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abstract

Objective. To compare the International Obesity Task Force (IOTF) 2005, Centers for
Disease Control and Prevention (CDC) 2000, and World Health Organization (WHO) 2007
body mass index (BMI) classification systems in terms of prevalence estimation and association with demographic factors.
Methods. The 18 265 children and adolescents ages 5 to 18 years (mean = 11.2 years,
standard deviation = 3.9 years) in the nationally representative Colombian National Nutrition
Survey of 2005 were classified as overweight or obese according to IOTF, CDC, and WHO
criteria. Prevalence estimates were compared according to each system and associations with
age, sex, socioeconomic status, and population density were tested.
Results. Prevalence estimates of combined overweight and obesity differed by system (males: IOTF = 8.5%, CDC = 10.8%, WHO = 14.1%; females: IOTF = 14.6%,
CDC = 13.8%, WHO = 17.1%; P < 0.001). The association between combined overweight
and obesity and age and sex varied by system. The odds of having overweight and obesity
in children (5 to 10 years) compared with adolescents (11 to 18 years) were: IOTF, odds
ratio (OR) = 0.87 and 95% confidence interval (CI) = 0.77–0.98; CDC, OR = 1.27 and
CI = 1.14–1.42; WHO, OR = 1.21 and CI = 1.08–1.35. The values for females compared with
males were: IOTF, OR = 1.84 and CI = 1.6–2.10; CDC, OR = 1.33 and CI = 1.17–1.51; WHO,
OR = 1.25 and CI = 1.12–1.41.
Conclusions. There is a lack of consistency among the three main international systems in
assessing overweight and obesity in children and adolescents. Appreciably different estimates
of prevalence and associations with age and sex are obtained depending on which system
is used. Future studies should assess how well each system reflects valid measures of body
composition.
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Overweight and obesity in children
and adolescents represent a burden to
individuals and populations worldwide
due to associations between obesity and
many adverse cardiometabolic and psy-
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chosocial problems (1). Concern about increased childhood obesity worldwide has
led to implementation of a wide range of
programs and policies (2). Interventions
are often designed and targeted based on
prevalence estimates and inferred associations with sociodemographic factors obtained from survey data (1, 2). Typically,
the prevalence of overweight and obesity
is estimated by categorizing individuals
according to their body mass index (BMI)
(kg/m2); the accuracy of this approach
relies on the relation of this measure to
the percentage of body fat (3).
The use of BMI is a widely accepted and
affordable method to infer body composition in children and adults (3). However,
in children (5 to 10 years) and adolescents
(11 to 18 years), in whom sex and age play
an important role in body composition (4),
there is not a clear consensus on which
BMI classification system should be used
to diagnose overweight and obesity (5, 6).
Three classification systems are frequently
used internationally to assess obesity: the
International Obesity Task Force (IOTF)
criteria, developed in 2005 by a group
of IOTF experts, who extrapolated the
adult BMI cutoff points for overweight
(25 kg/m2) and obesity (30 kg/m2) to
data sets from six countries (6); the United
States Centers for Disease Control and
Prevention (CDC) growth charts issued
in 2000, a revision of the National Center
for Health Statistics (NCHS) 1977 growth
reference that incorporated data from five
national surveys conducted between 1963
and 1994 in the United States of America
and used statistical smoothing techniques
(7); and the World Health Organization
(WHO) criteria, which were developed by
a WHO expert committee in 2007 using
the 1977 NCHS growth reference from
5 to 19 years, supplemented with data
from the WHO Child Growth Standards
for children ages 5 years and younger (to
facilitate the transition at age 5) (5). The
IOTF has been used increasingly outside
the United States, but some evidence suggests this classification system has lower
sensitivity than the WHO, CDC, and
local classification systems for diagnosing
overweight and obesity in children and
adolescents compared with percentage
of body fat as the gold standard (8–10).
Some of the barriers to develop and validate BMI classification systems in older
children and adolescents include the difficulty in finding a healthy reference population and the lack of long-term follow-up
studies with information on health out-
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comes in diverse populations (5, 6). Previous studies have reported that prevalence
estimates of overweight and obesity in
children and adolescents differ according
to the IOTF, CDC, and WHO classification
systems (11–13). Generally, IOTF prevalence estimates are lower than other local
and international references, and WHO
estimates are the highest. However, these
studies examined limited age ranges of
children, usually in samples that were
not nationally representative, and did not
describe differences in estimation according to demographic characteristics. To address this gap, the objective of this study is
to estimate the prevalence of overweight
and obesity using the WHO, CDC, and
IOTF classification systems; to assess their
concordance; and to determine whether
they suggest different associations with
age, sex, location of residence (rural or
urban), and wealth in a nationally representative survey from Colombia.

