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Abstract

Background—Before estimating smoothed percentiles of weight-for-height and BMI-for-age to
construct the WHO growth charts, WHO excluded observations that were considered to represent
unhealthy weights for height.

Objective—The objective was to estimate the effects of similar data trimming on empirical
percentiles from the CDC growth-chart data set relative to the smoothed WHO percentiles for ages
24-59 mo.

Design—We used the nationally representative US weight and height data from 1971 to 1994,
which was the source data for the 2000 CDC growth charts. Trimming cutoffs were calculated on
the basis of weight-for-height for 9722 children aged 24-71 mo. Empirical percentiles for 7315
children aged 24-59 mo were compared with the corresponding smoothed WHO percentiles.

Results—Before trimming, the mean empirical percentiles for weight-for-height in the CDC data
set were higher than the corresponding smoothed WHO percentiles. After trimming, the mean
empirical 95th and 97th percentiles of weight-for-height were lower than the WHO percentiles,
and the proportion of children in the CDC data set above the WHO 95th percentile decreased from
7% to 5%. The findings were similar for BMI-for-age. However, for weight-for-age, which had
not been trimmed by the WHO, the empirical percentiles before trimming agreed closely with the
upper percentiles from the WHO charts.

Conclusion—WHO data-trimming procedures may account for some of the differences between
the WHO growth charts and the 2000 CDC growth charts.

INTRODUCTION

Growth charts are widely used tools for assessing the growth of individual children in
clinical settings and for assessing the nutritional status of population samples. Such charts
provide anthropometric data, such as stature or weight for stature, in the form of a set of
percentiles that allow a child’s measurements to be compared with those of children of the
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same sex and age. In 2000, the National Center for Health Statistics/CDC constructed new
growth charts primarily with data from the NHANES program from the 1960s, 1970s, and
1980s (1-3). These charts are known as the 2000 CDC Growth Charts for the United States.
These charts are principally based on a combination of cross-sectional data from nationally
representative surveys in the United States.

In 2006 the WHO released a new set of growth charts for children from birth through 5 y of
age, known as the WHO Child Growth Standards (4). The WHO charts are based on
different principles than are the aforementioned CDC growth charts.

The selection process for the WHO sample was different from that used for the CDC data.
The WHO charts are based on a highly selected sample of children from sites in Brazil,
Ghana, India, Norway, Oman, and the United States who were not subjected to
socioeconomic constraints on growth, who were healthy term singleton births, who were fed
according to prespecified feeding recommendations for breast and supplementary feeding,
and whose mothers received intensive counseling and support and did not smoke before,
during, or after pregnancy. In a prescriptive approach, it is assumed that the resulting growth
charts will define the unimpeded growth of children (5). The WHO selection process used
prespecified criteria to select a sample that would display healthy growth by definition.
Issues related to the use of universal standards compared with local references have been the
topic of considerable discussion (6).

In contrast, the CDC data came from nationally representative samples in the United States.
Any differences between the WHO charts and the CDC charts may be attributed to these
selection criteria taken as a whole. It is not clear how large the contribution of any given
criterion might be or which criteria are the most important.

An additional aspect that can contribute to differences between the WHO and the CDC
weight-for-height and BMI-for-age percentiles, beyond the methods of sample selection, is
the WHO procedure followed to trim weights-for-height that they considered to be
unhealthy. The WHO selection process used pre-specified criteria to select a sample that
would display healthy growth by definition; however, after the data were examined, it was
thought necessary to also exclude weight-for-height data for some children whose achieved
growth was considered unhealthy. As a result, before calculating smoothed percentiles of
weight-for-height, WHO trimmed the weight-for-height data to eliminate the observations
for those children and used the same trimmed weight and height data to calculate the
smoothed percentiles of BMI-for-age. Thus, for weight-for-height and BMI-for-age, the
sample of children used for the WHO growth charts was additionally selected on the
outcome variable, and this is another potential source of differences.

The purpose of this report was to apply trimming to the CDC growth-chart data that is
similar to the trimming that was applied to the WHO data and assess the effect of such
trimming on the empirical CDC weight-for-height, BMI-for-age, and weight-forage
percentiles for ages 24-59 mo relative to the percentiles from the WHO charts.
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chart data set

We used the data set that was used to create the 2000 CDC growth charts. Because this is the
same data set, the empirical percentiles from this data set are very close to the smoothed
percentiles from the 2000 CDC growth charts. The CDC 2000 growth charts were based on
a different smoothing method than used for the WHO charts. For the CDC charts, a set of
selected percentiles were smoothed separately by using a variety of parametric and
nonparametric methods described in detail elsewhere (2). The CDC charts did not use the
lambda-mu-sigma (LMS) smoothing method that was used for the WHO charts (4, 7).
Although the CDC charts include LMS parameters, these were not created with the LMS
method (7). Rather, the CDC LMS parameters were back-calculated from the previously
smoothed percentiles and not from any other features of the data (2, 8). In general, the
different smoothing methods should yield very similar results. However, to avoid
confounding the present exercise with a potential methodologic change in smoothing
criteria, the comparisons that follow are limited to the CDC empirical percentiles before and
after trimming and the smoothed WHO percentiles.

