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ABSTRACT

A cross-sectional study carried out among 418 adolescents between ten and 19 
years old at a private school in the city of São Paulo in 1998. The objective of 
the study was to evaluate the proposed thresholds for diagnosing overweight 
among Brazilian adolescents. The percentage body fat was measured by dual 
energy X-ray absorptiometry. The cutoff points used for excess body fat 
were 25% for boys and 30% for girls. The body mass index was classifi ed in 
accordance with Cole et al and with Conde & Monteiro. The Brazilian reference 
(Conde & Monteiro) presented higher sensitivity among younger girls (44.2% 
vs. 32.6%), older girls (18.9% vs. 17%) and older boys (83.3% vs. 50%). The 
Conde & Monteiro proposal presented higher positive and negative predictive 
values and provided higher-sensitivity predictions of excess body fat among 
the study population.

KEY WORDS: Adolescent health. Overweight. Body mass index. 
Diagnostic techniques and procedures. Sensitivity and specifi city. 
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INTRODUCTION

Evaluation of the nutritional status of adolescents by means of anthropometry 
is a complex matter because of the variability in growth and body dimensions, 
which depend on age, sex and sexual maturity. Use of the body mass index for 
classifying nutritional status among this population has been studied because 
this is a simple and low-cost measurement that is therefore more feasible for 
use in public health care services.

The great diffi culty in determining an international reference standard for 
diagnosing nutritional status is the difference in body composition among 
populations around the world. It would be useful to have an international refe-
rence because this would make it possible to conduct comparative studies on 
the obesity situation in different countries. However, if the aim is to detect the 
prevalence of excess body fat in a country, for the purposes of applying this in 
public health programs, national reference values are more appropriate because 
they reproduce the variability within the population that is to be evaluated.

Recently, a criterion for diagnosing overweight among Brazilian adolescents 
was proposed.2 The objective of the present study was to evaluate the sensi-
tivity, specifi city and positive and negative predictive values of this national 
criterion in comparison with an international criterion.1 using the percentage 
body fat measured by dual energy X-ray absorptiometry (DEXA) as the “gold 
standard”.

Evaluation of two classifi cations 
for overweight among Brazilian 
adolescents 
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METHODS

This was a cross-sectional study among 427 adolescents 
between ten and 19 years old at a private school in the 
city of São Paulo in 1998. The sample was obtained 
by means of random selection from each class in the 
different year groups, from the list of 2,822 students 
enrolled from the 5th year to the 11th year of schooling 
in the Brazilian educational system. Five adolescents 
did not go to their appointments for the densitometry 
examination and four did not present the signed free 
and informed consent form, thus resulting in a sample 
of 418 students.

Data collection was performed by nutritionists at the 
school, at the time of the physical education class, 
with collaboration from the teachers. To obtain the 
students’ weights, a portable digital balance of Kratos 
model was used, with a maximum capacity of 150 kg 
and divisions of 50 g. Heights were measured using a 
wooden stadiometer with a measuring tape attached to 
it and accuracy of 1 mm.

The percentage body fat measured by the technique of 
dual energy X-ray absorptiometry (DEXA) was used 
as the “gold standard”. The cutoff point used for excess 
body fat measured by DEXA was 25% for boys and 
30% for girls.5

The classifi cation of overweight, according to the body 
mass index (BMI) was done in accordance with the 
proposals of Cole et al1 and Conde & Monteiro.2 Cole et 
al’s1 classifi cation is recommended by the International 
Obesity Task Force. It uses data from adolescents in 
different countries and is based on the adult BMI cutoff 
point of 25 kg/m2.1 The recently proposed classifi cation 

from Conde & Monteiro2 uses the same cutoff point, but 
it was based on anthropometric data from the National 
Health and Nutrition Survey (Pesquisa Nacional de 
Saúde e Nutrição, PNSN). Both sets of values were 
built up on the basis of the LMS method, which can 
be summarized as three age-specifi c smoothed curves 
called “L” (lambda), “M” (mu) and “S” (sigma).

Cutoff points were 14 years old for boys and 13 for girls. 
These age cutoff points were chosen because they repre-
sent a time at which the pace of growth becomes slower. 
Analyses were stratifi ed by age groups of adolescents: 
for the boys, ≤14 and ≥15 years old; and for the girls, 
≤13 and ≥14 years old. The prevalence of overweight 
and the mean BMI and percentage fat were calculated 
according to the different criteria studied. Spearman’s 
correlation was used for the continuous variables, and 
the sensitivity, specifi city, positive predictive value 
(PPV) and negative predictive value (NPV) of the cri-
tical values proposed by Cole et al1 (2000) and Conde 
& Monteiro2 (2006) were calculated in relation to the 
“gold standard”. For the statistical analysis on the data, 
the SPSS 11.0 software was utilized.

The research protocol was approved by the Ethics 
Committee of the Postgraduate Research Council of 
the Universidade Federal de São Paulo, Escola Paulista 
de Medicina.

RESULTS

The mean age of the adolescents was 13.4 years 
(SD=0.46). The mean BMI was 20.2 (SD=3.9) among 
the younger boys and 22.8 (SD=4.4) among the older 
boys, while among the girls the mean BMI was 18.9 

Table. Sensitivity, specifi city and positive and negative predictive value for the criteria utilized, according to sex and age group. 
São Paulo, Brazil, 1998.

