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Abstract
Background: The International Obesity Task Force (IOTF) has developed new cut-offs for defining overweight and obesity in children. The cut-offs have been developed for children 2-18 years of age. Objective: To develop a simplified formula for rapid assessment of overweight in school going children. Methods: We used the extended IOTF standards used for assessment of overweight and obesity among school going children. We plotted the Body Mass Index (BMI) at level 25, developed by IOTF as the cut-off for defining overweight among children, against age in months. Scatter plots and simple linear regression was used to develop a simplified formula for the relationship between age in months and the IOTF BMI cut-off for overweight. Correlation coefficients and R2 values were used to choose an appropriate simplified formula. Results: Age in months and IOTF BMI cut-offs are linearly related from age six to 18 years. The trend is more linear in boys. Girls show a more or less ‘S’ shaped relationship compared to boys where the relationship is ‘J’ shaped. The simplified formula developed has a higher correlation coefficient for boys as compared to girls. Conclusion: The simplified formula can be easily used in field settings for rapid assessment of overweight among school children, in absence of IOTF cut-offs. Further studies are warranted to estimate the validity of these formulae under field settings.
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Introduction
Diseases like hypertension, diabetes mellitus, atherosclerosis, coronary artery disease are linked to excess body fat [1-3]. The ideal definition of overweight and obesity is based on body fat percentage but this is not used in surveys. One of the most commonly used indices of relative weight is the Body Mass Index (BMI), which is defined as body weight in kilogram divided by height, in meters squared. Even though BMI is less sensitive than skinfold thickness [4], there is general agreement on the appropriateness of BMI to define overweight and obesity and a cut-off point of 25 kg/m2 is recognized internationally as a definition of overweight among adults [5]. Body mass index in childhood changes substantially with age [6, 7]. At birth the median is as low as 13 kg/m2, increases to 17 kg/m2 at age 1, decreases to 15.5 kg/m2 at age 6, then increases to 21 kg/m2 at age 20. Researchers thus felt the need for a clear cut-off point related to age to define child overweight and obesity.
The International Obesity Task Force (IOTF) reference, used for children and adolescents 2–18 years old, was developed from a database of 97 876 boys and 94 851 girls from birth to 25 years from six countries (Brazil, Great Britain, Hong Kong, the Netherlands, Singapore and the USA) [8]. Centile curves were constructed using the LMS method [9], and BMI values of 25 and 30 at 18 years of age for boys and girls were tracked back to define BMI values for overweight and obesity at younger ages. The IOTF recently updated the international child cut-offs - Extended International IOTF Body Mass Index Cut-Offs for Thinness, Overweight and Obesity in Children [10]. 
Overweight and obesity among children are a growing problem worldwide [11, 12]. The situation is no better in India. A study from Kerala suggests that the prevalence of overweight among school children is rising by 0.8% annually [13].
The present study aims to develop a simplified formula for rapid assessment of overweight in school going children. Such a formula will obviate the need for a reference chart and hence will help public health researchers, primary care physicians and policy makers to make rapid assessments of overweight among school children.
Material and methods
The present study is based on extended international IOTF BMI cut-offs for overweight in children. Data was downloaded from the internet [12]. IOTF cut-offs for overweight among children was downloaded from IOTF website (www.iaso.org/resources/reports/newchildcutoffs/). An exploratory analysis was done to arrive at a simple yet feasible and valid formula for overweight cut-off. Scatterplots for age in months versus IOTF BMI cut-offs for overweight were constructed to study the nature of relationship between age, gender and cut-off values. Feasibility of linear relationships were then explored by means of eyeballing and a simple linear regression analysis. Simple linear regression equations were developed separately for boys and girls. Feasibility of a single simplified formula was explored by using scatterplots, comparing residuals, and by correlation coefficients and R2 values. Microsoft Office Excel 2007 was used for data entry and graphical presentation. SPSS version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Amronk, NY:IBM Corp.) was used for producing correlation coefficients and simple linear regression analysis.
