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2000 CDC or 2007 WHO – What is 
the most sensitive anthropometric 
reference for determination of 
overweight and cardio-metabolic 
risk in children aged 6–10 years?

Valesca Mansur Kuba1,2, Claudio Leone3, Durval Damiani4

ABSTRACT
Objective: To compare the two anthropometric standards for screening of overweight and cardio-
metabolic risk in 6–10-year-old children. Subjects and methods: This cross-sectional study included 
175 subjects attending the Referral Center for the Treatment of Children and Adolescents in Campos, 
Rio de Janeiro. They were classified according to CDC and WHO BMI z scores as normal-weight (z-
score > –1 and < 1), overweight (z-score ≥ 1 and < 2) or obese (z-score ≥ 2). Sensitivities and specifici-
ties in predicting systolic (SBP), diastolic (DBP) blood pressure and homeostatic model assessment 
insulin resistance index (HOMA-IR) alterations were calculated. Results: There was a major difference 
in 11 children who rated overweight by the CDC but were reclassified as obese by the WHO. Their 
mean z-scores for SBP (1.71 ± 1.54), DBP (2.64 ± 1.83) and HOMA-IR (1.84 ± 0.98) were higher than 
those classified as overweight by both references (SBP = 0.49 ± 1.34, p < 0.023, DBP = 1.45 ± 0.97, p < 
0.04 and HOMA = 1.24 ± 0.67, p < 0.04), but were similar to those classified as obese by both criteria 
(SBP = 1.25 ± 2.04, p = 0.60, DBP = 1.94 ± 1.19, p = 0.50 and HOMA = 2.09 ± 1.12, p = 0.76). Conclusion: 
the 2007 WHO reference was the most sensitive in screening for overweight and alterations in blood 
pressure and HOMA-IR in 6–10-year-old children. Arch Endocrinol Metab. 2015;59(3):220-5
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INTRODUCTION

I n the last few decades, more affluent lifestyles have 
resulted in a worldwide increase in the prevalence of 

childhood obesity, which is considered a health prob-
lem of epidemic proportions (1). In the United States, 
the most recent data from the Centers for Disease Con-
trol and Prevention (CDC) National Health and Nutri-
tion Examination Survey (NHANES) reported that the 
prevalence of obesity in children aged under 5 years and 
6–11 years had increased from 5% and 4%, respectively, 
in 1971 to 12% and 17%, respectively, in 2006 (2). In 
Brazil, almost 33.5% of 5–9 year-olds are overweight, 
with the highest prevalence in southeast Brazil (3). 

Childhood obesity is an important risk factor for the 
development of coronary heart disease (4), and a mar
ked increase in body mass index (BMI) after 10 years of 
age has been considered the strongest predictor of pre-

mature death resulting from a heart attack in adulthood 
(5). Insulin resistance also has an important role in the 
pathogenesis of metabolic syndrome and can lead to 
type 2 diabetes and poor outcomes (5).

In 2000, the CDC reviewed the NHANES growth 
charts and corrected some of their shortcomings (6). 
However, because of the increase in childhood obesity, 
the World Health Organization (WHO) more recently 
reconstructed the 2000 CDC BMI reference measure-
ments and smoothed their skewness to increase their 
sensitivity in diagnosing overweight and thus provide 
an adequate transition from standard curves for the 
under-fives to the reference curves for older children 
(7,8). 

The study aimed to compare the CDC and WHO 
BMI reference criteria for screening of overweight and 
cardio-metabolic risk in 6–10-year-old children, using 
the same critical cut-off points.
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SUBJECTS AND METHODS

This was a cross-sectional study of a sequential sam-
ple of children attending the Pediatric Endocrinol-
ogy outpatient clinic of the Referral Center for the 
Treatment of Children and Adolescents (CRTCA) in 
Campos, State of Rio de Janeiro, in the southeast of 
Brazil. Data were collected between November 2006 
and April 2008. The sample comprised 175 children 
aged 6–10 years, of both sexes, at the Tanner I pubertal 
stage. Most participants were from low-income fami-
lies and many were of African descent. The children 
were referred to the CRTCA by pediatricians (60%) or 
by the principals of public schools in Campos (40%). 
The reason for sending children who were slim was 
to check whether their weight or height was normal. 
Overweight/obese children were also sent for this rea-
son, or because dyslipidemia had been found on initial 
screening by a pediatrician. Children with thyroid, kid-
ney or liver disorders, psychiatric diseases, non-essential 
hypertension or acute or chronic infections, who were 
using any medication that could interfere with the vari-
ables analyzed, or who were undergoing treatment for 
weight control were excluded.