MATERIALS AND METHODS
Sample
This study used data from the Encuesta Nacional de la Situación Nutricional en Colombia (ENSIN) 2005 (14), a
nationally representative survey with a
stratified cluster design, which is a subsample of the Colombian Demographic
and Health Survey (DHS) 2005. The
original DHS sample included 37 211
households stratified by clusters (household segments), out of which ENSIN
sampled 17 740 households (Figure 1).
The response rates for ENSIN ranged between 88% and 99% depending on measurement and region. All children and
adolescents 5 to 18 years old with available information on age, sex, height, and
weight were included. Participants with
implausible values for weight, height,
and BMI [defined as more than ± 5 standard deviations (SD) from the mean of
the WHO reference population]; those
with missing information on area of
residence or the wealth index; and those
who were pregnant were excluded.

BMI classification and outcome
variables
BMI was calculated for all participants,
who then were classified as overweight,
obese, or neither overweight nor obese according to the IOTF, CDC, and WHO cutoffs. IOTF cutoffs are an extrapolation of

the adult BMI cutoff points for overweight
(25 kg/m2) and obesity (30 kg/m2). The
CDC system defines overweight as a BMI
above the 85th percentile of the reference
population and obesity as a BMI above
the 95th percentile. The WHO system
defines overweight as a BMI > 1 SD and
obesity as a BMI > 2 SD from the mean of
the WHO reference population (5).

Sociodemographic characteristics
Age was computed from the date of
birth and date of the interview, rounded
to the nearest integer year; for the logistic regression models, it was categorized
as children 5 to 10 years old and adolescents 11 to 18 years old. IOTF provides
year-specific cutoffs, while CDC and
WHO provide month-specific cutoffs.
Sex was identified as male or female.
A wealth index (WI) was developed
for DHS that assesses the presence in
the household of a range of assets, such
as television, type of flooring, water
supply, refrigerator, electricity, radio,
television, and a domestic servant (15).
The WI was generated as the first component of a principal components analysis. Individuals were classified into five
categories based on the distribution
of the national household population
(I = poorest, V = wealthiest) (15).

Figure 1. Description of sample for this study,
from Colombian Demographic and Health Survey to final sample of children and adolescents, 2005
DHS 2005
37 211 households
ENSIN 2005
17 740 households
Initial sample:
18 810 children 5 to 8 years with information on
weight and height living within those households

Excluded:
–99 with implausible
values for BMI (0.5%)
–446 pregnant (2.4%)
Final sample:
18 265 children and adolescents 5 to 18 years
(mean age = 11.2, SD = 3.9)
DHS: Colombian Demographic and Health Surveys, ENSIN:
Encuesta Nacional de la Situación Nutricional en Colombia,
BMI: body mass index, SD: standard deviation.
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old. Analyses were conducted using SAS
software, version 9.2 of the SAS System
for Windows. The study used SAS callable SUDAAN 2010 (Research Triangle
Institute, Research Triangle Park, North
Carolina, United States) to account for
the complex survey design and maintain
the representativeness of the sample.

Figure 2. Body mass index (BMI) by age in 5- to 18-year-old children, Colombia, 2005
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The study excluded 99 individuals
with implausible values for weight,
height, or BMI; 3 individuals who lacked
information on area of residence; and
446 girls who were pregnant. The final
sample included 18 265 children and
adolescents, 8 817 boys, and 9 448 girls.
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Source: Colombian National Nutrition Survey 2005.

