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Development of a WHO growth reference for school-aged

children and adolescents
Mercedes de Onis,? Adelheid W Onyango,? Elaine Borghi,2 Amani Siyam,? Chizuru Nishida® & Jonathan Siekmann?

Objective To construct growth curves for school-aged children and adolescents that accord with the WHO Child Growth Standards
for preschool children and the body mass index (BMI) cut-offs for adults.

Methods Data from the 1977 National Center for Health Statistics (NCHS)/WHO growth reference (1-24 years) were merged
with data from the under-fives growth standards' cross-sectional sample (18=71 months) to smooth the transition between the
two samples. State-of-the-art statistical methods used to construct the WHO Child Growth Standards (05 years), i.e. the Box-Cox
power exponential (BCPE) method with appropriate diagnostic tools for the selection of best models, were applied to this combined
sample.

Findings The merged data sets resulted in a smooth transition at 5 years for height-for-age, weight-for-age and BMI-for-age.
For BMI-for-age across all centiles the magnitude of the difference between the two curves at age 5 years is mostly 0.0 kg/m2 to
0.1 kg/m2. At 19 years, the new BMI values at +1 standard deviation (SD) are 25.4 kg/m?2 for boys and 25.0 kg/m2 for girls. These
values are equivalent to the overweight cut-off for adults (= 25.0 kg/m2). Similarly, the +2 SD value (29.7 kg/m2 for both sexes)
compares closely with the cut-off for obesity (= 30.0 kg/m?2).

Conclusion The new curves are closely aligned with the WHO Child Growth Standards at 5 years, and the recommended adult
cut-offs for overweight and obesity at 19 years. They fill the gap in growth curves and provide an appropriate reference for the 5

to 19 years age group.
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Introduction

The need to develop an appropriate sin-
gle growth reference for the screening,
surveillance and monitoring of school-
aged children and adolescents has been
stirred by two contemporary events: the
increasing public health concern over
childhood obesity' and the April 2006
release of the WHO Child Growth
Standards for preschool children based
on a prescriptive approach.? As countries
proceed with the implementation of
growth standards for children under 5
years of age, the gap across all centiles
between these standards and existing
growth references for older children has
become a matter of great concern. It is
now widely accepted that using descrip-
tive samples of populations that reflect
a secular trend towards overweight and
obesity to construct growth references
results inadvertently in an undesirable

upward skewness leading to an underes-
timation of overweight and obesity, and
an overestimation of undernutrition.?
The reference previously recom-
mended by WHO for children above 5
years of age, i.e. the National Center for
Health Statistics (NCHS)/WHO inter-
national growth reference,* has several
drawbacks.’ In particular, the body mass
index-for-age reference, developed in
1991,° only starts at 9 years of age,
groups data annually and covers a lim-
ited percentile range. Many countries
pointed to the need to have body mass
index (BMI) curves that start at 5 years
and permit unrestricted calculation of
percentile and z-score curves on a con-
tinuous age scale from 5 to 19 years.
The need to harmonize growth as-
sessment tools conceptually and prag-
matically prompted an expert group
meeting in January 2006 to evaluate the
feasibility of developing a single inter-

national growth reference for school-
aged children and adolescents.”® The
experts agreed that appropriate growth
references for these age groups should
be developed for clinical and public
health applications. They also agreed
that a multicentre study, similar to the
one that led to the development of the
WHO Child Growth Standards for 0 to
5 years, would not be feasible for older
children, as it would not be possible to
control the dynamics of their environ-
ment. Therefore, as an alternative, the ex-
perts suggested that a growth reference
be constructed for this age group using
existing historical data and discussed the
criteria for selecting the data sets.
WHO subsequently initiated a pro-
cess to identify existing data sets from
various countries. This process resulted
in an initial identification of 115 candi-
date data sets from 45 countries, which
were narrowed down to 34 data sets

2 Department of Nutrition, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland. Correspondence to Mercedes de Onis

(e-mail: deonism@who.int).
doi: 10.2471/BLT.07.043497

(Submitted: 25 April 2007 — Final revised version received: 12 July 2007 — Accepted: 15 July 2007)

660

Bulletin of the World Health Organization | September 2007, 85 (9)



Mercedes de Onis et al.

from 22 countries that met the inclusion
criteria developed by the expert group.
However, after further review, even these
most promising studies showed great
heterogeneity in methods and data qual-
ity, sample size, age categories, socioeco-
nomic status of participating children
and various other factors critical to
growth curve construction. Therefore,
it was unlikely that a growth reference
constructed from these heterogeneous
data sets would agree with the WHO
Child Growth Standards at 5 years of
age for the different anthropometric
indicators needed (i.e. height-for-age,
weight-for-age and BMI-for-age).

