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 Abstract 
 Childhood obesity is considered a major issue because of its high prevalence and because of its severe consequences on 
adult health. Prevalence studies are carried out in numerous countries. Analysis of time trends and geographic comparisons 
are particularly useful, as they may help to identify factors promoting obesity. These studies require adequate defi nitions 
of nutritional status and standardized protocols, but in practice, the references, cut-offs and the terminology used vary 
considerably, and consequently ambiguous information may be found in the literature. Recommendations for the defi nition 
of childhood obesity were previously published in 1995 by the European Childhood Obesity Group (ECOG), but new 
references appeared later. A clarifi cation of the different defi nitions was needed. Currently used classifi cations of nutritional 
status in children are summarized, and recommendations for the references, cut-offs and terms to be used in different 
contexts are provided. These new ECOG recommendations should help harmonize the various protocols and improve 
comparisons between studies.  
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  Introduction 

 Reference growth curves are widely used to monitor 
growth in individual children and to assess the nutri-
tional status of populations. They were originally set 
up to detect growth defi cits. Later, the problem of obe-
sity emerged, and the weight-for-height initially used 
to assess undernutrition was used to defi ne overweight 
in children (1). In the early 1980s, the body mass index 
(BMI), calculated as weight (kg) divided by the square 
of height (m) and expressed as a function of age and 
gender, was validated in children, and the fi rst BMI 
charts were published (2). Nowadays, the BMI is 
widely used in children, and numerous references and 
cut-offs are available. Thus, the plethora of references 
that can be used makes it diffi cult to choose between 
them and to have a clear idea of childhood obesity 
prevalence worldwide. Recommendations for the 
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defi nition of childhood obesity were proposed by the 
European Childhood Obesity Group (ECOG) in 1995 
(3). At that time, few references were available, then 
the use of French references published in 1982 (2) and 
subsequently revised in 1991 (4) were recommended. 
In 2008, at the ECOG general assembly, it was decided 
that the problem regarding childhood obesity defi ni-
tions should be reconsidered and that recommenda-
tions for their use should be provided (5). 

 The main objective of the present paper is to sum-
marize the current defi nitions for a better understand-
ing of the different cut-offs and terminologies and to 
propose new ECOG recommendations in order to 
facilitate their use in different contexts and improve 
comparability between studies. This information 
should help all professionals, particularly researchers, 
involved in the problem of childhood obesity.   
ropean Childhood Obesity Group (ECOG) on the ECOG website (http://
tegrated in the fi nal version.
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 Current defi nitions 

 Defi ning obesity consists of choosing a suitable mea-
sure of body fat, and a suitable cut-off. Because it is 
associated with body composition and risk factors 
and because it is based on widely available measure-
ments, the BMI is now accepted as a valid indirect 
measure of adiposity in children. However, as chil-
dren grow in size, anthropometric cut-offs for fatness 
need to be adjusted for age. For this reason, grades 
of nutritional status are usually assessed according to 
a reference population.   

 References 

 Following publication of French BMI references (2,4), 
Must et al. ’ s references generated from data gathered 
in the National Health and Nutrition Examination 
Survey I (NHANES I) in the USA were published in 
1991, and their use was recommended by the World 
Health Organization (WHO) in 1995 (1). Subse-
quently, other references from various countries were 
published. In 2000 in the USA, the Centers for  Disease 
Control and Prevention (CDC) published sex-specifi c 
BMI-for-age growth charts (6). Generally, references 
are based on nationally representative data, without 
selection criteria for feeding practices. The new WHO 
standards, released in 2006 for assessing the growth 
of children from birth to fi ve years of age, were con-
structed differently (7). They were created from sam-
ples made up of healthy breast-fed children from 
various countries around the world, and were 
intended to present a  ‘ standard ’  of physiological 
growth rather than a descriptive  ‘ reference ’ . In order 
to extend these growth curves to school age children 
and adolescence, in 2007 the WHO developed 
references for 5- to 19-year-olds based on data from 
US surveys (8). 

 All these charts were intended for both clinical use 
and epidemiological studies. Monitoring children ’ s 
BMI based on BMI reference charts enables indi-
viduals ’  assessment of weight status and determina-
tion of age at adiposity rebound (the second rise in 
the BMI curve during childhood) that predicts future 
obesity risk (9). 

