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Abstract

Objectives: To assess the proportion of children being stunted and underweight-
for-age at 3, 9 and 15 months in Lambaréné, Gabon, using the WHO child growth
standards released in 2006 as compared with the Centers for Disease Control and
Prevention (CDC) 2000 and the National Center for Health Statistics (NCHS) 1978
child growth charts/references.

Design and setting: Prospective birth cohort in Lambaréné, Gabon.

Subjects: Two hundred and eighty-nine children from birth to 15 months of age.
Methods: Weight and length were recorded at 3, 9 and 15 months. Corresponding
Z scores for stunting and underweight-for-age were calculated for the three dif-
ferent standards/references. Children with a height-for-age or weight-for-age
below -2 sp of the corresponding reference median (Z score =—2) were classified
as stunted or underweight-for-age, respectively.

Results: With the new WHO 2006 standards a higher proportion (4:0%) of
3-month-old infants were underweight compared with the CDC (1:0%) or the
NCHS (0-7%) child growth charts/references. In contrast to the NCHS references
or the CDC charts, this proportion did not increase from 3 to 9 months or from 9
to 15 months. The proportion of children being stunted was highest (above 20 %)
with the WHO 2006 standards at all three ages. Again, in contrast to the old

standards, this proportion did not increase from 3 to 9 months or from 9 to 15 Un derweilé ﬁty-}’:::;g:
months. Stunting

Conclusions: The present results show considerably different growth faltering
patterns for Gabonese children depending on the growth charts used to assess the Child growth references
prevalence of stunting and underweight. Shifting to the new WHO child growth Child health programmes
standards may have important implications for child health programmes. Africa

Child growth standards

In April 2006 the WHO released new child growth stan-
dards for infants and children up to the age of 5 years to
replace the National Center for Health Statistics (NCHS)
1978 growth references’” and the Centers for Disease
Control and Prevention (CDC) 2000 growth charts® so
far commonly used to assess the nutritional status of
children in nutritional surveys all over the world®*. They
are based on the WHO Multicentre Growth Reference
Study®™, a population-based study conducted between
1997 and 2003 in about 8500 children from six different
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countries (Brazil, Ghana, India, Norway, Oman and the
USA). Children were followed up longitudinally from 0 to
24 months with measurements at birth, weeks 1 to 4 and 6,
then monthly from month 2 to month 12, and bimonthly in
the second year. The data from 18 to 71 months were
collected as cross-sectional data. The aim was to generate
growth curves that represent the best description of phy-
siological growth from birth to 5 years of age in breast-fed
infants and establish the breast-fed infant as the normative
model for growth and development. Consequently, only

© The Authors 2007


https://doi.org/10.1017/S1368980007001449

Stunting and underweight: prevalence estimates for Gabonese children 715

those children who were exclusively breast-fed for
4 months, acquainted with solid foods at 6 months and
breast-fed throughout the whole first year of life were
included (http://www.who.int/childgrowth/en/).

The NCHS 1978 growth references were the normal-
ized version produced by the CDC based on the growth
charts developed a year before by the NCHS. They were
subsequently recommended by the WHO for interna-
tional application and therefore used in nutritional sur-
veys all over the world”'?. This version made it possible
to express height-for-age and weight-for-age in terms of
standard deviations from the median or Z score™'!!?
The NCHS standards were based on cross-sectional data
from three National Health and Nutrition Examination
Surveys and on the data from the Fels Study, a long-
itudinal study carried out from 1929 to 1975 in south-
western Ohio by the Fels Research Institute (Yellow
Springs, OH, USA). The Fels data were used to produce
the charts for children less than 36 months of age. They
came from a single regional population of mainly formula-
fed, white, middle-class infants and were therefore
criticized for not being representative'>. Measurements
were taken at birth, 1 month and 3 months, and then at
3-month intervals from 3 to 12 months and at 6-month
intervals from 12 to 36 months: intervals possibly not
close enough in periods of rapid change. Further con-
cerns were about the right skewed (obesity) distribution.

