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Abstract
Background: The Shanghai growth standards are higher than World Health Organization (WHO) growth standards, which may
influence the feeding practices of the caregivers and increase the risk of overweight in these infants. This study aimed to compare the
effects of different growth standards on childhood obesity in Shanghai metropolitan area.
Methods: This was a cluster-randomized controlled trial conducted in 2 downtown areas with 19 community health service centers
in Shanghai from November 2013 to December 2015. Randomization was done at the level of the community. Infants (health
newborns) were assessed and monitored by the Shanghai growth standards (S-group) and the 2006 WHO growth standards (W-
group), respectively. Measurements were taken at 1.0, 2.0, 4.0, 6.0, 9.0 and 12.0 months of age during follow-up period. Based on
the values of length and weight measurements, according to the group’s growth standards, doctors provided the caregivers with
corresponding clinical consultation. Changes in weight-for-age z-score (WAZ), length-for-age z-score (LAZ), and weight-for length
z-score (WLZ) between 2 groups were assessed using mixed regression models. Overweight was compared between 2 group at all
follow-up measurements.
Results: A total of 6509 infants (52.1% were boys) were in the W-group, and 8510 infants (51.4% were boys) were in the S-group.
The overweight ratios between two groups were distinct at 9 months of age (3.4% inW-group and 4.3% in S-group) and 12months
of age (2.2% in W-group and 3.8% in S-group), and the differences were statistically significant (P=0.020 and P<0.001,
respectively). Compared to W-group, the increase in WAZ (coefficient=0.04, P=0.004) and WLZ (coefficient=0.09, P<0.001)
were significantly greater, and the LAZwas lower (coefficient=�0.04, P=0.047) in S-group (W-group values were used as reference
in mixed regression models).
Conclusion: Compared to the Shanghai growth standards, the adoption of WHO 2006 growth standards would reduce the risk of
infant overweight in Shanghai metropolitan area up to 1 year of age.
Trial registration number: ChiCTR1800015371, http://www.chictr.org.cn/ Chinese Clinical Trial Registry.
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Introduction

Children’s growth is a long and continuous process. In this
process, regular assessment and monitoring of the growth
index of children’s body weight and height and other
physical measurements are helpful in the early diagnosis of
children’s abnormal growth.[1] This will, in turn, provide
an opportunity for interventional procedures to ensure the
healthy growth and development of children.[2] Children’s
physical growth assessment should be based on growth
standards, that is, according to the growth reference values
for children of the same age and gender.
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From 1997 to 2003, the World Health Organization
(WHO) conducted a multicenter, longitudinal, long-term
follow-up study consisting of participants ages 0–2 years in
6 countries around the world (the United States, India,
Brazil, Norway, Oman, and Ghana).[3] The WHO had
developed a standard by selecting healthy children living in
conditions that may be conducive to the full realization of
their genetic growth potential.[4] The study had a major
discovery, that children ages 0–2 years from different parts
of the world had almost the same growth rate. Therefore,
many countries support and rely on this standard across
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the world. Since the WHO published child growth
standards, 125 countries have adopted the standards,
and 25 countries, including China, are considering doing
so in the future.[5]

The United Kingdom has adopted the standards, which
suggested infants in the United Kingdom reducing weight
gain from ages 4 months and up. The WHO standards
would be able to identify more infants with a high body
mass index (BMI), and these infants could have been
given the instruction to prevent overweight in a timely
manner.[6] In contrast, Shanghai’s reference values on
child growth is higher than that of the WHO 2006
growth standards.[7] For example, the mean weight and
length of 4-month-old infants, according to Shanghai
standards (2005 edition), are 7.89kg and 65.84cm,
respectively, for boys (7.00kg and 63.89cm in WHO
standards); and 7.22kg and 63.96cm, respectively, for
girls (6.42kg and 62.09cm in WHO standards). In our
previous study, we found that parents had a tendency to
overfeed even when their children were of normal weight,
and this, in turn, would increase the weight gain and BMI
of their children.[8] In China, due to the One-Child Policy
starting in 1980s and the famine history in 1960s, parents
and grandparents usually overlook the childhood obesity
problem and even think that obesity is healthy.[9,10]

