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Abstract
Objective: The aim is to determine the disparity between the overweight and
obesity prevalence of Chinese American school-aged children and adolescents
as measured by the Centers for Disease Control and Prevention (CDC) growth
reference and the prevalence as measured by international and ethnic-specific-
growth references.
Design: This retrospective, cross-sectional studymeasured overweight and obesity
prevalence among a paediatric population using the CDC, International Obesity
Task Force (IOTF), World Health Organization (WHO) and an ethnic Chinese
growth curve.
Setting: A community health centre in New York City, USA.
Participants: Chinese American children aged 6–17 years in 2017 (N 9160).
Results: The overweight prevalence was 24 % (CDC), 23 % (IOTF), 30 % (WHO)
and 31 % (China). The obesity prevalence was 10 % (CDC), 5 % (IOTF), 10 %
(WHO) and 10 % (China). When disaggregated by age and sex, the difference
was the most prominent in girls; using the China reference compared with using
the CDC reference almost doubles the overweight prevalence (school-aged: 31 v.
17 %, P < 0·001, adolescent: 27 v. 14 %, P< 0·001) and the obesity prevalence
(school-aged: 11 v. 5 %, P < 0·001, adolescent: 7 v. 4 %, P< 0·001).
Conclusions:Use of the CDC reference compared with the Chinese ethnic-specific
reference results in lower overweight and obesity prevalence in Chinese American
girls. Almost half of the girls who were overweight and half of the girls who were
obese were not identified using the CDC reference. Using ethnic-specific referen-
ces or ethnic-specific cut-points may help improve overweight identification for
Chinese American children.
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Paediatric obesity is recognised as a national epidemic
associated with various comorbidities that threaten the
future health and quality of life of many young children
as they progress into adulthood(1–3). The 2015–2016
National Health and Nutrition Examination Survey
reported an obesity prevalence of 18·5 % among the
paediatric population of the USA(4). Of those surveyed,
the lowest prevalence of obesity (11 %) was found in
the Asian American paediatric population compared
with that of the other racial groups (22, 25 and 14·1 %

for the non-Hispanic black, Hispanic and non-Hispanic
white paediatric populations, respectively)(4). The
growth reference developed by the Centers for Disease
Control and Prevention (CDC) has been recommended
for clinical use throughout the USA to assess weight
status based on BMI as a percentile compared with a
reference population in children and adolescents. In
the development of the CDC growth reference, only
2 % of the reference population was Asian/Pacific
Islander(5,6).
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Since overweight and obesity of children are deter-
mined by comparison with the growth patterns of a refer-
ence population, the lack of ethnic representation in the
CDC growth reference may lead to inaccurate assessment
of weight status, especially given the diversity of Asian
American populations.

It has been generally accepted that all children have the
same genetic potential for growth and follow the same
growth patterns given the same environmental condi-
tions(7). In well-nourished young children, the WHO found
that growth patterns were similar in diverse populations;
however, differences in height and weight were seen in
South and East Asian populations compared with other
populations. Special attention was made to include Asian
populations in the development of the WHO growth stan-
dard for young children under 5 years(8,9). In children aged
5 years and over, there is not enough evidence to attribute
differences between different populations to solely envi-
ronmental conditions and the inclusion of multi-ethnic
populations in developing growth references was strongly
recommended by the WHO(7).

Asian adults have been shown to have a higher body fat
percentage and greater cardiovascular risks compared with
their non-Asian counterparts with the same BMI due to var-
iations in muscularity and body frame(10–12). Recognising
that the BMI cut-offs of 25 kg/m2 for overweight and
30 kg/m2 for obesity may underestimate the associated
health risks of excess body fat in many Asian populations,
the WHO expert consultation report recommended addi-
tional public health action points in Asian adults at BMI
of 23 and 27·5 kg/m2 to indicate points of increased risk
for clinical action(13). Based on this report and other sup-
porting evidence, the American Diabetes Association has
recommended diabetes screening in Asians starting at
the BMI of 23 kg/m2(12). This ethnic difference in BMI to
body fat relationship among Asian adults raises the issue
of whether overweight/obesity cut-offs for Asian children
should be lowered and whether international or ethnic-
specific growth references with more Asian representation
are more appropriate in assessing weight status for Asian
children(14,15).

