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ABSTRACT

Objective: To evaluate the performance of the body mass
index cut-off points recommended by Cole ¢z 2/ and Conde
and Monteiro in order to identify the excess of body weight
in children.

Methods: The sample was composed of 585 schoolchil-
dren aged six to nine years, from Ponta Grossa, Parand,
Brazil. The anthropometric measurements were body mass,
height and subscapular skinfold, which was considered the
gold-standard test to characterize the excess adiposity, us-
ing as the cut-off the 85" percentile of the National Center
for Health Statistics reference curve. Sensitivity, specificity,
positive and negative predictive values of body mass index
classification criteria, developed by Cole ¢t @/ and Conde and
Monteiro, were estimated.

Results: The overweight prevalence was 20.7 and 28.9%,
respectively for Cole ez 2/ and Conde and Monteiro criteria.
Regardless of age, the sensitivity of the national criterion was
higher than the international one for males, with the exten-
sion of 53.3 to 100.0% versus 33.3 to 92.3%, and similar
for females, ranging from 68.4 to 100.0% for both criteria.
In contrast, Cole er a/ cut-off points had higher specificity

than those of Conde and Monteiro in both genders, ranging
from 87.3 to 98.4% wversus 74.6 t0 93.5%.

Conclusions: Both criteria properly diagnosed overweight
in Brazilian children. However, Conde and Monteiro criterion
was more sensitive, resulting in fewer false-negative cases.

Key-words: nutritional status; overweight; body mass
index; sensitivity and specificity; adiposity; child health.

RESUMO

Objetivo: Avaliar o desempenho dos pontos de corte para o
indice de massa corpérea recomendados por Cole ez 2/ e Conde
e Monteiro para diagnosticar o excesso de peso em criangas.

Métodos: A amostra foi composta por 585 escolares com
idades entre seis e nove anos, do municipio de Ponta Gros-
sa, no estado do Parand. Foram realizadas medidas de peso,
estatura e da dobra cutdnea subescapular, a qual foi conside-
rada como padrio-ouro para a caracteriza¢do do excesso de
adiposidade, utilizando como ponto de corte o percentil 85
da curva de referéncia do National Center for Health Statistics.
Foram calculados a sensibilidade, a especificidade e os valores
preditivos positivo e negativo dos critérios de classificagdo
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do indice de massa corpérea desenvolvidos por Cole ez o/ e
Conde e Monteiro.

Resultados: A prevaléncia do excesso de peso foi de 20,7
e 28,9%, de acordo com os critérios de Cole ef 2/ e de Conde e
Monteiro, respectivamente. Independentemente da idade
analisada, a sensibilidade do critério nacional foi superior ao
internacional para o sexo masculino, com extensdo de 53,3 a
100,0% versus 33,3 2 92,3%, e semelhante para o feminino,
variando de 68,4 a 100,0% para ambos os critérios. Em
contrapartida, os pontos de corte de Cole ef 2/ apresentaram
especificidade superior aos de Conde e Monteiro em ambos
os sexos, variando de 87,3 a 98,4% wversus 74,6 a2 93,5%.

Conclusdes: Tanto o critério internacional quanto o na-
cional apresentaram resultados satisfatérios para o diagnés-
tico do excesso de peso em criangas brasileiras. Entretanto,
o critério de Conde e Monteiro mostrou-se mais sensivel,

acarretando menor nimero de falsos-negativos.

Palavras-chave: estado nutricional; sobrepeso; indice de
massa corporal; sensibilidade e especificidade; adiposidade;

sadide da crianca.

RESUMEN

Objetivo: Evaluar el desempefio de los puntos de corte para
el Indice de Masa Corporal (IMC), recomendados por Cole ez al 'y
Conde y Monteiro para diagnosticar el exceso de peso en nifios.

Métodos: La muestra fue compuesta por 585 escolares,
con edades entre 6 a 9 afios, del municipio de Ponta Grossa,
Parand (Brasil). Se realizaron medidas de peso, estatura y del
pliegue cutdneo (PC) subscapular. Se consideré esta DC como
criterio estandar oro para caracterizar el exceso de adiposidad,
utilizando como punto de corte el percentil 85 de la curva de
referencia del National Center for Health Statistics. Se calculé la
sensibilidad, especificidad, valor predictivo positivo y negativo
de los criterios de clasificacién del IMC desarrollados por Cole
et al y Conde y Monteiro.