Presumably, as Shanghai’s children growth reference
values are so high, some children with normal growth
could be mistakenly diagnosed for underweight and
growth delay, which may strengthen the overfeeding
behavior of the caregivers and lead to childhood obesity.
Hence, the aim of this study was to compare the effects of
different growth standards on childhood obesity in
Shanghai metropolitan area.
Methods

Ethics statement

The data was obtained from the community child
healthcare routine medical records and questionnaires.
The samples were taken without any trauma to the child.
Infants and their families participated in this study did not
have any risk consequences. All information and records
were strictly confidential. Prior to the start of the study, the
research protocol was approved by the Ethical Committee
of Xinhua Hospital affiliated to Shanghai Jiao Tong
University School of Medicine (XHEC-C-2013-024). The
free consent application for participants was approved and
provided by the ethics committee.
Study protocol

A community-based cluster-randomized controlled trial
was conducted in 2 downtown areas with 19 community
health service centers in Shanghai from November 2013 to
December 2015. These 19 community health service
centers, providing basic medical services to the local
community, were randomly divided into 2 groups: the S-
group, consisting of 10 centers, was assessed and
monitored by 2005 edition of Shanghai children growth
standards for children ages 0–2 years; and the W-group,
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consisting of 9 centers, used the 2006 WHO growth
standards for children ages 0–2 years.

The sample calculation was based on the data of our prior
study,[11] which contained the data of infants from birth
to 6 months old. The infant weight-for-age z-score
(WAZ) growth value was 0.77±0.88, while the length-
for-age z-score (LAZ) growth value was 0.66±0.93.
Assuming that the LAZ growth values were consistent
among the two groups of infants, the growth rate of WAZ
in the infants of W-group relative to the infants of S-group
decreased by 10%, that is, a decrease of 0.69. Thus, 3000
subjects were required in total, amounting to 1500 infants
in each group.
Participants

All attending pediatricians and nurse practitioners from
the 19 community centers were invited to participate in
pre-research meeting and trainings. A total of 78 medical
staff members were enrolled, representing nearly all
eligible clinicians. There were evaluation quizzes
(score>90) for all participating clinicians, and we gave
overweight prevention evaluations to doctors and physical
examination evaluation to nurses.

Every month, approximately 200 infants were born in each
community. The infants were divided into 2 groups
according to previously described method. Inclusion
criteria were as follows: (1) birth between November
2013 and November 2014; (2) single fetus with a
gestational age of 37–42 weeks; (3) the birth weight of
2500–4500g; (4) the community resident who was willing
to come for the long-term follow-up of 1 year; (5) without
congenital diseases, and genetic metabolic diseases; and (6)
clinical consultation ≥3 times in 1 year.
Clinical consultation

The weight and length measurements were collected
during monthly vaccination sessions at the community
health centers. The infants were measured at the age of 1.0,
2.0, 4.0, 6.0, 9.0, and 12.0 months (within 1 week before
and after). Those who did not attend were called again
after 2 weeks (at 1.5, 2.5, 6.5, 9.5, or 12.5 months). Thus,
each infant attended a health center at least 6 times at 1.0–
1.5, 2.0–2.5, 4.0–4.5, 6.0–6.5, 9.0–9.5, and 12.0–12.5
months. At every clinical consultation, the doctors
educated participants regarding nutrition guidelines,
depending on the nutritional status of infants according
to their group standards. The specific tasks at each time
point in each clinical consultation included the following:
(1) physical measurements, including height, weight, head
circumference and chest circumference; as well as an
record of feeding patterns; (2) the diagnosis of nutritional
levels followed by group standards, including under-
weight, wasted, stunted, normal, and overweight; (3) the
generation of a growth curve for every child and the
provision of nutritional advices to caregivers based on the
child’s growth tendency; and (4) the provision of
nutritional guidelines at different ages and the supply
nutrition guidebooks at different age stages.
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Anthropometry

The weight and length were obtained from the infant’s
birth record, and subsequently measured at age of 1.0, 2.0,
4.0, 6.0, 9.0, and 12.0 months using standardized
procedures. Weight was measured to the nearest 0.01kg
using an electronic pediatric scale (Seca, Germany), and
length was measured to the nearest 0.10cm using a
pediatric-length board (Seca, Germany) with the infant in a
recumbent position.