Settlements with 10 000 or fewer inhabitants were classified as rural areas
and those with a population of 10 001 or
more were classified as urban.

Statistical analysis
The prevalence of overweight and
obesity was estimated using IOTF, CDC,
and WHO classification systems. All
subjects with a BMI above the obesity
cutoff points of each classification system were classified as obese, and all
subjects with a BMI above the cutoff
point for overweight were considered
as combined overweight and obese. The
distributions of overweight and obesity
according to WHO and CDC were compared with IOTF (the most widely used

classification system in international settings) using chi-square tests. To avoid
increasing the probability of a type 2
error due to multiple comparisons, the
CDC system was not compared with the
WHO system.
Logistic regression analysis was conducted to estimate odds ratios (ORs)
and 95% confidence intervals (CIs) of
overweight, obesity, and combined
overweight and obesity by each of the
three classification systems (WHO, CDC,
IOTF) according to age, sex, area of residence, and WI quintile (all the variables
were modeled simultaneously). The
study tested for all possible two-way
multiplicative interactions (n = 8) by age,
sex, socioeconomic status, and population density, using P < 0.05 as a thresh-

BMI was normally distributed. The
mean BMI increased with age (Figure 2);
it was similar in boys and girls up to age
12, after which the patterns diverged,
with a greater BMI increase among girls.

Prevalence of overweight and
obesity by age and sex using three
classification systems
The prevalence of combined overweight and obesity was highest according to the WHO classification in males
and females at all ages (Figure 3); the
CDC classification yielded the lowest
prevalence in males, and the IOTF classification yielded the lowest prevalence
in females. Overall, the CDC and WHO
distributions of overweight and obesity
differed significantly from the IOTF distribution (P < 0.05) (Table 1).
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Figure 3. Prevalence of combined overweight and obesity in children 5 to 18 years old, estimated using World Health Organization (WHO), Centers
for Disease Control and Prevention (CDC), and International Obesity Task Force (IOTF) classification methods by age and sex, Colombia, 2005
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Table 1. Prevalence of overweight and obesity by sex in 5- to 18-year-old children, Colombia, 2005
Male (n = 8 817)a
International
Obesity Task Force

Centers for
Disease Control
and Prevention

Female (n = 9 448)a
World Health
Organization

International
Obesity Task Force

Centers for
Disease Control
and Prevention

World Health
Organization

Characteristic

%

SEb

%

SEb

%

SEb

%

SEb

%

SEb

%

SEb

Neither overweight
nor obese
Overweight
(excluding obese)
Obese

91.5

0.5

89.2

0.5

85.9

0.6

85.4

0.6

86.2

0.6

82.9

0.6

6.7

0.4

7.3

0.5

10.3

0.5

12.5

0.6

10.6

0.5

13.9

0.6

1.8

0.2

3.5

0.3

3.8

0.3

2.1

0.2

3.2

0.3

3.2

0.3

Source: Colombian National Nutrition Survey 2005.
a Distribution of overweight and obesity differs by International Obesity Task Force (6), Centers for Disease Control and Prevention (7), and World Health Organization (5) classification systems
within sex (P < 0.05).
b SE: standard error.

Table 2. Odds ratios (OR) and 95% confidence intervals (CI) of association between overweight and obesity and different demographics, Colombia,
2005a
International Obesity Task Force
Demographic
Obesity
Female
5–10 years
Wealth index categoryc
II
III
IV
V
Urban
Combined overweight and obesity
Female
5–10 years
Wealth index categoryc
II
III
IV
V
Urban
a
b
c
d

