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Influence of different body mass index cut-off
values in assessing the nutritional status of
adolescents in a household survey

Influéncia de distintos valores criticos do indice de
massa corporal na avaliacdo do estado nutricional
de adolescentes em inquérito domiciliar
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Abstract

The purpose of this study was to evaluate the an-
thropometric nutritional status of the adolescent
population of Niterdi, Rio de Janeiro State, Bra-
zil, and the influence of changes in the adopted
body mass index (BMI) cut-offs in the nutritional
status assessment of the adolescent population.
A population-based survey conducted in 2003
obtained data from a probabilistic sample of
1,734 households and 523 adolescents. The mul-
tiple proportions test and prevalence ratios were
used to analyze differences between estimates
obtained from different BMI cut-offs. Changes in
cut-off values from the old to the new recommen-
dation of the World Health Organization (WHO)
resulted in a significant increase in overweight
prevalence among total, male and female adoles-
cent population (25%, 27% and 23%, respectively)
(p < 0.05). There were significant increases in the
prevalence of low-BMI-for-age among the total
(29% increase) and male (39%) adolescent popu-
lations when the proposal of the International
Obesity Task Force was compared to current
WHO BMI-for-age cut-offs (p < 0.05). It is shown
that a simple change in cut-off values used to de-
fine the anthropometric nutritional status can
significantly modify the nutritional profile of an
adolescent population.

Adolescent; Nutritional Status; Nutrition Assess-
ment; Anthropometry
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Introduction

The rising prevalence of obesity in children
and adolescents is already recognized as a seri-
ous public health problem in many parts of the
world 12. Wang et al. 3 have documented an in-
crease in the prevalence of overweight among
Brazilianyouths (6-18yearsold) from4.1t013.9%,
between 1975 and 1997, from 6.4 to 7.7% in China
(between 1992 and 1998), and from 15.4 to 25.6%
in the USA (between 1971-1974 and 1988-1994)
associated with a decrease in the prevalence of
underweight in these countries: 14.8 to 8.6% in
Brazil, 14.5 to 13.1% in China, and 5.1 to 3.3% in
the USA.

Data from regional and national surveys in
Brazil have shown a decrease in underweight 45,
a reduction of 6.5 percentage points and a wor-
rying increase in overweight/obesity (from 3.7
to 12.6%) among adolescents in the last few de-
cades 3. The interest in assessing adolescents is
relatively recent and there is a series of classifica-
tions used to define the nutritional status of indi-
viduals or the population. Thus, the results and
interpretations of the studies may differ depend-
ing on the methodological strategy adopted 1.6,7.
The demand for a global approach to assess
adolescents has prompted the World Health Or-
ganization (WHO) to define criteria to be used
internationally 8. The consensus was to use cut-
off points of body mass index (BMI = body mass/
stature?) for age derived from a re-analysis of the



1977 National Center for Health Statistics (NCHS)
growth curves 9. The purpose of the present study
was to evaluate the influence of using different
cut-off points of BMI for age 168,10 in the assess-
ment of the anthropometric nutritional status of
the adolescent population of Niter6i, Rio de Ja-
neiro State, Brazil.

Methods

The data in the present analysis come from the
Nutrition, Physical Activity and Health Survey
(PNAFES), a household survey conducted in the
city of Niter6i, from January to December 2003.
The city is located in the metropolitan region of
Rio de Janeiro and according to the last Brazilian
census, in 2000, there were 459,451 inhabitants 11.

The data were collected following a two-stage
probabilistic sample of households. In the first
stage, 110 census enumeration areas (CEA) from
Niterdi were systematically selected, with prob-
ability proportional to the number of permanent
private households observed in the 2000 popula-
tion census 11. Prior to selection, the CEAs were
ordered from lowest to highest according to the
head-of-household’s mean nominal monthly
income, thus implicitly stratifying the CEAs by
mean income and ensuring the selection of CEAs
from all income levels.

In the second stage, 16 households were se-
lected in each CEA with equal probability, us-
ing an inverse sampling procedure 12 analogous
to that applied to the World Health Survey in Bra-
zil 13 as described in Bossan et al. 14. All adoles-
cents (10 < age < 20 years old) that belonged to
the selected households were surveyed, leading
to a sample size of 1,734 households with 523
adolescents, after exclusions, refusals and losses,
as described below.