In consequence, WHO proceeded
to reconstruct the 1977 NCHS/WHO
growth reference from 5 to 19 years,
using the original sample (a non-obese
sample with expected heights), supple-
mented with data from the WHO Child
Growth Standards (to facilitate a smooth
transition at 5 years), and applying the
state-of-the-art statistical methods®!°
used to develop standards for preschool
children, that is, the Box-Cox power
exponential (BCPE) method with ap-
propriate diagnostic tools for the selec-
tion of best models.

The purposes of this paper are to re-
port the methods used to reconstruct the
1977 NCHS/WHO growth reference,
to compare the resulting new curves (the
2007 WHO reference) with the 1977
NCHS/WHO charts, and to describe
the transition at 5 years of age from the
WHO standards for under-fives to these
new curves for school-aged children and
adolescents.

Methods

Sample description

The core sample used for the reconstruc-
tion of the reference for school-aged
children and adolescents (5-19 years)
was the same as that used for the con-
struction of the original NCHS charts,
pooling three data sets.'' The first and
second data sets were from the Health
Examination Survey (HES) Cycle 11
(6-11 years) and Cycle III (1217 years).
The third data set was from the Health
and Nutrition Examination Survey
(HANES) Cycle I (birth to 74 years),
from which only data from the 1 to 24
years age range were used. Given the
similarity of the three data sets,!! the data
were merged without adjustments.
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Fig. 1. Comparison between the 1977 and 2007 height-for-age z-score curves
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The total sample size was 22 917
(11 410 boys, 11 507 girls). For the in-
dicator height-for-age, 8 boys (0.07%),
including an 18 month-old with length
51.6 cm, and 14 girls (0.12%) had
outlier height measurements that were
set to missing in the data set. For the
weight-based indicators (i.e. weight-
for-age and BMI-for-age), the same
cleaning approach used for the con-
struction of the WHO Child Growth
Standards (cross-sectional component)
was applied to avoid the influence of
unhealthy weights-for-height.'’ As a
result, 321 observations for boys (2.8%)
and 356 observations for girls (3.0%)
were excluded.

A smooth transition from the
WHO Child Growth Standards (0-5
years) to the reference curves beyond 5
years was provided by merging data from
the growth standards’ cross-sectional
sample (18—71 months) with the NCHS
final sample before fitting the new
growth curves. The growth curves for
ages 5 to 19 years were thus constructed
using data from 18 months to 24 years.
The final sample used for fitting the
growth curves included 30 907 observa-
tions (15 537 boys, 15 370 gitls) for the
height-for-age curves, 30 100 observa-
tions (15 136 boys, 14 964 gitls) for
the weight-for-age curves, and 30 018
observations (15 103 boys, 14 915 girls)
for the BMI-for-age curves.

Statistical methods
As the goal was to develop growth
curves for school-aged children and
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adolescents that accord with the WHO
Child Growth Standards for preschool
children, we reapplied the state-of-the-
art statistical methods used to construct
the growth standards for children under
5 years of age.'” The development of
the standards for under-fives followed
a methodical process that involved: (a)
detailed examination of existing meth-
ods, including types of distributions and
smoothing techniques; (b) selection of
a software package flexible enough to
allow comparative testing of alternative
methods and the actual generation of the
curves; and (c) systematic application of
the selected approach to the data to gen-
erate models that best fitted the data.’

The BCPE method,"? with curve
smoothing by cubic splines, was used
to construct the curves. This method
accommodates various kinds of dis-
tributions, from normal to skewed or
kurtotic. After the model was fitted us-
ing the whole age range (18 months to
24 years), the curves were truncated to
cover the required age range (i.e. 5-19
years for height-for-age and BMI-for-
age, and 5-10 years for weight-for-age),
thus avoiding the right- and left-edge
effects.’