The CDC 2000 growth reference charts were based on
data from five cross-sectional national health surveys
from the USA“® supplemented by birth weight data
from US birth certificates and birth length data from the
Missouri and Wisconsin Vital Statistics. Babies with a birth
weight under 1500g were excluded. Again the main
concerns about these standards centred on the infant age
group: birth weight and birth length were from different
data sources, and there were no data available between
birth and 2 months of age. The sample size for children
under 6 months was small and both the NCHS references
and the CDC growth charts were based on relatively few
infants who were breast-fed for longer than a few
months >,

Both the NCHS and the CDC child growth references/
charts reflected how growth was in the populations the

data were taken from, whereas the WHO 2006 child growth
standards are set out to reflect how growth should be.

Based on a birth cohort of 289 children from Lambaréné,
Gabon whose weight and length were measured at the
age of 3, 9 and 15 months, the present study compares
the proportion of children being underweight-for-age and
the proportion of children being stunted at the age of 3, 9
and 15 months according to the WHO 20006, the CDC and
the NCHS growth references.

Methods

At the age of 3, 9 and 15 months we recorded the weight
and height of children who were followed up in a long-
itudinal study to assess the efficacy (regarding the out-
comes malaria and anaemia) and safety of intermittent
presumptive treatment in infants through sulphadoxine
pyrimethamine administered at the age of 3, 9 and
15 months that had started in December 2002'¢7'®.
Written consent was obtained from all primary caregivers
of all study children enrolled. Ethical clearance was
granted from the Ethics Committees of the International
Foundation of the Albert Schweitzer Hospital in Lambaréné,
Gabon, and the University of Tibingen, Germany. Four
hundred and one children were included in a sub-
study on socio-economic risk factors for stunting and
underweight-for-age which was carried out between
December 2004 and July 2005. The data of 289 children
with complete measurements of weight and height at
birth and at the age of 3, 9 and 15 months were included
in the analysis. At 3 months of age babies were weighed
in a lying position, at 9 and 15 months of age sitting on a
balance. Weight was measured with the same mechanical
baby balance that was on a fixed horizontal surface
throughout the whole study. Calibration of the balance was
checked before every session. Length measurements were
carried out with a cloth tape on the infant in a lying position,
measuring from head to heel, at the age of 3 and 9 months,
and with the infant in standing position without shoes at
the age of 15 months"”. Anthropometric measurements
were conducted by trained health professionals following
standardized procedures. Based on this birth cohort we

Table 1 Description of the study population of children from Lambaréné, Gabon

Pooled (n 289) Boys (n 139) Girls (n 150)

Mean SD Mean SD Mean SD
Gestational age (weeks) 38-5 32 387 32 38-3 3-2
Birth weight (g) 3051 494 3089 494 3016 494
Birth length (cm) 49-2 33 49-4 36 49-0 3-0
Head circumference (cm) 331 2:4 335 2:3 32-8 16
Mother’s age (years) 24-8 6-8 24-3 6-2 25-3 7-2
% less than 25009 at birth 111 8:6 13-3
% breast-fed 94-7 98-5 91-2
% solid food before 4 months 26-6 25-2 28-0
% solid food before 6 months 395 345 44-0
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compared the proportion of children being stunted (height-
for-age below 2 sp of the reference median, Z score =—2)
and the proportion of children being underweight-for-age
(weight-for-age below 2 sp of the reference median, Z score
=-2) according to the new WHO 2006, the CDC and NCHS
growth standards/references. The Z scores for the WHO
2006 standards were calculated using WHO Anthro
2005 software available on the WHO homepage (http://
www.who.int/childgrowth/software/en/). The Z scores in
comparison to the NCHS and the CDC growth references/
charts were calculated using the Epilnfo software package
version 3-2-2 (CDC, Atlanta, GA, USA).