Sample weights were calculated as the in-
verse of the product of selection probabilities
in each stage 12,13 and then calibrated to ensure
consistency of the estimates with known popula-
tion totals for post-strata, comprised of gender
and age brackets 15.

On a previously scheduled day, the head of
household signed a free informed consent form,
then answered a questionnaire about family and
individual information 14. For each adolescent,
body mass (kg), stature (cm), physiological con-
dition (if pregnant or nursing), and basic demo-
graphic data were obtained.

Body mass was measured once and stature
was measured twice using standard procedures
described elsewhere 14. Data from one pregnant
and one nursing adolescent, and two adolescents
with missing limbs or limbs in casts were exclud-
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ed from the analysis; 27 adolescents refused to
be measured and 32 additional adolescents were
unavailable to be measured even after three at-
tempts.

BMI was calculated as body mass (kg) divid-
ed by stature (mean of the two measurements)
squared (m2). BMI for age and sex was used to
determine the adolescents’ nutritional status (i.e.
underweight/thinness, adequate, overweight
and obesity) according to three classification
methods: the one recommended by the World
Health Organization in 1995 (WHO-1995) 6,16; the
current method recommended by WHO-2007 8;
and the International Obesity Task Force (IOTF)
proposal 1,10, In the 1995 classification, despite
the suggestion of using the triceps and subscapu-
lar skinfold thicknesses along with BMI for the
definition of obesity, the publication indicated
that BMI could be used alone to monitor excess
body mass for nutritional surveillance purpose 6.
In fact, the recommendations were based on the
BMI distribution values published by Must et al. 16
who recognized the value of using BMI because
of: (1) the ease of calculating BMI; (2) the oppor-
tunity to work with self-reported information; (3)
the adoption of BMI by several consensus; (4) the
limitations of and difficulty in obtaining the skin-
fold thickness measurements. Furthermore, the
WHO has recently proposed the use of BMI alone
to assess the nutritional status of adolescents.
Thus the 95th percentile of BMI of the population
adopted as a reference by WHO in 1995 6,16 was
used as one of the criteria to define obesity.

Descriptive analyses were carried out for con-
tinuous variables (i.e. age, body mass, stature,
BMI) including minimum and maximum values,
estimates of means and its respective standard
errors (SE) and 95% confidence intervals (95%CI).
For these variables, the differences between sex-
es were analyzed using the Wald test. BMI was
categorized according to the three methods cited
above (WHO-1995; WHO-2007; IOTF) to estimate
the nutritional status. For thinness/low-BMI-for-
age classification according to Cole et al. 10, grade
2 was used (the closest to the -2 Z scores actually
recommended by WHO 8).

A comparison test for multiple proportions
was conducted to evaluate if the prevalence of
each nutritional status category differed signifi-
cantly between distinct proposals of BMI-for-age
cut-off points. The test consists of the estimation
of 95%CI for differences among all possible pairs
of prevalences at the same nutritional status cat-
egory.

Prevalence ratios (PR), and its respective
95%CI, were estimated to identify the magnitude
of proportional differences between prevalence
estimates of each nutritional status category
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according to the three different proposals. The
Taylor linearization method 17 was used to es-
timate variances needed to build 95%CI for PR.
The WHO-2007 criterion was set as the basis of
comparison.

For all test statistics a 5% significance level
was used. 95%CI of prevalences were built us-
ing a multivariate procedure, adjusting alpha to
the number of regions (parts) in which a total
number of individuals was divided according to
nutritional status categories. In order to guaran-
tee that confidence intervals of the prevalence
of each category are included in a 95% level of
confidence simultaneously (e.g. if the sum of four
prevalence is equal to 100%, to guarantee simul-
taneously a 95% significance level, it is necessary
to use an alpha equal to 0,05/4). All estimates
and statistical tests were based on structural in-
formation of the sampling design and calibrated
weights, by using the survey library developed
in R. Calibration residuals were also considered
in the estimation of variance and derived sta-
tistics and tests. All analyses were conducted in
R language using version 2.6.0 (The R Founda-
tion for Statistical Computing, Vienna, Austria;
http://www.r-project.org). The Institutional Re-
view Board of the Sergio Arouca National School
of Public Health, Oswaldo Cruz Foundation ap-
proved all the research procedures.

