7.76 4.76 96.06 —0.94

Age (years) Weight

Girls Boys
3rd %ile A %ile 97th %ile A %ile 3rd %ile A %ile 97th %ile A %ile

0 1.09 —1.91 98.2 1.2 1.56 —1.44 96.74 —0.26
0.25 1.68 -1.32 99.8 2.8 4.17 1.17 99.28 2.28
0.5 2.14 —0.86 98.51 1.51 2.41 —0.59 97.98 0.98
0.75 2.66 —0.34 95.41 —1.59 2.28 —0.72 94.82 —2.18
1 1.22 —1.78 93.72 —3.28 1.88 —-1.12 92.79 —4.21
1.5 1.48 —1.52 94.9 —2.1 1.2 -1.8 96.52 —0.48
2 1.22 —1.78 96.93 -0.07 1.46 —1.54 96.44 —0.56
2.5 8.3 5.3 89.53 —7.47 1.63 -1.37 96.98 —0.02
3 12.81 9.81 91.23 -5.77 1.85 -1.15 97.23 0.23
3.5 16.33 13.33 92.83 —4.17 2.76 —0.24 96.36 —0.64
4 19.34 16.34 93.86 -3.14 1.91 -1.09 98.09 1.09
4.5 20.55 17.55 94.34 —2.66 1.87 -1.13 95.96 —1.04
5 21.04 18.04 93.98 —3.02 1.72 -1.27 96 —1
5.5 20.56 17.56 92.43 —4.57 2.54 —0.46 97.26 0.26
6 18.84 15.84 91.37 —5.63 4.83 1.83 95.17 —1.83
6.5 17.23 14.23 89.99 —7.01 8.91 5.91 91.47 -5.53
7 15.04 12.04 89.3 -7.7 11.84 8.84 93.45 -3.55
7.5 13.62 10.62 88.67 -8.33 12.75 9.75 93.94 —3.06
8 12.41 9.41 88.18 —8.82 13.62 10.62 94.20 —2.80
8.5 11.46 8.46 88.64 —8.36 13.47 10.47 94.47 -2.53
9 10.46 7.46 89.2 -7.8 12.83 9.83 94.75 -2.25
9.5 9.7 6.7 89.86 -7.14 12.14 9.14 94.85 -2.15

10 9.33 6.33 91.03 —5.97 11.1 8.10 95.1 —1.90



Growth charts: Impact on the prevalence of nutritional disorders

333

Table 3

(Continued)

Age (years)

