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Abstract
Objective: Malnutrition, overweight and obesity are major health concerns in modern societies andespecially among children. Overweight and obesity affect children’s current and future health. It isknown that the prevalence of overweight differs by race, sex, and geographic location.
Methods: In a cross-sectional study 30092 Iranian children aged 7-18 years in six ethnic groupswere selected by a cluster sampling. Prevalence of obesity and overweight and distribution of bodymass index (BMI) by gender, age, and ethnicity were measured. Cutoff points of BMI for definingobesity and overweight were based on the Iranian, and IOTF standard values.
Findings: This study showed a significant ethnic difference in BMI. Prevalence of overweight andobesity among Iranian children was 9.27% and 3.22% respectively comparing internationalstandards. The frequency of overweight and obesity was higher in boys.
Conclusion: This study showed a significant difference in BMI among different ethnic groups.
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IntroductionMalnutrition, overweight and obesity are majorhealth concerns in modern societies and especiallyamong children[1]. There is substantial body ofevidence that the prevalence of overweight hasbeen significantly increased among children inrecent years[2-5]. In the US, among persons aged 6-

19 years, 31% were overweight or at risk foroverweight[3]. In another survey in 2003, it wasindicated that 27% of high-school students wereoverweight or at risk for overweight[6]. In NationalHealth and Nutrition Examination Survey(NHANES), the prevalence of overweight amongchildren aged 6-11 years was increased by about11% from 1970-1974 till 1999-2000 in the US[7].
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In a study in Iran, prevalence of overweight andobesity in children aged 6-18 years was 10.1% and4.79% according to national cut-offs [8].Some studies in different populations haveassessed the prevalence of overweight amongchildren [2-4,8-10]. It is known that the prevalence ofoverweight differs by race, sex, and geographiclocation [7]. Few data on obesity prevalence, basedon the optimum definition using body mass index(BMI), exist for children in developingcountries[11].Overweight or obese children are at risk forhigh blood pressure, dyslipidemia and diabetestype II [5,12-15]. These children may eventuallybecome overweight or obese adults [16-19]. Manystudies have shown that schools can play animportant role in improving lifestyle andchildren's behavior and subsequently preventoverweight and obesity [20-22].Assessment of body composition can beperformed by direct (e.g. estimation of lean bodymass) or indirect (e.g. weight for heightmeasurement) methods. The indirect methods areless precise but less expensive and simpler thanthe direct methods, especially for children [23].Measuring students’ height, weight, and BMI inschools is an important approach to identify theprevalence of overweight and obesity and then tryto reduce it [20,21,24,25].BMI has been recommended by many authorsfor evaluation of childhood obesity [26] and TheAmerican Academy of Pediatrics (AAP)recommend annual assessments of BMI as astrategy for preventing and combating childhoodobesity [27].Reference values for BMI have been measuredin many developed countries such as America,Germany, and Britain [23,28,29]. International obesitytask force (IOTF) and center of disease control andprevention (CDC) have defined reference valuesfor different parts of the world [30,31]. In Iran, thesereference values have been measured in differentstudies [8,32].There are few studies in Iran about theprevalence of obesity among pre-schoolchildren[8,33]. We conducted this study to assessbody mass index of school children in all gradesaged 7-18 years from different ethnicities in Iranand compare it with Iranian and IOTF standardvalues.