 In 2000, the International Obesity TaskForce 
(IOTF) developed BMI centiles constructed on the 
basis of 6 nationally representative data sets to defi ne 
childhood overweight and obesity (10). 

 As for the CDC (6) and WHO references (8), the 
same data from US surveys were incorporated in the 
IOTF references, leading to some similarities between 
reference curves. The IOTF defi nition was intended 
for international descriptive and comparative purposes 
only, and was not meant to replace national reference 
data for clinical use.   

 Cut-offs 

 Cut-offs to defi ne grades of nutritional status vary 
according to the reference used. Percentiles from 
various references are presented in Figure 1. Major 
differences appear before the age of 5 years which 
may be explained by the different approaches to 
construct the curves. From the age of 5 years, three 
main cut-offs of BMI distribution status emerge 
(Level  �  1, Level  �  1 and Level  �  2) constituting 
four ranges, globally termed as thin, normal, over-
weight (not obese) and obese. Precise terminology 
for each reference is presented in Table I. 

 As a rule, references are constituted on arbitrarily 
selected specifi c centiles or standard deviation scores 
(SDS) based on BMI distributions. The 85th and 95th 
sex and age-specifi c percentiles (6), or a SDS of  � 1 
and   � 2 (7,8), are currently used to defi ne overweight 
categories. A novel approach was used by the IOTF 
(10). Cut-offs for childhood overweight and obesity are 
smooth sex-specifi c BMI centiles, constructed to 
match the values of 25 and 30 kg/m 2 , respectively at 
18 years. These values, corresponding to a signifi cantly 
increased risk of mortality in adults, are consistent with 
the WHO adult defi nition (1). Recently, methods sim-
ilar to those used by the IOTF to defi ne overweight 
and obesity were used by Cole et al. to defi ne grades 
of thinness (11). The centiles that match the values of 
18.5, 17 and 16 kg/m 2  at 18 years are consistent with 
adult classifi cation (1). They defi ne grades 1, 2 and 3 
of thinness, respectively. Because it matches existing 
criteria for wasting in children, the authors propose 
that the centile passing through a BMI of 17 at 
age 18 years should be a basis for an international 
defi nition of thinness in children and adolescents.   

 Terminology 

 The terminology used to defi ne the different levels of 
BMI varies considerably. The terms  ‘ at risk of over-
weight ’ ,  ‘ overweight ’  and  ‘ obesity ’  can be found in the 
literature, but the same term may not defi ne the same 
level of adiposity. Terminologies corresponding to 
Levels  �  1,  �  1 and   � 2 in Figure 1 are presented in 
Table I. The IOTF terminology for the childhood obe-
sity defi nition (10) corresponds to WHO terminology 
in adults (1). In contrast to the WHO classifi cation for 
adults and the IOTF classifi cation for children, for the 
CDC,  ‘ overweight ’  does not include  ‘ obesity ’  (12). 
 ‘ Overweight ’  corresponds to BMI values falling 
between the 85th and 95th percentiles and  ‘ obesity ’  
to values greater than the 95th centile. Values  �  85th 
centile thus correspond to  ‘ overweight  �  obesity ’ . 
WHO 2006 (7) and 2007 (8) use SDS lines to deter-
mine grades of nutritional status, and the terminology 
is not the same for children below and above 5 years 
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(Table I). For example, a cut-off of  �  2 SDS defi nes 
 ‘ overweight ’  in under 5 years while it defi nes  ‘ obesity ’  
over 5 years. The reference populations and terminol-
ogy should then be precisely described when using 
these defi nitions. According to the French references, 
 ‘ overweight ’  corresponds to values above the 97th cen-
tile and there is no cut-off for  ‘ obesity ’  (13). 

 Differences in terminologies are also explained 
by the fact that some terminologies have changed 
over time. In accordance with the recent recom-
mendation of an expert committee, the term  ‘ at risk 
of overweight ’  previously used by the CDC has 
been replaced by  ‘ overweight ’ , and  ‘ overweight ’  by 
 ‘ obesity ’  (12). 

