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ABSTRACT

Objective: To compare the performance of the references
(National Health and Nutrition Examination Survey I, Na-
tional Center for Health Statistics/2000, International Obe-
sity Task Force and Pesquisa Nacional sobre Saiide e Nutrigio)
to assess the nutritional status of children and adolescents
with the new reference of body mass index values proposed
by the World Health Organization in 2007.

Methods: Cross-sectional study that enrolled a non-
probabilistic sample of 5,122 children and adolescents of low
socioeconomic status. In the matrix study, sample size was
calculated in order to identify the association between blood
pressure changes and stunting in different nutritional status.
This interim report relates to the comparison among differ-
ent references for assessment of nutritional status. Cochran’s
Q, McNemar, chi-square and Kappa statistics were used to
compare the proportion of underweight and overweight by
different references and the agreement among them.

Results: The five references used in this study showed dif-
ferences between them. Both for boys as for girls, the estimated
prevalence of underweight by the Brazilian reference is much
smaller than with the other references. For overweight girls,
a higher prevalence was detected by the Pesquisa Nacional
sobre Satide e Nutricdo reference, followed by the World
Health Organization/2007. There was an excellent agree-
ment (k>0.75) between the references regarding overweight,

but the agreement among them regarding underweight was
weak (k<0.40).

Conclusions: The new reference of World Health
Organization/2007 is appropriated for classifying nutritional
disorders in Brazilian teenagers.

Key-words: reference standards; adolescent; body mass

index; overweight; malnutrition.

RESUMO

Objetivo: Comparar o desempenho das referéncias (Na-
tional Health and Nutrition Examination Survey I, National
Center for Health Statistics/2000, International Obesity Task
Force e Pesquisa Nacional sobre Satide e Nutrigdo) para
avalia¢@o do estado nutricional de criangas e adolescentes a
nova curva de valores de indice de massa corporal, proposta
pela Organizacdo Mundial da Satide em 2007.

Métodos: Trata-se de um estudo transversal, cuja popula-
¢do foi constituida por uma amostra ndo probabilistica, com
5.122 criangas e adolescentes de baixa renda. Foi realizado
o célculo do tamanho amostral visando identificar a associa-
¢do entre alteracdo na pressdo arterial e baixa estatura nos
diferentes estados nutricionais. Compararam-se as diferen-
tes referéncias para avaliacdo do estado nutricional. Foram
aplicados os testes Q de Cochran, McNemar, qui-quadrado
e indice Kappa para comparar as propor¢des e a concordan-
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cia da classificagdo de baixo peso e excesso de peso com as
diferentes referéncias.

Resultados: As cinco referéncias utilizadas no presente
estudo apresentaram diferengas entre si. Tanto para meninos
como para meninas, as prevaléncias estimadas de baixo peso pela
referéncia da Pesquisa Nacional sobre Sadde e Nutri¢do foram
bem menores que as outras referéncias. Quanto a prevaléncia de
excesso de peso para os meninos, esta foi maior pela referéncia da
Pesquisa Nacional sobre Satide e Nutrigdo. Encontrou-se con-
cordancia excelente (k>0,75) entre a maioria das classificacdes
para excesso de peso analisadas. Porém, a concordancia entre as
classificagdes para baixo peso apresentou-se fraca (k<0,40).

Conclusdes: A nova referéncia da Organizagio Mundial
da Satde é adequada para classificar os disttrbios nutricionais
nos adolescentes brasileiros.

Palavras-chaves: padrdes de referéncia; adolescente;
indice de massa corporal; sobrepeso; desnutrigio.

RESUMEN

Objetivo: Comparar el desempefio de las referencias (NHA-
NES I, NCHS/2000, IOTF y PNSN) para la evaluacién del
estado nutricional de nifios y adolescentes con la nueva curva
de valores del IMC, propuesta por la OMS en 2007.

Métodos: Se trata de un estudio transversal cuya pobla-
cién fue constituida por una muestra no probabilistica, con
5.122 nifios y adolescentes de bajos ingresos. Se realizé el
cdlculo del tamafio de la muestra visando a identificar la
asociacién entre alteracién en la presién arterial y la baja
estatura en los distintos estados nutricionales mediante la
estadistica Odds Ratio. En el presente estudio, se compararon
las distintas referencias para evaluacién del estado nutricio-
nal. Se aplicaron las pruebas Q de Cochran, McNemar, chi
cuadrado e indice Kappa para comparar las proporciones y
la concordancia de la clasificacién de bajo peso y exceso de
peso en las distintas referencias.