The study was performed according to the Helsinki 
Declaration and approved by the Ethical Committee in 
Research of the University of São Paulo (203/2011). 
Subjects participated in the study only after the Terms 
of Consent were read and had been signed by their pa-
rents or guardians. All data were anonymized for the 
analysis.

All subjects were examined by the same observer, 
who evaluated body weight (measured to the nearest 
0.1 kg on a Filizola adult-type scale with the subject 
wearing light clothes, without shoes and with their feet 
juxtaposed) and height (measured to the nearest 0.1 
cm on a wall-mounted stadiometer of Halpender-Hol-
tain type [Tonelli]) (9).

Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured (mmHg) in the right 
upper arm, with a cuff appropriate to the length and 
circumference of the arm, after the child was at rest and 
had been sitting down for at least 5 minutes. BP was 
checked twice during the appointment and the mean 
of the two measurements was used for analysis. Values 
over the 90th percentile were considered abnormal (10). 
BP z-scores were also calculated based on the reference 
values for sex, age and height (11). BP was checked 
again at the second appointment, about 45 days after 

the first evaluation, when the children returned and re-
sults of complementary tests were evaluated.

The children were classified according to the CDC 
criteria as normal weight (BMI > 5th and < 85th per-
centiles) or overweight (BMI ≥ 85th percentile). BMI 
z-scores were then calculated from the 2000 CDC 
and 2007 WHO data, which classified them as normal 
weight (BMI z-score > –1 and < 1), overweight (BMI  
z-score ≥ 1 and < 2) or obese (BMI z-score ≥ 2). Then, 
the 2000 CDC standards and 2007 WHO BMI z scores 
were compared in relation to their sensitivity in diagno-
sing overweight, obesity and cardio-metabolic risk.

Laboratory evaluation

At the first clinical evaluation, the parents or guar
dians of all children were instructed on the collection 
of blood samples after a 12-hour overnight fast for the 
measurement of fasting glucose, total cholesterol (TC), 
low-density lipoprotein (LDLc), triglycerides (TG), 
high-density lipoprotein (HDLc), and insulin. LDLc 
was determined using Friedewald’s formula (12). 
Lipid levels were evaluated according to the 1st Bra-
zilian Guidelines on the prevention of atherosclerosis 
in childhood and adolescence, which consider normal 
levels TC < 150 mg/dL, LDL < 100 mg/dL, TG < 
100 mg/dL and HDL ≥ 45 mg/dL (13). Homeo-
static Model Assessment–Insulin Resistance (HOMA-
IR) was calculated (14) and the cut-off value ≥ 2.5 was 
chosen, based on the study of Madeira and cols. (15) 
in a cohort of the same age from Rio de Janeiro. Glu-
cose and lipid profiles were determined by a colorimet-
ric enzymatic method, using a Hitachi-Roche modular 
system (Roche Diagnostics GmbH, Mannheim, Ger-
many). Insulin was measured by a chemiluminescence 
kit (Bayer, Germany).

Statistical analysis

BP values and metabolic parameters were compared 
among groups using the Student t-test for continuous 
variables with a normal distribution and the Mann-
Whitney U test for variables without a normal distri-
bution. BMI z-scores were calculated according to the 
2007 WHO reference values using AnthroPlus soft-
ware. The sensitivity and specificity of estimated 2007 
BMI z-scores for detecting changes in BP or HOMA-
IR were calculated by receiver operating characteristic 
(ROC) curve analysis. McNemar’s test was used to 
compare CDC and WHO BMI z-scores, considering 
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p < 0.05 as significant, with a confidence interval of 
95%. Insulin and HOMA-IR values were not normally 
distributed on the Kolmogorov–Smirnof test and thus 
it was necessary to transform them into logarithmic va
lues. Medcalc version 12.1.0.0 (Mariakerke, Blegium), 
GraphPad Instat version 3.00 and Graph Pad Prism 5 
version 5.04 (San Diego, CA, USA) were used for sta-
tistical analysis.