Results
The scatterplot of IOTF cut-off values of BMI (Kg/m2) for overweight among boys and girls versus age in months is shown in figure 1. Eyeballing of the scatterplot revealed that there is a possible linear relationship between the cut-off values and age in months from age six years to 18 years. It was thus decided to further explore the relationship between the cut-off values and age in months for the age group six years to 18 years.

Next, a linear regression line was fit separately for the scatterplots of IOTF BMI cut-off values versus age in months (restricted to age six years to 18 years) in boys and in girls (Figure 2 and 3). The regression line was a good fit for boys (R2=0.9984) as well as for girls (R2=0.9877). The regression coefficients are shown in figures 2 and 3.


A formula that is simple, a good fit in both boys and girls and can be used for both sexes was arrived at by averaging the regression coefficients and constants obtained in figure 2 and 3 above. The formula thus obtained was “Cut-off BMI (Kg/m2)=0.058 x Age(months) + 12.9”. This simplified formula was tested for fitness to original data by a simple correlation analysis (figure 4). There was a very high degree of correlation between the simplified formula and IOTF cut-off for boys (r=0.9992) and girls (r=0.9939).
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The fitness of the simplified formula to IOTF was also tested by comparing the unstandardized and standardized residuals separately for boys (figures 5 and 6) and girls (figures 7 and 8).




Discussion
The IOTF cut-off value of BMI to define overweight is linearly related to age for children 6-18 years of age so a simplified formula based on a linear trendline is possible. The trendline has higher R2 value for boys (0.9984) as compared to girls (0.9877) confirming that the relationship of BMI with age is more linear for boys. The simplified formula developed in this paper is strongly correlated to the IOTF values, more so for boys (r=0.9992) compared to girls (r=0.9939). The residuals for the simplified formula have higher values towards extremes of age for boys (figure 5) and towards higher age groups for girls (figure 7).
The simplified formula developed is easy to use in field settings for a rapid assessment. Such a formula can also be of use to primary care physicians assessing the status of overweight among children, just like the Weech’s formula is for assessment of undernutrition [14, 15]. The formula however cannot be used as a replacement to the extended IOTF cut-offs, when they are available. Further studies are needed to evaluate the feasibility and validity of the formula under field settings.
Conclusion
The simplified formula derived in this article will be useful for clinicians to assess overweight among children 6-18 years of age. The validity of the formula however needs to be tested in actual outpatient or field settings. Further studies in this regard need to be undertaken.
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Figure 5: Comparison of residuals-Simplified formula versus linear trendline-Boys 6-18 years