Centers for
Disease Control and Prevention

World Health Organization

OR

95% CI

OR

95% CI

OR

95% CI

1.22
1.52b

0.88–1.68
1.12–2.08

0.94
1.96b

0.74–1.18
1.54–2.51

0.87
1.80b

0.69–1.09
1.41–2.31

1.64
3.45
3.74
5.43
1.21

0.78–3.46
1.59–7.52
1.67–8.39
2.44–12.10
0.70–2.10

1.81b
3.66
5.06
6.08
0.97

1.01–3.27
2.09–6.40
2.74–9.34
3.31–11.16
0.64–1.48

1.71
3.46
5.10
5.79
1.06

0.95–3.08
1.98–6.02
2.76–9.43
3.18–10.57
0.69–1.63

1.84b
0.87b

1.61–2.10
0.77–0.98

1.33b,d
1.27b,d

1.17–1.51
1.14–1.42

1.25b,d
1.21b,d

1.12–1.41
1.08–1.35

1.23
1.83b
2.28b
3.09b
0.98

0.94–1.61
1.41–2.39
1.71–3.04
2.29–4.16
0.80–1.21

1.33b
1.88b
2.48b
3.11b
0.99

1.17–1.51
1.44–2.45
1.88–3.26
2.32–4.19
0.81–1.22

1.30b
1.76b
2.21b
2.81b
1.01

1.02–1.64
1.38–2.26
1.70–2.88
2.13–3.70
0.84–1.21

Model includes sex, age categorical, wealth index, and population density, with male, 11–18 years, wealth index I, and rural as the reference.
Statistically significant (P < 0.05).
Categories I to V are from lowest to highest socioeconomic status.
OR estimate significantly different from International Obesity Task Force estimate (P < 0.05).

Overweight and obesity demographic
patterns according to IOTF, CDC, and
WHO classification systems
Overweight and obesity pattern according to IOTF. According to the IOTF
classification, girls had higher odds than
boys of combined overweight and obesity
(OR = 1.84, CI = 1.61–2.10), but there was
no association between sex and obesity
alone. The likelihood of younger children
(5 to 10 years) being obese was 1.52 times
that of adolescents. There was a significant interaction (P < 0.05) between age
and sex for combined overweight and
obesity: 5- to 10-year-old females were
less likely to be overweight or obese

352

(OR = 0.69, CI = 0.59–0.81) than 11- to
18-year-old females, while 5- to 10-yearold males were 1.28 times more likely to
be overweight or obese than older boys
(CI = 1.04–1.58). Both obesity and combined overweight and obesity were elevated in WI quintiles III, IV, and V compared with WI quintiles I and II (Table 2).
For combined overweight and obesity,
there was a significant interaction between WI and sex (P < 0.05): the positive
association of overweight with WI was
stronger in males than in females. Population density (urban versus rural) was not
significantly associated with overweight,
obesity, or combined overweight and
obesity after controlling for WI (Table 2).

Comparing overweight and obesity according to CDC and IOTF systems.
The magnitude of the CDC estimate of
the association between being female
and overweight and obesity (OR = 1.33,
CI = 1.17–1.51) was smaller than the IOTF
estimate (OR = 1.84, CI = 1.61–2.10). The
association of combined overweight and
obesity with age was opposite to the one
found with IOTF (OR of children versus
adolescents: CDC = 1.27, CI = 1.14–1.42
versus IOFT = 0.87, CI = 0.77–0.97). Similar to IOTF, the interactions between age
and sex for combined overweight and
obesity were significant (P < 0.05). The
positive associations of obesity and combined overweight and obesity with WI
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were broadly similar between the CDC
system and the IOTF system (Table 2).
Comparing overweight and obesity according to the WHO and IOTF systems.
With the WHO classification system,
there was a positive association between
combined overweight and obesity and
being female (OR = 1.25, CI = 1.12–1.41);
the magnitude of this estimate was significantly different from the IOTF estimate (P < 0.05) (Table 2). The association between combined overweight and
obesity and age was also opposite to the
one found with IOTF (and consistent
with CDC). Similar to IOTF, there was
no association between obesity and sex.
The interaction between age and sex for
combined overweight and obesity was
significant (P < 0.05). The positive association between obesity and combined
overweight and obesity and WI was consistent with the IOTF system (Table 2).