The specifications of the BCPE
models that provided the best fit to gen-
erate the growth curves were:

For height-for-age:

BCPE(A=1, df(n) =12, df(c) =4, v=1,
1=2) for boys

BCPE(A=0.85, df(n) =10, df(c) =4,
v=1, 1=2) for girls.

661



Research

Growth curves for school-aged children and adolescents

For weight-for-age:

BCPE(A = 1.4, df(n) =10, df(c) =8,
df(v) =5, 1=2) for boys
BCPE(A=1.3, df(n) =10, df(o) =3,
df(v) =3, 1=2) for girls.

For BMI-for-age:

BCPE(A =0.8, df(n) =8, df(o) =4,
df(v) =4, t1=2) for boys

BCPE(L =1, df(p) = 8, df(s) = 3,
df(v) =4, 1=2) for gitls.

Where A is the power of the transfor-
mation applied to age before fitting the
model; df(p) is the degrees of freedom
for the cubic splines fitting the median
(W); df(o) the degrees of freedom for
the cubic splines fitting the coeflicient
of variation (o); df(v) the degrees of
freedom for the cubic splines fitting the
Box-Cox transformation power (v) (for
height-for-age fixed v = 1); and 7 is the
parameter related to the kurtosis (in all
three cases fixed 1 = 2).

The selected models for boys and
girls ultimately simplify to the LMS
method," since it was not necessary to
model the parameter related to kurtosis.
For height-for-age, the data follow the
standard normal distribution, so it was
not necessary to model either the param-
eter related to skewness or to kurtosis.

Results

Percentile and z-score curves and tables
were generated ranging from the Ist to
the 99th percentile and from the -3 to
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Fig. 2. Comparison between the 1977 and 2007 height-for-age z-score curves
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the +3 standard deviation (SD). The full
set of clinical charts and tables displayed
by sex and age (years and months), per-
centile and z-score values and related in-
formation (e.g. LMS values) are provided
on the WHO web site (htep://www.who.
int/growthref/).

Sex-specific comparisons of the
1977 NCHS/WHO reference and the
newly reconstructed curves are presented
in the figures for height-for-age, weight-
for-age and BMI-for-age, respectively.

Height-for-age
The difference in shape between the
1977 and 2007 curves is more evident

Fig. 3. Comparison between the 1977 and 2007 weight-for-age z-score curves
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for boys (Fig. 1) than it is for girls (Fig.
2), especially at the upper end of the
age range (1518 years; 18 years is the
maximum age limit of the 1977 curves).
Differences in boys’ attained height
z-scores (1977 versus 2007 curves) at 5
years are negligible, ranging from 0.1 cm
in the curves below the median to 0.3 cm
at +2 and +3 SD (Fig. 1). The two sets
of curves follow more variable patterns
in both shape and the spread of attained
heights as they advance from age 10 years
to the end of the age range. For example,
at 18 years, the distribution of heights
from -3 to +3 SD is tighter by 5 cm in
the 1977 curves compared with those
for 2007. Between —3 SD and the me-
dian, the 1977 curves are higher by 3.3
cm, 2.4 cm, 1.5 cm and 0.7 cm, respec-
tively. Conversely, the 1977 curves above
the median are lower than corresponding
2007 curves by 0.2 cm (+1 SD), 1.1 cm
(+2 SD) and 2.0 cm (+3 SD).
Although the disparity at 5 years
between the two sets of girls’ curves
(Fig. 2) is greater than that observed for
boys, ranging between 0.2 cm (-3 SD)
and 1.7 cm (+3 SD), the curve shapes in
later years follow more comparable pat-
terns and culminate in a more similar
distribution of attained height z-scores
between 15 and 18 years of age. As ob-
served for boys, the negative SDs and
median of the 1977 set at 18 years are
higher than their equivalent 2007 curves
by 2.6 cm (-3 SD), 2.0 cm (-2 SD), 1.2
cm (=1 SD) and 0.6 cm (median). The
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+1 SD curves overlap at 18 years, and
in reverse pattern to the negative SDs,
the 1977 curves are lower by 0.7 cm (+2
SD) and 1.3 cm (+3 SD).

