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Abstract

The objective is to compare BMI, WSI and WCWI to evaluate overweight and obesity, in children aged 6 to
12 years, from Caracas. MATERIALS AND METHODS: It is a descriptive, cross-sectional, prospective and
correlational study in a sample of 422 boys (50.2%) and girls (49.8%); the variables sex, age, weight, height,
BMI, WSI and WWCI, were measured and obtained. RESULTS: the classification percentages for the three
indicators differ, in Deficit the lowest corresponds to BMI/CCS; in Normal the percentages are similar; in
Overweight, the differences are greater but not significant between BMI/WHO and BMI/CCS; significant
between BMI/WHO and WSI, BMI/CCS and WSI; BMI/WHO/WWCI and BMI/CCS and IPCC (p<0.001);
and in Obesity they are similar, and significant between WSI and WWCI (p<0.04). Correlations are similar
for boys and girls. The sensitivity of WSI equals for BMI/WHO and BMI/CCS, and for the WW(CI higher for
BMI/WHO in boys and for BMI/CCS greater in girls. The Kappa index between WSI and BMI/CCS is 0.16
higher than that of WSI and BMI/WHO; for the WWCI and BMI/CCS it is 0.42 considered as a good
agreement. Logistic Regression differs in the area under the curve, which is for the WWCI 0.996 greater than
that of the WSI. CONCLUSION: BMI is a useful indicator to assess overweight and obesity; The WSI and
WWCI indicators may be useful in age groups such as the one analyzed in this study, as they classify similar,
statistically non-significant percentages with overweight and obesity. Ethiopia.

KeyWords: body mass index; waist-height index; weight-waist circumference index; sensitivity; specificity;
kappa coefficient

Introduction

Evaluating childhood overweight and obesity is a somewhat
complicated process because these as they are in continuous
growth, both their weight and their height, vary in very short
periods of time, which makes it difficult to have a reliable measure
of the changes that can occur in such anthropometric variables and
therefore in the indicators that can be obtained from the

combination of them; on the other hand, abdominal fat is also
modified, so that the values of the waist circumference also turn
out to be unreliable, due to the constant changes they usually
present. Considering that the amount of fat changes with age, this
makes it more difficult to interpret BMI; It is also known that girls
and boys have different amounts of body fat, considering that they
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grow at different speeds, which does not make it easy to know
when they are overweight or obese [1].

On the other hand, the evaluation of overweight or obesity in
children depends on the growth curves suggested by the WHO,
which are associated with age, and based on the percentiles of BMI
[2,3].

Considering that the prevalence of overweight and obesity in
children and adolescents has increased dramatically, from 4% in
1975 to more than 18% in 2016 3, it is necessary to have indicators
that are reliable to identify cases of overweight and obesity,
particularly in children, taking into account that experts estimate
that 80% of obese children and adolescents will continue to be
obese when they reach age. adult, if appropriate measures are not
taken [4].

In Venezuela there are few studies that indicate the prevalence of
overweight and obesity in the country, a study conducted in
Maracaibo, Zulia state, reveals a prevalence of overweight of 9.5%
and obesity of 4.3% in children from 6 to 12 years %; Another study
conducted in several cities, revealed that the prevalence of obesity
is 58.5% in boys in the state of Aragua and 30% in girls, and
together for all cities the prevalence of overweight and obesity is
40%, on the other hand, Caracas showed a prevalence of obesity of
29.3% in boys and 16.7% in girls [6]. Due to this situation, there is
a need to incorporate other indicators, other than BMI, that may be
useful to evaluate overweight and obesity in children, such as the
Waist-Size Index (WSI) and the Weight-Waist Circumference
Index (WWCI), and complement the evaluation obtained through
BMI.

Methodology

It is a prospective, cross-sectional, descriptive and correlational
study, based on a sample of 422 children aged between 6 and 12
years, of which 187 (50.2%) male and 174 (49.8%) female, who
attended an educational institution in Caracas. The variables, sex,
age, weight, height were measured and obtained the indicators
BMI, WSI and WW(CI, which were chosen because they had at
least one element in common in their calculation. The WSI is used
to evaluate abdominal fat in children [7], and as an identifier of
childhood overweight and obesity [8]; likewise, the sensitivity and
specificity of ICT as an identifier of childhood overweight and
obesity has been determined [9]. While the IPCC, is used as a
complementary indicator of overweight and obesity in different
groups of subjects, which include children and adolescents [10].
The representatives of these children were asked for informed
consent, after explanation, both parents and representatives, as well
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as teachers, the objective of the investigation; and the weighing,
measurement and collection of information was carried out by
teaching staff and students of the School of Nutrition, who were
trained and standardized, in order to standardize criteria. BMI was
calculated, using Quetelet's formula, the WSI was obtained by
dividing the WC by the Height and the WWCI was obtained by
dividing the weight by the WC; that is, the calculation formulas for
each indicator are:

For BMI [11], BMI=W(kg)/S(m)?