Discussion
The study found that prevalence estimates of overweight and obesity in Colombian 5- to 18-year-old children and
adolescents differed significantly across
classification systems. These differences
are consistent with other studies that
reported that the WHO system generally
yields the highest prevalence estimates,
while the IOTF system yields the lowest
(8, 11–13). It is critical to consider the effect of the choice of classification system
on the prevalence estimate when comparing surveillance information from
different settings or studies describing
secular trends. The three classification
systems for ages 5 to 18 years were developed with different objectives: IOTF
included surveys conducted in six countries (including those used to develop
NCHS 1977) with the objective of obtaining an international reference (6); CDC
used five U.S. national nutrition and
health surveys conducted between 1963
and 1994 with the objective of developing a reference for the U.S. population
(7); and WHO was developed using only
NCHS 1977 to have a “nonobese sample
with expected heights” and to obtain
an equivalent of the healthy population used to develop the growth charts
for children less than 5 years old (5).
These different objectives and sources of
reference populations partially explain
the differences in prevalence estimation.
WHO yields the highest prevalence esti-
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mate of overweight and obesity because
its reference population is intended to
be a nonobese sample, whereas CDC
and IOTF are derived using more recent
data in which the BMI distribution of the
reference populations is already shifted
toward the right because of the recent
increase in child and adolescent BMI.
This study used these three classification systems to estimate associations
between basic sociodemographic characteristics and overweight and obesity.
The study found that the patterns of association differed depending on the classification system, especially in relation
to age and sex. For example, according
to IOTF but not according to WHO and
CDC, there was an inverse association
between age and overweight. The most
relevant difference found was for combined overweight and obesity where,
according to the IOTF classification system, there was an inverse association
between child age and overweight or
obesity, while according to the WHO
and CDC systems this association was
positive. It is possible that because IOTF
is the only system that uses age in integer years and not in months (6), this system misses small age-related variations
in BMI, which may be more relevant in
children (5 to 10 years old).
There was greater concordance between the estimates generated with the
three systems when we examined obesity alone rather than combined with
overweight. This better agreement is encouraging because childhood obesity is
more strongly associated with negative
health outcomes than is overweight (16).
Apart from minor differences among the
IOTF and the CDC and WHO classification methods in the significance of association with WI, no major disagreement
among the three systems in the estimates
of association with WI or population
density was found after controlling for
age and sex. In this sense, age and sex
are different types of predictors because
they were considered by all three classification systems when the cutoff points
were defined (5, 6, 12). Thus, the variations in prevalence estimation are highly
sex and age specific. This potentially
explains the differences in association
found for combined overweight and
obesity.
The results of this study outline the
importance of considering the differences in BMI and population estimates
depending on the classification system

Original research

selected; it is especially relevant for
researchers, organizations, and policy
makers interested in using survey data
to study associations of different sociodemographic factors with overweight
and obesity in children and adolescents.
It is particularly important to consider
age and sex as covariates in all studies
of childhood and adolescent overweight
and obesity not only because they are
two of the most common confounders
but also because they can account for
part of the error introduced by the BMI
classification systems. The use of waist
circumference has recently been suggested as a reliable and feasible alternative to BMI for assessing total body fat in
this age group (17). However, there are
similar problems with the interpretation
of that measurement.
The main goals of assessing childhood obesity at the population level are
to identify the prevalence, trends, and
determinants of this condition; to design
appropriate public health interventions
to prevent it; and to identify populations
at risk of suffering the health consequences of obesity. Hence, in order to
advance the field of obesity research and
prevention, it is necessary to establish
the potential of the available BMI classification systems to reflect percentage of
fat and to predict adverse health consequences and develop valid and reliable
systems to assess overweight and obesity in children and adolescents around
the world. In the meantime, when studying associations of overweight and obesity with demographic characteristics
in school children and adolescents, we
recommend considering the objectives
and limitations of the three systems in
order to select the most appropriate for
each study population. IOTF was the
first recommendation designed specifically to be used in international populations; it used surveys from six countries
from 1963 to 1993, and the extrapolation
of the adult BMI cutoff points facilitates
the transition from assessing children’s
to adults’ BMIs. However, it has low
sensitivity diagnosing overweight and
obesity compared with the other methods and does not provide month-specific
cutoff points. The CDC system is frequently used internationally; however,
it was designed using only information
from the United States with the objective
of documenting obesity trends in that
country. The WHO classification is the
only system designed using data from
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before the obesity epidemic; hence, it
might be the most appropriate for countries where the prevalence of childhood
obesity is still relatively low, such as Colombia. BMI is a convenient and feasible
tool to screen for overweight and obesity
in children and adolescents. However,
further studies are needed to improve
the interpretation of this measure and to
recommend a unique international BMI
classification system that adequately reflects the percentage of fat and the risk of
negative health outcomes.
This study has some limitations. First,
there is no information on body composition, including percent body fat, or
reliable information on health outcomes
(such as incidence of adult obesity, diabetes, and cardiovascular disease and
other morbidities or early death) that

