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ABSTRACT

Objective: This study compares the Center for Disease Control (CDC) 
and International Obesity Task Force (IOTF) references in assessment 
of  overweight and obesity among Iranian adolescents. 
Methods: The data of  this study was drawn from a cross sectional study 
of  a representative sample of  1200 adolescents aged 12‑17 years in 
Babol, northern Iran. A standard procedure was used to measure height 
and weight and the body mass index was calculated. Each subject was 
classified as overweight and obese based on IOTF cut off  values of  
BMI and CDC references BMI percentile sets by age and sex. The kappa 
coefficients were estimated for the degree of  agreement. 
Results: In assessment of  obesity/overweight prevalence, the CDC and 
IOTF references produced a similar estimate by age group and sex. The 
maximum differences was about 1% and the kappa coefficients was 0.96 
to 1 (P = 0.001). While for assessment of  obesity, the CDC reference 
produced slightly a higher rate of  obesity and the difference in prevalence 
between the two sets of  references was ranged from 1.4% to 3.2% with 
kappa coefficients: 0.90 to 0.70 (P = 0.001) depending on the age group 
and sex and a greater difference was observed among younger age group.  
Conclusion: The findings suggest an excellent agreement between 
the TOTF and CDC references in assessment of  overall overweight/
obesity prevalence among adolescent boys and girls. While in assessment 
of  obesity prevalence alone the degree of  agreement between the two 
sets of  references slightly diminished. Overall, the two references are 
comparable and the agreement varies a little with respect to age and sex.
Keywords: Adolescents, Babol, center for disease control, international 
obesity task force, obesity, overweight

INTRODUCTION
During the two recent decades, high prevalence rates of  

overweight and obesity particularly among children and 
adolescents have become a concern in both the developed and 
the developing countries.[1-4] Nevertheless, the prevalence of  
obesity in children is increasing worldwide. The evidence from 
the United States suggests that this upward trend has continued 
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into the 21st century.[5] Obesity in children is a major 
public health challenge and greater burden during 
the future years and it is associated with numerous 
short and long term health hazards including the 
higher prevalence of  metabolic syndrome and 
cardiovascular diseases resulting from lifestyles 
changes.[6-16]

Body mass index (BMI) is widely used to 
classify obesity in children and adolescents and it 
is closely related to body fat and long term health 
hazard outcome.[17,18] However, there is need to use 
a classification system which can define obesity 
in children and to provide a consistent assessment 
of  obesity across life span.[19] In the diagnosis 
of  adulthood obesity and overweight, a general 
consensus exists based on WHO criteria that were 
defined for overweight and obesity with cutoff  value 
of  body mass index of  25 and 30 respectively for 
both sexes that has been widely used.[20] These cutoff  
values are the best indicator of  health hazard outcome 
in adulthood. While for the children and adolescent, 
BMI is widely changed by age and sex. Thus, these 
cutoff  values can not be considered for definition 
of  obesity in children. Most previous studies used 
different definitions of  child and adolescent obesity 
and there is no global agreement to use them 
in different countries. With this regard, at least 
three different definitions for child and adolescent 
overweight and obesity have been proposed. First, it 
was the WHO criteria that use BMI for adolescents 
and weight for height Z-score for children.[21] The 
second was the criteria of  Center for Disease Control 
and prevention (CDC 2000) that produced the sets of  
percentiles of  BMI by age and sex specific in the United 
States for children and adolescents aged 2-18 years.[22] 
Third, the cut off  values of  BMI by age and sex have 
been produced recently by the International Obesity 
Task Force (IOTF) that has passed the adult cut off  
values at age of  18.[23] The CDC and IOTF criteria 
are the most commonly used in diagnosis of  obesity 
and overweight among the children and adolescent 
aged 2-18 years.[24] In previous studies, although there 
is an overall consensus between these two criteria, the 
discrepancy with regard to age, gender and country is 
noticeable.[24] This discrepancy makes the estimated 
prevalence rates of  overweight and obesity become 
non-comparable across the different studies all over 
the world.