Nutritional status

WAZ, LAZ, and weight-for-length z-score (WLZ) of
infants at 1.0, 2.0, 4.0, 6.0, 9.0, and 12.0 months of age
were calculated according to the 2006 WHO growth
standards using the WHO Anthro 2009 software. The
software measured the age to the nearest 0.01 month.
Underweight, stunting, and wasting were defined as
WAZ<–2, LAZ<–2, and WLZ<–2, respectively. Over-
weight was defined as WLZ>+2. Normal weight was
defined as –2�WLZ�+2.

Quality control

Quality control procedures are important to ensure data
quality, which include the following: (1) Shanghai
Municipal Health Bureau was responsible for data
coordination, collection, and management; quality con-
trol; and advisory for groups; (2) lectures were given to the
staff of each community by the director, and trainees
underwent thorough training for standardizing the proto-
col regarding anthropometric measurements, recommen-
dations for feeding methods, use of standard application
and distribution of pamphlets; (3) pilot testing of study
protocol was conducted (Kongjiang community); (4)
monthly visits to study sites were made for calibrating
measurement tools, assessing technology capacity and
collecting data; (5) data quality assurance was completed
through the calibration of equipment and the standardiza-
tion of measurements, surveys, and the auditing data entry
(data record included medical record books and electronic
data in government system); (6) regular meetings, retrain-
ing, and random spot check were conducted.

Statistical analysis

Children were grouped into 6 age categories during the
infancy period. Each age group includes half a month
before and after. For example, ages from 0.5 month to 1.5
months are abbreviated as 1 month, and those from 5.5
months to 6.5 months are abbreviated as 6 months. If a
child had beenmeasured twice in a given age category, only
the first measurement was counted. Measurements taken
at 3.0, 5.0, 7.0, 8.0, and 11.0 months were excluded. All
children were required to attend the clinical consultation in
more than two age groups to ensure that the parents paid
attention to the standard procedures.

The data with normal distribution were shown as mean±
standard deviation (SD), and the data with non-normal
distribution were shown as median (Q1, Q3). The Chi-
squared test and one-way analysis of variance (ANOVA)
were used to assess the differences in the demographic
6

characteristics, the Wilcoxon rank-sum test was used to
compare the median differences of WAZ, LAZ, and WLZ
between the two groups. Linear mixed-effect regression
models for repeated measures using random effect at the
community level (cluster) were used to compare the
difference of WAZ, LAZ, and WLZ between the two
groups at different time-point (PROC MIXED proce-
dures). At individual level, models-controlled gender and
weight at baseline as potential confounding factors. We
used an unstructured covariance for the random effects at
the child level, after comparing models with different
covariance structures using the Akaike information
criterion (AIC). All data analysis was performed using
SAS Version 9.4 (SAS Institute Inc, Cary, North Carolina,
USA). All P values were two-sided, and the level of
statistical significance was set at P<0.05.
Results

Study population

In this study, among the 15,286 infants from 19
community health service centers, only 267 infants did
not receive enough clinical consultations in their age
groups (<3 times). The remaining 15,019 infants (51.7%
boys and 48.3% girls) provided valid data at birth and
during follow-up. Among 15,019 infants, 6509 were in the
W-group (including 3390 boys and 3119 girls,) and 8510
in the S-group (including 4374 boys and 4136 girls), there
was no significant difference in gender between two groups
(x2=1.081, P=0.298). The mean birth weights of the W-
group and S-group were 3.38±0.38kg and 3.37±0.39kg,
respectively (t=0.095, P=0.924).