Residuals formula	0.44400000000000001	0.40599999999999997	0.36800000000000005	0.34000000000000008	0.312000000000002	0.27400000000000091	0.24600000000000224	0.21800000000000044	0.19000000000000128	0.17200000000000071	0.1440000000000019	0.12600000000000122	0.10800000000000062	7.9999999999998586E-2	6.1999999999997724E-2	4.3999999999997014E-2	3.5999999999997805E-2	1.7999999999997129E-2	0	-7.9999999999991571E-3	-2.5999999999999801E-2	-3.399999999999892E-2	-4.2000000000001786E-2	-5.0000000000000724E-2	-5.7999999999999913E-2	-6.5999999999999004E-2	-7.3999999999998123E-2	-8.2000000000000753E-2	-8.0000000000001834E-2	-8.8000000000001008E-2	-8.6000000000002227E-2	-9.4000000000001208E-2	-9.2000000000002344E-2	-9.0000000000003508E-2	-9.8000000000002765E-2	-9.6000000000000127E-2	-9.4000000000001208E-2	-9.2000000000002344E-2	-9.0000000000000024E-2	-8.8000000000001008E-2	-8.6000000000002227E-2	-8.4000000000000047E-2	-8.2000000000000753E-2	-8.0000000000001834E-2	-7.7999999999999514E-2	-7.6000000000000512E-2	-7.3999999999998123E-2	-6.2000000000001387E-2	-5.9999999999998978E-2	-5.7999999999999913E-2	-5.5999999999997434E-2	-6.4000000000000112E-2	-5.1999999999999623E-2	-5.9999999999998978E-2	-5.8000000000003403E-2	-5.6000000000000938E-2	-5.4000000000002123E-2	-5.2000000000003328E-2	-5.0000000000000724E-2	-4.8000000000001833E-2	-4.5999999999999423E-2	-5.4000000000002123E-2	-5.1999999999999623E-2	-5.0000000000000724E-2	-4.8000000000001833E-2	-5.6000000000000938E-2	-5.3999999999998514E-2	-5.2000000000003328E-2	-5.0000000000004284E-2	-4.8000000000001833E-2	-5.6000000000004491E-2	-5.4000000000002123E-2	-5.2000000000003328E-2	-6.0000000000002322E-2	-5.8000000000003403E-2	-5.6000000000000938E-2	-5.4000000000002123E-2	-5.2000000000003328E-2	-6.0000000000002322E-2	-5.7999999999999913E-2	-5.6000000000000938E-2	-5.4000000000002123E-2	-5.1999999999999623E-2	-6.0000000000002322E-2	-5.7999999999999913E-2	-5.6000000000000938E-2	-5.3999999999998514E-2	-5.1999999999999623E-2	-5.0000000000000724E-2	-4.7999999999998495E-2	-5.6000000000000938E-2	-5.3999999999998514E-2	-5.1999999999999623E-2	-4.9999999999997366E-2	-4.7999999999998495E-2	-4.5999999999999423E-2	-4.3999999999997014E-2	-4.2000000000001786E-2	-4.0000000000002714E-2	-4.8000000000001833E-2	-4.6000000000002907E-2	-4.4000000000000504E-2	-4.2000000000001786E-2	-5.0000000000000724E-2	-4.8000000000001833E-2	-4.5999999999999423E-2	-5.3999999999998514E-2	-5.1999999999999623E-2	-6.0000000000002322E-2	-6.8000000000004959E-2	-6.6000000000002501E-2	-7.4000000000001884E-2	-8.200000000000425E-2	-9.0000000000003508E-2	-9.8000000000002765E-2	-0.10600000000000166	-0.11400000000000077	-0.12200000000000349	-0.13000000000000256	-0.1380000000000017	-0.14600000000000091	-0.15400000000000036	-0.16200000000000259	-0.17000000000000171	-0.18800000000000244	-0.19600000000000151	-0.20400000000000071	-0.22200000000000131	-0.23000000000000043	-0.23800000000000004	-0.24599999999999944	-0.26400000000000001	-0.27199999999999952	-0.29000000000000026	-0.29799999999999977	-0.30599999999999894	-0.32399999999999995	-0.33199999999999907	-0.35000000000000142	-0.35800000000000082	-0.37600000000000205	-0.38400000000000123	-0.40200000000000102	-0.41000000000000031	-0.42800000000000082	Residuals linear	0.32601000000000108	0.29059000000000001	0.25517000000000001	0.22974000000000044	0.20432	0.16889999999999999	0.14348000000000041	0.11805	9.2630000000000004E-2	7.7210000000000084E-2	5.1790000000000024E-2	3.6360000000000003E-2	2.094E-2	-4.4800000000000152E-3	-1.990000000000007E-2	-3.533E-2	-4.0750000000000022E-2	-5.6169999999999998E-2	-7.1590000000000001E-2	-7.7020000000000019E-2	-9.2440000000000008E-2	-9.7860000000000003E-2	-0.10329000000000027	-0.10871000000000021	-0.11413000000000002	-0.11955	-0.12497999999999998	-0.13039999999999999	