Table 1

Results

Body mass and stature means (95%CI) were
significantly higher in males in comparison to
females: 55.5kg (53.2-57.7) versus 50.8kg (49.2-
52.3), and 164.7cm (162.7-166.8) versus 156.8cm
(155.7-157.8), respectively. However, mean BMI
did not differ between sexes (p = 0.22) (Table 1).

The prevalence of overweight in males es-
timated by the current WHO recommendation
(WHO-2007) 8 was significantly higher than the
old WHO recommendation estimates (WHO-
1995) 6,16, but it was not significantly different
from the estimates using IOTF’s 1,10. For female
adolescents and for adolescents from both sexes,
the same pattern was found, except that WHO-
2007 estimates were also significantly higher
than the IOTF’s estimates (Table 2).

The prevalence estimates of obesity using all
three procedures (WHO-1995; WHO-2007; IOTF)
were not different in both male and female ad-
olescent populations. For the total (male + fe-
male) adolescent population, WHO-2007 and
WHO-1995 estimates differed significantly from
IOTF’s estimates but did not differ from each
other (Table 2).

Low-BMI-for-age/thinness prevalences for
male and total adolescent population accord-
ing to WHO-1995 cut-off points were the highest
estimates followed by the WHO-2007 and IOTF
estimates, consecutively, and all significantly dif-
ferent. Prevalences of low-BMI-for-age/thinness
in girls were not significantly different (Table 2).

Changingthe cut-offvalues used to determine
the nutritional status of adolescents from the
older WHO-1995 to the new WHO-2007 recom-

Means, 95% confidence intervals (95%Cl), standard error (SE) estimates, and minimum and maximum values for body measu-

rements and ages of female and male populations (= 10 and < 20 years) in Niterdi, Rio de Janeiro State, Brazil, 2003 *.

Mean 95%Cl SE Minimum Maximum

Male

Age (years) 15.1 14.7-15.5 0.2 10.0 19.9

Body mass (kg) 55.5 53.2-57.7 1.2 25.8 109.1

Stature (cm) 164.7 162.7-166.8 1.0 132.8 188.8

BMI (kg/m2) 20.0 19.5-20.6 0.3 14.0 37.1
Female

Age (years) 15.0 14.6-15.4 0.2 10.0 19.9

Body mass (kg) 50.8 49.2-52.3 0.79 23.3 105.9

Stature (cm) 156.8 155.7-157.8 0.55 129.0 176.5

BMI (kg/m2) 20.4 19.9-20.9 0.3 13.0 37.2

* Body mass and stature differed significantly between sexes (p < 0.001), but age (p = 0.63) and BMI (p = 0.22) did not.
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Table 2
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Nutritional status according to different cut-off point proposals and sex of adolescents from Niteréi, Rio de Janeiro State, Brazil, 2003.