Gonzalez-Casanova et al. • Body mass index classification systems to assess obesity

could be used to determine which classification system performs best as a
screening tool. Hence, only differences
in prevalence can be described. Also, in
this cross-sectional study, one cannot assess the incidence of obesity or follow the
sample to assess BMI over time. These
limitations add to the difficulties of assessing body composition in children
and adolescents, where variations due to
puberty and sexual maturation complicate the creation of universal cutoffs to
classify overweight and obesity (18–20).
Still, the study included a large, nationally representative sample of Colombian
children and adolescents and used three
current and widely recommended BMI
classification systems. This approach
made it possible to demonstrate the differences in estimates of prevalence and

in the inference about associations with
demographic factors among the three
systems most frequently used to assess
overweight and obesity internationally.
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resumen

Comparación de tres sistemas
de clasificación de los índices
de masa corporal para evaluar
el sobrepeso y la obesidad en
niños y adolescentes

Palabras clave
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Original research

Objetivo. Comparar los sistemas de clasificación de los índices de masa corporal
(IMC) del Grupo de Trabajo Internacional sobre la Obesidad (IOTF) de 2005, de los
Centros para el Control y la Prevención de Enfermedades (CDC) de 2000, y de la
Organización Mundial de la Salud (OMS) de 2007, en cuanto a la estimación de la
prevalencia y la asociación con factores demográficos.
Métodos. Los 18 265 niños y adolescentes de ambos sexos y de edades comprendidas entre 5 y 18 años (media = 11,2 años, desviación estándar = 3,9 años) que participaron en la Encuesta Nacional de la Situación Nutricional en Colombia del 2005,
representativa a escala nacional, fueron clasificados como afectados de sobrepeso u
obesidad según los criterios del IOTF, los CDC y la OMS. Se compararon los cálculos
de la prevalencia según cada sistema y se analizaron las asociaciones con la edad, el
sexo, la situación socioeconómica y la densidad de población.
Resultados. Los cálculos de la prevalencia del sobrepeso y la obesidad combinados
diferían según el sistema (varones: IOTF = 8,5%, CDC = 10,8%, OMS = 14,1%; mujeres:
IOTF = 14,6%, CDC = 13,8%, OMS = 17,1%; P < 0,001). La asociación entre el sobrepeso
y la obesidad combinados y la edad y el sexo también variaban según el sistema de
clasificación. Las probabilidades de tener sobrepeso y obesidad en los niños (de 5 a
10 años) en comparación con los adolescentes (de 11 a 18 años) fueron: IOTF, razón
de posibilidades (OR) = 0,87 e intervalo de confianza del 95% (IC) 0,77-0,98; CDC,
OR = 1,27 e IC 1,14-1,42; OMS, OR = 1,21 e IC 1,08-1,35. Los valores observados en las
mujeres en comparación con los varones fueron: IOTF, OR = 1,84 e IC 1,6-2,10; CDC,
OR = 1,33 e IC 1,17-1,51; OMS, OR = 1,25 e IC 1,12-1,41.
Conclusiones. Existe una falta de uniformidad entre los tres principales sistemas
internacionales en la evaluación del sobrepeso y la obesidad en niños y adolescentes.
Se obtienen cálculos apreciablemente diferentes de la prevalencia y de las asociaciones con la edad y el sexo según el sistema que se adopte. Los estudios futuros deben
evaluar hasta qué punto cada sistema refleja adecuadamente mediciones válidas de
la composición corporal.
Adolescente; índice de masa corporal; niño; sobrepeso; obesidad; Organización
Mundial de la Salud; Colombia; América Latina.
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