Characteristic
Boys Girls

Total < 14 years > 15 years Total < 13 years > 14 years

Sample (N) 219 128 91 199 132 67

Sensitivity (%)

Cole et al¹ 79.5 84.2 50.0 26.6 32.6 17.0

Conde & Monteiro² 84.1 84.2 83.3 34.5 44.2 18.9

Specifi city (%)

Cole et al¹ 86.9 86.7 87.1 96.7 95.7 100

Conde & Monteiro² 84.6 82.2 87.1 98.3 97.8 100

Positive predictive value (%)

Cole et al¹ 60.3 72.7 21.4 94.9 93.8 100

Conde & Monteiro² 57.8 66.7 31.3 98.0 97.4 100

Negative predictive value (%)

Cole et al¹ 94.4 92.9 96.1 36.3 43.1 24.1

Conde & Monteiro² 95.5 92.5 98.7 39.3 48.4 24.6
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(SD=3.7) and 21.1 (SD=3.4), respectively. The pre-
valence of overweight using Cole et al’s method was 
23.7% (27% of the boys and 19.3% of the girls) and it 
was 27.4% (29% of the boys and 24.8% of the girls) 
using the proposal from Conde & Monteiro.2

The BMI values presented a high correlation with per-
centage body fat. A higher correlation was found among 
the younger adolescents (r=0.74 for boys and r=0.8 
for girls) than among the older adolescents (r=0.63 for 
boys and r=0.69 for girls). All the correlations were 
statistically signifi cant (p<0.001).

The sensitivity, specifi city and positive and negative 
predictive values are presented in the Table. Among 
the younger boys, the Brazilian criterion (i.e. Conde 
& Monteiro) presented lower specifi city (82.2% versus 
86.7%). The sensitivity and negative predictive value 
were similar. Among the boys aged 15 years or more, 
both reference values presented specifi city of 87.1%. 
The criterion of Conde & Monteiro2 presented grea-
ter sensitivity (83.3%) and positive predictive value 
(31.3%) than did the criterion of Cole et al1 (50% versus 
21.4%, respectively).

Among the younger girls, the criterion of Conde & 
Monteiro2 presented higher sensitivity (44.2%) than 
did the criterion of Cole et al1 (32.6%). The specifi city 
and positive predictive values were high for both cri-
teria (greater than 93%). Among the girls older than 
14 years, both criteria presented similar results. The 
specifi city and positive predictive value were 100%, 
but low sensitivity was observed (17% and 18.9%) and 
low negative predictive value (24.1% and 24.6%) in 
the two reference standards evaluated. Both presented 
low sensitivity among the girls aged over 14 years, thus 
giving rise to high percentages of false negatives.

With regard to the analysis without stratifi cation by age 
group, it was observed that the Brazilian criterion presen-
ted greater sensitivity and specifi city for both sexes.

DISCUSSION

It is essential to investigate reference values based on 
national surveys, since application of such data within 
both the clinical and epidemiological spheres will give 
rise to greater representativeness. The reference values 
from Conde & Monteiro2 for the adolescent popula-
tion studied showed greater sensitivity for diagnosing 
excess body fat than did the international reference, 
and thus the number of false negatives was lower. A 
study evaluating the utilization of the classifi cation 
suggested by the World Health Organization warned of 
the possibility that high percentages of false positives 
might be generated among boys, and that there might 
be a higher percentage of false negatives among girls 
when the BMI was used as the screening method for 
overweight and obesity among adolescents.4

The differential in the Brazilian proposal, in relation to 
this population, was especially the greater sensitivity 
among the boys after the period of sexual maturation, 
thereby improving predictions of excess body fat by 
means of the BMI method. A validation study on the 
use of the BMI for identifying overweight children 
and adolescents showed that it had high specifi city 
(95-100%) but low sensitivity (36-66%).3 Comparing 
the reference values, the Brazilian reference presented 
greater sensitivity among the younger and older girls, 
and among the older boys.

Nonetheless, the present study cannot be extrapolated 
to the whole population of Brazilian adolescents, since 
this analysis was performed with a specifi c population 
group. There is no consensus regarding the validity 
of the international references for use in developing 
countries, where there are differences in growth and 
sexual maturation, but the results from the present 
study suggest that the reference standard from Conde 
& Monteiro2 is more appropriate for screening in Brazil 
that aims to identify overweight among adolescents.



656 Diganosing overweight     Vitolo MR et al.

1. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. 
Establishing a standard defi nition of child overweight 
and obesity worldwide: international survey. BMJ. 
2000;320(7244):1240-3.

2. Conde WL, Monteiro CA. Valores críticos do índice de 
massa corporal para classifi cação do estado nutricional 
de crianças e adolescentes brasileiros. J Pediatr. (Rio de 
J.). 2006; 82(4):266-72.

3. Neovius M, Linné Y, Barkeling B, Rossner S. 
Discrepancies between classifi cation systems of 
childhood obesity. Obes Rev. 2004,5(2):105-14.

4. Veiga GV, Dias PC, Anjos LA. A comparison of 
distribution curves of body mass from Brazil and the 
United States for assessing overweight and obesity 
in Brazilian adolescents. Rev Panam Salud Publica. 
2001;10(2):79-85.

5. Williams DP, Going SB, Lohman TG, Harsha DW, 
Srinivasan SR, Webber LS, et al. Body fatness and risk 
for elevated blood pressure, total cholesterol, and 
serum lipoprotein rations in children and adolescents. 
Am J Public Health. 1992;8(3)2:358-63.

REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


