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ABSTRACT

Objectives: To compare the difference between the
China growth reference and the WHO growth standards
in assessing malnutrition of children under 5 years.
Settings: The households selected from 31 provinces,
autonomous regions and municipalities in mainland
China (except Taiwan, Hong Kong and Macao).
Participants: Households were selected by using a
stratified, multistage probability cluster sampling.
Children under 5 years of age in the selected
households were recruited (n=15 886).

Primary and secondary outcome measures:
Underweight, stunting, wasting, overweight and obesity.
Results: According to the China growth reference, the
prevalence of underweight (8.7% vs 4.8%), stunting
(17.2% vs 16.1%) and wasting (4.4% vs 3%) was
significantly higher than that based on the WHO growth
standards, respectively (p<0.001); the prevalence of
overweight was lower than that based on the WHO
growth standards (9.4% vs 10.2%, p<0.001). In most
cases, the prevalence of undernutrition assessed by
using the China growth reference was significantly
higher. However, the prevalence of overweight was
significantly lower by using China charts for boys aged
3-4, 6, 8, 10, 12-18 and 24 months.

Conclusions: The WHO growth standards could be
more conservative in undernutrition estimation and
more applicable for international comparison for
Chinese children. Future researches are warranted for
using the WHO growth standards within those countries
with local growth charts when there are distinct
differences between the two.

INTRODUCTION

Child malnutrition remains highly prevalent
in low-income and middle-income countries,
which results in significantly high mortality
and morbidity." The Lancet series on Maternal
and child malnutrition in 2013 estimated that
3.1 million deaths and 45% of all child deaths
in 2011 were due to malnutrition (fetal
growth restriction, stunting, wasting, vitamin
A and zinc deficiency and suboptimal breast-
feeding) globally." Anthropometric measure-
ments (weight, length/height) of children

Strengths and limitations of this study

= The study compared the China growth reference
with the WHO growth standards in assessing
malnutrition of children under 5 years of age by
using a national representative samples in China.

= The comparison could provide practical sugges-
tions for selecting growth reference in malnutri-
tion assessment in China.

= The results could provide evidence for adapting
the WHO growth standards in the member
country with a local growth reference.

= The information available is not sufficient to
address the reasons for the difference between
the two growth charts.

under five are widely used indicators for asses-
sing health and nutrition status.” These mea-
surements are commonly assessed against
growth charts, which are often used as a scale
to evaluate individual and population growth
status.

The WHO released a set of growth standards
in 2006, which was constructed by using data
from six countries (Brazil, Ghana, India,
Norway, Oman and the USA) across the
world.” All children living under the optimal
environment for growth (breastfed, non-
smoking mother and adequate access to
healthcare) were sampled to construct the
standards. Many countries had their own
growth reference or used the previous NCHS/
WHO growth reference before the new WHO
growth standards were released. About 125
countries have adopted the WHO growth
charts, 25 countries were considering adopting
them and 30 countries did not adopt them by
2011." Some countries partially adopted the
new growth standards. For example, the USA
adopted the part of growth charts for those
under 2 years of age.” The Furopean Society
for Paediatric Gastroenterology, Hepatology
and Nutrition Committee on Nutrition recom-
mends that the WHO child growth standards
should be adopted for 0-5-year-old children in
Europe.6
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The current China growth reference was released in
2009, which was developed based on a 9-city study in
2005.” The nine cities (including Beijing, Ha’erbin,
Xi’an, Shanghai, Nanjing, Wuhan, Fuzhou, Guangzhou
and Kunming) represent north, central and south China.
The growth reference was widely used in clinics in China.

The purpose of the current study is to compare the
WHO growth standards with the China growth reference
in assessing malnutrition of children under 5 years of
age in a national representative sample in China.