Resultados: Las cinco referencias utilizadas en el presente
estudio presentaron diferencias entre si. Tanto para los nifios
como para las nifias, las prevalencias estimadas de bajo peso
por la referencia del PNSN son bastante menores que las otras
referencias. Respecto a las prevalencias de exceso de peso para
los nifios, se observé la prevalencia mayor por la referencia
PNSN. Cuando se utilizé la prueba de Kappa, se encontré
la concordancia excelente (k>0.75) entre la mayorfa de las
clasificaciones para exceso de peso analizadas. Sin embargo, la
concordancia entre las clasificaciones para bajo peso se present6
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débil (k<0.40), sobre todo en el sexo masculino cuando se
realizé la siguiente comparacién: PNSN x OMS/2007.

Conclusiones: Los datos de este estudio indican que la
nueva referencia OMS/2007 se muestra adecuada para la
clasificacién de los disturbios nutricionales en los adoles-
centes brasilefios.

Palabras clave: estdndares de referencia; adolescente;
indice de masa corporal; sobrepeso; desnutricion.

Introduction

The latest Household Budget Survey conducted in Brazil
(2002-2003) revealed an increase in the prevalence of overweight
adolescents (16.7%) when compared to previous surveys (1974-
1975: 3.9% and 1989: 8.3%). At the same time, there was a
decrease in the prevalence of adolescents with deficit height-for-
age (1974-1975:33.5%; 1989: 20.5%; and 2002-2003: 10.8%)
and underweight (1974-1975: 4.8%; 1989: 2.4%; and 2002-
2003: 2.8%) over the three surveys'". This increased prevalence
of overweight adolescents requires practical diagnostic methods
that allow the screening of at-risk individuals”©.

The anthropometric assessment of nutritional status in ado-
lescents is a complex approach, because of the great variability
of growth patterns and body size in this age group. This vari-
ability depends on the individual’s nutritional status as well
as on growth performance during childhood and hormonal
factors related to the process of sexual maturation>"#.

The World Health Organization (WHO), in 1995, sug-
gested that the body mass index [BMI = weight (kg)/height
(m?)} be used in the screening of overweight and obese
adolescents, because this index is well correlated with body
fat, easy to perform, and has reference values that allow a
comparison between different populations and the use of
this criterion for assessments in adulthood®.

A comparison between different BMI reference values is
therefore relevant to the field of public health intervention,
given the diversity of classification systems in the literature
and differences regarding the most appropriate BMI refer-
ence values for this phase of intense growth and development.
Furthermore, ethnic and individual differences in the various
stages of pubertal development also hinder the interpretation
of anthropometric indices and indicators.

The objective of this study was to evaluate the perfor-
mance of different criteria for assessing nutritional status in
preadolescents and adolescents compared to the new BMI
reference curve proposed by the WHO in 2007.

Rev Paul Pediatr 2011,29(2):171-7.
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Method

This was a cross-sectional study, based on non-probability
sampling, of 5,122 male and female low-income children
and adolescents, aged seven to 19 years, who were attending
public elementary school (fifth to ninth grades). Sample size
was calculated aiming to identify an association between
blood pressure changes (dependent variable) and stunting
(independent variable) in different nutritional states using
odds ratio (OR). However, in the present study, different
reference values for the assessment of nutritional status were
compared. Therefore, collective efforts were promoted to
perform anthropometric measurements in 13 public schools
between April 2006 and October 2007 in order to cover
the population of individuals enrolled. Sample loss due to
non-attendance or refusal amounted to 430 individuals, rep-
resenting a 8% loss of the population of students enrolled.

Students diagnosed with chronic diseases that could inter-
fere directly with weight and height and those individuals
who, during examination, showed some physical limitation
that could hinder anthropometric measurements were ex-
cluded from the study. The possibility of pregnancy was also
investigated, and pregnant girls were excluded. Data were
collected by two properly trained nutritionists.