Nutritional status IOTF 1.10 WHO-1995 6.16 WHO-2007 8 |A-B]  95%CI IB-C| 95%CI |A-C|] 95%Cl
[A] [B] €]
% 95%Cl % 95%Cl % 95%Cl
Total
Low-BMI-for-age/thinness 2.7 0.0-5.6 6.3 1.8-10.8 3.9 0.0-7.8 3.6 1.4-57* 24 0.8-4.1 * 1.2 0.1-2.1*
Adequate 81.0 77.2-849 784 729-838 774 71.9-828 26 0.1-5.2* 1.0 0.0-3.5 3.6 1.9-55*
Overweight 121 9.0-152 102 6.7-13.8 13.6 9.6-175 1.9 0.2-3.6* 34 1.6-5.1* 1.5 0.0-2.9
Obesity 4.1 2.2-6.1 5.1 2.5-7.7 5.2 2.6-7.8 1.0 0.1-1.9* 041 0.0-0.3 1.1 0.2-2.0*
Male
Low-BMI-for-age/thinness 2.7 0.0-6.1 8.8 2.7-14.9 4.5 0.2-8.8 6.1 2.3-99* 43 1.1-75* 1.8 0.0-3.5
Adequate 82.5 76.0-89.1 766 69.0-842 774 698-850 59 1.7-101* 0.8 0.0-3.5 5.1 2.0-8.2*
Overweight 10.3  5.1-155 8.8 4.0-13.6 121 67176 1.5 0.0-4.3 3.3 0.7-5.9 * 1.8 0.0-4.8
Obesity 4.4 0.9-7.9 5.8 1.9-9.7 6.0 2.1-9.9 1.4 0.0-3.0 0.2 0.0-0.6 1.6 0.0-3.2
Female
Low-BMI-for-age/thinness 2.7 0.0-7.5 3.8 0.0-8.7 3.2 0.0-8.1 1.1 0.0-2.4 0.6 0.0-1.4 0.5 0.0-1.5
Adequate 79.6 72.8-86.3 80.1 728-87.5 77.3 70.0-846 05 0.0-1.8 2.8 0.2-55* 23 0441*
Overweight 13.9  8.4-194 116 63-169 150 9.6-205 23 0.3-43* 34 0.9-5.9 * 1.1 0.0-2.9
Obesity 3.8 0.8-6.8 4.4 1.3-7.5 4.4 1.3-7.5 0.6 0.0-1.4 0.0 - 0.6 0.0-1.4

* Indicates that absolute differences between estimates are significantly different from zero at 95% confidence level (95%Cl).

mendation resulted in significant 25%, 27% and
23% increases in overweight prevalence among
total, male and female adolescent populations
respectively (Table 3). There were significant in-
creases (29% and 39%) in the prevalence of low-
BMI-for-age among total and male adolescent
populations, respectively, when IOTF’s proposal
was adopted instead of the WHO-2007 (Table 3).

Discussion

The limitations of BMI-for-age to define the nu-
tritional status of adolescents have been widely
described and consist of: (1) lower sensitivity to
assess body composition in comparison to other
measures such as skinfold thickness; (2) the im-
position of age brackets that do not necessarily
reflect the adolescent’s physiological stage (de-
velopmental and maturational stages); and (3)
not being able to identify central adiposity 18.
Despite these limitations, in the past fewyears
there have been a number of ethnic-specific, re-
gional, national and international suggestions of
BMI-for-age cut-off values to define the nutrition-
al status of adolescents 1,8,10,19,20,21,22,23,24 which
makes comparisons between studies difficult.
The present study has documented the problems
of comparing the results of studies assessing the
nutritional status of adolescents when distinct

proposals for cut-off values are used. It is pos-
sible to illustrate this problem by comparing the
prevalence of overweight in female adolescents
of Niterdi, from the present study, with the results
of a study in schoolchildren from the city of Rio
de Janeiro 5, both samples from the Metropoli-
tan area of Rio de Janeiro. Based on the criteria
proposed by the IOTF 1 the estimates of the two
studies are 13.9% and 17.7%, respectively.

If the estimates for the Niteréi population
had been obtained according to the WHO-1995
cut-off points there would have been a signifi-
cant increase in the difference in comparison
to the estimates for schoolchildren from Rio de
Janeiro using the IOTF cut-off points (from 3.8
to 6.1 between studies). This represents a 59.5%
increase in estimates, simply because it was not
observed that the studies used different criteria.

It is also common to find comparisons of nu-
tritional statusin the literature thatignore distinct
age brackets used to define adolescence. Many
studies, out of convenience or sampling strate-
gies, do not include all individuals from the 10-20
age range 68. For example, Anjos et al. 5 used a
sample of 10 to 18-year-old schoolchildren from
public schools in Rio de Janeiro. Vieira et al. 25 (p.
2998) concluded that “the IOTF classification is
accurate for assessing overweight, but it underes-
timates the proportion of obese adolescents” by
analyzing data from 10-12 years old adolescents
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Table 3

Prevalence ratios (PR) and its 95% confidence intervals (95%Cl) for adolescents from Niteroi, Rio de Janeiro State, Brazil (2003) by selected cut-off values for

classification of anthropometric nutritional status (setting WHO-2007 as the common denominator for all PR), by nutritional status and sex.