Resultados: La prevalencia de exceso de peso fue de 20,7
y 28,9% conforme a los criterios de Cole et al y Conde y
Monteiro, respectivamente. Independientemente de la edad
analizada, la sensibilidad del criterio nacional fue superior a
la del internacional para el sexo masculino, con extensién de
53,3% a 100% vs. 33,3 a 92,3%, y semejante para el sexo
femenino, variando de 68,4 a 100% para ambos criterios.
Por otra parte, los puntos de corte de Cole et al presentaron
especificidad superior a los de Conde y Monteiro en ambos
sexos, variando de 87,3 a 98,4% vs. 74,6 a 93,5%.
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Conclusién: Tanto el criterio internacional como en
nacional presentaron resultados satisfactorios para el diag-
néstico de exceso de peso en nifios brasilefios. Sin embargo,
el criterio de C&M se mostré mds sensible, con un menor
nimero de falsos negativos.

Palabras clave: estado nutricional; sobrepeso; indice
de masa corporal; sensibilidad y especificidad; adiposidad;
salud del nifio.

Introduction

The increase in the prevalence of overweight and obesity
in children in the last decades™ has become a public heal-
th problem. Overweight children are more susceptible to
cardiovascular risk factors, such as dyslipidemia®, hyper-

tension®?,

hyperglycemia® and metabolic syndrome®.
Moreover, obese children have greater chances of becoming
obese adults®, which accelerates the early outcomes of
morbidity and mortality due to chronic noncommunicable
diseases.

The body mass index (BMI) is frequently used in clinical
practice and epidemiological studies to evaluate the nutritio-
nal status of populations. The World Health Organization
(WHO)?” recommends the use of the BMI in screening
overweight and obesity in children and adolescents because
measurements are easy to make, the cost of the equipment
for assessments is low, and the index is strongly correlated
with body fat.

Cole e a/® developed an international criterion to de-
fine underweight, overweight and obesity based on BMI
cut-off points in individuals 2 to 18 years of age using data
reported by studies conducted in six countries. As there was
no Brazilian criterion to classify BMI, Conde & Monteiro®
established cut-off points for underweight, overweight and
obesity for Brazilian children and adolescents based on
the Health and Nutrition National Survey, conducted by the
Brazilian Institute of Geography and Statistics in 198917,
The cut-off points for overweight and obesity were estimated
based on the WHOQO criteria for adults, and the method
used to build the Brazilian curve was basically the same as
the one used for the international criterion.

Several studies evaluated the performance of different BMI
criteria to diagnose overweight and obesity in children and
adolescents by calculating specificity and sensitivicy!"'®.
However, few studies with Brazilian children have been
conducted, particularly to compare the international and
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the national criteria. Therefore, this study evaluated the
performance of BMI cut-off points recommended by Cole
et al® and Conde & Monteiro” to diagnose overweight and
obesity in children using the subscapular skinfold (SSF) as
the criterion standard.

Method

This study used the database of the study Prevalence
of overweight and obesity in schoolchildren in the public
and private healthcare system, conducted in Ponta Grossa,
Brazil, after approval by the Ethics in Research Committee
of Universidade Estadual de Ponta Grossa.

The study population comprised 23,931 first to fourth
graders in the city of Ponta Grossa, Brazil, who studied in
22 private (3,249) and 77 public (20,682) schools. A repre-
sentative sample of the population was calculated using the
method described by Silva"” for an estimated maximum
obesity prevalence of 30%, considering the highest values
found in the literature'®; the confidence interval was set at
95%, and precision, at 4% around the prevalence adopted.
After the addition of a 5% safety margin, the final sample
size was 557 children, and 585 children were evaluated after
they submitted an informed consent form signed by their
parents or guardians.

Data were collected from 2004 to 2005 by a team of six
researchers previously trained to ensure to precision of me-
asurements and the reliability of the study. Anthropometric
data were obtained for each patient on the same day: body
mass (kg), height (cm) and SSF (mm). During data collection,
each measurement was made by the same observer.

Body mass was measured using a Filizola scale and recor-
ded to the nearest 100g. Height was measured at a precision
of 0.1cm using a stadiometer. Both measurements were made
according to standardized procedures and techniques™?.

BMI was calculated as a weight-to-height ratio
(BMI=weight(kg)/height(m?)); overweight and obesity ac-
cording to BMI were defined based on the criteria developed
by Cole er 2/®, as an international reference, and Conde &
Monteiro?, as a Brazilian reference. In both criteria, overwei-
ght was defined based on cut-off points that were equivalent
to a BMI of 15kg.m™ for adults. The cut-off points selected
for overweight corresponded to the mean value of the child’s
age in years (for example, 6.5 years).