Anthropometric measurements were performed according
to the recommendations by Lohman ez 2/'?. Weight was
measured using an electronic scale (model SD-150; Country
Technologies, Gay Mills, W1, USA), with a capacity of 150kg
and accuracy of 100g. Height was measured using a standard
stadiometer (model Alturexata) to the nearest 0.1cm. The
students wore light clothing and were barefoot.

Nutritional status was classified on the basis of BMI-for-age
and -sex, and the following reference curves were used: National
Health and Nutrition Examination Survey (NHANES I)'",
National Center for Health Statistics NCHS/2000)"?, Interna-
tional Obesity Task Force (IOTF)"”, Brazilian National Health
and Nutrition Survey (Pesquisa Nacional de Satde e Nutrigéo,
PNSN)®, and WHO/2007"?. Table 1 describes the cutoff
points for the classification of underweight and overweight ac-
cording to the classification systems used in the study.

Nutritional status was analyzed using Epi-Info, version
3.3.2, for NCHS/2000"? reference values. For IOTF?,
PNSN®, and WHO/2007"? reference values, the respective
tables with the proposed thresholds for age and sex were
used. Statistical analysis was performed using SPSS, version
16. The Cochran Q test was used to compare the propor-
tion of underweight and overweight subjects in the total
sample among the classification systems used (NHANES
IV NCHS/2000"?, IOTE?”, PNSN®, and WHO/2007"?).
Whenever Cochran’s Q was significant, the McNemar test
was used to compare NHANES I*Y, NCHS/2000"?, IOTF?,
and PNSN® with the new WHQO/2007? reference values.
The chi-square test was used to compare the proportion of
underweight and overweight between sexes in the five refer-
ences analyzed. Finally, the Kappa index was calculated to
determine the degree of agreement between the different
references used and WHO/2007 curve. This measure of
agreement has a maximum value of 1, indicating complete
agreement, and a minimum value of 0, indicating no agree-
ment. Values <0.40 indicate poor agreement, 0.40-075
moderate agreement, and >0.75 excellent agreement'?. In
all analysis, significance level was set at 5% (p<0.05).

Table 1 — Cutoff points for the classification of underweight and overweight according to the classification systems used in the study

Indicator References Variable Cutoff point
Underweight NHANES 101 BMI-for-sex and -age <P5
NCHS/20001" BMI-for-sex and -age <P5
IOTF™ Not classified
PNSN® BMI-for-sex and -age < 17.5kg/m? (at 20 years of age)
WHO/200712 BMI-for-sex and -age < 17.2kg/m? (female, at 19 years of age)
SRR < 18.2kg/m? (male, at 19 years of age) __
Overweight NHANES 101 BMI-for-sex and -age =P85
NCHS/2000 BMI-for-sex and -age =P85
IOTF® BMI-for-sex and -age 25 (at 18 years of age)
PNSN® BMI-for-sex and -age 25 (at 20 years of age)
WHO/200712 BMI-for-sex and -age > 25 (female, at 19 years of age)

> 25.4 (male, at 19 years of age)

’IOTF: International Obesity Task Force 2000; 8PNSN: Conde et al 2006; "NHANES |: Must et al 1991; ""NCHS/2000: Kuczmarski et al 2000;

2WHO/2007: Onis et al 2007; P: percentile; BMI: body mass index.
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The study was approved by the Research Ethics Com-
mittee of Universidade Federal de Sio Paulo, Brazil, in
accordance with the Helsinki Declaration.

Results

Table 2 shows the prevalence of underweight and over-
weight according to NHANES I, NCHS/2000, IOTF, PNSN,
and WHO/2007 reference values. There was a significant dif-
ference in the prevalence of underweight between sexes for all
references used: underweight was higher among boys for all
references, except PNSN, in which underweight was higher
among girls. On the other hand, the prevalence of overweight
was significantly higher among girls when PNSN and IOTF
reference values were used, whereas no difference between
sexes was observed for the remaining references.

Table 2 also shows statistical differences between the
prevalence of underweight and overweight in the references
used and the new WHO/2007 reference values. Likewise,
when WHO/2007 reference values were used, the prevalence
of overweight was higher than that of other references, except
PNSN, in which prevalence was much higher than that of
WHO/2007.