Subjects and MethodsIn a cross-sectional study 30092 Iranian childrenaged 7-18 years in six ethnicities (i.e. Fars, Kurd,Lor, Baluch, Turk, and Arab) were assessed. 204subjects without data on date of birth wereexcluded from the study, so the final data set usedin the analysis consisted of 29988 children (14924boys and 14964 girls) in six ethnicities. Samplesize was measured using ISO 15535 Method[34].Subjects were selected by multistage randomcluster sampling from different parts of Iran. Weselected a province as the representative of eachethnicity: Yazd (Fars), Sistan (Balouch), Kurdestan(Kurd), Lorestan (Lor), Zanjan (Turk), andKhoozestan (Arab). In each province persons whowere native (those whose grandparents were fromthat ethnicity according to their parents’testimony) were selected, non-native children andthose with doubtful ethnicity were excluded fromthe study. We selected about 200 cases in eachgrade (from 1-12) from 12 primary, 8intermediate and 10 high schools in differenturban and rural parts of each province.Then body weight, height and BMI weremeasured for all subjects. Measurements weremade in winter and spring 2009 in a 6 monthperiod.Body weight was measured using a digitalweight scale (Laica, Italy, accuracy: 100 grams)and height was measured by an anthropometerdesigned by researchers and validated by a pilotstudy (accuracy: 5 milimeters). Children worelight indoor clothing and no shoes duringmeasurements.Mean, standard deviation and key percentiles(5, 50, 85, and 95) were measured for weight,height and BMI. Prevalence of obesity (BMI>95thpercentile) and overweight (BMI>85th percentile)was measured and compared among differentIranian ethnicities.Cut-off points for defining obesity andoverweight were based on the Iranian data fromHosseini et al[29] and international obesity taskforce (IOTF) standard values data[28]. Althoughaccording to Kelishadi et al[8] the standard valuesof CDC were closer to the measurements of ourpopulation, we used IOTF standard values tocompare BMI of our children with an internationalstandard.
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Data was analyzed by SPSS (ver. 16).Independent samples t-test was used forcomparison of means between two genders andone way ANOVA was used for the comparison ofmeans among different ethnicities.We obtained an informed consent from parentsafter explanation of the procedure.

FindingsA total of 29988 Iranian children (14924 boys and14964 girls), 7-18 years old in six ethnicitiesincluding 4895 Fars, 4872 Kurd, 4908 Lor, 5389Baluch, 5119 Turk, and 4705 Arab childrenentered the study.Table 1 shows the mean and standard deviationfor weight, height and BMI in all age groups andkey percentiles (5, 50, 85 and 95) for BMI in twogenders separately. BMI in 8 and 18 year-old boyswas significantly higher than in girls (P=0.002, and
P<0.001, respectively); and 12, 13, 14, 15, and 16

year-old girls had a higher BMI than boys (P=0.02for 12, and P<0.001 for others).Figure 1 shows the gender- and age-specificmean BMI among school children of six ethnicities.There was a significant BMI difference in boys andgirls in different ethnicities (P<0.001). Baluch boysand girls had the lowest BMI in all age groups, butthe highest BMI was seen in different ethnicitiesfor different ages (e.g. Arab girls had the highestBMI in 8, 9, 12, 13, and 16 year olds, and thehighest BMI in 7 and 11 year olds was observed inTurk boys).Considering IOTF, 2774 (9.27%) of Iranianchildren were overweight (10.49% of boys and8.07% of girls), and 965 (3.22%) of them wereobese (3.75% of boys and 2.71% of girls). But ifwe consider national standard (1999), theseprevalence rates will be much higher. According tothis standard 3787 (12.67%) of Iranian childrenwere overweight (11.82% of boys and 13.50% ofgirls), and 3128 (10.47%) of them (12.06% ofboys and 8.9% of girls) were obese. Tables 2 and 3show the prevalence of overweight and obeseboys and girls in different ethnicities, respectively.
Table 1: Descriptive statistics for weight, height and body mass index in Iranian children

Body Mass IndexHeight( m)Weight( kg)
SexAge 95th85 th50 th5 thMean (SD*)Mean (SD*)Mean (SD*) 18.4316.5814.9512.8515.22 (2.06)1.20 (0.06)22.25 (4.38)Boys

7 18.8316.7214.7012.4315.06 (2.17)1.19(0.06)21.70 (4.97)Girls 20.8417.5715.341315.79 (2.43)1.26(0.06)25.49 (5.62)Boys
8 19.8917.5515.0812.6115.50 (2.40)1.25(0.06)24.53 (5.00)Girls 21.1018.2515.6713.3616.24 (2.61)1.32(0.06)28.86 (6.52)Boys
9 21.6718.8915.4313.1416.22 (2.77)1.31 (0.06)28.28 (6.50)Girls 23.0819.7316.1513.6016.87 (3.05)1.37 (0.06)32.08 (7.54)Boys