BMI

Girls

Boys

3rd %ile A %ile

85th %ile A %ile

97th %ile A %ile

3rd %ile A %ile

85th %ile A %ile

97th %ile A %ile

0 1.5 -1.5 79.4 —5.6 96.76 —0.24 0.92 —2.08 80.32 —4.68 97.96 0.96
0.25 1.05 —1.95 86.5 1.5 98.66 1.66 2.04 —0.96 85.03 0.03 97.8 0.8
0.5 1.25 —1.75 79.06 —5.94 96.94 —0.06 2.31 —0.69 72.14 —-12.86 93.19 —3.81
0.75 0.99 -2.01 64.83 —20.17 91.12 —5.88 0.81 —-2.19 59.08 —25.92 88.01 —8.99
1 0.39 -2.61 52.44 —32.56 86.03 —-10.97 0.8 —2.2  58.46 —26.54 86.66 —10.34
1.5 0.35 —-2.65 52.31 —32.69 85.82 -11.18 0.25 -2.75 51.3 —33.7 86.2 —10.8
2 0.58 —-2.42 58.5 —26.5 88.06 —8.94 0.34 —2.66 54.97 —30.03 86.97 —10.03
2.5 1.34 —1.66 67.22 —17.78 91.64 —5.34 0.68 —2.32 69.15 —15.85 93.54 —3.46
3 1.74 —1.26 66.45 —18.55 90.58 —6.42 0.56 —2.46 68.54 —16.46 93.54 —3.46
3.5 2.07 —-0.93 64.77 —20.23 90.22 —6.78 0.69 —2.31 66.63 —18.37 92.24 —4.76
4 5.68 2.68 63.99 —21.01 86.53 —10.47 0.36 —2.64 69.95 —15.05 95.69 —1.31
4.5 7.12 4.12 66.93 —18.07 87.54 —9.46 0.48 -2.52 71.57 —13.43 95.64 —1.36
5 7.64 4.64 68.1 —-16.9 88.39 —8.61 3.91 —0.09 69.47 —15.53 91.44 —5.56
5.5 8.94 5.94 67.1 —-17.9 87.82 —9.18 5.58 2.58 69.66 —15.34 90.88 —6.12
6 9.84 6.84 66.36 —18.64 87.27 -9.73 7.12 4.12  69.53 —15.47 90.91 —6.09
6.5 10.36 7.36 64.82 —20.18 87.01 —9.99 7.45 4.45 67.86 —17.14 90.12 —6.88
7 11.04 8.04 63.85 —21.15 85.45 —-11.55 8.16 5.16 66.74 —18.26 89.44 —7.56
7.5 10.7 7.7  62.51 —22.49 85.31 —11.69 7.96 4.96 65.01 —19.99 87.45 —9.55
8 10.87 7.87 61.06 —23.94 85.03 -11.97 8.21 5.21 63 —22 87.08 —9.92
8.5 10.65 7.65 60.63 —24.37 84.79 —-12.21 8.33 5.33 60.9 —-24.1  85.71 —-11.29
9 10.85 7.85 60.3 —24.7 85.38 —11.62 8.29 5.29 60.34 —24.66 85.28 —-11.72
9.5 10.37 7.37 61.28 —23.72 86.19 —-10.91 8.31 5.31  59.97 —25.03 84.98 —12.02
10 10.3 7.3  61.2 —23.8 87.07 —9.93 8.85 5.85 59.8 —25.2 85.65 —11.35

BMI, body mass index; FORBC, Fundacion Orbegozo charts; WHOC, World Health Organization charts; A %ile: increase or decrease in

percentile rank.

For each age, we show the percentile where the numerical value of the analyzed percentile of the WHOC is located in the FORBC.

analyzed age group, overestimate malnutrition in the early
years of life, and underestimate it at later ages. In most of
the age groups under study, the 85th percentile of the Orbe-
gozo charts corresponds to the 97th percentile or higher
in the WHO charts for both sexes. Values that correspond
to overweight according to the Orbegozo charts are in the
obesity range in the WHO charts. In most age groups, the
numerical value of the 97th percentile in the Orbegozo
charts is located in percentiles above 99.99% in the WHO
charts. Under these circumstances, a 3% prevalence of obe-
sity based on the Orbegozo charts would correspond to a
prevalence below 1 in 10000 based on the WHO charts.
Therefore, obesity defined as a BMI above the 97th per-
centile in the Orbegozo charts would be considered a rare
disease (prevalence below 1 in 10000 people as defined by
the European Commission) using the WHO charts as a refer-
ence. When the numerical value of the 85th percentile of the
WHO charts is used as a cut-off point in the Orbegozo charts,
approximately 20% (17%-26%) of schoolchildren that would
have been considered normal before would be labelled as
patients with excess weight.

Another relevant finding is that the standard used in pri-
mary care to assess the growth of children in Spain varies
depending on the AC where they reside. Most ACs use the
Orbegozo charts, but some communities have been introduc-
ing the WHO charts in recent years.

The results of the Spanish Growth Study'?-'# show that
there are no appreciable regional differences in child
growth, so the use of different standards in the various ACs
does not seem to be justified.

The debate on which standard is most appropriate to
assess child growth and the definition of the ideal cut-
off points to define specific nutritional problems has been
spurred in recent years for three reasons: the obesity epi-
demic in developed countries,®** the publication in 2006 of
the WHO charts as a proposed worldwide standard,?>~** and
the emergence of studies that question the usefulness of
this proposal.'*'”="° A recent study in Europe®* showed that
most primary care paediatricians used charts based on their
domestic population, with only a minority (30%) using the
WHO charts regularly in their practise.