SUBJECTS AND METHODS
The data were extracted from the China National
Nutrition and Health Survey in 2002 (CNNHS). The
detailed information of CNNHS was described some-
where else.® A brief study design of CNNHS 2002 is out-
lined below. All children under 5 years were recruited
from the selected households in the survey. In rural
sites, children under 3years were recruited from the
remaining households of the six selected villages to
meet the minimal requirement of a sample size of 50 for
each county. In urban sites, children under 3 years were
recruited from paediatric healthcare clinics or immun-
isation clinics in the selected communities and each age
group of children between 3 and 5 years of age was
sampled from kindergarten to meet the minimal
requirement of a sample size of 50 for each country. All
caregivers or guardians gave their written consent.
Anthropometric measurements were conducted by
trained field workers and standard procedure was fol-
lowed. Body weight was measured by using the same
model beam scales across the survey sties, with light
clothes (to the nearest 0.1 kg for children aged 3 years or
older and 0.05 kg for children younger than 3 years).
Scales were calibrated by using 10 L water when the
scales were moved. Length was measured by using an
infantometer for children younger than 3 years; height
was measured by using a stadiometer for children aged
3 years or older (to the nearest 0.1 cm), after removing
shoes and hats. All equipment was provided by the
project. Gender and birth date information were
extracted from the family or children’s questionnaire.
The construction of the WHO and China growth charts
was described elsewhere.” ¥ Briefly, the WHO growth
charts were released in 2006.° The WHO growth charts
study included a longitudinal study until 24 months of age
and a cross-sectional study of children aged between 18
and 71 months. Study populations were from a socio-
economic environment without constraint to growth, with
low mobility and 20% of mothers practising breastfeeding.
Non-smoking mothers were included in the study if they
were willing to follow the study’s feeding recommenda-
tions (ie, exclusive or predominant breastfeeding for at
least 4 months for a longitudinal study and any form of
breastfeeding for at least 3 months, introduction of com-
plementary foods by the age of 6 months, and partial
breastfeeding continued to age >12months). The

gestational age was between >37 completed weeks and
<42 weeks. Fullterm low birthweight babies were not
excluded. The newborn was a singleton and absent of sig-
nificant morbidity.

The China growth reference was developed based on a
cross-sectional study, which was conducted in 2005 in nine
cities (including Beijing, Ha’erbin, Xi’an, Shanghai,
Nanjing, Wuhan, Fuzhou, Guangzhou and Kunming) Al
children aged under 7 years living in study areas were eli-
gible for the study (n=69 760). The exclusion criteria
included: (1) preterm (<37-weeks of gestation) or low birth
weight (birth weight <2500 g), (2) twins or triplets; (3) sig-
nificant diseases (cardiovascular diseases, chronic neph-
ritis, tuberculosis, hepatitis, endemic diseases, chronic
bronchitis, asthma, endocrinological disorder, neurological
diseases, rickets, hand—foot deformity, acute diseases
(pneumonia, dysentery) recovery within 1 month, fever for
7 days during the past 2 weeks or diarrhoea lasting for
5 days). The outliers for height or weight (<=3 SD or >+ 4
SD) were excluded for the model building. The age group
was classified according to 1 month each group for infants
aged between 0 month and 11 months and 3 months each
group for children aged between 12 and 83 months in the
model. The LMS method was used for model fit.

We used SAS software (V.9.2; SAS Institute Inc, Cary,
North Carolina, USA) to perform all the analyses. All
extreme values were excluded for those >3 SD or <—3 SD
by age and gender, as the maximum sample size for each
age and gender group is below 550 and the distribution
from—3 SD to 3 SD covers 99.74% of the population. SD
was calculated based on sample distribution. Stunting was
defined as length/height shorter than the corresponding
length/height of length /heightfor-age Z-scores of —2 for
specific age and gender. Severe stunting was defined as
length/height shorter than the corresponding length/
height of length/heightfor-age Z-scores of —3 for specific
age and gender. Underweight was defined as weight
lighter than the corresponding weight of weightfor-age
Z-scores of —2 for specific age and gender. Severe under-
weight was defined as weight lighter than the correspond-
ing weight of weightfor-age Z-scores of —3 for specific age
and gender. Wasting was defined as weight lighter than
the corresponding weight of weightforlength/height
Z-scores of —2 for specific length/height and gender.
Severe wasting was defined as weight lighter than the cor-
responding weight of weightforlength /height Z-scores of
—3 for specific length/height and gender. Overweight was
defined as weight heavier than the corresponding weight
of weightforlength/height Z-scores of 2 for specific
length/height and gender. Obesity was defined as weight
heavier than the corresponding weight of weightfor-
length/height Z-scores of 3 for specific length /height and
gender. Children aged 2-3years were excluded for
wasting and overweight assessments because length meas-
urement cannot be converted to height for weightfor-
height growth charts without age being specified.
McNemar'’s test was used to compare the prevalence esti-
mates between the WHO growth charts and China growth
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charts. McNemar’s test is appropriate for analysing
matched pair data with a dichotomous response. Under
the null hypothesis with the number of discordants
greater than 25, the distribution follows a x2 distribution
with 1 degree of freedom. A logistic regression model was
used to assess the relationship between malnutrition and
age and gender based on the WHO charts. p Values<0.05
were considered significant. Descriptive statistics are pre-
sented as mean+SD or per cent, and results of the logistic
regression analyses are presented as OR (95% CI).