Weight-for-age

In the lower half of the weight-for-age
distribution, the largest difference be-
tween the 1977 and 2007 boys’ curves
(Fig. 3) is at 10 years of age, where the
2007 curves are higher by 2.9 kg (-3
SD) and 1.1 kg (-2 SD). In the upper
half of the distribution, the largest dis-
parities between the +1 SD and +2 SD
curves are also at age 10 years, but in this
case the 1977 curves are higher by 1.7 kg
and 1.0 kg. The +3 SD curves present
sizeable differences, with the 1977 curve
being consistently lower throughout the
age range (from 1.6 kg at 5 years to 3.1
kg at 10 years). Girls present similar pat-
terns to those observed for boys (Fig. 4).
At the lower bound, disparities are larger
for girls than they are for boys. For girls
at 10 years, the 2007 curves are higher
by 3.7 kg (-3 SD) and 1.4 kg (-2 SD).
At the upper bound, the largest disparity
for the +3 SD curves is at 5 years, where
the 2007 curve is 3.1 kg above the 1977
curve, but the difference decreases to
1.7 kg at 10 years. The +2 SD curves
cross between 8 and 9 years. At 5 years,
the 2007 curve is higher by 1.3 kg and,
at 10 years, it is lower than the 1977
curve by 2.3 kg.

BMiI-for-age

Fig. 5 (boys) and Fig. 6 (girls) show the
reference data for BMI-for-age devel-
oped in 1991 that WHO has to date rec-
ommended for ages 9 to 24 years® and
how they compare with corresponding
centiles of the newly constructed curves
in the age period where the two sets
overlap (9-19 years). The 5th, 15th and
50th percentiles for boys (Fig. 5) start at
9 years with small differences (0.1 kg/m?
and 0.2 kg/m?) between the 1991 refer-
ence values and the 2007 curves. The
two sets then track closely and cross over
atabout 17 years, so that by 19 years the
2007 percentiles are 0.3 kg/m? or 0.4
kg/m? higher than the 1991 reference
values. The 85th percentile of the 1991
reference originates at 0.9 kg/m? above
its 2007 equivalent and tracks above it
to end at 0.8 kg/m? higher at 19 years.
For the 95th percentile, the 1991 refer-
ence starts at 2.0 kg/m? higher and veers
upwards, terminating 2.6 units above
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Fig. 4. Comparison between the 1977 and 2007 weight-for-age z-score curves
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the 2007 curve at 19 years. The patterns
observed in the boys™ curves are also
evident among girls (Fig. 6), except that
the crossover of the 5th, 15th and 50th
percentiles occurs at 13 years, and differ-
ences in the 50th and 95th percentiles
are slightly larger than corresponding
differences in the boys’ percentiles. A
wiggly pattern is noticeable in the 1991
reference values, particularly in the 50th,
85th and 95th percentiles.

At 19 years of age, the 2007 BMI
values at +1 SD are 25.4 kg/m? for boys
and 25.0 kg/m? for girls, while the
+2 SD values are 29.7 kg/m? for both

Sexes.

Transition to the 2007 WHO
reference at 5 years

A main objective for reconstructing the
1977 NCHS/WHO reference was to
provide a smooth transition from the
WHO standard curves for under-fives
to the reference curves for older children.
Table 1 presents values at 5 years for the
various indicators by sex of the 1977
and 2007 references for school-aged
children and adolescents, and the WHO
standards for under-fives.

Disparities between the 1977 refer-
ence and the WHO height-for-age and
weight-for-age standards for girls at 5
years were larger than those observed
in corresponding boys’ curves. For
example, the differences in the boys’
height-for-age curves were at most 0.2
cm, in contrast to the girls’ curves that
were disparate by as much as 1.7 cm and
2.1 cm at +2 and +3 SD, respectively.
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For weight-for-age, differences between
the 1977 reference and the WHO stan-
dards at +3 SD were 2.0 kg for boys and
3.5 kg for girls. Since no NCHS-based
reference values for BMI were available
for ages below 9 years, the table presents
comparative values only for the 2007
reconstructed reference and the WHO
standards at 5 years of age.