Figure 1. BMI curves from various references and standards: IOTF (10) and Cole et al. (11) centiles ----; WHO 2006 (0–5 y) (7) and 
WHO 2007 (5–19 y) (8) SDS ——; CDC (6) centiles - - - - and French (4) centiles - . - . - . - . SDS, Standard Deviation Score; IOTF 
C-25 and IOTF C-30 correspond to centiles that match BMI 25 and 30 at the age of 18 y; Cole C-17 corresponds to the centile that 
matches BMI 17 at the age of 18 y. This Figure is reproduced in colour in the online version of International Journal of Pediatric Obesity.
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 In the context of undernutrition, the terms 
 ‘ underweight ’ ,  ‘ wasting ’  and  ‘ thinness ’  are used. Dif-
ferences are explained by the criteria ( ‘ underweight ’  
for weight-for-age,  ‘ wasting ’  for weight-for-length/
height and  ‘ thinness ’  for BMI-for-age) and by the 
reference used (Table I).   

 Recommendations  

 BMI references 

  Epidemiological studies . Adoption of a common meth-
odology is a matter of concern, particularly in the 
perspective of evaluating and comparing the preva-
lence of overweight and obesity across epidemiolog-
ical studies. In a European prevalence study protocol 
proposed by ECOG in 1999 (14) and developed 
in 2010 (15), the need for a common reference 
was emphasized. Nowadays, several international 

references are available. The IOTF references estab-
lished for 2 – 18-year-olds have several advantages. 
They are internationally based and, because they are 
built to pass through adult cut-offs which are linked 
with mortality rates, they are less arbitrary than other 
cut-offs. They are also less geographically and tem-
porally dependent than some other references. Since 
the last decade, IOTF cut-offs have been used in 
many prevalence studies, in Europe (13,16 – 18), and 
other continents (19 – 22). The use of the IOTF def-
inition will thus enable the study of time trends. 

 WHO standards and references (7,8) have sev-
eral advantages. They display data from birth and 
references for various anthropometric measure-
ments. In addition, the WHO software (23) con-
verts anthropometric measurements into SDS 
allowing to express measurements as continuous 
variables and to defi ne high levels of excess 
weight. 

  Table I. BMI classifi cation for thinness, overweight and obesity according to different defi nitions, and website links to BMI reference 
tables and charts.  

Low BMI High BMI

WebsitesClassifi cation   �  Level  �  1 ∗ Level  �  1 to  �  2 ∗   �  Level  �  2 ∗   �  Level  �  1 ∗ 

WHO Adults (1) BMI  �  18.5
  “Grades 1  �  2  �  3 

thinness”

25  �  BMI  �  30
  “Grade 1 OW” or

  “OW excluding obesity”

BMI  �  30
  “Grade 2 OW” or 

“Obesity”

BMI  �  25
  “Grades 1  �  2 OW” or 

“OW”

 α ,  β 

Cole et al. (11) and 
IOTF (10)

BMI  �  C-18.5 ∗  ∗ 
  “Grades 1  �  2 a   �  3 

thinness”

C-25 ∗  ∗   �  BMI  �  C-30 ∗∗   
 “ OW excluding obesity”

BMI  �  C-30 ∗  ∗ 

  “Obesity”
BMI  �  C-25 ∗  ∗ 

  “OW”
   (including obesity)

 χ ,  δ 

WHO  �  5 years (7) BMI  �  � 2SDS
  “Thinness” b 

  � 1SDS  �  BMI  �  � 2SDS
  “At risk of OW 
excluding OW”

BMI  �  � 2SDS
  “OW” c 

BMI  �  � 1SDS
  “At risk of OW”
  (including OW)

ε

WHO 5 – 19 years (8) BMI  �  � 2SDS
“  Thinness” b 

  � 1SDS  �  BMI  �  � 2SDS
  “OW excluding obesity”

BMI  �  � 2SDS
  “Obesity” d 

BMI  �  � 1SDS
“OW”   

(including obesity)

 φ 

US CDC (6) BMI  �  5th centile
“  Underweight”

85th  �  BMI  �  95th centile
  “OW”

BMI  � 95th centile
“  Obesity”

BMI  �  85th centile
  “OW  �  obesity”

 γ 

French (4) BMI  �  3rd centile
  “Thinness”

- e - BMI  �  97 th  centile
  “OW”