Data trimming procedures

The WHO exclusions are described in the technical report (4) as follows:

“To avoid the influence of unhealthy weights for length/height, observations falling above
+3 SD [standard deviations] and below -3 SD of the sample median were excluded prior to
constructing the standards. For the cross-sectional sample, the +2 SD cut-off (i.e. 97.7
percentile) was applied instead of +3 SD as the sample was exceedingly skewed to the right,
indicating the need to identify and exclude high weights for height. This cut-off was
considered to be conservative given that various definitions of overweight all apply lower
cut-offs than the one used (Daniels et al., 2005; Koplan et al., 2005). To derive the above-
mentioned cut-offs based on the sex-specific weight-for-length/height indicator, the weight
median and coefficient of variation curves were modeled continuously across length/height
using an approach that accounted for the sample’s asymmetry as described below. The data
were split into two sets: one set with all points above the median and another with all points
below the median. For each of the two sets, mirror values were generated to create
symmetrically distributed values around the median for the upper and lower sets. The
generation of mirror data was necessary to simulate a symmetric distribution based on the
distinct variabilities of the upper and lower sets. For each of the mirror data sets, median and
coefficient of variation curves were estimated continuously across the length/height range
using the LMS method (Cole and Green, 1992) fixing L=1, i.e. fitting a normal distribution
to the data for each specific length/height value, to derive the corresponding cut-offs. In
total, only a small proportion of observations were excluded for unhealthy weight-for length/
height: 185 (1.4%) for boys and 155 (1.1%) for girls, most of which were in the upper end of
the cross-sectional sample distribution (Table 5).” (7, 9, 10).

As shown in Table 5 of the WHO report, 2.7% of boys and 2.7% of girls in the cross-
sectional sample (ages 18—-71 mo) were excluded for high values of weight-for-height. These

Am J Clin Nutr. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Flegal et al.

Page 4

exclusion rates are very similar to the desired exclusion of 2.3% (equivalent to 2 SDs above
the median) for the cross-sectional sample. For low values, the exclusion rate was 0.1%
(equivalent to 3 SDs below the median).

We duplicated the WHO procedure to the extent feasible and excluded both high and low
weight-for-height values from the original CDC growth-chart data set in a manner broadly
consistent with the WHO procedure. As with the WHO procedure, the exclusions were
based on the data set itself and not on an external standard.

The WHO cross-sectional sample covers ages 18-71 mo. Because the CDC growth-chart
data set does not have standing height for children younger than age 24 mo, we used the
CDC growth-chart weight and height data set for 9722 children aged 24 mo through 71 mo
to find the trimming cutoff values. We created 40 height categories for each sex such that
each contained roughly 5% of the sample size for that sex. The height range within each
height category was <2 cm except for the 2 extreme categories at the low and high ends of
the distribution. Within each height category, we used empirically determined fixed
percentile cutoffs of the 98th and 0.4th percentiles to match the trimming levels used by
WHO (after sample weighting, these cutoffs trimmed the top 2.7% and the bottom 0.1% of
the CDC sample) to provide cutoff values for trimming. We also used a mirroring procedure
for the height groups similar to that used by WHO and used estimated SDs within the
mirrored data sets to calculate data exclusions; the results were very similar (data not
shown).

Comparisons of trimmed and untrimmed CDC data with WHO smoothed percentiles

Although the WHO cross-sectional sample covers ages 18-71 mo, the WHO BMI-for-age
percentiles are available only for children aged 24-59 mo. Thus, we limited our comparisons
to that age range. We calculated empirical weight-for-height percentiles from the CDC
growth-chart data set for 7315 children aged 24-59 mo and compared them with the
smoothed percentiles from the WHO charts. Selected empirical percentiles of weight (5th,
10th, 25th, 50th, 75th, 85th, 95th, and 97th percentiles) from the CDC data set were
calculated within each height group. The empirical percentiles are height- and sex-specific
weighted unsmoothed percentiles. We then recalculated the same sex- and height-specific
weight percentiles after trimming by excluding weight values that were above the selected
cutoffs within each height group.