For WSI [12], WSI=WC/S

For WWCI [13], WWCI=W(kg)/WC(cm)

As criteria for classifying boys and girls, the following are
considered:

For BMI, the values suggested by the CDC [14] and the BMI/Age
curves suggested by WHO [15]:

BMI < p5 (Low weight); P5<IMC<P85 (Healthy Weight);
P85<IMC<P95 (Overweight) and BMI > P85 (Obesity), as an
international reference and the values suggested by
FUNDACREDESA, in the Caracas Cross-Sectional Study (CCS)
[16-17], as a national reference. Low weight: BMI <p10; Healthy
Weight: P10 <IMC<P90; Overweight: P90 <IMC<P97 and
Obesity BMI >P97, as a national reference.

For the WSI and the WWCI, the same percentages are considered,
in order to be able to make a more equitable comparison in terms
of Overweight and Obesity,

Descriptive measures such as averages, deviation, percentages;
association measures such as Chi square; Correlations, T-test for
mean differences, Logistic Regression and Kappa Coefficient of
Concordance.

Results

Below are the averages and deviation of the variables, which
characterize the study group, and it is necessary that the averages
of all the variables are similar in the two sexes, in addition to being
similar in terms of dispersion. The comparison of the averages by
sex, by applying the Student's t-test, for independent samples,
turned out to be statistically non-significant (Table 1). The average
weight increases, depending on the category; the size is slightly
higher in the Deficit category, decreases in the Normal category
and then increases in the Excess category, according to the two
criteria of BMI; the indicators have similar averages in all three
categories, with the exception of the WWCI average which
increases slightly as it passes from the Deficit category to the
Normal category and increases considerably in the Excess category
(Table 1).
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Sex Variables and indicators
Age Weight Height WC WHI WWCI BMI
Male (@=212) [9.7+1.6| 33,1296 | 133.5+11,3 |63.8+6.4 | 0.47£0,04 | 0,52+0,13 | 18,332
Female (n=210) | 9.7+1,7 | 34.8+10.3 | 135.9+12.2 | 63.6+6.7 | 0.47+0,04 | 0.55+0.14 | 18.5+3.2
Total (n=422 9.7+1.7 [ 34.0£10.0 | 134.7+11.8 [ 63.7+6.5 | 0.47+0.04 | 0.53=0.14 [ 18.4+32
EMI Category Wariables and indicators
segin Age Weight Height WC WHI
OM | Deficit (n=20) 25.8+3.0 | 135,7+6.0 64.0+6.0 0.47+0,04 04101
S/iC
pC | Normal (n=291) 314481 | 1339123 | 63.5+6.7 0.47+0.04 0.49+0.2
Excess (n=111) 42.0+105 | 1364+109 | 64.0£62 0.47+0.04 0.66=0.2
BEM Category Wariables and indicators
segin Age Weight Height WC WHI
CCS I Deficit (n=2) 23815 | 1360258 | 642559 | 0472004 | 037201
Normal (n=388) 329486 | 1344=117 | 63.646.7 0.47+0.04 0.51=0,1
Excess (n=30) 4944129 | 1365+12.7 | 64.0+58 0.47+0.03 0.77+0.2

Table 1. Descriptive measures of Anthropometric variables and indicators.Children aged 6 to 12 years in Caracas

From the results presented in Table 2, it can be stated that for all
categories, the percentages differ significantly. In the Deficit
category, the percentages vary between 3.6% and 12.8%, with the
lowest corresponding to the CCS indicator and the highest to the
WSI indicator; in the Normal category, the percentages are
similar, although a higher percentage corresponds to the WSI
indicator (80.3%); in the Overweight category, differences
ranging from 4.3% for WSI to 17.3% for BMI/CCS were
observed; and in the Obesity category there are also differences
ranging from 2.6% for WSI to 7.1% for BMI/CCS. When
comparing the percentages in the Overweight category, it was
obtained as a result that for the indicators BMI/Age and BMI/CCS
they are not statistically significant (p<0.154); for the BMI/Age
and WSI indicators, they are statistically significant (P<0.001);
for the BMI/Age and WWCI indicators, the differences are
statistically significant (p<0.004); for the BMI/CCS and WSI

indicators are statistically significant (p<0.001); for the BMI/CCS
and WWCI indicators the differences are also statistically
significant (p<0.001). The WSI and WW(CI indicators classify
boys and girls with similar percentages in each of the categories,
which turn out to be statistically non-significant, with the
exception of the Obesity category in which the percentages are
statistically significant (p<0.04).