    ∗ Levels  � 1,  � 1 and  � 2 as in Figure 1;   
  ∗  ∗ C-18.5; C-25 and C-30 correspond to centiles that match BMI 18.5, 25 and 30 at the age of 18 y;   
OW: Overweight;
 SDS: Standard Deviation Score;   
  α : http://whqlibdoc.who.int/trs/WHO_TRS_854_%28chp7%29.pdf (page 329) (accessed June 16, 2011);   
  β : http://apps.who.int/bmi/index.jsp?introPage  �  intro_3.html (accessed June 16, 2011);   
  χ : http://www.bmj.com/content/335/7612/194.full.pdf (accessed June 16, 2011);   
  δ : http://www.bmj.com/content/320/7244/1240.full.pdf (accessed June 16, 2011);   
  ε : http://www.who.int/childgrowth/standards/bmi_for_age/en/index.html (accessed June 16, 2011);   
  φ : http://www.who.int/growthref/who2007_bmi_for_age/en/index.html (accessed June 16, 2011);   
  γ : http://www.cdc.gov/growthcharts/percentile_data_fi les.htm (accessed June 16, 2011);   
  a The authors (11) propose that the centile that matches a BMI of 17 at 18 y (defi ning grades 2  �  3 thinness) should be a basis for an 
international defi nition of thinness;   
  b Thinness includes  ‘ severe thinness ’  ( �   �  3SDS);   
  c Overweight includes  ‘ obesity ’  ( �  3SDS);   
  d Obesity includes  ‘ severe obesity ’  ( �  3SDS);   
  e No cut-offs for obesity.   
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 Ideally, a common defi nition of childhood obesity 
should be adopted, but in the absence of a widely 
shared consensus, prevalence should be reported 
using several references. Thus, in prevalence studies, 
IOTF (10) and WHO (7,8) defi nitions should be 
used. Besides, additional references such as the CDC 
(6) or national references can also be used. 

 Low BMI in infancy and childhood can be asso-
ciated with adult obesity and metabolic diseases (24), 
and most overweight adults were not overweight and 
even lighter during childhood (25). In addition, in 
the context of developing countries, obesity may 
coexist with undernutrition in the same country. 
The prevalence of weight defi cit should then also 
be  considered. Cole et al. (11) and WHO standards 
and references (7,8) should be used to assess thin-
ness. Additional defi nitions, such as the CDC (6) or 
national references can also be used. 

 The use of various references has already been 
implemented in several previous studies as for exam-
ple in France, Poland, Czech Republic, USA, Brazil, 
Canada or China (13,17 – 22). An example of reported 
prevalence using several defi nitions, in a sample of 
7 – 9-year-old French children (26) is presented in 
Table II. Large differences can be observed. Particu-
larly, in most studies, marked higher prevalence was 
obtained using the WHO as compared to IOTF def-
inition. The methodologies used to construct the dif-
ferent references must then be taken into account 
when interpreting these results. However, the aim of 
the recommendation to use several defi nitions is not 
for comparison of prevalence according to the refer-
ence used, but to provide more opportunities of 
 comparisons between studies. In analyses comparing 
different subgroups, it is diffi cult to use several defi -
nitions, but it is encouraged to present the main 
results according to several references.   

 Clinical studies 

 In clinical studies, national or international references 
can be used to assess growth, but harmonization of 

methods should improve comparability between 
results. The choice of a reference can rest on practical 
aspects. Cole et al. cut-offs (10,11) provide only lim-
ited centile ranges, they do not allow to calculate 
SDS, they start at 2 years of age and display only BMI 
references. The WHO standards (7) which start at 
birth and depict physiological growth under optimal 
environmental conditions are particularly appropriate 
to assess growth in early life and the WHO references 
(8) are useful in studies where assessment of the 
child ’ s and adolescent growth is needed. The WHO 
cut-offs should be particularly useful to assess growth 
from birth to 5 years of age in breast fed infants and 
when national references are not available.   

 Terminology 

 Because of the inconsistency of existing terminol-
ogies for defi ning levels of overweight, ambiguous 
information is frequently encountered in the lit-
erature. It is generally agreed that according to 
IOTF criteria, the estimated prevalence of over-
weight in European children is about 20% (16). 
This prevalence includes all children with a BMI 
greater than the centile curve that matches the 
value of 25 at 18 years. However, as it may be 
confused with CDC terminology, the range 
between the IOTF centiles 25 and 30 is also often 
termed  ‘ overweight ’ , thereby providing ambiguous 
information. In every publication, the defi nition 
used must be clearly stated and the exact terms 
corresponding to each defi nition, as summarized 
in Table I, must be used.   