Although, a marked increase in the prevalence of  
overweight and obesity have been reported among 

the Iranian children and adolescents,[25–27] but the 
results of  the studies are not consistent. Discordant 
in obesity prevalence may be attributed to the 
different criteria used for defining overweight and 
obesity. There are no data to compare the ability 
of  CDC and IOTF criteria in estimating obesity 
among the Iranian youth and adolescent. Thus, the 
objective of  this study was to compare the prevalence 
of  overweight and obesity in Iranian children and 
adolescents by using IOTF and CDC references, 
and to explore their discrepancy in accordance with 
age and sex.

METHODS
The data of this study was drawn from a cross 

sectional study of 1200 representative random sample 
of youth of 20 elementary schools and 20 high schools 
performed in 2008 in Babol, a geographic area located 
in the northern Iran. This allocated sample size allows 
estimating the rate of obesity/overweight in which, 
with presumption of prevalence of 15%, the maximum 
marginal error would not be exceeded more than 0.03 
with 95% confidence level. Using a cluster sampling 
technique, 600 boys and 600 girls aged 12-18 years 
were recruited randomly in the study and all selected 
samples included in the study with no refusal rate. 
The details of description of sampling technique were 
described elsewhere.[28] A standardized protocol was 
used to measure height and weight and for interview 
as well. Body weight was assessed by using a digital 
scale of Seca while the subjects stood in light clothing 
with no shoes. Standing height was measured without 
shows using a portable stadiometer. The body mass 
index (BMI) was calculated by weight in kg divided 
by square of height in m2.

CDC references percentiles: The new growth 
charts for percentiles of  BMI from the US Center 
for Disease Control (CDC) and Prevention with 
age and sex specific percentile reference values have 
been provided as screening tools of  overweight 
and obesity among children and adolescents aged 
2-18 years in 2000.[22] In this study, the diagnosis of  
obesity and overweight in children and adolescents 
were assessed by comparing BMI of  the subject 
under study with CDC reference sets of  percentiles 
of  BMI index for age and sex.

International obesity task force reference
The International Obesity Task Force (IOTF) 
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has also provided as international reference for 
sex and age specific values of  BMI cut off  for 
classification of  overweight and obesity among 
children and adolescent aged 2-18 years.[23] These 
proposed cut off  values of  BMI for diagnosis of  
overweight and obesity in children and adolescents 
is linked with adult cut off  values of  25 and 30 for 
risk of  overweight and obesity respectively at age 
18 years for adolescents. The IOTF criteria have 
been justified internationally using dataset specific 
percentiles linked to adult cut off  points.[23,24] It 
is based on the large data sets from six countries 
including Brazil, Britain, Hong Kong, the 
Netherland, Singapore and the USA. We also used 
the IOTF cut off  values of  BMI for diagnosis of  
overweight and obesity by age and sex.

Statistical analysis
In statistical analysis, we used SPSS software 

version 16.0. First, each subject was classified 
as overweight or obese by comparing his/her 
BMI with CDC percentiles for age and sex. The 
BMI within 85th and 95th CDC percentiles were 
considered as overweight and >95th percentile as 
obese. Second, similarly, each subject was classified 
as overweight and obese based on IOTF cut off  
values of  BMI for age and sex. We also categorized 
the participants in two age groups of  12-14 years 
and 15-17 years. The prevalence of  overweight 
and obesity using the two CDC and IOTF 
references was determined in each age group and 
compared with respect to age. We determine the 
rate of  agreement of  the two criteria for estimating 
obesity alone, as well as obesity/overweight by 
calculation of  kappa statistics that measures the 
agreement in individual levels by calculating 
kappa = (P

o
-P

e
)/(1-P

e
) where P

o
 = the observed 

probability of  agreement and P
e
 = the probability 

of  expected agreement by chance. Kappa statistics 
becomes to 0 when the observed agreement is 
equal to expected agreement and 1 when the 
agreement is perfect. The McNemar Chi-square 
test was used to evaluate the degree of  agreement 
between two criteria and the P value less than 0.05 
were considered as significant level.