Figure 1A shows the prevalence of underweight accord-
ing to age for the references used. There was an increase in
the prevalence of underweight in the age group 7-9 years
compared to 9-12 years for all references analyzed, except
PNSN, which showed very low means for all age groups.
When WHO/2007 reference values were used, higher preva-
lence rates were observed throughout puberty, i.e., between
age groups 9-12 years and 15-18 years. The Cochran Q test
revealed a significant difference between all references and

Table 2 — Prevalence of underweight and overweight by sex according to NHANES |, NCHS/2000, IOTF, PNSN, and WHO/2007

classification systems. Data expressed as n (%)

NHANES | NCHS/2000 IOTF PNSN WHO/2007
Underweight
Boys 191 (7.5) 184 (7.2) T 11 (0.4) 240 (9.4)
Girls 87* (3.4) 98* (3.8) T 51* (2,0) 146* (5.7)
COverweight
Boys 475 (18.6) 443 (17.4) 386 (15.1) 561 (22.0) 497 (19.5)
Girls 493 (19.2) 476 (18.5) 515*(20.0) 686*(26.7) 517 (20.1)
CTotal
Underweight 2782 (5.4) 2822 (5.5) T 622 (1.2) 386 (7.5)
Overweight 986° (18.9) 9192 (17.9) 9012 (17.6) 12472 (24.3) 10142 (19.8)

IOTF: International Obesity Task Force; NCHS: National Center for Health Statistics; NHANES: National Health and Nutrition Examination Survey;
PNSN: Brazilian National Health and Nutrition Survey (Pesquisa Nacional de Saude e Nutricdo); WHO: World Health Organization.

*p<0.05, different from boys (chi-square test); 2p<0.05, different from other references (McNemar test); + IOTF does not classify underweight.

Table 3 — Kappa coefficient of agreement for the five references used in the study according to sex.

NHANES | and NCHS/2000 and IOTF and PNSN and
WHO/2007 WHO/2007 WHO/2007 WHO/2007
Underweight
Male 0.88 0.84 T 0.07
Female 0.73 0.78 T 0.50
LTt 082 ... 082 ot 026
Overweight
Male 0.96 0.93 0.85 0.82
Female 0.97 0.94 0.96 0.91
Total 0.97 0.93 0.90 0.86
TIOTF does not classify underweight. Excellent agreement: Kappa=0.75; moderate agreement: 0.40<Kappa<0.75; poor agreement:
Kappa<0.40.
174
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WHO/2007 for students aged > 9 years. It was not possible
to perform the Cochran Q test for younger students (7-9 years
of age) due to the small number of observations.

Figure 1B shows the prevalence of overweight according
to age. There was a characteristic drop in the prevalence of
overweight with increasing age. PNSN criteria showed a
prevalence rate much higher than that of other references
for age groups 7-9 years and 15-18 years. NCHS/2000 and

IOTF showed the lowest prevalence of overweight for 7-9
years and 18-19 years, whereas WHO/2007 showed high
prevalence of overweight, higher than that of NCHS/2000
and IOTF, but lower than that of PNSN, for 9-18 years. All
references showed a significant difference when compared to
WHO/2007 for age groups 9-12, 12-15, and 15-18 years.

Table 3 shows the Kappa coefficient of agreement for

the classification systems assessed, with minimum values

*p<0.05, there are differences among references (Cochran Q test).

A 30
25
20 [ NHANES |
[l NCHS/2000
15 4 Hl PNSN
0 WHO/2007
10 | T T 1 T T 1 T 1 T T 1
5 _
0 _
7t08 9to 11 12 to 14 1510 17 18 to 19
Years
*p<0,05: ha diferenga entre as referéncias (teste Q de Cochran).
B 30 —
T T 1T T 1T T 1
25
0 NHANES |
20
B NCHS/2000
M I0TF
15
H PNSN
10 0 wWHO/2007
5 -
0 —
7108 9to 11 12to 14 15to 17 18 to 19
Years

Figure 1 — Distribution of underweight (A) and overweight (B) according to NHANES |, NCHS/2000, IOTF, PNSN, and WHO/2007

classification systems, by age group.
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of 0.07 and maximum values of 0.97. Poor agreement was
observed for the classification of underweight in males when
PNSN reference values were used. Moderate agreement was
obtained among females, although values were relatively
lower when the PNSN classification system was used. On
the other hand, excellent agreement was obtained for the
classification of overweight with all references.