There were concerns regarding the appropriateness of
using the CDC or international growth references for the
measurement of overweight and obesity in various paedi-
atric populations(7,16–18). Comparison studies have been
conducted in various countries to determine the preva-
lence of overweight and obesity of their children and youth
based on different reference populations and cut-off
criteria(19–22). Studies with Hong Kong Chinese youth found
a higher prevalence of obesity using the ethnic-specific
growth reference developed with the 1993 Hong Kong
Growth Survey compared with other growth references
such as the ones developed by the International Obesity
Task Force (IOTF) and the CDC(15,19). Other studies based
on BMI references in Canada and Portugal reported higher

percentages of obesity using WHO diagnostic cut-points in
comparison with those of IOTF or CDC(21,23).

Despite the increasing literature on the comparison of
various growth references, similar studies have yet to be
conducted in the USA in its Chinese American paediatric
population, a unique population with Chinese ancestry
and raised in a mixture of Asian and American culture.
Given the underrepresentation of Asian Americans in the
CDC growth reference and the difference in fat distribution
found in Asian Americans adults(6), the aim of this study is to
determine the disparity between the overweight and
obesity prevalence of the Chinese American children and
adolescents as measured by the CDC growth reference
and the prevalence as measured by international and
ethnic-specific-growth references.

Methods

Study design and participants
This is a cross-sectional study that was conducted at the
Charles B. Wang Community Health Center (CBWCHC),
a Federally Qualified Health Center in New York City that
serves a predominantly Chinese American population. The
criteria for study participants include children who were
aged 6–17 years during their routine health maintenance
visit at CBWCHC during the year 2017 and are of
Chinese ethnicity. All patients who met the inclusion crite-
ria were included in the study.

Growth references
Overweight and obesity prevalence in the paediatric pop-
ulation was determined by using BMI percentiles based on
four different growth references including the CDC growth
reference, international growth references (IOTF and
WHO) and an ethnic-specific growth reference developed
by China(5,22,24,25). Growth references are developed to
monitor the growth of children compared with a reference
population. The population used in the development of
each growth reference is described in Table 1. All age
ranges presented in the table are inclusive.

The CDC growth reference for the USA was developed
based on data from five national surveys (National
Health Examination Survey and National Health and
Nutrition Examination Survey) collected between 1963
and 1994 for the paediatric population aged 2–19 years(5).
Overweight and obesity cut-offs were defined as a BMI-for-
age greater than or equal to 85th and 95th percentiles,
respectively.

An international growth referencewas developed by the
IOTF for children aged 2–17 years based on the merged
BMI curves from Hong Kong, Brazil, USA, Great Britain,
Singapore and the Netherlands(24). Weight status cut-points
were created for children that correspond to the adult BMI

2664 JD Lau et al.

https://doi.org/10.1017/S1368980020000919 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020000919


cut-points at age 18 where overweight and obesity were
defined as a BMI-for-age greater than or equal to 25 and
30, respectively.

The WHO growth reference for children aged 5–18
years was based on the National Health Examination
Survey, cycles II and III, and National Health and
Nutrition Examination Survey, cycle I, from the years
1963 to 1974(25). The data for children aged 5–18 years were
combined with the growth standards for children under 5
years, which was developed from a multinational popula-
tion, and then smoothed to generate a growth curve. Based
on the WHO, overweight is defined as a BMI-for-ageþ1 SD

above the mean, whereas obesity is a BMI-for-age þ2 SD

above the mean.
The Chinese growth reference was constructed using

national data for urban Chinese children aged 0–17 years
from the National Survey on the Physical Growth and
Development of Children and the Chinese National
Survey on Student’s Constitution and Health between
1975 and 2005(22). Definitions of overweight and obesity
are the same as those of the WHO in which overweight
is þ1 SD above the mean and obesity is defined as þ2 SD

above the mean for the child’s sex and age.

Data
At each annual health visit at CBWCHC, height and weight
were measured by clinically trained nursing staff to deter-
mine the patient’s BMI, measured by weight in kilograms
over the height in meters squared. BMI percentile curves
were programmed into the Centricity Practice Solution
v12.0 electronic medical records system (Virence Health
Technologies) for each reference population. The LMS
tables containing the skewness (L), median (M) and the
CV (S) for each reference population by sex and age
were entered into the electronic medical records sys-
tem(5,22,24,26–28). A smoothing formula was applied to gener-
ate growth curves(29). BMI percentile specific to each growth
reference was automatically displayed on the screen and
stored into the electronic medical records upon entering
height and weight at each medical visit.

A de-identified data set was extracted from the electronic
medical records with participants’ age, sex, place of birth,
BMI and BMI percentiles based on the four different refer-
ence populations. To be consistent with the age cut-offs
of CDC reports, age was categorised into school-age

(6–11 years) and adolescence (12–17 years)(4). We applied
cut-off points developed specifically for each growth refer-
ence to determine overweight and obesity.