RESULTS
The mean of  age, height, weight and BMI of  

study sample are presented by sex in Table 1. 
The corresponding values for mean (SD) age for 

adolescent boys and girls were 14.3 (1.7), 14.2 (1.6) 
years respectively. The boys had significantly higher 
body weight, and higher height but identical BMI 
compared with girls of  similar age group.

Table 2 shows that both CDC and IOTF 
references have demonstrated a similar estimate of  
overweight/obesity prevalence among adolescent 
irrespective to age and sex. There was an excellent 
agreement with a high degree of  agreement by 
kappa coefficients were ranged from 0.97 to 
1 (P = 0.001). A complete agreement (kappa = 1) 
was observed among adolescent boys in age group 
of  12-14 years. The overall agreement coefficient 
of  kappa was 0.79 and 0.96 for boys and girls 
respectively indicating a similar ability in estimating 
overweight/obesity prevalence by the two sets of  
references. Table 3 compares the prevalence of  
obesity by CDC and IOTF criteria by age and sex 
group. The CDC reference recognized higher rate 
of  obesity than IOTF across both age and sex group. 
The differences (CDC-IOTF) ranged from 1.4% to 
3.2%. In age group of  12-15 year old children, the 
prevalence rate of  obesity in both sexes was 3.2% 
higher by CDC reference compared with IOTF. In 
older age group of  15-17 year, also CDC was more 
sensitive than IOTF in the diagnosis of  obesity 
with prevalence rates of  obesity at 11.7%; 10.3% 
in boys compared with 5.5% and 3.6% in girls. The 
respective differences in prevalence rates of  obesity 
were 1.4% and 1.9% in boys and girls indicating 
slightly higher sensitivity of  CDC for diagnosis of  
obesity in older girls. The kappa coefficients for the 
least and the highest agreement between the two sets 
of  references for diagnosis of  obesity ranged from 
0.70 to 0.93, (P = 0.001). Overall, CDC reference 
was more sensitive than IOTF in estimating obesity 
and there was a higher agreement between the two 

Table 1: The mean (SD) of different characteristics of 
adolescents with respect to sex in elementary and high 
schools of Babol (2008)

Characteristics Boys
(n=600)

Mean±SD

Girls
(n=600)

Mean±SD

P value

Age (year) 14.35±1.75 14.16±1.57 0.04
Weight (kg) 56.30±6.7 51.62±11.1 <0.001
Height (cm) 162.6±13.1 157.6±7.3 <0.001
BMI (kg/m2) 20.91±4.2 20.67±3.8 0.30
Waist circumference (cm) 53.02±30.8 49.9±26.3 0.06

BMI=Body mass index
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references in recognizing obesity in boys than in 
girls (kappa = 0.86 versus 0.73).

DISCUSSION
This study which evaluated the ability of  CDC 

and IOTF references for estimating obesity and 
obesity/overweight in children demonstrated that 
CDC reference was more sensitive than IOTF in 
estimating obesity in both boys and girls particularly 
in the age group of  12-14 years old. In this study, 
the estimate of  obesity prevalence rate in the age 
group of  12-14 years using CDC was higher than 
IOTF reference by 3.2 percentage points in both 
boys and girls. Similarly, the estimates of  obesity 
prevalence rate in older age group of  15-17 years 
old was also greater using CDC compared with 
IOTF in both boys and girls. However, the absolute 
difference in estimates of  obesity in this age group 
was different between the two sexes with slightly 
greater in the girls than the boys by 1.9 and 1.4 
percentage points, respectively. The sensitivity 
of  CDC and IOTF criteria in estimating obesity 
varies by increasing age across sexes. Both, criteria 
yielded a lower estimate of  obesity among girls by 

age. This difference may be partially explained by 
the difference in age of  onset of  puberty between 
the two sexes. Nevertheless, the values for kappa 
suggest a good agreement between the two criteria 
in particular excellent agreement in boys.