The reconstruction resulted in
curves that are closely aligned to cor-
responding WHO standards at the
junction (5 years). For height-for-age
boys, the three negative SDs are only
0.1 cm apart, the median and +1 SD
curves differ by 0.3 cm, and disparities
at +2 SD and +3 SD are 0.4 cm and
0.5 cm, respectively. For girls, the differ-
ences between the two sets of curves are
0.3 cm or 0.4 cm through the full range
of z-scores. For weight-for-age, where
differences between the 1977 reference
and the WHO standards at 5 years were
considerable, the reconstruction sub-
stantially reduced differences in the final
curves. The boys’ medians are equal,
while their negative z-scores differ by 0.1
kg or 0.2 kg, and the positive z-scores
by 0.1 kg (+1 SD), 0.3 kg (+2 SD) and
0.4 kg (+3 SD). Residual differences in
the two sets of curves for girls are in a
range similar to those in the boys’ curves,
which is between 0.0 kg and 0.4 kg.

The merger of the under-fives
growth standards’ data (18-71 months)
with the NCHS core sample to fit the
2007 curves for school-aged children
and adolescents resulted in a very
smooth transition between the WHO
Child Growth Standards and the newly
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constructed references for BMI-for-age.
For both boys and girls, differences be-
tween the two curve sets at 5 years are
mostly 0.0 kg/m? or 0.1 kg/m?, and
never more than 0.2 kg/m?.

Discussion

The need for a widely applicable growth
reference for older children and ado-
lescents was increasingly recognized
by countries attempting to assess the
magnitude of the growing public health
problem of childhood obesity. This
need was reaffirmed by the release of
the under-five growth standards. The
reconstruction presented in this paper
has resulted in growth curves that are
closely aligned to the WHO Child
Growth Standards at 5 years and as such
are a suitable complementary reference
for use in school-aged child and adoles-
cent health programmes. The various
clinical charts and tables provided on
the Internet will allow for the practical
application of the reference.

The approach used in constructing
the 2007 WHO reference addressed the
limitations of the 1977 NCHS curves
recognized by the 1993 expert commit-
tee” that recommended their provisional
use for older children. The height-for-
age median curves of the 1977 and 2007
references overlap almost completely
with only a slight difference in shape,
which is probably due to the different
modelling techniques used. For the
1977 NCHS/WHO curves, age-specific
standard deviations from the median
were derived from the observed disper-
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Fig. 5. Comparison between the 1991 and 2007 body mass index-for-age

percentile curves — boys
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sion of six percentile curves (5th, 10¢h,
25th, 75th, 90th and 95th) and then
smoothed by a combination of polyno-
mial regression and cubic splining tech-
niques.'* In the 2007 reconstruction, age
was modelled as a continuous variable,
and the curves were fitted simultane-
ously and smoothed throughout the age
range using cubic splines. Furthermore,
edge effects were avoided by construct-
ing the 2007 curves with data that
extended beyond the lower and upper
age bounds of the final reference curves.
The latter may explain why the 1977
NCHS/WHO curves have pronounced
wiggly shapes towards the upper age

Fig. 6. Comparison between the 1991 and 2007 body mass index-for-age

percentile curves — girls

+
30 2007 + +
4 ¢ 1991 +
25 1
c‘z‘ -
=
(==}
20 4
15
FIERRTTT v e eer v v e vvrrrrrvar v en e errreverrreeneny
5 [3 7 8 9 16 17 18 19
Age (years)
664

Age {years)

limit of the reference compared with the
2007 curves.