Results

Our birth cohort consisted of 150 girls and 139 boys,
briefly described in Table 1. The mean birth weight for
girls was 3016g (range 1700-4170g), for boys 3089g
(range 1200-4510g). Thirty-two (11%) children had a
birth weight below 2500g and one child had a birth
weight below 1500 g. Ninety-five per cent of the children
were breast-fed but 27% of the mothers started to add
solid food before the age of 4 months.

The proportion of children who were underweight-for-
age at 3, 9 and 15 months is illustrated in Fig. 1. Using the
CDC and the NCHS growth charts/references, a low
proportion of children were underweight at 3 months
(0-7% and 1-0%, respectively) but the proportion of
underweight children seemed to grow considerably from
3 to 9 months and from 9 to 15 months of age (Fig. D.
When applying the new WHO 2006 growth standards, a
higher proportion of children were underweight-for-age
at 3 months but the proportion of underweight no longer
seemed to accelerate with age. Figure 2 shows the mean
underweight-for-age Z scores obtained from age 3, 9 and
15 months using the WHO 2006, the CDC and the NCHS
standards/references.

The proportion of children who were stunted at the age
of 3, 9 and 15 months is shown in Fig. 3. The proportion of
stunted children was 23-5% at 3 months, 22:5% at
9 months and 30-5% at 15 months of age with the WHO
2006 standards, considerably higher than the proportions
obtained with the CDC and the NCHS charts/references
(Fig. 3). In line with the results on underweight-for-age, use
of the NCHS references led to a pattern whereby the pro-
portion of children being stunted increased from 3 to 9
months and from 9 to 15 months, a growth faltering pattern
not observed when the WHO 2006 standards or the CDC
charts were applied.

Discussion

Both the NCHS and the CDC growth references/charts
had their data founded on relatively small sample sizes
of infants, especially in the first six months of life, and an
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Fig. 1 Prevalence of underweight-for-age in 289 children from
Lambaréné, Gabon, according to the WHO 2006 child growth
standards, the Centers for Disease Control and Prevention
(CDC) 2000 growth charts and the National Center for Health
Statistics (NCHS) 1978 growth references

over-representation of formula-fed infants'”. The WHO
2006 child growth standards are based on a much larger
sample size of breast-fed infants from six different
countries.

Use of the NCHS and the CDC child growth references
led to a low proportion of malnourished children in
early infancy that increased with age of the child. This
growth faltering pattern has been described in numerous
nutritional surveys all over the world?”. The common
interpretation was that children develop well while being
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Fig. 2 Mean weight-for-age Z scores of 289 children from Lambaréné, Gabon, at 3, 9 and 15 months of age, using the WHO 2006
child growth standards (A), the Centers for Disease Control and Prevention (CDC) 2000 growth charts (l) and the National Center

for Health Statistics (NCHS) 1978 growth references (#)

fully breast-fed in the first months of their life, but once
additional feeding is necessary some of them start to
become underweight. When applying the new WHO
2006 growth standards, a higher proportion of children
were underweight-for-age at 3 months but the proportion
of underweight children did not seem to accelerate with
age®, thus revealing that the classical growth faltering
pattern of an increasing proportion of underweight chil-
dren with age associated with the previously used refer-
ence charts was not observed once the WHO 2006
standards were applied.

We plotted the mean weight-for-age Z score for the
three measuring time points (3, 9 and 15 months) of
our birth cohort ». age in months (Fig. 2). With the
NCHS and CDC references/charts, the 3-month-old
children had the highest weight-for-age mean Z score
that subsequently declined considerably for the 9- and
15-month-old children. In contrast, the mean weight-
for-age Z score based on the WHO 2006 standards
seemed to track around the same value. Although we had
only three data points (3, 9 and 15 months) with spacing
at 6 months, our graph is consistent with previous results
where mean weight-for-age Z scores were plotted v. age
in a pooled sample of 226 healthy breast-fed infants from
the USA and Northern Europe during their first year of
life®® . The lower variability around the line at Z= 0 was
consistent with the finding that the proportion of children
being underweight-for-age varied less over time with the
new WHO 2006 standards compared with the growth
faltering pattern obtained with the NCHS or the CDC
references/charts.