Selected WHO smoothed percentiles of weight-for-height (5th, 10th, 25th, 50th, 75th, 85th,
95th, and 97th percentiles) were calculated for each child in the CDC data set. For graphic
comparisons of the untrimmed and trimmed empirical percentiles with the WHO smoothed
percentiles, all values were averaged over the CDC data set for ages 24-59 mo for children
with height below 120 cm, the maximum height in the published WHO weight-for-height
percentiles. We also estimated the proportion of children in the CDC growth-chart data set
who had weight-for-height values above the 95th percentile of the corresponding age- and
sex-specific smoothed WHO weight-for-height values, both before and after the trimming.
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Application to BMI-for-age and other percentiles

RESULTS

BMI is calculated as weight (kg)/height (m)2. For children, BMI varies with age, and growth
charts show BMI-for-age values. After the WHO procedure, we applied the exclusions
based on the weight-for-height charts to calculate empirical percentiles for BMI-for-age
from the CDC data set. We used the CDC data set for ages 24-59 mo (n = 7315) because the
WHO BMI-for-age percentiles are limited to that age range. Age in the CDC data set was
expressed as completed months; we used the midpoint of the month to approximate the
mean age of children in that age group.

For each month of age, we calculated the empirical percentiles of BMI before and after
trimming; we also calculated the corresponding smoothed WHO percentiles for the age of
each child. We compared the weighted mean empirical 5th, 10th, 25th, 50th, 75th, 85th,
95th, and 97th percentiles from the CDC data set to the corresponding smoothed percentiles
from the WHO charts. We then recalculated the CDC empirical percentiles after applying
the trimming exclusions. For the graphic presentation, we averaged each of the empirical
and smoothed percentiles over the data set. We also estimated the proportion of children in
the CDC growth-chart data set who had BMI-for-age values above the 95th percentile of the
WHO sex-specific smoothed BMI-forage values, both before and after the trimming. For
completeness, we applied the trimming based on the weight-for-height data to the weight-
for-age data to examine how the trimming would have affected that measure as well.

Characteristics of the data set are shown in Table 1. Mean percentiles of weight-for-height
by sex are shown in Figure 1. Before trimming, the mean empirical percentiles of weight-
for-height in the CDC data set were higher than the mean values of the corresponding WHO
percentiles at all percentile levels.

Trimming had little or no effect on the empirical values at the lower percentiles, but at
higher percentiles, the empirical values became closer to and sometimes even fell below the
WHO percentiles after trimming. At the 95th percentile of weight-for-height, the mean
difference between the empirical percentile and the WHO smoothed percentile for boys was
0.58 kg before trimming and —0.01 kg after trimming. For girls, the mean difference at the
95th percentile was 0.53 kg before trimming and 0.08 after trimming. In contrast, at the 5th
percentile of weight-for-height, the mean difference between the empirical percentile and
the WHO smoothed percentile changed from 0.59 to 0.58 kg after trimming for boys and
from 0.42 to 0.41 kg for girls.

The trimmed values of weight-for-height were used to estimate BMI-for-age. For children
aged 24-59 mo (the ages represented by the WHO BMI-for-age charts), the trimming based
on weight-for-height for children aged 24-71 mo excluded 3% of the BMI-for-age values.
Because weight-for-height differs from BMI-for-age (11), the highest weight-for-height
values did not correspond completely to the highest BMI-for-age values. Not all of the
highest BMI-for-age values were trimmed, and not all of the trimmed values were among
the highest BMI-for-age values. Of the upper 3% of the BMI-for-age values, 42% were not
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trimmed; 13% of the trimmed values were below the 95th percentile of the BMI-for-age
values.

The effects of trimming for BMI-for-age are shown in Figure 2. For boys, the mean
empirical 95th percentile of BMI-for-age from the CDC data set was 0.50 BMI units higher
than the mean WHO percentile before trimming, but after trimming the difference fell to
0.01. For girls, the mean difference between the empirical 95th percentile of BMI-for-age
from the CDC data set and the corresponding WHO percentile was 0.33 BMI units before
trimming and —0.02 after trimming.

Although WHO considered the trimmed weights to represent unhealthy values, they did not
exclude the trimmed weights in construction of the weight-for-age charts. The sex-specific
mean empirical weight-for-age percentiles and the smoothed WHO percentiles are shown in
Figure 3. In contrast with the findings for weight-for-height and BMI-for-age, the upper
mean empirical percentiles for weight-for-age were similar to the smoothed WHO
percentiles before trimming and fell below the WHO percentiles after trimming. For the
95th percentile of weight-for-age for boys, the mean empirical percentile was 0.06 kg higher
than the mean WHO percentile before trimming, but the difference fell to —0.43 kg after
trimming. The corresponding values for girls were —0.34 kg before trimming and —0.71 after
trimming.