 Additional body measurements 

 BMI defi nitions are very helpful for making com-
parisons between different population groups or 
monitoring a population over time. However, the 
BMI has several limitations. An elevated BMI is an 
indicator of  ‘ overweight ’  rather than of  ‘ overfatness ’ . 
A high BMI may be due to extra muscle mass or to 

Table II. Prevalence of BMI categories using several international and national (French as an example) defi nitions in a sample of 2525 
children aged 7–9 years (26).

Thinness (%)
 � BMI cut-offs

Overweight∗ (including obesity) (%)
 � BMI cut-offs

Obesity (%)
 � BMI cut-offs

Ref. Cole (11) WHO (8) CDC (6) French (4) IOTF (10) WHO (8) CDC (6) French (4) IOTF (10) WHO (8) CDC (6)

Cut-offs C-17  � 2 SDS 5th 3rd C-25  � 1 SDS 85th 97th C-30  � 2 SDS 95th

Boys 1.2 2.1 4.9 2.9 17.4 27.6 20.7 16.5 4.0 10.8 8.4
Girls 2.0 1.9 5.3 2.3 19.5 25.2 19.4 19.1 3.7 6.5 6.2
All 1.6 2.0 5.1 2.6 18.4 26.4 20.1 17.8 3.8 8.7 7.3

C-17; C-25 and C-30 correspond to centiles that match BMI 17, 25 and 30 at the age of 18 y; SDS, Standard Deviation Score; ∗For the 
CDC, this category is named ‘Overweight � Obesity’.
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stunted linear growth. A study aimed at validating 
BMI against dual X-ray absorptiometry (DXA) sup-
ported the use of BMI as a fatness measure in groups 
of children and adolescents, although this study 
showed that interpretation should be cautious when 
comparing BMI across groups that differ in age or 
when predicting a specifi c individual ’ s body fat (27). 
BMI may also be affected by ethnic differences in 
body composition. For these reasons, results must be 
interpreted cautiously. Measurements such as arm 
(1) and waist circumferences (28), skinfolds (1,7) or 
bioelectrical impedance analysis (29) could help 
interpret BMI variations such as time trends or dif-
ferences according to physical activity level. BMI 
variations can refl ect changes in lean rather than fat 
mass or internal rather than peripheral fat, implicat-
ing different health risks. Like for weight and height, 
these measurements should be carefully recorded 
following standardized procedures (30).    

 Conclusion 

 Various defi nitions are used in studies investigating 
childhood obesity, but to date, none of them is con-
sidered to be ideal and their use is mostly based on 
current practice or on practical aspects. 

 The present paper describes the different defi ni-
tions in order to improve their understanding and 
clarify their use, and proposes recommendations for 
their utilization in different contexts. A consensus for 
the choice of a single defi nition is desirable and fur-
ther research on the association between childhood 
BMI level and adult pathologies is required to iden-
tify the defi nition that is most suitable in both epide-
miological and clinical contexts. Additional consensus 
for internationally accepted terminology, age ranges, 
demographic groupings or cut offs for various anthro-
pometric measurements are needed. This would allow 
a better harmonisation of the methods used and 
improve comparisons between studies.   

 Summary of recommendations for the 
classifi cation of weight status in children 

   1. Use IOTF and WHO defi nitions to assess 
the prevalence of childhood overweight and 
obesity and use Cole et al. (2007) and WHO 
defi nitions for the prevalence of thinness;  

  2. Additional defi nitions (CDC and national 
references) could also be used in order to 
provide more opportunities of comparisons 
of prevalence between studies;  

  3. Use WHO standards and references in clini-
cal studies involving growth assessment to 
improve comparability between results;  

  4. Always state explicitly the defi nition used 
and use the exact terms corresponding to 
each defi nition, clearly stating whether or 
not the term overweight includes obesity and 
specify which defi nition is used to assess 
weight defi cit;  

  5. Whenever possible, perform additional body 
measurements, including arm and waist cir-
cumferences, skinfolds and bioelectrical 
impedance analysis;  

  6. Perform anthropometric measurements 
according to standardized procedures.   
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