RESULTS

A total of 175 children were included in the study, with 
88 classified as normal-weight and 87 as overweight/
obese. The mean age ± standard deviation of the two 
groups was 8.08 ± 1.24 years and 8.28 ± 1.15 years, 
respectively. There were 40 girls and 48 boys in the 
normal-weight group, and 37 girls and 50 boys in the 
overweight/obese group. In the normal-weight group 
47% were white and 53% were African American; in 
the overweight/obese group, 49% were white and 51% 
were African American. The demographic and clinical 
data of the children are shown in table 1. There was a 
significant correlation between BP values recorded at 
the first and second appointments (r = 0.95 and r = 
0.91 for SBP and DBP, respectively).

Table 1. Demographic and clinical data of normal-weight and overweight/
obese 6–10-year-old children from Campos, Brazil

Group
Normal-
weight
n = 88

Overweight/
obese
n = 87

p-value

Girls 40 (45%) 37 (43%) p = 0.8122

White 41 (47%) 43 (49%) p = 0.7630

Age (mean ± SD) 8.08 ± 1.24 8.28 ± 1.15 p = 0.2703

Height/age z score −0.31 ± 1.08 0.84 ± 1.17 p < 0.0001

BMI z-score (mean ± SD) −0,16 ± 0.64 2.90 ± 0.13 p < 0.0001

SBP z-score (mean ± SD) −0.91 ± 1.12 0.94 ± 0.16 p < 0.0001

DBP z-score (mean ± SD) 0.32 ± 0.85 1.71 ± 1.15 p < 0.0001

BMI: body mass index; DBP: diastolic BP; SBP: systolic blood pressure.

The 2000 CDC and 2007 WHO reference values 
were concordant in classifying 121 children (69%), with 
88 classified as normal-weight, 24 as overweight and nine 
as obese. However, the reference values showed a discre-
pancy in 54 children (31%). Of these, three classified as 
normal-weight according to CDC guidelines were classi-
fied as overweight by WHO criteria, and 11 classified as 
overweight by CDC guidelines were classified as obese by 
WHO criteria. The remaining 40 children were determi-
ned to be obese in both sets of criteria, but, according to 
CDC criteria they were classified between 2 and 3 BMI  
z-scores (mean 2.85) compared with BMI z-scores higher 
than 3 (mean, 6.72) when classified by WHO criteria. 
The WHO reference values classified 2.29% more chil-
dren in the BMI z-score range between 1 and 2 (3/175, 
p = 0.125), and 6.29% more children in the BMI z-score 
range between 2 and 3 (11/175, p < 0.001). 

Table 2 shows the means of BP z-scores and HOMA-IR 
of the children reclassified as obese by the WHO Chart (n 
= 11), in comparison with those whose classification was 
concordant in the two systems. The mean SBP z-scores 
of the reclassified children were significantly higher than 
those of children classified as overweight according to 
both reference criteria (n = 24). The same was observed 
in relation to the means of DBP z-scores and HOMA-
-IR. There were no differences between means of fasting 
glucose, HDL, TG and LDL between these groups. On 
the other hand, the means of BP z-scores and HOMA-
-IR of the 11 reclassified children were similar to those 
in children classified as obese in both systems (n = 9), as 
were the means of glucose, HDL, TG and LDL.

As shown in Tables 3, 4 and 5 there were differences 
in BMI z-score sensitivity and specificity according to 
CDC and WHO criteria. Specifically, for a BMI z-score ≥ 
2, the sensitivities of the WHO criteria were higher than 
the CDC criteria for predicting alterations in SBP, DBP 
and HOMA-IR (69.7%, 61.8% and 74.4%, respectively, 
compared with 48.5%, 47.2% and 67.4%, respectively). 