Statistical analysis
The Cochran’s Q test was used to test differences in the
overweight and obesity prevalence as determined by the
four growth references. Alpha for Cochran’s Q tests was
set to 0·05. Where significance was found in the
Cochran’s Q test, post hoc group comparisons were done
using theMcNemar test to compare overweight and obesity
prevalence based on using the CDC reference population
to the proportions based on the IOTF, WHO and China
populations. The Bonferroni correction was used to limit
type I errors caused by multiple comparisons within the
same data set. Since three comparisons were made, alpha
was adjusted to 0·017 for the McNemar’s analyses. We esti-
mated that a sample size of at least 425 is needed to obtain
over 90 % power to detect a difference of 2 %with an alpha
of 0·05. All statistical analyses were performed using SPSS
version 23.0 (IBM Corp.).

Results

In 2017, 10 429 patients aged 6–17 years received an annual
health maintenance visit at CBWCHC. Based on the eligibil-
ity criteria of Chinese ethnicity, 9160 patients were included
in the study. There were 4825 (52·7 %) boys and 4335
(47·3 %) girls. There were 4896 (53·4 %) in the school-
age range and 4264 (46·6 %) in the adolescent age range.
Of the 99·3 % of children who reported their birthplace,
74·1 % were born in the USA (see Table 2).

Overweight
The overweight prevalence estimated by the four growth
references, stratified by age and sex, is presented in
Table 3. Overall, CDC reference measured the overweight
prevalence at 23·9 %, the internationally used growth refer-
ences, IOTF and WHO measured the prevalence at 23·2
and 29·8 %, respectively, and the China growth reference
measured the highest overweight prevalence at 31·1 %.
Overweight prevalence was not equivalent across the four
references for all sex and age groups (P< 0·001).
Overweight prevalence as determined by the national,

Table 1 Reference population of national, ethnic Chinese and international growth references

Growth references Category Ages (inclusive) Reference population source Time frame

Centers for Disease Control and Prevention(5) USA 2–19 USA 1963–1994
China Growth Reference (China)(22) Ethnic Chinese 0–17 China (Major Cities) 2005
International Obesity Task Force(24) International 6–17 Brazil, Hong Kong, the Netherlands,

Singapore, Great Britain, USA
1963–1993

WHO(25) International 5–18 USA 1963–1974
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international and ethnic-specific growth references was
graphed by age group and sex in Fig. 1. The prevalence
determined from each growth reference was individually
compared with the prevalence based on the CDC growth
reference.

In school-aged boys, the CDC measured 35·4 % over-
weight prevalence. The IOTF measured lower overweight
prevalence at 30·7 % (P < 0·001), and the WHO measured

higher overweight prevalence at 42·9 % (P < 0·001). The
China prevalence for overweight was similar to CDC at
35·2 %. In adolescent boys, both international references
and the China reference measured higher overweight
prevalence (28·2 % in IOTF, 32·9 % in WHO and 30·7 %
in China v. 26·9 % in CDC, P< 0·001 for each comparison).

In school-aged girls, the China reference measured
30·7 % overweight prevalence and the WHO measured

Table 2 Demographic characteristics of Chinese American children by age group, 2017 (N 9160)

Characteristics 6–11 years (N 4896) (N) % 12–17 years (N 4264) (N) % Total (N 9160) (N) %

Sex
Girls 2278 46·5 2057 48·2 4335 47·3
Boys 2618 53·5 2207 51·8 4825 52·7

US-born*
No 989 20·3 1366 32·3 2355 25·9
Yes 3872 79·7 2867 67·7 6739 74·1

*Missing data consists of less than 1% of total and was excluded from table and analysis.

Table 3 Prevalence of overweight among the Charles B. Wang Community Health Center (CBWCHC’s) Chinese American youth by sex and
age determined by various growth references, N 9160

Age (years)

CDC IOTF WHO China Cochran’s Q

N % N % N % N % P-value

All
All 2191 23·9 2126 23·2 2727 29·8 2845 31·1
6–11 1314 26·8 1197 24·4 1637 33·4 1621 33·1 <0·001
12–17 877 20·6 929 21·8 1090 25·6 1224 28·7 <0·001

Boys
All 1521 31·6 1427 29·6 1850 38·3 1600 33·2
6–11 927 35·4 804 30·7 1124 42·9 922 35·2 <0·001
12–17 594 26·9 623 28·2 726 32·9 678 30·7 <0·001