10 22.6319.6815.9813.2816.72 (3.00)1.36 (0.06)31.59 (7.36)Girls 24.2120.7616.4113.4517.38 (3.37)1.43 (0.07)36.36 (9.08)Boys
11 24.0220.9316.7613.5517.52 (3.29)1.43 (0.07)36.00 (9.32)Girls 25.2521.6317.2114.0718.13 (3.62)1.47 (0.08)39.87 (10.16)Boys
12 25.502217.8513.9818.49 (3.51)1.49 (0.07)41.66 (9.82)Girls 25.9222.5317.9714.2618.74 (3.63)1.54 (0.09)45.39 (11.61)Boys13 27.1323.4618.9014.8219.63 (3.8901.53 (0.06)46.52 (10.93)Girls 27.7023.1218.5814.7219.50 (4.00)1.61 (0.09)51.07 (13.50)Boys
14 27.0224.3319.7315.6120.45 (3.61)1.56 (0.05)50.25 (10.15)Girls 28.7423.3518.9815.1419.86 (3.96)1.66 (0.08)55.23 (13.08)Boys
15 27.9824.9720.2816.0521.00 (3.69)1.57 (0.05)52.31 (10.03)Girls 28.2023.5619.5115.8820.31 (3.74)1.69 (0.07)58.88 (12.70)Boys
16 28.3325.0420.6616.4421.32 (3.73)1.58 (0.05)53.41 (10.11)Girls 28.2224.7620.3216.5421.11 (3.73)1.72 (0.06)62.91 (12.44)Boys
17 28.0325.0620.7416.6521.34 (3.57)1.58 (3.05)53.76 (9.85)Girls 29.3525.1020.7416.8521.60 (3.98)1.72 (0.06)64.53 (13.10)Boys
18

28.1124.2420.3516.4221.00 (3.54)1.58 (0.05)52.69 (9.69)Girls* SD: standard deviation
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Fig. 1: Gender- and age-specific mean BMI among school children of six ethnic groups

DiscussionChild obesity is an epidemic with serious social,economic, and health consequences having thepotential to continue into adulthood[25], soidentification of children who are overweight orobese based on different age, gender, and ethnicityand intervention to prevent the development ofobesity-related conditions is important.Parents' occupation, education and urbani-zation are major risk factors for childhood obesityin developing countries [1,11]. It is known that theprevalence of overweight differs by race, sex, andgeographic location [7].

This is the first study for comparing BMI amongdifferent ethnicities from a large national samplein Iran. Although Kelishani et al have assessed theprevalence of overweight and obesity in a largenational sample, they haven’t compared theirresults among different ethnicities [8].In our study, centiles of BMI were higher thanthe study of Hosseini et al in all age groups [32], andthey were much closer to the internationalstandards which shows a tendency to increaseBMI among Iranian children during the lastdecade.Centiles of BMI were also higher than those ofVietnamese and Chinese children [1,35]. Prevalence
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Table 2: Prevalence of overweight and obesity among boys of six ethnic groups
Ethnicities

Age
(year)

ArabTurkBaluchLorKurdFars
IOTFIRNIOTFIRNIOTFIRNIOTFIRNIOTFIRNIOTF*IRN* 3.99.46.719.61.03.44.87.94.49.93.012.17 (OW** ) 2.55.93.59.10.71.73.57.91.55.42.14.37 (Ob**) 6.813.79.915.95.49.012.912.94.317.79.79.78 (OW ) 3.910.26.916.405.45.918.81.96.23.112.88 (Ob) 10.512.616.217.14.712.37.411.85.816.37.810.99  (OW ) 2.113.73.722.2.55.23.911.81.16.84.713.09 (Ob) 11.08.817.717.72.96.71714.67.39.913.67.110  (OW ) 6.118.24.523.61.34.64.122.22.610.91.916.210 (Ob) 9.112.920.917.63.94.817.814.47.112.116.013.411 (OW ) 2.411.55.526.40.54.83.822.52.09.16.723.511 (Ob) 11.712.118.817.80.84.813.210.17.28.616.911.612  (OW ) 4.415.05.321.61.62.44.817.62.69.94.420.012 (Ob) 16.514.312.813.85.36.013.710.611.911.021.112.113  (OW ) 3.817.74.914.31.34.74.012.82.613.74.921.513 (Ob) 15.514.015.816.85.45.820.815.39.014.115.711.314  (OW ) 5.414.78.217.91.34.54.415.34.58.56.517.414 (Ob) 11.29.413.816.25.03.86.14.710.710.214.715.815  (OW ) 6.711.66.212.92.95.03.86.62.87.09.815.815 (Ob) 5.910.813.816.37.97.56.94.88.710.61111.516  (OW ) 3.95.97.713.31.75.01.66.92.46.85.011.516 (Ob) 10.213.918.3177.45.97.912.212.511.513.19.517  (OW ) 4.610.23.02.63.47.81.76.11.67.39.017.617 (Ob) 13.214.011.4145.25.17.514.811.111.913.918.518  (OW ) 5.212.15.112.805.13.18.02.511.17.415.118 (Ob)* IRN: Iranian definition from Hosseini et al[29], IOTF: International obesity task force values from Cole et al[28]** OW: overweight, Ob: Obesity