The ratio of exclusive breastfeeding at 2 months in W-
group infants was 55.5%, which was lower than that of S-
group infants (65.4%, x2=56.265, P<0.001). At 4
months, only 52.2% of infants were exclusive breastfeed-
ing in W-group, that was still lower than that of S-group
(60.7%, x2=42.049, P<0.001).
Overweight

The overweight rates between the groupswere distinct at 1.0,
9.0 and, 12.0 months of age, and the differences were
statistically significant (all P<0.050). The study found that
the rate of overweight at 1 month of age in the W-group
(1.3%) was higher than that of the S-group (0.7%, P=
0.040). The rates of overweight of the S- andW- groups at 2
monthsof agewere as follows:1.3%and1.6%,but increased
to 3.7% and 3.5% at 4 months of age. Compared with S-
group, the rates of overweight decreased and had a
downward tendencyat9monthsofage inW-group (Table1).
Most of the children in both groups were healthy, and the
rates of stunting, wasting, and underweight were very low
(0%–0.4%). There were no significant differences between
the groups in every age group (all P>0.050, Table 1).
Growth parameters and results of linear mixed model

ForWAZ values, the patterns of change in weight from 1.0
month to 6.0 months were similar between W-group and
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Table 1: Nutritional status at each age stage in the W- and S-groups according to growth references of World Health Organization

Number Overweight, n (%) Underweight, n (%) Stunting, n (%) Wasting, n (%)

Age
(months) W-group S-group W-group S-group x2 P W-group S-group x2 P W-group S-group x2 P W-group S-group x2 P

1 1791 2049 23 (1.3) 14 (0.7) 4.207 0.040 4 (0.2) 2 (0.1) 0.310 0.578 4 (0.2) 4 (0.2) 0.036 0.850 23 (1.3) 35 (1.7) 0.834 0.361
2 3284 4999 53 (1.6) 65 (1.3) 1.657 0.198 7 (0.2) 10 (0.2) 0.311 0.577 10 (0.3) 20 (0.4) 0.819 0.366 13 (0.4) 15 (0.3) 0.225 0.635
4 4749 6341 166 (3.5) 235 (3.7) 0.114 0.735 0 (0.0) 6 (0.1) 2.730 0.098 9 (0.2) 13 (0.2) 0.608 0.436 9 (0.2) 13 (0.2) 0.019 0.889
6 5055 6807 187 (3.7) 272 (4.0) 0.854 0.355 5 (0.1) 0 (0.0) 1.421 0.233 10 (0.2) 20 (0.3) 1.388 0.239 9 (0.1) 7 (0.1) 0.641 0.423
9 4100 5700 139 (3.4) 245 (4.3) 5.413 0.020 0 (0.0) 0 (0.0) 0.760 0.383 12 (0.3) 23 (0.4) 0.995 0.318 5 (0.1) 0 (0.0) 0.980 0.322
12 3908 5476 86 (2.2) 208 (3.8) 18.145 <0.001 0 (0.0) 5 (0.1) 1.542 0.214 16 (0.4) 22 (0.4) 0.151 0.697 0 (0.0) 5 (0.1) 1.832 0.176

Table 2: Median of WAZ, LAZ, and WLZ at each age in the W- and S- groups according to growth references of World Health Organization

Age 1 month 2 months 4 months 6 months 9 months 12 months

Number (n)
W-group 1791 3284 4749 5055 4100 3908
S-group 2049 4999 6341 6807 5700 5476

WAZ
W-group 0.28 (�0.23, 0.80) 0.54 (0, 1.03) 0.71 (0.11, 1.26) 0.72 (0.11, 1.29) 0.67 (0.07, 1.21) 0.64 (0.06, 1.18)
S-group 0.33 (�0.19, 0.81) 0.54 (0.04, 1.06) 0.71 (0.16, 1.30) 0.72 (0.14, 1.30) 0.70 (0.11, 1.26) 0.68 (0.13, 1.20)
Z �1.925 �1.502 �1.263 �0.938 �2.570 �2.321
P 0.054 0.133 0.207 0.349 0.010 0.020