The WHO 2006 child growth reference charts are the
first standards based on a data set from a multi-centre
study specifically designed to generate child growth
standards®. Nevertheless, the new WHO 2006 standards
should not be adopted blindly, and concern has already
been raised owing to the fact that the children in the six
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studies contributing data were highly selected for ideal
growth conditions. They might therefore set height stan-
dards during the first two years of life and weight
standards in the first six months that might not realistically
be achieved by many children'®”. The prevalence of
stunting and underweight-for-age in the present study
was based on standardized anthropometric measure-
ments conducted by trained health professionals. Repor-
ted prevalence of stunting and underweight-for-age in
our sample of Gabonese infants and toddlers may
therefore reflect the deviation from recommended feed-
ing patterns®?, i.e. early introduction of solid food, a
common finding throughout most Central and West
African countries®* | and further unfavourable growth
conditions. For the new WHO 2006 standards data from
six different countries and from different ethnicities were
pooled based on the assumption that child growth seems
to depend much more on living conditions than on
ethnicity(Z()) . So far, however, the question remains whether
there are ethnic/genetic differences in child growth”.
Even small differences could become important when
pooling large data sets and a pooled data set aimed to be
representative for all children in the world might repre-
sent an artificial and fictional population, questioning the
idea of one universal standard for the whole world.

The WHO 2006 growth standards are heavier and taller
for the first six months of life than the NCHS or the
CDC growth references/charts, explaining the high pro-
portion of underweight and stunted children at the age
of 3 months in our birth cohort when using the new
WHO 2006 standards. In contrast, the proportion of
15-month-old children being underweight was lowest
when using the new WHO 2006 standards. More than half
of the children in this age group who had been classified
as underweight with the NCHS or the CDC references
were now classified to be within the normal weight range
with the WHO 2000 standards. Either in the past too many
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Fig. 3 Prevalence of stunting in 289 children from Lambaréné,
Gabon, according to the WHO 2006 child growth standards,
the Centers for Disease Control and Prevention (CDC) 2000
growth charts and the National Center for Health Statistics
(NCHS) 1978 growth references

children above 1 year of age have been classified as
underweight-for-age; or with the new WHO 2006 refer-
ences some of the children who are underweight will be
classified as being within the normal weight range, which
could deny them a potentially favourable intervention.
Recently, first field-testing results looking at the
concordance between clinical assessment (using visual
classification codes for weight and height) and measure-
ment-based assessment based on the WHO 2006
standards (Z score <—2 for underweight-for-age and
stunting) were published®® followed by a comparative
analysis applying the new WHO 2006 growth standards in
populations in Bangladesh and the Dominican Republic,
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denoting results for underweight and stunting in line with
the results presented in the current report®. Before
abandoning the old NCHS reference charts that have been
in use for nearly 20 years and thus profoundly shaped our
knowledge about child growth®”, we have to learn how
to use the new WHO 2006 standards and what impact their
use will have on nutritional assessment. Therefore, the
introduction of the new WHO 2006 growth standards
should be accompanied by comparisons with the old
references, especially the NCHS reference. Those children
falling into different categories depending on the standard
being used will teach us about the benefits and pitfalls of
the new standards.

Conclusion

The present results show different growth faltering
patterns for the new WHO 2006 child growth standards
compared with the NCHS and the CDC references/charts.
With the new standards, much fewer children above the
age of 1 year will be classified as underweight-for-age. On
the other hand, among 3-month-old infants, the propor-
tion being classified as underweight-for-age is much
higher. Taking the new WHO 2006 standards leads to a
higher proportion of stunted children in all age groups.
Shifting to the WHO 2006 references may have con-
siderable implications for child health programmes.
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