Nutritional status IOTF 1,10 WHO-1995 6.16 WHO-2007 8
PR 95%Cl PR 95%Cl PR
Total
Low-BMI-for-age/thinness 0.71 0.43-0.99 * 1.63 0.99-2.26 1
Adequate 1.05 1.02-1.07 * 1.01 0.98-1.05 1
Overweight 0.89 0.79-1.00 0.75 0.64-0.87 * 1
Obesity 0.79 0.62-0.96 * 0.98 0.94-1.02 1
Male
Low-BMlI-for-age/thinness 0.61 0.31-0.91* 1.96 1.00-2.92 1
Adequate 1.07 1.02-1.11 0.99 0.93-1.04 1
Overweight 0.85 0.62-1.08 0.73 0.54-0.92 * 1
Obesity 0.74 0.49-0.99 * 0.96 0.89-1.04 1
Female
Low-BMI-for-age/thinness 0.84 0.51-1.17 1.17 0.83-1.51 1
Adequate 1.03 1.00-1.05 1.04 1.00-1.07 1
Overweight 0.92 0.81-1.04 0.77 0.62-0.93 * 1
Obesity 0.86 0.68-1.04 1.00 1.00-1.00 1

* PR significantly different from 1.

only. Moreover, the authors have compared their
prevalence, sensitivity and specificity estimates
with other results derived from a study that have
analyzed 12-18 years old adolescents 26. Von Der
Heyde et al. 27 have evaluated individuals aged
12-18 to assess the nutritional status of the “ado-
lescent population” of Curitiba, Parand, Brazil. In
fact, when the purpose is to assess adolescents’
nutritional status, individuals aged between 10
and 18, or 12 and 18, are considered adolescents.
However, estimates for these groups, cannot be
considered estimates for an adolescent popula-
tion but for an adolescent population for a given
age bracket, and the nutritional status assessed
by anthropometry may vary significantly.

To illustrate this problem, estimates obtained
in the present study were restricted to adoles-
cents aged 10-18 and compared with the results
of schoolchildren from Rio de Janeiro 5 using the
same classification method (WHO-1995) 6,16,
This comparison indicates a 11.1% and 15.5%
prevalence of overweight among male adoles-
cents from Niteréi and Rio de Janeiro public
schools 5, respectively; a 4.4 percentage points
difference. Ignoring differences in age brackets
that define an “adolescent population” (10-18
years in Rio de Janeiro and 10-19.9 years in Ni-
ter6i) the prevalence estimates of overweight in
male adolescents in Niterdi is 8.8%. Hence, there
is a 52.3% increase in difference between male

Cad. Satde Publica, Rio de Janeiro, 25(8):1850-1857, ago, 2009

adolescent estimates from the two studies, from
4.4 percentage points to 6.7.

Jinabhai et al. 28 compared the prevalences
of overweight and obesity in South African Black
school-goers aged 13-17.9 years according to
IOTF’s BMI-for-age cut-off values ! with other
studies from several countries that had used the
same criteria. However, different age brackets
were used in the studies, and most of them mixed
children and adolescentsin one age bracket. Abal-
khail 29 concluded that increase in overweight
and obesity prevalences among Saudi students
coincide with increases documented in the USA
and Western European countries but different
classification methods and age brackets were
used in the studies. A study by Serra Majem et
al. 30 compared obesity prevalences among Eu-
ropean children and adolescents based on stud-
ies that used different age brackets, BMI-for-age
cut-off values, and even different anthropomet-
ric and body composition indexes. The results of
the present study indicate that such comparisons
should be made with extreme caution.

Despite the validation of BMI-for-age as an
index for predicting overweight/obesity and un-
derweight in adolescents 31 and its correlations
with body fatness 32, risk indicators for cardiovas-
cular diseases 33, dyslipidemias 34, and mortality
in the long-term 35 it is important to notice that
when it comes to classification methods, those



correlations may vary according to the cut-off
values adopted. Mei et al. 31 have validated the
use of BMI-for-age to predict overweight and un-
derweight using the age- and sex-specific BMI
reference developed by the Centers for Disease
Control and Prevention (CDC) 7. However, it is
important to stress that it was validated us-
ing CDC’s reference, and this conclusion could
change if the nutritional status of the adolescents
had been defined by the WHO-2007 classification
instead of CDC’s 7.