LAZ
W-group 0.26 (�0.31, 0.84) 0.53 (�0.09, 1.14) 0.65 (0.04, 1.28) 0.67 (0.04, 1.33) 0.55 (�0.11, 1.21) 0.51 (�0.12, 1.16)
S-group 0.26 (�0.27, 0.88) 0.48 (�0.11, 1.09) 0.61 (0.01, 1.24) 0.64 (0.05, 1.26) 0.52 (�0.08, 1.16) 0.46 (�0.16, 1.11)
Z �0.881 1.549 2.296 1.512 0.412 2.148
P 0.378 0.121 0.022 0.131 0.680 0.032

WLZ
W-group 0.08 (�0.50, 0.62) 0.27 (�0.32, 0.83) 0.46 (�0.13, 0.99) 0.54 (�0.05, 1.09) 0.59 (�0.01, 1.09) 0.55 (0, 1.03)
S-group 0.14 (�0.38, 0.60) 0.35 (�0.23, 0.87) 0.53 (�0.09, 1.08) 0.60 (�0.01, 1.13) 0.64 (0.06, 1.19) 0.64 (0.08, 1.13)
Z �1.451 �3.373 �3.583 �2.791 �3.667 �4.391
P 0.147 0.001 <0.001 0.005 <0.001 <0.001

The data were shown as median (Q1, Q3). Wilcoxon rank-sum test. LAZ: length-for-age z-score; WAZ: weight-for-age z-score; WLZ: weight-for-height
z-score.
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S-group, and the differences were not statistically signifi-
cant (all P>0.050; Table 2). The differences inWAZ value
were statistically significant at the 9- and 12-month age
between 2 groups (Z=–2.570, P=0.010 at 9 month and
Z=�2.321, P=0.020 at 12 month; Table 2). The increase
in WAZ value was significantly greater in S-group,
compared to W-group (coefficient=0.04, P=0.004;
Table 3). These findings suggested that the weight gain
in infants of S-group were slightly higher than that of
infants in the W-group.

For LAZ values, the patterns of change in height from 1
month to 12 months of age were also similar between W-
group and S-group (Table 2). The differences in LAZ value
were not significant at all age stages between 2 groups,
except for the 4- and 12-months age (Z=2.292, P=0.022
at 4 month, and Z=2.148, P=0.032 at 12 months;
Table 2). In total, the mean LAZ values in the W-group
were higher than those in the S-group for most age stages.
The LAZ value was increased significantly by 0.04 in W-
group, compared to S-group (P=0.047; Table 3). It meant
that the height gain infants of W-group were higher than
that of infants in the S-group.

As shown in Table 2, theWLZ values between the 2 groups
were significantly different from 2months of age (Table 2).
For the WLZ values, the mean values in S-group
were greater than those of W-group (coefficient=0.09,
P<0.001; Table 3).
7

Discussion

Approximately 120million children inChinawere found to
be overweight or obese.[12] As it is a global public health
problem, attention needs to be paid to the rise in the number
of obese children. Rapid weight gain during infancy is the
beginning of childhood obesity. According to research,
being overweight in the first 2 years of life was a strong
predictor of obesity at age 5 and was associated with an
increased risk for metabolic disease later in life.[13-15]

However, the interventions for overweight in infancy were
indeed limited,[16] and the most common recommended
intervention was a proper clinical examination in local
community.[17,18]

The study was conducted to assess and monitor the growth
of children using different child growth standards and to
observe the impact of different growth standards onweight
and length. This study found that using WHO standards,
the infants were less likely to be classified as overweight.
According to the results of this study, it could be said that
the decline in weight gain was not correlated with loss of
height gain, but rather promoted height growth. The
application of the WHO standards was only for reducing
overweight but not for increasing underweight or
addressing stunting and wasting disease.