RESULTS

In total, 15886 children under 5-years of age were
included in the analyses, 54.4% of whom were boys, and
the percentages of each age composition ranged
between 0.65% and 7.12%.

The prevalence of stunting was 17.2% when estimated
by using the China growth charts, which was significantly
higher than 16.1% when assessed by using the WHO
growth standards (table 1). The prevalence of severe
stunting was significantly higher when assessed by using
the China charts than by using the WHO charts (6.7%
vs 6.0%, p<0.001; table 1). The prevalence of under-
weight was 8.7% when estimated by using the China
charts, which was significantly greater than 4.8% esti-
mated by using the WHO charts (table 1). The preva-
lence of severe underweight was doubled when assessed
by using the China charts (table 1). The prevalence of
wasting was 4.4% when assessed by using the China
charts, which was significantly higher than 3% assessed
by using the WHO charts (table 1). The prevalence of
severe wasting was significantly higher when assessed by
using the China charts than by using the WHO charts
(1.4% vs 1%, p<0.001). In contrast, the prevalence of
overweight was significantly lower when assessed by
using the China charts than by using the WHO growth
charts (9.4% vs 10.2%, p<0.001). There was no signifi-
cant difference in assessing obesity between the China
charts and the WHO charts (4% vs 4.1%, p=0.13).

The results for stunting were mixed across various
gender and ages. The prevalence of stunting was signifi-
cantly higher for boys aged 4, 11, 36-60 months when

Table 1 Comparison of prevalence of malnutrition
estimated by using the China charts versus the WHO
charts

Indicators China WHO p Value
Stunting (%) 17.2 16.1 <0.001
Severe stunting (%) 6.7 6.0 <0.001
Underweight (%) 8.7 4.8 <0.001
Severe underweight (%) 2.1 1.0 <0.001
Wasting (%) 4.4 3.0 <0.001
Severe wasting (%) 14 1.0 <0.001
Overweight (%) 9.4 10.2 <0.001
Obesity (%) 4.0 4.1 0.13

assessed by using the China charts than by using the WHO
charts (figure 1). The prevalence of stunting was signifi-
cantly higher for girls aged 3-9, 11 and 36-60 months
when estimated by using the China charts than by using
the WHO charts (figure 2). However, the prevalence of
stunting was significantly lower for boys aged 12-33
months and for girls aged 24 months when assessed by
using the China charts than by using the WHO charts
(figures 1 and 2). Even though not all differences were
statistically significant, the prevalence of stunting tended
to be equal or higher for boys or girls aged 12-33 months
when the WHO growth standards were used. It was the
opposite for other age groups (figures 1 and 2).

The prevalence of severe stunting was significantly
higher for boys aged 36-60 months when estimated by
using the China charts than by using the WHO charts.
However, the results were the opposite for boys aged
12-24 and 30 months. The prevalence of severe stunting
was significantly higher for girls aged 6, 36 and
42-60 months.

The prevalence of underweight was significantly greater
for boys older than 3 months, except those aged 4, 6, 9, 11
and 27 months when estimated by using the China charts
than by using the WHO charts (figure 3). So was the
prevalence of underweight for girls older than 4 months,
except those at 5 and 8 months (figure 4). For those age
groups with non-significant difference, the prevalence of
underweight tended to be equal or greater for both
genders too when the China growth charts were used
(figures 3 and 4).

The prevalence of severe underweight was significantly
higher for boys aged 18, 24, 33 and 42-60 months when
estimated by using the China charts than by using the
WHO charts. So was the prevalence of severe under-
weight for girls aged 27 and 45-60 months.

The prevalence of wasting was significantly lower for
boys aged 18, 4248 and 54-57 months and for girls aged
15, 39, 48-54 months when the WHO charts were used
(figures 5 and 6). The difference was in the same direction
even for other age groups with non-significant differences
between the WHO and China charts (figures 5 and 6).
Regardless of gender and age group, the prevalence of
severe wasting was not significantly different between the
two growth charts.