Discussion

Establishing the best reference for assessing the nutrition-
al status of adolescents is a complex task. In practical terms,
from the perspective of health services, simple, replicable,
and reliable diagnostic criteria should be used. The choice
of an appropriate classification system in health services is
an important factor not only to prevent future nutritional
disorders but also to avoid burdening the service with in-
vestigation and treatment of a large number of false-positive
cases, mistakenly labeling several normal adolescents as
patients at risk of nutrition-related complications®>19,

It is well known that nutritional disorders during child-
hood and adolescence tend to persist into adulthood if not
treated properly, leading to increased morbidity and mortal-
ity and decreased life expectancy!'”'®. Thus, early detection
of adolescents at nutritional risk, as well as the introduction
of measures to manage this problem during adolescence, may
lead to a more favorable prognosis in the long term. The
later the detection of nutritional disorders, the harder it is
to reverse the problem, because eating habits and metabolic
changes are already established">'”. For this reason, over the
past decade several systems were introduced for the classifi-
cation of nutritional status in adolescents, raising the need
to compare their different reference values.

The five classifications systems analyzed in the present
study showed significant differences among them. For both
boys and girls, the estimated prevalence of underweight
using PNSN reference values was much lower than that
of other references. Similar prevalence of underweight
was observed when NHANES I and NCHS/2000 refer-
ence values were used, but both systems showed lower
prevalence rates compared to WHO/2007 for both sexes.
Regarding overweight among girls, higher prevalence rates
were observed using PNSN reference values, followed by
WHO/2007,I0TFE, NHANES I, and NCHS/2000. Preva-
lence of overweight among boys was higher using PNSN
reference values, followed by WHO/2007, NHANES I,
NCHS/2000, and IOTE.
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NCHS/2000, IOTF and WHO/2007 classification systems,
despite containing, in part, data from the same U.S. population
of NHANES I, showed different results for the classification of
underweight and overweight. Cutoff points appeared to be an
important factor for differences observed among reference values
for underweight and overweight, in addition to the fact that the
classification systems had different cutoff points according to

Sex(7,8,11-13)

. On the other hand, new mathematical adjustments
may also have contributed to these differences.

Furthermore, the trend of increasing obesity in the U.S.
population, in particular, and in European countries over
recent decades is also likely to be a factor underlying the differ-
ences observed in prevalence rates when the five classification
systems were compared. The systems containing curves with
weight data obtained after the increase in obesity observed in
the 1980s may have underestimated the prevalence of obesity
and overestimated the prevalence of malnutrition, even after
adjustments to minimize this effect”'""'?. For this reason,
IOTF and WHO/2007 classification systems did not use re-
cent data from anthropometric surveys in the U.S. population
(1988-1994) for the construction of curves.

When the Kappa test was performed to analyze the degree
of agreement among classification systems, excellent agree-
ment (k>0.75) was obtained for the classification of over-
weight among most references. However, poor agreement
(k<0.40) was observed for the classification of underweight
mainly among males in the following comparison: PNSN
x WHO/2007.

Altogether, the results of the different BMI criteria used
in the assessment of nutritional status in adolescents, based
on the comparison of NHANES I, NCHS/2000, IOTF, and
PNSN with the new WHO/2007 reference values, showed
good agreement in the classification of overweight. In addi-
tion, when WHO/2007 was used to classify underweight,
similarly high values were obtained compared to other classi-
fication systems and significantly higher values were observed
compared to PNSN. Thus, in addition to the advantages of
a new mathematical treatment, the possibility of assessing
individuals aged 0-19 years altogether, and a wide range of
empirical data collected in several countries for the construc-
tion of the new WHO classification system, we highlight the
advantage of having a single global reference that can serve as
a basis for comparisons among different populations.

Therefore, data from this study indicate that the new
WHO system is adequate to classify nutritional disorders in
Brazilian adolescents, and the application of this classification

system is recommended instead of previous references.

Rev Paul Pediatr 2011,29(2):171-7.
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