Routine growth assessment is a fundamental part of the
monitoring of children’s health. The pediatrician should
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Table 3: Impact of different standards on WAZ, HAZ, and WLZ from birth to 12 months

WAZ LAZ WLZ

Parameters Coefficient SE P Coefficient SE P Coefficient SE P

Intervention (reference: W-group)
S-group 0.04 0.01 0.004 �0.04 0.02 0.047 0.09 0.01 <0.001

Age (reference: 1-month-old)
2-month-old 0.24 0.01 <0.001 0.22 0.01 <0.001 0.20 0.02 <0.001
4-month-old 0.43 0.01 <0.001 0.36 0.01 <0.001 0.41 0.01 <0.001
6-month-old 0.43 0.01 <0.001 0.41 0.01 <0.001 0.47 0.01 <0.001
9-month-old 0.39 0.01 <0.001 0.3 0.01 <0.001 0.51 0.02 <0.001
12-month-old 0.36 0.01 <0.001 0.24 0.01 <0.001 0.49 0.02 <0.001

Gender (reference: male)
Female �0.02 0.01 0.102 0.06 0.01 <0.001 �0.06 0.01 <0.0001

Weight at baseline 0 0 <0.001 0 0 <0.001 0 0 0.015
Intercept �0.01 0.06 0.836 �0.04 0.07 0.593 �0.05 0.06 0.352

P-values obtained with mixed regression models, using random effect at community-level to take into account correlations between repeated measures
(unstructured matrix of variance-covariance) and random effect at the community-level (cluster). Only adjusted models on covariates are presented.
LAZ: length-for-age z-score; SE: standard error; WAZ: weight-for-age z-score; WLZ: weight-for-height z-score.
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inform parents about the physical growth of the baby,
which could, in turn, affect the feeding practices by
parents.[19] Our previous study found “weight median
value” was a strong stimulus for parents to overfeed,
especially the caregivers of normal-weight infants who
worried more about infants being “underweight” or
“eating less”.[8] In another preschool study, parents tended
to underestimate their children’s weight as well as the
potential harmfulness of childhood obesity.[20] The
reasonable application of growth standards is important
to increase Chinese parents’ knowledge of healthy feeding
practices and normal growth.

One contributing factor for the results of this study might
be the reduction of overfeeding. Another one could be
recognition of the growth velocity of children by care-
givers. In Shanghai community health service centers,
median weight and length were always used as the index to
describe children’s nutrition level. For a child, whose
weight was under the median value, the caregivers were
likely to excessive feeding. In WHO standards group, the
pediatricians used the growth curve to describe infant
growth status which emphasizes the growth rate. The
WHO growth standards use growth charts, which include
sex-specific and age-specific growth curves. In China,
growth curves have been formulated, but the implementa-
tion process needs to be strengthened. According to the
2012 review, the majority (79%) of the Chinese studies
used a definition of >120% of the mean value of the
National Center for Health Statistics reference population
to diagnose childhood obesity and only 7 studies (9%)
measured childhood obesity using age-specific and sex-
specific BMI cutoffs.[21]

On the other hand, we must face the fact that the WHO
2006 growth standards do not necessarily represent the
level of growth in Shanghai infants. Compared withWHO
growth standards, the infants of Shanghai presented with
greater weight and length than the WHO median at the
first year. The results were similar to the report of the 5th
national survey on the physical growth and development
of children in 9 cities of China.[22] The differences in
physical growth in Shanghai were mainly caused by the
reference populations of different ethnic backgrounds as
8

reported by Zong et al’s study.[23] The WHO Multicenter
Growth Reference Study (MGRS) collected data of 8500
children who were exclusively breastfed for the first 4
months, and then 100% breastfed for 12 months by
mothers who gave up smoking.[4] Unlike the feeding
practice of MGRS, the infants in Shanghai had a low level
of exclusive breastfeeding. In 2013, the Analysis Report of
National Health Services Survey in China reported that the
rate of exclusive breastfeeding within 6 months after
delivery was 60.2% in East China.[24] However, the survey
was conducted based on the response of parents on the
question “how many months was the child breastfed?”,
but did not inquire about the previous 24 hours of food
intake, as recommended by the United Nations Children’s
Fund and WHO. In our previous study, the rate of
exclusive breastfeeding within 4months was only 29% in a
typical community of Shanghai.[8] One reason for
adopting WHO standards in many countries was to
promote and protect breastfeeding.[25] From 2 months of
age to the end of the first year of life, breastfed infants
demonstrated slower weight gain than their bottle-fed
counterparts,[26] with evidence suggesting that a longer
duration of full breastfeeding was associated with lower
childhood fat mass.[27]