When compared to the 1977
NCHS/WHO curves, the differences in
the newly reconstructed weight-for-age
curves are significant in all centiles apart
from the median and the —1 SD curves,
reflecting the important difference in
curve construction methodology. The
fact that the median curves of the two
references overlap almost completely is
reassuring in that the two samples used
for fitting the models are the same within
the healthy range (i.e. middle range of
the distribution). The methodology
available at the time of constructing the
1977 curves was limited in its ability to
model skewed data.' Fixing a higher
standard deviation distance between the
curves above the median and a lower
one for the curves below, as was done,
partially accounted for the skewness
in the weight data but failed to model
the progressively increasing distances
between the SD curves from the lower
to the upper tails of the weight-for-age
distribution. To fit the skewed data
adequately, the LMS method (used in
the construction of the 2007 curves and
other recently developed weight-based
references) fits a Box-Cox normal dis-
tribution, which follows the empirical
data closely.>""7

'The reference data for BMI-for-age
recommended by WHO are limited in
that they begin only at 9 years of age
and cover a restricted distribution range

(5th-95th percentiles). The empirical
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Table 1. Reference values for height-for-age, weight-for-age and body mass index-for-age at 5 years by sex for the 1977 and
2007 references, and the WHO Child Growth Standards

1977 reference 2007 reference WHO standards?® 1977 reference 2007 reference WHO standards?®
Z-scores Boys Girls
Height-for-age (cm)
-3SD 96.1 96.0 96.1 95.1 94.9 95.2
-2SD 100.7 100.6 100.7 99.5 99.6 99.9
-1SD 105.3 105.2 105.3 104.0 104.3 104.7
Median 109.9 109.7 110.0 108.4 109.1 109.4
+1SD 114.5 114.3 114.6 112.8 113.8 114.2
+2 SD 119.1 118.8 119.2 117.2 118.6 118.9
+3SD 123.7 123.4 123.9 121.6 123.3 123.7
Weight-for-age (kg)
-3SD 12.3 12.6 12.4 11.9 12.2 12.1
-2SD 14.4 14.2 14.1 13.8 13.8 13.7
-1SD 16.6 16.1 16.0 15.7 15.8 15.8
Median 18.7 18.3 18.3 17.7 18.1 18.2
+1SD 21.1 20.9 21.0 20.4 21.0 21.2
+2 SD 23.5 23.9 24.2 23.2 24.5 24.9
+3SD 25.9 27.5 27.9 26.0 29.1 29.5
Body mass index-for-age (kg/m?)°

-3SD - 12.1 12.0 - 11.8 11.6
-2SD - 13.0 12.9 - 12.8 12.7
-1SD - 14.1 14.0 - 13.9 13.9
Median - 15.3 15.2 - 15.2 15.3
+1SD - 16.6 16.6 - 16.9 16.9
+2SD - 18.2 18.3 - 18.8 18.8
+3 SD - 20.1 20.3 — 21.3 21.1

3 WHO Child Growth Standards for 05 years of age.2"°
® For BMI, the 1991 reference data start at 9 years of age.*

reference values were estimated us-
ing data that were grouped by age in
years, and then smoothed using locally
weighted regression.® The 2007 recon-
struction permits the extension of the
BMI reference to 5 years, where the
curves match WHO under-five curves
almost perfectly. Furthermore, at 19
years of age, the 2007 BMI values for
both sexes at +1 SD (25.4 kg/m? for
boys and 25.0 kg/m? for girls) are
equivalent to the overweight cut-off

used for adults (= 25.0 kg/m?), while
the +2 SD value (29.7 kg/m? for both
sexes) compares closely with the cut-off
for obesity (= 30.0 kg/m?).'8

The 2007 height-for-age and BMI-
for-age charts extend to 19 years, which
is the upper age limit of adolescence as
defined by WHO." The weight-for-age
charts extend to 10 years for the ben-
efic of countries that routinely measure
only weight and would like to monitor

growth throughout childhood. Weight-

for-age is inadequate for monitoring
growth beyond childhood due to its
inability to distinguish between relative
height and body mass, hence the provi-
sion here of BMI-for-age to complement
height-for-age in the assessment of thin-
ness (low BMI-for-age), overweight and
obesity (high BMI-for-age) and stunting
(low height-for-age) in school-aged chil-

dren and adolescents. M

Competing interests: None declared.

Résumé

Mise au point d'une référence de croissance pour les enfants d'age scolaire et les adolescents

Objectif Construire des courbes de croissance pour les enfants
d'age scolaire et les adolescents concordant avec la Norme OMS
de croissance de I'enfant pour les enfants d'age préscolaire et
avec les points de coupure pour I'indice de masse corporelle (IMC)

s'appliquant aux adultes.