Additionally, although validation is essential,
now that there is a definition of an international
recommendation to assess nutritional status in
adolescents (with inherent method limitations)
what is really important is that national and re-
gional estimates use a common method to allow
comparisons within and between countries. Even
if a country has developed its own reference, and
even if it were more adequate to follow its ado-
lescent population, it would be very helpful to
present estimates according to an internationally
recommended method, which would allow the
identification of moves in the gaps between and
within countries and continents 1.6,25.

Along these lines, it is necessary to keep in-
vesting in the identification of cut-off values that
are able to predict adolescence and adulthood
health status, body fatness, and risk for non-
communicable diseases. So far, the cut-off values
have been defined essentially based on popula-
tion distributions 16 or by projecting values to
adulthood 1,10 without necessarily establishing
a relationship with health outcomes. There are,
however, a few studies in this direction. For ex-
ample, Sardinha et al. 36 have estimated BMI

Resumo

Este artigo tem por objetivo avaliar o estado nutricio-
nal antropométrico da populagdo adolescente resi-
dente em Niterdi, Rio de Janeiro, Brasil, bem como a
influéncia das mudancas nos valores criticos de indice
de massa corporal (IMC) na avaliagdo do estado nutri-
cional dessa populagdo. Uma pesquisa amostral pro-
babilistica de base populacional conduzida em 2003
obteve dados de 1.734 domicilios e 523 adolescentes.
Testes para multiplas proporgoes e razoes de prevalén-
cia foram utilizados para analisar as diferencas entre
estimativas obtidas segundo distintos valores criticos
de IMC. Mudangas nos pontos de corte da antiga pa-
ra a atual recomendagdo da Organizacdao Mundial da
Satide (OMS) resultaram em aumentos significativos

BODY MASS INDEX-FOR-AGE CUT-OFFS FOR ADOLESCENTS

values that correspond to the 25% (boys) and
30% (girls) body fat percentage cut-off values
proposed by Williams et al. 37 for boys and girls
based on risk factors for cardiovascular diseases
and dyslipidemia. The BMI values varied from
20 to 24kg/m?2 depending on age and sex. These
values are closer to overweight rather than the
three BMI-for-age cut-off values used in the pres-
ent study to identify obesity (WHO-1995; WHO-
2007; IOTF).

The comparison between the WHO-1995 6,16,
IOTF 1,10 and WHO-2007 8 classification meth-
ods have documented that a simple change in
cut-off values used to define the anthropometric
nutritional status of adolescents can significantly
modify the nutritional profile of an adolescent
population. The updated BMI-for-age cut-off
values recently recommended by WHO has re-
sulted in significant increases in the prevalence
of overweight among total, male and female
adolescent populations (25, 27 and 23%, respec-
tively) of Niter6i. On the other hand, despite the
absence of significance in this study, it is expect-
ed that relevant reductions in the prevalence of
low-BMI-for-age may occur. This is critical when
comparing changes across time to avoid attribut-
ing reductions to interventions or public policies
when in fact it could just be due to a change in
methods. Until there is a uniform internation-
ally-agreed consensus, it would be helpful if
studies presented estimates using several cut-off
values, allowing comparisons with older studies
so that disparities between and within countries
and between different points in time could be
properly assessed.

nas prevaléncias de sobrepeso entre o total de adoles-
centes, meninos e meninas (25%, 27% e 23%, respecti-
vamente) (p < 0,05). A proposta da International Obe-
sity Task Force resultou em uma redugao significativa
de 29% e 39% na prevaléncia de baixo-IMC-para-ida-
de entre o total de adolescentes e meninos, respectiva-
mente, quando comparada a recomendagdo atual da
OMS (p < 0,05). Foi evidenciado que uma simples mu-
danga nos valores de corte empregados na defini¢do
do estado nutricional pode alterar significativamente
o perfil nutricional de uma populagdo adolescente.

Adolescente; Estado Nutricional; Avaliag¢ao Nutricio-
nal; Antropometria
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