SSF was measured using a skinfold caliper (Cescorf, Porto
Alegre, Brazil) at 1/10mm, and measurements were made
according to standardized procedures and techniques®”.
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Measurements were made on the right side of the child and
repeated three successive times at each site. The mean value
of the three measurements was recorded. Overweight and
obesity were defined based on the SSF measurement, used as
the criterion standard. This skinfold value is an important
marker of cardiovascular risk factors in children and ado-
lescents”. The cut-off point used to diagnose overweight
by means of SSF measurement was the 85th percentile of
the reference distribution for sex and age according to the
reference curve of the National Center for Health Statistics
(NCHS)®V. The 85th percentile has been used to describe
overweight in studies conducted with children®?.

The variables body mass, height and BMI were not nor-
mally distributed according to the Kolmogorov-Smirnov
test and were, therefore, log-transformed. Two-way ANOVA
was used to evaluate the interaction between sex and age for
body mass, height and BMI. Specific differences were defined
using confidence intervals (interaction) and the Tukey post
hoc test, and the significance level was set at p<0.05. The
SSF measurements of the sample under study and the NCHS
references®? were described as mean and standard deviations,
and the values corresponding to the 85th percentile of the
NCHS reference? were also presented.

Sensitivity (SEN), specificity (SPE), positive predictive
value (PPV), negative predictive value (NPV) and their
respective 95% confidence intervals (95%CI) were calcu-
lated for the Cole ez 2/® and Conde & Monteiro® criteria
based on the criterion standard. SEN was the percentage
of schoolchildren diagnosed with overweight by the BMI
classification criteria and the criterion standard. SPE was
the percentage of schoolchildren classified as not overwei-
ght by the BMI classification criteria and the criterion
standard. PPV was the probability of schoolchildren being
overweight according to the BMI classification criteria and
the criterion standard, whereas NPV was the probability
of not being overweight according to the two criteria and
the criterion standard.

Results

A total of 585 schoolchildren were enrolled in the study;
their mean age was 7.5 (standard deviation=1.0) years, and
50.4% were boys. The prevalence of overweight in this study
was 28.9% (31.2% in boys and 26.6% in girls) according to
the Conde & Monteiro? criterion and 20.7% (20.7% in boys
and 20.7% in girls) according to the cut-off points described
by Cole et «/®. The prevalence of overweight based on SSF
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was 19.7% (21.7% in boys and 17.6% in girls) considering
the 85th percentile of the NCHS reference®".

The descriptive characteristics and two-way ANOIVA for
body mass, height and BMI are presented in Table 1. There
were no differences in any of the variables under analysis
between sexes. However, there was an interaction between
sex and age for the variable height, and there was a diffe-
rence between all ages for both boys and girls. There was a
difference in body mass between ages, and the older children
had a higher body mass value than the younger children.
Six-year-old children had a BMI below that of eight- and
nine-year-old children, and seven-year-old children had a
BMI below that of the nine-year-old children.

Table 2 shows SSF means and standard deviations for the
sample under analysis and for the NCHS reference®®”, as
well as the values corresponding to the 85th percentile of
that reference. The SSF values were very similar from six to
eight years of age for both boys and girls, and about 2mm
below the reference at nine years when compared with the
NCHS reference®?.

Table 3 shows the results of sensitivity, specificity, PPV
and NPV of the criteria under evaluation according to age

and sex. Findings show that sensitivity of the Brazilian
criterion was superior to that of the international crite-
rion, particularly for boys. In contrast, the Cole er a/®
cut-off point had a greater specificity than those described
by Conde & Monteiro®. The results using the Conde &
Monteiro?” criterion showed higher NPV than the Cole
et al® criterion for boys in all age groups under analysis.
However, except for six years of age, PPV for the inter-
national criterion was higher for both boys and girls. The
same NPV was found for both criteria at eight and nine
years for girls. At seven years of age, the Brazilian criterion
yielded higher values.

The Cole ez a/® criterion was less efficient according to
the number of false negative cases. The Conde & Monteiro®
criterion did not diagnose 13 boys (4.4%) as having overwei-
ght, and the Cole ez @/® criterion, about twice that number
(7.5%). The Brazilian criterion had fewer false negatives
than the international criterion for girls (n=7 vs. 10). The
analysis of false positive results revealed that the Brazilian
and the international criteria misclassified 12.6% (13.9%
of the boys and 11.4% of the girls) and 6.5% (6.4% of the
boys and 6.6% of the girls) of the children, respectively.