Méthodes Les données de référence NCHS/OMS pour la
croissance (de 1 a 24 ans) de 1977 ont été regroupées avec
celles de I"échantillon transversal d'enfants de moins de 5 ans
(18 a 71 mois) utilisé pour la norme de croissance de maniere

a lisser la transition entre les deux échantillons. Les méthodes
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statistiques correspondant a I'état de la technique [méthode
Box-Cox-power-exponential (BCPE), complétée par des outils
permettant de sélectionner les meilleurs modeéles], ayant servi a
construire la norme OMS de croissance de I'enfant (0 a 5 ans),
ont été appliquées a cet échantillon combiné.

Résultats La fusion des jeux de données a permis d'obtenir
une transition plus douce au niveau de 5 ans pour les courbes
de taille, de poids et d'IMC en fonction de I'age. S'agissant de
I'lMC en fonction de I'dge, sur I'ensemble des centiles, I'ampleur
de la différence entre les deux courbes a I'age de 5 ans se situe
principalement entre 0,0 kg/m? et 0,1 kg/m2. A 19 ans, les
nouvelles valeurs d'IMC correspondant a un écart type de +1 sont

Mercedes de Onis et al.

de 25,4 kg/m? pour les garcons et de 25,0 kg/m?2 pour les filles. Ces
valeurs concordent avec le point de coupure pour I'exces pondéral
chez I'adulte (= 25,0 kg/m?2). De méme, les valeurs correspondant
a plus de 2 écarts types (29,7 kg/m? pour les deux sexes) sont tres
proches du point de coupure pour I'obésité (= 30,0 kg/m?2).
Conclusion Les nouvelles courbes coincident étroitement a 5 ans
avec la norme OMS de croissance de I'enfant et a 19 ans avec
les points de coupure recommandés chez I'adulte pour I'excés
pondéral et |'obésité. Elles comblent les lacunes en matiére de
courbes de croissance et fournissent une référence appropriée
pour la tranche d'ages 5 -19 ans.

Resumen

Elaboracion de valores de referencia de la OMS para el crecimiento de escolares y adolescentes

Objetivo Elaborar curvas de crecimiento para escolares y
adolescentes que concuerden con los Patrones de Crecimiento
Infantil de la OMS para preescolares y los valores de corte del
indice de masa corporal (IMC) para adultos.

Métodos Se fusionaron los datos del patron internacional de
crecimiento del National Center for Health StatisticssOMS de
1977 (1-24 afios) con los datos de la muestra transversal de los
patrones de crecimiento para menores de 5 afios (18—71 meses),
con el fin de suavizar la transicion entre ambas muestras. A esta
muestra combinada se le aplicaron los métodos estadisticos
de vanguardia utilizados en la elaboracién de los Patrones
de Crecimiento Infantil de la OMS (0-5 afios), es decir, la
transformacion de potencia de Box-Cox exponencial, junto con
instrumentos diagndsticos apropiados para seleccionar los mejores
modelos.

Resultados La fusion de los dos conjuntos de datos proporciond

una transicion suave de la talla para la edad, el peso para la edad
y el IMC para la edad a los 5 afios. Con respecto al IMC para la
edad, la magnitud de la diferencia entre ambas curvas a los 5 afios
fue generalmente de 0,0 kg/m2 a 0,1 kg/m2 en todos los centiles.
A los 19 afios, los nuevos valores del IMC para +1 desviacion
estandar (DE) fueron de 25,4 kg/m2 para el sexo masculino y de
25,0 kg/m2 para el sexo femenino, es decir, equivalentes al valor de
corte del sobrepeso en adultos (= 25,0 kg/m?). A su vez, el valor
correspondiente a +2 DE (29,7 kg/m2 en ambos sexos) fue muy
similar al valor de corte de la obesidad (= 30,0 kg/m?).
Conclusion Las nuevas curvas se ajustan bien a los Patrones
de Crecimiento Infantil de la OMS a los 5 afios y a los valores
de corte del sobrepeso y de la obesidad recomendados para los
adultos a los 19 afios, colman la laguna existente en las curvas de
crecimiento y constituyen una referencia apropiada para el grupo
de 5 a 19 afios de edad.
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