Table 2. Comparison of the means of BP z-scores and HOMA-IR of the children reclassified as obese according to WHO standards with those whose 
classification was concordant

Groups Reclassified children
(n = 11)

Normal-weight
(n = 88)

Overweight
(n = 24)

Obese
(n = 9)

SBP z-score 1.71 ± 1.54 -0.91 ± 1.12 

(p < 0.0002)

0.49 ± 1.34

(p < 0.023)

1.25 ± 2.04

(p = 0.60)

DBP z-score 2.64 ± 1.83 0.32 ± 0.85

(p < 0.02)

1.45 ± 0.97

(p < 0.04)

1.94 ± 1.19

(p = 0.50)

HOMA-IR 1.84 ± 0.98 0.95 ± 0.58

(p < 0.007)

1.24 ± 0.67

(p < 0.04)

2.09 ± 1.12

(p = 0.76)

HOMA-IR: Homeostatic Model Assessment–Insulin Resistance; DBP: diastolic BP; SBP: systolic blood pressure.
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Table 3. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting SBP alteration in 175 normal-weight and overweight in 
6–10-year-old children from Campos

BMI z-score

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC P

Sensitivity 90.9%

* (75.7 –98.1)

90.9%

(75.7 – 98.1)

ns 69.7%  
(51.3 – 84.4)

48.5%

(30.8 – 66.5)

< 0.0001

Specificity 60.6%

* (52.0 –68.7)

62.7% 

(54.2 – 70.6)

ns 74.6%

(66.7 – 81.6)

77. 5% 

(69.7 – 84.0)

< 0.03

* % (95% confidence interval). 
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

Table 4. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting DBP alteration in 175 normal-weight and overweight 6–10-year-
old children from Campos

BMI z-score

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC p

Sensitivity 85.5%

* (73,3 – 93,5)

83.6%

 (71,2 – 92,2)

ns 61.8%

(47,7 – 74,6)

47.2% 

(33,7 – 61,3%)

< 0.0001

Specificity 67.5% 

* (58.3 – 75.8)

64.4%

(55.6 – 70.6)

ns 79.2%

(70.8 – 81,0)

85.6%

(78.4 – 91.1)

< 0.0005

* % (95% confidence interval).
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

Table 5. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting HOMA-IR alterations in 175 normal-weight and overweight 
6–10-year-old children from Campos

BMI z- score z 

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC p

Sensitivity 83.7%

* (69.3 – 93.2)

83.7%

(69.3 – 93.2)

ns 74.4%

(58.8 – 86.5)

67.4%

(51.5 – 80.9)

< 0.001

Specificity 62.1%  

* (53.3 – 70.4)

69.2%

(60.1 – 77.3)

0.0002 79.5%

(71.7 – 86.1)

85.6% 

(78.4 – 91.1)

< 0.001

* % (95% confidence interval). 
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

DISCUSSION

Anthropometric reference values for children repre-
sent normal growth and constitute a valuable tool in 
evaluating nutritional status and child health (16). In 
2000, the CDC published growth charts using data 
from NHANES III studies (6), and also presented BMI 
reference values according to sex and age (17), which 
have largely been used until recently. One of the limita-
tions of these standards was the skewness at upper le
vels (BMI ≥ 85th centile), leading to underestimation of 
overweight (8). Thus, in view of the global epidemic 
of obesity, after publishing new 2006 reference stan-

dards for the under-fives, the WHO also developed re
ference standards in 2007 for 5–19 year-old children, 
based on data from 2000 CDC data. As a consequence 
of smoothing their skewness, lower BMI vales corre-
sponded to the BMI z-scores, which increased the sen-
sitivity for screening of overweight and obesity (8).