-0.12581999999999999	-0.13124000000000041	-0.12666999999999998	-0.13209000000000001	-0.12751000000000001	-0.12293000000000009	-0.12836	-0.12378000000000021	-0.11920000000000019	-0.11462000000000012	-0.11005	-0.10546999999999998	-0.10088999999999973	-9.6309999999999993E-2	-9.1740000000000002E-2	-8.7160000000000001E-2	-8.2580000000000001E-2	-7.8000000000000014E-2	-7.3429999999999995E-2	-5.8850000000000013E-2	-5.4269999999999999E-2	-4.9689999999999998E-2	-4.512E-2	-5.0540000000000002E-2	-3.5959999999999999E-2	-4.1380000000000014E-2	-3.6810000000000002E-2	-3.2230000000000113E-2	-2.7650000000000056E-2	-2.308E-2	-1.8499999999999999E-2	-1.3920000000000045E-2	-9.3400000000000028E-3	-1.477E-2	-1.0189999999999998E-2	-5.6100000000000004E-3	-1.0300000000000001E-3	-6.4600000000000152E-3	-1.8799999999999999E-3	2.7000000000000071E-3	7.28000000000002E-3	1.1849999999999999E-2	6.430000000000019E-3	1.1010000000000001E-2	1.5590000000000001E-2	1.0160000000000001E-2	1.4740000000000001E-2	1.9320000000000063E-2	2.3900000000000001E-2	2.8469999999999999E-2	2.3050000000000001E-2	2.7630000000000092E-2	3.2210000000000016E-2	3.678E-2	4.1360000000000022E-2	3.594E-2	4.052E-2	4.5089999999999998E-2	4.9669999999999999E-2	5.4250000000000013E-2	5.8830000000000014E-2	6.3400000000000012E-2	5.7979999999999997E-2	6.2560000000000004E-2	6.7129999999999995E-2	7.1709999999999996E-2	7.6289999999999997E-2	8.0870000000000025E-2	8.5440000000000002E-2	9.0020000000000225E-2	9.4600000000000226E-2	8.9180000000000023E-2	9.3750000000000389E-2	9.8330000000000028E-2	0.10291	9.7489999999999993E-2	0.10206000000000012	0.10664000000000012	0.10122000000000023	0.10580000000000002	0.10037	9.4950000000000298E-2	9.953000000000034E-2	9.4110000000000041E-2	8.8680000000000064E-2	8.3260000000000028E-2	7.784000000000002E-2	7.2420000000000012E-2	6.6989999999999994E-2	6.157E-2	5.6149999999999985E-2	5.0729999999999997E-2	4.5300000000000014E-2	3.9880000000000006E-2	3.4460000000000005E-2	2.904000000000001E-2	1.3610000000000001E-2	8.1900000000000028E-3	2.7700000000000012E-3	-1.2659999999999998E-2	-1.8079999999999999E-2	-2.35E-2	-2.8919999999999998E-2	-4.4350000000000132E-2	-4.9770000000000113E-2	-6.5189999999999998E-2	-7.061000000000002E-2	-7.6039999999999996E-2	-9.146E-2	-9.6880000000000022E-2	-0.1123	-0.11773000000000021	-0.13314999999999999	-0.13857	-0.15399000000000068	-0.15942000000000051	-0.17484000000000041	Residuals (Kg/m2)

Figure 6: Comparison of standardized residuals-Simplified formula versus linear trendline-Boys 6-18 years
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Figure 7: Comparison of residuals-Simplified formula versus linear trendline-Girls 6-18 years
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Figure 8: Comparison of standardized residuals-Simplified formula versus linear trendline-Girls 6-18 years
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Figure 1: Age (months) versus Body Mass Index (Kg/m2) for boys and girls  2-18 years
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Figure 2: Scatter plot with linear trendline-Age(months) versus BMI (Kg/m2) Boys 6-18 years
y = 0.0554x + 13.204
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Figure 3: Scatter plot with linear trendline-Age(months) versus BMI (Kg/m2) Girls 6-18 years
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Figure 4: The simplified formula versus IOTF cut off values for boys and girls-an eyeball comparison
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