Table 1 - Body mass, height and body mass index (BMI) in boys and girls according to age group

Body mass (kg) Height (cm) BMI (kg.m?)
Age (years) Boys Girls Boys Girls Boys Girls
6 22.9+3.4% 22.7+4.8 119.3+5.1 118.3+6.5 16.0+1.6 16.1+2.2
7 26.8+5.4 24.8+5.0 126.1+5.6 123.8+6.2 16.7+2.5 16.1+£2.1
8 28.8+5.9 28.6+7.3 130.6+6.2 128.5+6.8 16.8+2.6 17.1+3.2
S ] 32.1x7.2 ..33.0£102  135.2:64 137.829.5 . 17531 . 17.123.2
P, 0.149 0.107 0.330
Pe 0001 0001 0.001
Poroe 0277 0014 0354

#"Mean=SD. p__: two-way ANOVA significance level for differences between sexes for body mass, height and BMI; p__: two-way ANOVA signifi-

sex”

age”

cance level for differences between ages for body mass, height and BMI; p : two-way ANOVA significance level for differences between the

interaction of sex and age for body mass, height and BMI

sex x age”

Table 2 - Subscapular skinfold (SSF) of the population under study and of the NCHS reference®", and the values corresponding

to the 85th percentile of the NCHS reference®" for sex and age

SSF (mm) SSF 85" percentile (mm)
Age (years) Our study NCHS®" NCHS@"
Boys Girls Boys Girls Boys Girls
6 5.3+2.0* 6.4+3.6 5.1£2.4 6.0+2.8 6.0 7.0
7 6.0£3.9 7.0£4.6 5.5+3.0 6.2+3.3 7.0 9.0
8 6.7+4.6 8.1+5.1 5.1£2.3 7.7£5.5 6.0 12.5
9 7.1£4.6 8.1+5.8 7.1£5.1 8.5+5.0 11.0 13.0

#*Mean=SD. NCHS®?": National Center for Health Statistics. SSF: subscapular skinfold
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Table 3 - Sensitivity (SEN), specificity (SPE), positive predictive value (PPV) and negative predictive value (NPV) for the Cole et al®
and Conde & Monteiro® criteria according to age and sex

BMI classification criteria

Sex and Cole et al® Conde & Monteiro®

age SEN (95%Cl) SPE (95%Cl) T‘;\)l "(';‘)’ SEN (95%Cl) SPE (95%Cl) T‘;\)I '(';\)’
Boys

6 33.3(11.9-61.6) 927 (80.1-98.4)  66.1 76.4 53.3(26.6-78.7)  90.2 (76.9-97.2) 701 81.9
7 92.3 (63.9-98.7)  87.3(77.3-94.0)  75.7 96.4 100.0 (75.1-100.0) 74.6 (62.9-84.2)  62.8 100.0
8 69.0 (49.2-84.7)  98.4(914-99.7) 949 88.1 82.8(64.2-94.1)  92.1(82.4-97.3) 817 926
9 71.4 (29.3-955)  89.3 (78.1-95.9) 741 87.9 85.7 (42.2-97.6)  75.0 (61.3-85.6) 59.5 925
Total 656 (52.7-77.0)  91.8(87.5-950)  77.4 862 79.7 (67.8-88.7)  82.3(76.7-87.0) 658 90.4_
Girls

6 68.4 (43.5-87.3) 93.5(82.1-98.6) 81.8 87.4 68.4 (43.5-87.3) 93.5(82.1-98.6) 818 87.4
7 75.0 (47.6-92.6) 947 (86.9-98.5) 858 89.8 93.7 (69.7-99.0)  92.0 (83.4-97.0) 834 97.2
8 100.0 (73.4-100.0) 88.2 (78.1-94.8)  78.5 100.0 100.0 (73.4-100.0) 77.9 (66.2-87.1)  66.0 100.0
9 100.0 (40.2-100.0) 92.0 (80.7-97.7)  84.3 100.0 100.0 (40.2-100.0) 82.0 (68.6-91.4)  70.4 100.0
Total  80.4 (66.9-90.2) 921 (87.9-951)  81.3 91.6 86.3 (73.7-94.3)  86.2(81.2-90.3) 72.8 93.6

SEN: Sensitivity; SPE: Specificity; PPV: positive predictive value; NPV: negative predictive value

Discussion

According to the study results, there were no differences
in body mass, height and BMI between sexes. However,
younger schoolchildren had lower BMI than the older chil-
dren. These findings are in agreement with the literature,
in relation to both sex®” and age®®, which suggests that age
may be more relevant to BMI than sex during childhood.
However, several studies to evaluate the performance of
different criteria to classify BMI in young individuals have
conducted their analyses by grouping ages*'>*. According
to this study, the analysis of both sexes together would re-
sult in a lower result interpretation error than if ages were
grouped.