Girls
All 670 15·5 699 16·1 877 20·2 1245 28·7
6–11 387 17·0 393 17·3 513 22·5 699 30·7 <0·001
12–17 283 13·8 306 14·9 364 17·7 546 26·5 <0·001

CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force.
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Fig. 1 Prevalence of overweight in Chinese American boys and girls asmeasured by the Centers for Disease Control and Prevention
(CDC), International Obesity Task Force (IOTF), WHO and China growth references (China) (N 9160). *<0·001 compared with CDC.
, CDC; , IOTF; , WHO; , China

2666 JD Lau et al.

https://doi.org/10.1017/S1368980020000919 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020000919


22·5 % compared with the CDC estimate of 17·0 %,
P< 0·001 for each comparison. IOTF measured similar
prevalence at 17·3 %. In adolescent girls, 26·5 % were esti-
mated to be overweight using the China reference, 14·9 %
using IOTF and 17·7 % using WHO compared with 13·8 %
using CDC, P < 0·001 for each comparison.

Obesity
The same analyses were done to assess the prevalence of
obesity among this paediatric population and are shown in
Fig. 2. Based on the four growth references, the overall
obesity prevalence in this Chinese American paediatric
population ranged from 5·0 to 10·2 % (Table 4). Obesity
prevalence as measured by the four growth references
was not equivalent for all sex and age groups, P< 0·001.

In school-aged boys, IOTF (7·6 %) and China (12·8 %)
estimated lower obesity prevalence and WHO estimated
higher obesity at 18·9 % compared with the CDC
(16·5 %), P < 0·001 for each comparison. In adolescents,
IOTF (6·4 %) and China (9·1 %) estimated lower obesity
prevalence compared with CDC (11·0 %), P< 0·001 for

each comparison, while theWHOmeasured similar obesity
prevalence at 10·6 %.

In school-aged girls, compared with the CDC’s measure-
ment of 5·4 % obesity, IOTF measured lower prevalence at
3·0 %, P< 0·001, WHO measured similar prevalence at
5·5 %, and China measured higher prevalence at 10·7 %,
P < 0·001. In adolescent girls, CDC measured the obesity
prevalence to be 3·8 %, while China estimated the higher
obesity at 7·1 %, P < 0·001, IOTF estimated lower preva-
lence at 2·3 %, P< 0·001, and WHO measured similar
prevalence at 3·7 %.

Discussion

This study found discrepancies in overweight and obesity
prevalence as measured by CDC, WHO, IOTF and a China
growth reference. While over-reporting overweight and
obesity leads to the follow-up of all at-risk children,
under-reporting leads to missed opportunities for correc-
tive measures. Overall, 7 % of the paediatric Chinese
American population at CBWCHC may be misclassified
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Fig. 2 Prevalence of obesity in Chinese American boys and girls as measured by the Centers for Disease Control and Prevention
(CDC), International Obesity Task Force (IOTF), WHO and China growth references (China) (N 9160). *<0·001 compared with CDC.
, CDC; , IOTF; , WHO; , China

Table 4 Prevalence of obesity among the Charles B.WangCommunity Health Center (CBWCHC’s) Chinese American youth by sex and age
determined by various growth references, N 9160

Age (years)

CDC IOTF WHO China Cochran’s Q

N % N % N % N % P-value

All
All 874 9·5 457 5·0 931 10·2 926 10·1
6–11 554 11·3 268 5·5 620 12·7 579 11·8 <0·001
12–17 320 7·5 189 4·4 311 7·3 347 8·1 <0·001

Boys
All 674 14 341 7·1 730 15·1 537 11·1
6–11 432 16·5 200 7·6 495 18·9 336 12·8 <0·001
12–17 242 11 141 6·4 235 10·6 201 9·1 <0·001

Girls
All 200 4·6 116 2·7 201 4·6 389 9·0
6–11 122 5·4 68 3·0 125 5·5 243 10·7 <0·001
12–17 78 3·8 48 2·3 76 3·7 146 7·1 <0·001

CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force.
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as normal weight under the CDC growth reference and will
not be identified for further follow-up. The largest discrep-
ancy was found in girls using the Chinese reference com-
pared with CDC; CDC identified about half as many
overweight and half as many obese Chinese American girls
compared with using the ethnic-specific reference.