On the other hand, both criteria produced 
comparable results with excellent agreement in 
estimating the combined overweight/obesity 
prevalence rate among adolescent boys and 
girls with slight variations in the agreement 
coefficients values across the age and sex groups. 
These observations indicate that either CDC or 
IOTF are appropriate when overall prevalence 
rate of  overweight and obesity is intended to be 
determined but in case of  obesity alone, there is 
marked discrepancy between the two methods.

The findings of  our study are consistent with 
the results of  many previously published studies, 
which addressed overweight or obesity in children. 
In most studies, the combination of  overweight 
and obesity was estimated similarly by both CDC 
and IOTF with slight variations but the estimated 
prevalence of  obesity by CDC was greater than 
IOTF.[29-32] In a study of  2-17 years old children 

Table 2: The prevalence of overweight/obesity according to center for disease control and international obesity task force 
references in adolescents with respect age group and sex and the kappa coefficients in elementary and high schools of Babol 
(2008)

Age group Sex CDC
Overweight/Obesity n (%)

IOTF
Overweight/Obesity n (%)

Kappa coefficient P value

12-14 years Boys (n=309) 78 (25.2) 78 (25.2) 1.0 0.000
Girls (n=346) 82 (23.7) 77 (22.3) 0.96 <0.001

15-17 years Boys (n=291) 75 (25.8) 78 (26.8) 0.97 <0.001
Girls (n=253) 46 (18.2) 48 (19.0) 0.97 <0.001

All Boys (n=600) 153 (25.5) 156 (26.0) 0.99 <0.001
Girls (n=599) 128 (21.4) 125 (20.9) 0.96 <0.001

CDC=Center for disease control, IOTF=International obesity task force

Table 3: The prevalence of obesity according to center for disease control and international obesity task force references in 
adolescents with respect age group and sex and the kappa coefficients in elementary and high schools of Babol (2008) 

Age group Sex CDC Obesity n (%) IOTF Obesity n (%) Kappa coefficient P value
12-14 years Boys (n=309) 27 (8.7) 17 (5.5) 0.76 <0.001

Girls (n=346) 25 (7.2) 14 (4.0) 0.70 <0.001
15-17 years Boys (n=291) 34 (11.7) 30 (10.3) 0.93 <0.001

Girls (n=253) 14 (5.5) 9 (3.6) 0.77 <0.001
All Boys (n=600) 61 (10.2) 47 (7.8) 0.86 <0.001

Girls (n=599) 39 (6.5) 23 (3.8) 0.73 <0.001

CDC=Center for disease control, IOTF=International obesity task force
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from the Health Survey for England and the US 
National Health and Nutrition Examination 
Survey by Long et al., CDC estimated the highest 
prevalence of  obesity in younger children.[31] The 
estimates of  obesity prevalence in another study 
of  Argentinean children, was even much greater 
than IOTF by 5.4 times whereas both criteria 
produced comparable estimation of  overweight 
prevalence.[30] Similarly, in a study by Vidals et al., 
both criteria estimated overweight comparably, 
but CDC produced significantly higher estimate 
of  obesity particularly in the boys and the girls 
under 5 years.[32] Nevertheless, in some studies the 
estimate of  overweight prevalence rate using CDC 
was lower than IOTF.[33,34] In contrast to our study, 
Klishadi et al. reported that the estimated prevalence 
of  overweight among the Iranian children and 
adolescents produced by the CDC reference was 
lower than IOTF but the rate of  obesity was higher 
and the kappa correlation coefficient between 
CDC and IOTF was 0.71.[33] A similar result was 
observed in a study of  Chilean school children that 
the estimated prevalence of  overweight using CDC 
was lower, but the prevalence of  obesity was higher 
than IOTF.[34] In all studies, CDC criteria resulted 
to higher prevalence of  obesity than IOTF, but 
in a few studies, the estimated obesity prevalence 
by CDC was much higher than IOTF.[7,29,30] In a 
study of  Canadian preschool children, while both 
criteria produced similar estimates for prevalence 
of  overweight similar to our findings, the estimates, 
however, for obesity prevalence using CDC was 
two times greater than IOTF.[29] In another study of  
school children, the prevalence of  overweight, as 
well as obesity estimated by CDC was higher than 
IOTF but the prevalence of  obesity particularly in 
the girls estimated by CDC was significantly higher 
compared with IOTF references.[35]