The criterion developed by Conde & Monteiro® for the
nutritional evaluation of the Brazilian population yielded
a lower number of false negative results and higher sensi-
tivity values than those found when using the Cole ez 2/®
criterion. The lower the number of false negative results, the
better the test. To screen changes in the nutritional status
of the population, BMI cut-off points should be defined to
identify the highest numbers of overweight individuals,
because the adoption of sensitive criteria may contribute to
the early establishment of measures to reduce overweight. An
overweight person has greater chances of regaining normal
weight than a person that is already obese®®.

Considering all the characteristics analyzed in this study,
the Brazilian criterion had more advantages in the evaluation

Rev Paul Pediatr 2012;30(4):537-43.

of overweight in children, particularly due to its sensitivity.
The lower cut-off points (except for boys at six years) result
in a smaller number of false negative results and indicate
that this criterion is the most adequate for Brazilian children.
Therefore, the main advantage of the Brazilian criterion was
its greater capacity to accurately classify overweight children
according to the criterion standard. However, the specificity
of the international criterion was higher than that of the
Brazilian criterion, and its sensitivity, although lower in
many cases, was also satisfactory.

The results of comparisons between the two criteria to
classify BMI for Brazilian children are controversial. Two
recent studies’®? compared the BMI criteria developed by
Conde & Monteiro” and by Cole ez 2/®). Dumith and Farias
Janior® evaluated the agreement between the Brazilian and
the international criteria using kappa statistics; they enrolled
a group of 525 schoolchildren aged seven to 15 years in the
city of Rio Grande, Brazil, and found that the agreement
between criteria was relatively strong for children seven to
nine years. However, the Cole ez «/® criterion resulted in a
lower prevalence of overweight than the Conde & Monteiro®
criterion for both sexes, and the difference was statistically
significant for girls. The analyses made by Dumith and Farias
Janior™ did not separate age groups, which may result in
an imprecise evaluation of BMI as a marker of overweight
because both height and body mass change with growth and
development as in children and adolescents grow older®”.
Moreover, sensitivity and specificity were not analyzed, and
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the numbers of false negative and false positive results were
not reported. These differences in methods make it impos-
sible to compare their findings and the results of our study.
The second study was conducted by Silva e 2/® and enrol-
led 1570 schoolchildren aged 7 to 12 years in Jodo Pessoa,
Brazil. The authors evaluated sensitivity and specificity of
the Brazilian and international criteria using the percenta-
ge of body fat using skinfold measurement as the criterion
standard. Their findings for children (seven to nine years)
revealed elevated and very similar values for both criteria:
sensitivity ranged from 86.2 to 100.0, and specificity, from
77.1 t0 95.2. The comparison of our study with their findin-
gs shows that both found that the two criteria had a good
performance in identifying overweight children. However,
our study found a greater sensitivity for the Brazilian crite-
rion and a higher specificity for the international criterion.
The differences in the results of the two studies may be
explained by the choice of standard criterion to identify
overweight and the geographic region where data were
collected. Similarly to our findings, the study conducted by
Silva et 2/'° was the only one in the literature that evaluated
sensitivity and specificity of the Brazilian and international
BMI criteria for Brazilian children in separate age groups.
In our study, the criterion standard to diagnose overweight
was the SSF measurement, an efficient index of truncal fat®®
with a robust associated with cardiovascular risk factors in
young individuals’. Moreover, SSF has a strong correlation
with measurements of body adiposity using ultrasound,
CT, dual-energy x-ray absorptiometry and underwater wei-
ghing@%
adiposity in thinner children and overestimate it in those

. However, skinfold values tend to underestimate

with greater overweight, which suggests that our study
results should be interpreted carefully.

The cut-off point used to classify SSF was the 85th per-
centile of the reference distribution for sex and age accor-
ding to the reference curve of the NCHS®". This percentile
has been used to describe overweight in studies conducted
with children®” and adolescents"?. The NCHS reference®”

was developed based on a sample in the 1970s, which may
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