Most of the studies comparing CDC and WHO re-
ference values for determination of nutritional status 
were conducted in the under-fives. Our study is origi-
nal because it not only compared the standards in the 
diagnosis of overweight in older children, but also the 
metabolic risk. In our sample, the WHO criteria cate-
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gorized 11 more children as obese (6.29%) than the 
CDC criteria, and showed a greater sensitivity for this 
purpose. Our results were similar to those of Leone and 
cols. (18), who compared both standards and noted an 
increase in obesity prevalence in 3–7-year-old children 
from Santo André, São Paulo, using the WHO refe-
rence values, which showed an increased sensitivity in 
spite of a lower specificity. From an epidemiologic pers-
pective, the nutritional transition observed worldwide 
may partially explain the higher obesity prevalence in 
subjects studied by Leone and cols., with a tendency 
to overweight in younger children, even as early as 
pre-school. In the current study, the WHO reference 
standard was also more sensitive not only in diagnosing 
obesity, but also its severity, because there were a num-
ber of children with a BMI z-score higher than 4 who 
were classified with a mean BMI z-score of only 2.85 
according to the CDC criteria.

Another important issue is the evaluation of cardio-
metabolic risk. It is necessary to consider the impli-
cations of changing BMI cut-off values for screening 
obesity (19). The children who were reclassified from 
overweight to obese by WHO criteria, were also found 
to have a metabolic profile similar to obese children. 
Thus, the WHO criteria were sensitive for prediction of 
high BP and insulin resistance, without loss of specifi
city, when the BMI z-score cut-off increased from 1 to 
2, while there was a reduction in sensitivity using the 
CDC criteria. Our results contrast with those of Kakina-
mi and cols. (20), who, in spite of observing an increase 
in obesity prevalence using WHO reference values, did 
not find any difference in sensitivity between the CDC 
and WHO criteria for determining cardio-metabolic 
risk. However, their sample constituted teenagers from 
Quebec, whose body composition could be different 
from our subjects who were mainly pre-pubertal and 
approximately half were non-white. African Americans 
and Latin Americans generally have higher prevalence 
and severity of hypertension (21). Thus, the choice of 
the cut-off depends on the aim of the study: for scree
ning metabolic risk, variables other than BMI are re-
quired (such as HOMA-IR, lipid levels and BP), and it 
is preferable to use the more sensitive chart. This would 
allow clinicians to determine the risk of cardiovascular 
disease and type 2 diabetes as early as possible (22).

We would like to highlight some limitations of our 
study. The first was that we did not have access to data 
on other factors that could influence BP, such as fami-
ly history of hypertension and the eating habits of the 

population under study. The second limitation was re-
lated to the use of the HOMA-IR for diagnosing IR. 
Use of the gold standard, the euglycemic hyperinsuli-
nemic clamp, is not feasible in children, because it is 
a complex procedure, difficult to perform and expen-
sive. As an alternative, the HOMA-IR, which requires 
only fasting glucose and insulin measurements, is used 
(23,24). Some authors argue that there is no consen-
sus regarding the ideal HOMA-IR cut-off value in 
children, and commercially available kits also measure 
pro-insulin levels (25). However, the HOMA-IR is re-
liable and practical, since it is standardized for a speci-
fic population as we chose, based on that of the study 
of Madeira and cols., whose data came from a cohort 
of children of similar age to ours and originating from 
Rio de Janeiro (15). Furthermore, results of HOMA-IR 
are strongly correlated with those obtained using the 
euglycemic hyperinsulinemic clamp (r = 0.82) and are 
thus considered reliable for epidemiologic studies on a 
large scale (26,27). Regarding the kits used to measure 
insulin, cross-reactivity with pro-insulin is small (an es-
timated 8% for the chemiluminescence test). We would 
like to emphasize that, because our sample comprised a 
significant proportion of African American descent, was 
drawn from low-income families and public schools in 
the north of Rio de Janeiro, we suggest caution in the 
extrapolation of our results. 

In conclusion, our study indicated that 2007 WHO 
reference standards were more sensitive than the 2000 
CDC criteria not only for screening for overweight and 
obesity, but also for predicting alterations in BP and 
HOMA-IR in 6–10-year-old children. Other multi-
center studies are necessary, including subjects of di-
fferent ethnic groups, ages and socioeconomic status, 
since prevention of cardiovascular diseases and diabetes 
begins by early screening for overweight through an 
accurate anthropometric evaluation.
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