These observations indicate that the results 
of  epidemiologic studies which addressed the 
prevalence rate of  obesity or overweight in children 
should be interpreted with caution because the 
prevalence of  obesity varies according to the criteria 
applied for the definition of  obesity. In addition, the 
results may be affected by several other factors such 
as age, sex, ethnicity and distribution of  overweight 
across the study population.[24,36-38] In a study 
of  Wang et al., the results of  different references 
assessing child and adolescent overweight and 
obesity were compared and a remarkable absolute 

difference in the estimates according to different 
references was attributed to prevalence rate of  
overweight and the difference increased by raising 
the overweight prevalence.[24] In addition, the 
results of  classification using CDC or IOTF can 
be affected by BMI distribution.[36] Moreover, one 
might argue the difference of  coverage rate of  
adolescents in elementary and high schools. This 
difference would not be a bias the comparison of  
two criteria in assessment of  overweight/obesity 
since both criteria applied on the same subjects 
under study.

Since in children, the future complications of  
obesity is strongly associated with body fatness 
distribution and the percentage of  adiposity, so 
references that showed higher correlation with 
adiposity are expected to have greater predictive 
ability of  future complications. In addition, 
earlier identification of  obesity in children is also 
very important. In one study of  children under 
5 years, using CDC criteria resulted in earlier 
identification of  larger number of  children with 
weight problem.[32]

Although, BMI can also offer a reasonable 
measure of  adiposity in both children and 
adolescents, the criteria selected to identify children 
obesity should supply appropriate assessment of  
obesity across life span particularly in adulthood.[19] 
The utility of  both CDC and IOTF in prediction of  
future outcome was shown in a study of  4-15 years 
old boys and girls by Johnssen et al. In this study, 
over a follow-up period of  13-24 years, both criteria 
predicted obesity and metabolic disorders in young 
adulthood. However, CDC was more sensitive but 
slightly less specific than IOTF references.[7]

The diagnostic accuracy of  CDC and IOTF 
against the percentage of  body fat greater or 
equal to 95 percentiles was assessed. In a study 
of  12-18 years old children, CDC and IOTF 
criteria demonstrated very high specificity but low 
sensitivity.[39] However, the sensitivity for CDC 
in this study was optimal.[39] In another study of  
Afro-Caribbean adolescent population, CDC 
cutoffs had a higher sensitivity than the IOTF 
cutoffs in screening excess fat. Both, criteria had 
high specificity with few false negative rates.[40]

CONCLUSION
In conclusion the results of  this study in 
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agreement with several previous studies indicate that 
both CDC and IOTF can be used for classification 
of  overweight and obesity in youth. Based on our 
study, both criteria are useful for estimating excess 
weight in adolescents but in case of  obesity CDC 
produce higher estimate particularly in older boys. 
Both, criteria indicated the high level of  agreement in 
diagnosis of  obesity and demonstrated comparable 
ability in predicting future outcomes. However, 
CDC has an ability to identify further cases of  
adolescents with obesity at earlier age.
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