These findings are in line with the current literature.
Studies found that BMI-based classification from CDC,
WHO and IOTF has low sensitivity in determining excess
body fat in children of East Asian descent(15,30,31). Asian chil-
dren were found to have higher body fat at a fixed BMI
compared with Caucasian children and that the Chinese
reference had the highest sensitivity to detect excess body
fat compared with non-ethnic specific growth referen-
ces(31). Using the WHO criteria missed nearly one-third
of obese Asian children and using the IOTF reference
missed nearly half of obese Asian children(31). Studies done
in Hong Kong also found the ethnic-specific Hong Kong
reference measured the highest overweight and obesity
compared with using WHO, CDC or IOTF(15,19). A multi-
ethnic study that only looked at girls in New Zealand found
that more than a third of East Asian girls were not correctly
identified as overweight using the WHO and IOTF
criteria(30).

The disparity between measured prevalence was more
prominent in girls than boys in this study. This could due to
the physiological differences between boys and girls of dif-
ferent ethnicities. Studies that disaggregated the sexes
found that Asian girls have more body fat than Caucasian
girls at a fixed BMI(32). The few studies on Asian boys found
mixed results; one study found no difference between boys
of different ethnicities(33), while another found Asian boys
had higher body fat compared with Caucasian boys at the
same BMI(34). More studies are needed to examine physio-
logical differences between boys of different ethnicities.

To adjust for ethnic differences in multi-ethnic popula-
tions, researchers have suggested implementing ethnic-
specific cut-off points(31,35–37). Duncan et al. developed
ethnic-specific thresholds with lower thresholds for East
Asian girls to better assess obesity in the diverse population
in New Zealand(35). Another set of ethnic-specific cut-off
points for IOTF was developed for South Korean girls aged
8–18 years based on the recommended cut-offs for adults at
BMI of 23 and 25 kg/m2 for overweight and obesity, respec-
tively(11,36). A study of South Asians in the Netherlands sug-
gested developing ethnic-specific cut-offs to assess weight
in different ethnicities(37).

Similar to other studies, our study shows ethnic Chinese
boys weremore overweight and obese than ethnic Chinese
girls in all age categories(38–40). In our study, the disparity
between the sexes based on the China growth reference
was much less than that measured by the CDC, WHO
and IOTF growth references. When using the CDC growth
reference, the overweight prevalence in Chinese boys dou-
bles that of girls and obesity prevalence in boys triples that

of girls. The prevalence in girls found by the ethnic-specific
China reference was much closer to the prevalence found
in boys using the same reference. Obesity disparities
between boys and girls were not found in the general US
population(4).

The magnitude of the difference in prevalence between
CDC and the other growth references raises concerns
and points to possible under-diagnosis of overweight
and obesity, especially in the Chinese girls. The use of
ethnic-specific growth references may be a more accurate
measurement of the weight status of the Chinese American
population. Continuing to use the CDC growth reference
may be a missed opportunity for early intervention to pro-
vide guidance for weight management, which may be
important given the mounting evidence that childhood
obesity is a risk factor for adult obesity and cardiovascular
disorders(3,38). There is substantial literature showing Asian
adults with increased risks of obesity-related conditions
found at a lower BMI compared with other racial
groups(10,11,13). Longitudinal studies in various populations
have linked childhoodweight status to obesity-relatedmor-
bidity in adulthood. Identifying and treating the at-risk pop-
ulation at a younger age has greater chances of preventing
adult-onset morbidity and mortality.

There are several limitations to this retrospective, cross-
sectional study. Since this study does not measure patient
adiposity in conjunction with BMI, the most appropriate
growth reference to accurately diagnose and assess risk
for overweight within the Chinese American paediatric
population cannot be definitively determined. However,
BMI is a quick and non-invasivemethod of estimating body
fat and is effective in its use of monitoring overall obesity
trends in a population. In addition, participants for this
study were recruited from one urban community health
center in New York City. This might limit the study’s ability
to generalise to other Chinese communities within the USA
and other settings. Despite these disadvantages, this study
has a large sample of the ethnically Chinese paediatric pop-
ulation in the USA and raises important questions of how
well we are identifying childhood obesity in ethnic-specific
populations with the CDC growth reference.

Conclusion

This study found that the CDC missed almost half of the
overweight and half of the obese Chinese American girls
compared with an ethnic-specific growth reference.
Using the CDC growth reference and its current cut-off
points to determine weight status in Chinese American
children may underdiagnose overweight and obesity and
delay appropriate monitoring, evaluation and interven-
tion for possible weight-related comorbid conditions.
Practitioners may want to consider consulting an
international or ethnic-specific growth reference to assess

2668 JD Lau et al.

https://doi.org/10.1017/S1368980020000919 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020000919


for overweight or obesity if suspected in Chinese American
children with increased growth parameters.
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