The uniqueness of WHO growth standards is that it
provides a standard for growth pattern to answer the
question of “how the children should grow”, which breaks
the traditional view that growth standards should only
describe immediate status of “how the children are
growing”.[28] The reference of Shanghai children growth
was obtained through the National Survey on the Physical
Growth and Development of Children in the Nine Cities of
China (NSPGDC) every 10 years, in which Shanghai is one
of the 9 cities. The anthropometric data of Shanghai
children in 1975, 1985, 1995, and 2005 formed the
reference edition and the reference value for each
publication was higher than the previous one.[23] Overall,
the reference represents the cross-sectional data of Shanghai
children’s growth, which is less than longitudinal observa-
tion data of WHO.[7,28] In addition, with the Chinese
booming economy, the increase in children’s averageweight
and height reflected the improvement of the nutritional
status of children. But it also had some undesirable effects,
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such as a low rate of exclusive breastfeeding and a higher
tendency for overfeeding. From 2007 to 2010 in China,
1840 healthy breastfed infants living in “optimal” envi-
ronment for favorable growthwere followed up to 1 year of
age. In comparison with the WHO growth standards,
breastfed children in that study were heavier in weight,
longer in length, and bigger in head circumference, and the
results were similar to what we saw in the growth reference
of the 2005 nine-city study.[29] In that study and another
study,[30] researchers were concerned that there was a
possibility to misclassify a few malnourished infants as
normal by the infant growth standards based on the WHO
MGRS study. Those infants, typically living in rural areas,
might subsequently miss the opportunity for early interven-
tion. However, in Shanghai, the rate of overweight and
obese children is increasing, as reported in the 2015
NSPGDC.[31]

For all practical purposes, it should be known that the
WHO growth standards did not reflect the current growth
status of infants in the urban areas of Shanghai. The
solution was to choose reference and standards wisely. The
findings of this study would help practitioners of
community healthcare to choose the correct growth
standards and to understand the cause for concern
regarding average growth patterns and the risk of children
obesity according to growth charts. We must face the
problem squarely: the number of infants who were
diagnosed as being on a trajectory toward childhood
obesity was increasing in Shanghai.[32] The adoption of the
Shanghai standards would result in a decreased number of
infants classified as overweight or obese, which might cost
them the opportunity for an early intervention. In the
United States,[33] there was a similar situation in which the
reference in CDC growth chart was slightly higher than
those of WHO,[34] they explained that “the WHO charts
are growth standards describing the growth of healthy
children in optimal conditions, the CDC charts are a
growth reference, describing how certain children grew in
a particular place and time”. In addition, the final guideline
is that “clinicians should be aware that fewer U.S. children
will be identified as underweight using the WHO charts,
slower growth among breastfed infants during ages 3–18
months is normal, and gaining weight more rapidly than is
indicated on the WHO charts might signal early signs of
overweight”.

This study was not able to determine the factors responsible
for the accelerated growth of Shanghai urban infants
compared with the projections of the WHO charts, which
was perhaps the greatest limitation of the study. Another
limitation of this study was that we had not gathered the
information regarding mothers’ BMI and the follow-up
period was only for 12 months. Many studies had reported
that pre-pregnancy overweight/obesity increased the risk of
macrosomia andoffspringoverweight/obesity.[35,36]Hence,
to reduce the effect of heredity on overweight in this study,
we used a bigger sample size, which should mitigate the
impact from the pre-pregnancy condition.

In conclusion, the results of this study demonstrated that
the adoption of the WHO 2006 growth standards would
reduce the proportion of overweight infants less than 1
9

year of age in urban areas of Shanghai. Even though the
WHO2006 growth standards did not represent the level of
child growth in Shanghai, its adoption did not increase the
rate of wasting, stunting and underweight children in
Shanghai urban areas. On the other hand, it even
promoted the height growth among those participating
infants. Hence, we recommended that the WHO 2006
growth standards should be used in areas where infant
growth is trending toward obesity.
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