There are methodological limitations to the WHO charts,
as only the population 0-5 years of age met the criteria
defined for advantageous conditions that allowed it to be
considered an ideal standard (exclusive breastfeeding and
no socioeconomic or health disadvantages). They may be
particularly useful to monitor exclusively breastfed infants,
especially when there is concern regarding adequate weight
gain.? ¥ Most experts recommend the use of charts based on
national data for each country, especially in children older
than 5 years, and using the WHO charts for international
comparisons. '2-14.17-19,35
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Figure 2  Superimposition of percentiles for each sex: weight.

Statistically significant differences (P<.05) were found in the
means comparison test for the 3rd and the 97th percentiles in
both sexes. FORBC, Fundacion Orbegozo charts; WHOC, World
Health Organization charts.

In Spain, the official clinical practise guideline for pre-
venting and treating obesity in children and adolescents*
recommends using the charts of the 1988 cross-sectional
study of the Fundacidon Orbegozo,? as they were developed
before the increase in the prevalence of obesity, using the
90th and 97th percentiles for BMI as cutoffs for overweight
and obesity, respectively. The values that define obesity
and overweight according to this guideline correspond to
percentiles below the 97th percentile in the recent Span-
ish Growth Study (between the 90th and 97th percentiles
depending on age and sex) for obesity and approximately the
85th percentile for overweight.'”='* The values that define
overweight in this guideline correspond to percentiles above
the 97th percentile of the WHO charts for every age analyzed
in this study (data not shown).

There are limitations to this study. It does not include
data from an external population, so the changes in preva-
lence observed in reference to one of these two standards
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Figure 3  Superimposition of percentiles for each sex: BMI.
Statistically significant differences (P<.05) were found in the
means comparison test for the 3rd percentile (girls only) and
the 85th and 97th percentiles (in both sexes). BMI, body mass
index; FORBC, Fundacion Orbegozo charts; WHOC, World Health
Organization charts.

should only be taken into account when either the Orbe-
gozo or the WHO charts are being used. In this context,
Tables 2 and 3 may be a useful tool in clinical practise to
see how an extreme percentile in one of the charts ranks
in the other chart. The specific quantification of the impact
on prevalence as a function of the standard applied to a
given population will depend on the specific distribution
of the variable being analyzed in that population, although
the direction of the variation (increase or decrease) will be
similar to the one obtained in this study. The data of field
studies conducted in Spain are consistent with the data of
our analysis.>%*’

It is also important that we consider the limitations of
using percentiles as a measurement. Percentiles are habit-
ually used in clinical practise because their interpretation
is straightforward and intuitive. However, any given inter-
val of percentile values corresponds to different absolute
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Figure 4 Graphs representing the difference in percentile rank for the 3rd, 85th, and 97th percentiles for BMI in each age
group depending on the applied growth standard. BMI, body mass index; FORBC, Fundacion Orbegozo charts; WHOC, World Health

Organization charts.

changes in weight, height or BMI depending on where it
is located in the distribution.' Percentiles can be used to
determine cutoffs for overweight or obesity (or if applicable
underweight), but they cannot determine its degree. This
limitation does not extend to the use of z-scores as a ref-
erence: a given interval in z-scores corresponds to a fixed
difference in weight, height or BMI in children of a given age.
Consequently, z-scores are a useful tool to determine the
degree of obesity (or underweight).?' Despite these limita-
tions, we based our analysis on percentiles because it is the

most commonly used graphic representation of reference
data in Spain.'-3¢-14

In short, our study showed, on one hand, that there
are significant differences between the two standards for
growth measurement and classification (Orbegozo and WHO
charts), and on the other hand, that the reference used in
the CHB and/or PCPMRs in Spain varies between autonomous
communities, with no apparent justification for it. Ideally, a
single chart with clearly emphasized ‘‘cut-off’’ percentiles
would be used for anthropometric assessment in primary
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care across Spain. A consensus should be reached on which
charts to use and the cut-off points to be applied for the def-
inition of unhealthy or pathological values, as the available
evidence is not strong enough to make decisions outside of
a consensus.
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