The above analyses represent the mean values over the entire CDC data set. To assess the
effects by using data on individual children, we estimated the proportion of children in the
CDC data set who fell above the 95th percentile of the individual sex- and height-specific
smoothed WHO percentiles for weight-for-height and of the sex- and age-specific smoothed
WHO percentiles for BMI-for-age and weight-for-age, both before and after trimming, with
results as shown in Figure 4. Before trimming, 7.3% of boys and 7.5% of girls in the sample
were above the 95th percentile of the sex- and height-specific WHO smoothed weight-for-
height values; after trimming, 4.8% of boys and 4.9% of girls were above the WHO 95th
percentile for sex and height. The results were similar for BMI-for-age. However, for
weight-forage, the proportion of children above the 95th percentile of the WHO weight-for-
age charts was already slightly <5% before trimming and fell yet further after trimming.

DISCUSSION

For the children in the CDC growth-chart data set, the upper smoothed percentiles of both
weight-for-height and BMI-for-age from the WHO charts were lower than the corresponding
empirical percentiles. WHO had applied trimming procedures to their weight-for-height data
before the smoothed percentiles for the WHO weight-for-height and BMI-for-age charts
were calculated. Similar trimming procedures, when applied to the CDC growth-chart data,
produced empirical percentiles that were close to and sometimes even lower than the WHO
smoothed percentiles at the upper percentiles of weight-for-height and BMI-for-age. This
suggests that the trimming procedures used by WHO should be considered as another
potential source contributing to the differences between the CDC growth charts and the
smoothed percentiles of the WHO charts at the upper percentiles of weight-for-height and
BMI-for-age. Thus, the differences between the WHO and CDC smoothed curves of weight-
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for-height and BMI-for-age are not necessarily attributable only to the multiple differences
in sample selection but could also be due to the data-trimming procedures.

The WHO trimmed the data to eliminate weights-for-height that were considered unhealthy,
justifying this by referencing several sources that considered the 95th percentile of BMI-
forage to define overweight. However, because weight-for-height is not equivalent to BMI-
for-age (11), trimming the highest height-specific values of weight-for-height is not
equivalent to trimming the highest values of BMI-for-age. We found that >40% of the
children in the top 3% of BMI-for-age were not excluded by the trimming procedure. The
WHO procedure excluded children with high weights-for-height from the weight-for-height
smoothing because their weights were considered unhealthy, but those children were not
excluded from the weight-for-age smoothing.

The results reported here, based on the empirical percentiles, suggest that had trimming
procedures similar to those used by WHO been applied to the CDC weight-for-height data,
the empirical CDC percentiles for weight-for-height and BMI-for-age would have been
similar to the corresponding WHO smoothed percentiles at higher levels. WHO did not
apply the trimming procedure to the weight-for-age charts, and the WHO smoothed
percentiles were similar to or above the untrimmed CDC empirical percentiles for weight-
for-age.

The WHO data-trimming procedures may account for some of the differences between the
higher percentiles of weight-for-height and BMI-for-age from the WHO growth charts and
the 2000 CDC growth charts.
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FIGURE 1.
Mean empirical percentiles of weight-for-height before and after trimming and mean

corresponding WHO smoothed percentiles for boys (n = 3728) and girls (n = 3587) aged
24-59 mo.
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FIGURE 2.
Mean empirical percentiles of BMI-for-age before and after trimming and mean

corresponding WHO smoothed percentiles for boys (n = 3728) and girls (n = 3587) aged
24-59 mo.
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Mean empirical percentiles of weight-for-age before and after trimming and mean
corresponding WHO smoothed percentiles for boys (n = 3728) and girls (n = 3587) aged

24-59 mo.
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FIGURE 4.

Prevalence of values in the CDC data set above the 95th percentile of the WHO charts
before and after trimming for boys (n = 3728) and girls (n = 3587) aged 24-59 mo.
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TABLE 1
Descriptive data for children aged 24-59 mo with a height <120 cm

Boys Girls
Unweighted sample size (n) 3728 3587
Height (cm) 98,5 (735-119.3)L  97.3(68.9-119.2)
Weight (kg) 15.7 (8.1-35.2) 15.1 (6.2-40.3)
BMI (kg/m?) 16.1 (7.5-34.4) 15.9 (10.8-34.1)

1 .
Mean; range in parentheses (all such values).
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