The prevalence of overweight was significantly higher
when assessed by using the WHO growth charts than by
using the China charts for boys aged 3, 4, 6, 8, 10, 12,
15, 18 and 24 months (figure 7), and it was the opposite
for girls aged 39, 51 and 54 months (figure 8). The dif-
ference was in the same direction even when it was not
significant for other age group boys (figure 7). The
prevalence of obesity was similar between the two
growth charts except for 0 and 6-month-old boys.

Based on the estimation from the WHO charts, gender
was not associated with the risk of underweight; boys had
about 18% greater odds of stunting than girls. Compared
to children aged 60 months, children aged 1-3, 5-8, 10,
12, 21 and 36 months had 0.51-0.96 less odds of
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Figure 1 Comparison of prevalence of stunting for boys under 5 years estimated by the WHO growth standards versus China
growth reference; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.
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Figure 2 Comparison of prevalence of stunting for girls under 5-years estimated by the WHO growth standards versus China
growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.
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Figure 3 Comparison of prevalence of underweight for boys under 5-years estimated by the WHO growth standards versus
China growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.

Chinese children between these two growth charts.
The distinction for the prevalence of underweight
could be the most notable and the prevalence of
underweight was higher when assessed by using the
China growth reference than by using the WHO stan-
dards. So was the prevalence of severe underweight.
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The prevalence of stunting, severe stunting, wasting
and severe wasting was significantly higher when
assessed by using the China growth reference than by
using the WHO growth standards. Higher prevalence
of overweight was seen when the WHO growth stan-
dards were used.

012 45 6 7 8 9 1011121518 21 2427 3033 36 3942 45 48 51 54 57 60
Age (months)

Figure 4 Comparison of prevalence of underweight for girls under 5-years estimated by the WHO growth standards versus
China growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.
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Figure 5 Comparison of prevalence of wasting for boys under 5-years estimated by the WHO growth standards versus China
growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.

Our findings are consistent with the results from most greater for the CDC samples than for the WHO samples
studies when comparing local growth charts with the except during the first 6 months.'” Overall, the CDC
WHO growth standards in estimating the prevalence of  sample children are heavier than the WHO sample chil-
underweight. When the WHO weightfor-age curves dren, which implies that the prevalence of underweight
were compared with the Centers for Disease Control (<=2 SD) would be higher when using the CDC charts
and Prevention (CDC) ones, the median weight was  than when using the WHO charts. This phenomenon
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Figure 6 Comparison of prevalence of wasting for girls under 5-years estimated by the WHO growth standards versus China
growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.
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Figure 7 Comparison of prevalence of overweight for boys under 5 years estimated by the WHO growth standards versus
China growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.

held true for comparing the WHO growth standards
with the Netherland and Europe growth references.'' '
A study in Argentina also found that the prevalence of
underweight with the WHO standards was lower than its
own growth references.'”” However, a study in Hong
Kong found that the centre of weight for age distribu-
tion of the breastfed Chinese children was similar to the
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one of the WHO growth standards reference popula-
tion.'* The difference in underweight prevalence of
these Chinese children between the China growth charts
and the WHO growth standards could be due to the
sample selection of children: (1) different type of
feeding modes in the two standards (breastfeeding is
not a criterion for the China growth reference).'’ '
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Figure 8 Comparison of prevalence of overweight for girls under 5-years estimated by the WHO growth standards versus China
growth charts; WHO growth standards: solid bar; China growth reference: empty bar; *p<0.05.
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According to the National Health Survey 2008 in China,
the exclusive breastfeeding rate for 0-6-month-old
infants was only 27.6%, which was even lower in urban
areas (15.8%); only 37% of children aged 12-15 months
continued breastfeeding nationwide and 15.5% of
urban children continued breastfeeding. From 2002 to
2008, formula retail value sales increased from 1000
million to about US$3400 dollar in China (Euromonitor
International 2009). These indicated that a high per-
centage of sampled children in the China growth refer-
ence were fed with breast milk substitutes (mainly infant
formula) from birth until 15 months. It is commonly
agreed that breastfed children grow slower than
formula-fed children.'® The weight of breastfed children
is lower than that of formula-fed children from infancy
until adulthood.'” Thus, sampled children might be
heavier in the China growth reference than in the WHO
growth standards, which was reflected in the lower preva-
lence of underweight when breastfed-based WHO
growth standards were used. (2) Birth weight: Full-term
low birth weight was excluded from the China growth
charts, but not the WHO growth charts, which could
truncate the lower end of weight distribution.