Table 3: Prevalence of overweight and obesity among girls of six ethnic groups
Ethnicitis

Age
(year)

ArabTurkBaluchLorKurdFars
IOTFIRNIOTFIRNIOTFIRNIOTFIRNIOTFIRNIOTF*IRN* 7.815.77.112.42.86.4818.959.52.913.27 (OW** ) 4.49.32.17.1.42.82.87.12.55.52.54.47 (Ob**) 10.416.34.912.91.9513.918.710.113.47.410.88  (OW ) 9.917.31.24.9.82.31.913.4.68.427.88 (Ob) 17.519.912.120.33.19.711.813.39.614.210.715.19  (OW ) 7.320.44.712.9.42.63.612.81.38.82.49.89 (Ob) 12.216.614.315.23.95.712.515.111.617.212.215.710  (OW ) 4.415.6315.7.43.94.714.12.512.62.510.710 (Ob) 19.320.315.115.65.4912.314.912.615.315.314.911 (OW ) 4.718.92.413.2.94.53.111.34.212.13.315.311 (Ob) 19.719.712.916.167.711.617.214.21717.516.912  (OW ) 6.123.51.611.31.76.92.611.9415.35.416.912 (Ob) 1718.413.316.668.718.215.716.216.721.419.913  (OW ) 7.5173.810.443.23.815.34.916.26.517.413 (Ob) 20.72014.416.88.29.620.519.515.915.519.519.114  (OW ) 412.41.45.8.51.43.5103.57.14.114.214 (Ob) 21.516.914.112.69.79.322.115.818.814.323.216.215  (OW ) 06.224.51.22.4.58.42.78.59.618.715 (Ob) 20.114.316.411.55.54.316.512.1139.817.613.216  (OW ) 4.16.14.96.61.61.61.93.45.46.54.8716 (Ob) 19.614.910.47.48.26.116.911.413.18.214.911.817  (OW ) 3.13.12.22.61.61.63.93.93.34.13.13.617 (Ob) 16.717.473.85.65.17.86.510.35.813.210.218  (OW ) 11.18.71.311.210.93.84.72.63.418 (Ob)
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* IRN: Iranian definition from Hosseini et al [29], IOTF: International obesity task force values from Cole et al [28]of overweight and obesity was higher than that ofChinese children [35].We found a prevalence of 12.67% and 10.47%for overweight and obesity according to nationalcut-off points, which was higher than the results ofKelishadi et al [8].We found a significant difference betweenvarious ethnicities within Iran which wasconsistent with last studies [35,36]. In our study,mean BMI in Baluch children was lower than inother ethnicities, which may be due to ethnicity orgeographical area.It seems that Iran has experienced a rapid“nutrition transition” during the last decade, withurbanization and decreases in physical activity,and increases in calorie and fat intake.Our study had some limitations. We used BMIwhich is an indirect measure of overweight andobesity. We couldn't measure the percentiles ofBMI by Lamda-Mu-Sigma (LMS) method, becausethe software was not available to us. There weresome children from a hybrid ethnic group and wecould not exclude all of them. Some observeddifferences are probably due to geographicaldifference which was not considered in this study.These data can be used for planning nutritionalstrategies for children and as basic information forlater studies.
ConclusionIt is concluded from this study that BMI hasincreased in children of our population andprevalence of overweight and obesity hasincreased during last years.
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