Various studies found that growth charts in different
countries differed from the WHO growth standards with
regard to height of children. On average, the WHO
sample children were taller than the CDC sample chil-
dren."” Both Japanese breastfed children and Japanese
growth charts children were shorter than the WHO
growth standards children.'® The prevalence of stunting
(<=2 SD) is expected to be higher when the WHO
growth standards are used in these populations. In con-
trast, the median height of children aged 3-5 years in
Poland and Germany was greater than the WHO growth
standards.' The present study found that the prevalence
of stunting was greater when the China growth reference
was used (ie, the China growth reference of —2 SD
cut-offs was higher than that of the WHO standards, espe-
cially for children aged 3-5 years). The distinction might
be the statistical difference due to the large sample size.
Or excluding full-term low birth weight infants might
truncate the extreme of the distribution. The study in
Hong Kong mentioned above found that height for age
distribution of breastfed Chinese children was shifted to
the left compared to the WHO growth standards refer-
ence population."* Another study in rural areas in main-
land China found that breastfed boys were shorter and
breastfed girls were slightly taller than those under the
WHO growth standards.”” In urban areas, breastfed
Chinese children were taller than those under the WHO
growth standards for both boys and girls.”’ Thus, it is not
simply to attribute the difference to ethnical variation.
More precisely speaking, the —2 SD cutoffs from the
urban children in the Chinese growth charts could be
greater than those under the WHO growth standards,
especially for children aged 3-5 years.

Also, as seen in the comparison between the CDC and
WHO growth charts, the prevalence of wasting and

severe wasting was lower and the prevalence of overweight
was higher when based on the WHO growth standards.
The large sample size in this study might partially explain
these differences. The main difference of overweight was
seen for boys under 2 years, which might be related to
the difference in the feeding mode (ie, breastfed chil-
dren in the WHO growth standards vs mixed feeding chil-
dren in the China growth charts) and gender difference
in growth pattern response to the feeding mode. It was
interesting to see that the prevalence of obesity was
similar between the two growth charts in this study, which
indicates that the cut-offs for obesity (>3SD) were similar
between them.

Since the WHO growth standards were released, more
and more countries have adopted the standards.
Countries with 75% of children under 5 years of age
worldwide have adopted the WHO growth standards.”
There is no doubt that the WHO growth standards are
more representative than the growth references based on
one country for global use.'® For example, the WHO
growth standards could be used to assess the progress of
achieving the Millennium Development Goal globally or
other international child growth indicators.” It was
argued that local growth charts might be more suitable
for individual growth monitoring.]5 The major reason for
not adopting the WHO growth standards in most coun-
tries is that the local growth reference is more prefer-
able. The difference between the WHO growth
standards and local growth references might be due to
environmental factors, genetic factors and/or epigenetic
factors. The WHO Multicentre Growth Reference Study
(MGRS) found that the linear growth of children in the
six countries was very similar and only 3% of variation was
explained by site.”> This phenomenon implied that race
difference or genetic factors might not be a key deter-
minant for the difference between the WHO growth stan-
dards and local growth references. When compared with
the WHO growth standards, the difference between rural
breastfed Chinese children, urban breastfed Chinese chil-
dren and Hong Kong breastfed Chinese children also
supported the theory that race might not be a main
factor,'* 20 2!

The limitation of this study is that the information
available is not sufficient to address the reasons for the
difference between the two growth charts, although it is
not the main objective of the study. The back-to-back
comparison could give practical suggestions for growth
reference selection.

Based on the significant difference of malnutrition
prevalence of Chinese children between WHO growth
standards and China growth reference, it is welljustified to
use WHO growth standards for population malnutrition
assessment in China, which could be used for global,
national and regional comparison and target achievement.
In addition, using the WHO growth standards could
promote healthy growth (breastfeeding, no smoking
during pregnancy and so on). Future researches are war-
ranted to apply the WHO growth standards in those
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countries with local growth charts when there are distinct
differences between the WHO growth charts and local
growth charts including those in China.
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