When discriminating against boys and girls, it has to be that for
the Normal category, the four indicators have similar percentages;
in the Overweight category, BMI/WHO is slightly higher in girls;
the BMI/CCS indicator the percentage is much higher in girls; the
WSI indicator the percentage is higher in boys and for the WWCI
indicator the percentage is higher in girls. In the Obesity category
for the BMI/WHO, BMI/CCS and WSI indicators, the percentage
is higher in boys, and for the WWCI indicator the percentage is
higher in girls (Table 2).

Category BMUOMS BMI/CCS WHI WWCI
M F T M F T M F T M F T
Deficit 3. [ 57 |47 | 28 | 43 |36 (132124128 (104|100 [10.2
Normal T74 752|763 (745 |69,5|72,0 (783|824 803|807 781|794
Overweight 123 (152 (13,7 (146|200 (1753 | 52 | 33 | 43 | 66 | 8.6 | 7.6
Obesity 66 | 3.8 |52 |80 |62 |71 |33 (19 |26 |24 )33 |28

Table 2 Percentage comparison of the classification, according to indicators Boys and girls of Caracas

The averages of the indicators were obtained, by age and sex, and
it can be observed that for the Waist Circumference they
increasewith age, in boys and girls; for WSI it increases to 9 years

in boys and girls, decreases to 11 years in boys and up to 10 years
in girls, and then increases to 12 years (Table 3).
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Age n WC WHI WWCI BMI
MI|F M F M M F M F
6 9 (6 |523£1.2|51,0£1,0 (0444002 | 042+£0,01 | 040003 [ 0.45£0,13 | 15,1209 | 16,1+1.5
7 13 | 28 | 55.5+1.1 | 56,016 | 0462003 | 0452003 | 042+006 [ 047£0,11 | 158+1.2 | 16 8+2 8
£ |34 (22 |589£2.0|585£22 (0472003 | 0472004 | 0472010 [ 046£0,11 | 1732 8 | 173226
9 |37 (32 |624+£3.2|61,1£53,6 | 049+0,04 | 0.47£0,04 | 0.50£0.10 [ 0.52+£0,11 | 18,727 | 18,7+3.0
10 [ 50 (44 | 63.3£6.1 (61,5255 (047005 | 045005 | 053012 [ 0.58+0,16 [ 18.2+2 8 | 18.0£3.3
11 |38 (42 | 65.1£3,5 | 67,7244 | 046004 | 0.48+£0,04 | 058002 [ 0.57+£0,12 | 19,001 | 19,13 4
12 |31 (36 |723£1,9|72,9£1.7 | 050+0,03 | 0,49+£0,03 | 0.59+0.12 [ 0.63£0,13 | 20,102 | 20,427

Table 3: Averages and deviation, by age and sex, of the indicators

Boys and girls of Caracas
The bivariate correlations, by Pearson and Spearman, between the
variables, result in the similarity, with the exception in boys, that

the correlation between Size-WWCI is greater than that of
Spearman, and in girls the Weight-WW(CI correlation is greater
than that of Spearman (Table 4).

Variable Correlation Correlation
Pearson | Spearman Pearson | Spearman

Boys Peso-Talla 0.80 0,84 Girls 0,82 0.84
Peso-CC 0.53 0.57 0.50 0.52
Peso-IMC 084 0,79 0,82 0.81
Peso-IPCC 0.94 0,93 0.83 0.93
Talla-CC 0.59 058 0.55 0.55
Talla-IPCC 0.69 0,75 0,72 0.73
IMC-IPCC 084 0.76 0.81 0.84

Table 4. Pearson and Spearman correlations, among the variables included in the Study Boys and Girls of Caracas

The cross tables between BMI and the WSI and WWClI indicators
were used to obtain the characteristics of the WSI and WW(CI
indicators, for the two criteria of BMI/Age, that is, sensitivity,
of BMI / Age, the specificity and the positive predictive value is
higher in

the BMI / Age criterion according to CCS and the negative
predictive value is higher in the BMI / Age criterion according to
WHO; in girls, according to the WHO criterion, the sensitivity,
specificity and positive predictive value is higher, and the
negative predictive value is higher according to the CCS criterion.

specificity, positive predictive value and negative predictive
value, for boys, girls and the total. It is necessary that in children,
the sensitivity of the WSI is equal for the two criteria

For the WW(CI indicator, it is that in children, according to the
WHO criterion, the specificity, sensitivity and positive predictive
value are higher; and in girls, according to the CCS criterion they
are higher, the sensitivity and positive predictive value are higher
(Table 5).
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Caracteristicas ICT IPCC
Segin OMS | Segin ETC | Segim OMS | Segin ETC
Wifios
Sensibiidad 824 82.7 78.7 85,7
Especificidad 18,2 25,0 82,1 76,5
PP 701 91.3 93,9 91.2
PN 303 12.1 41.8 342
Wifias
Sensibilidad 83.1 81.9 58.0 83.2
Especificidad 241 18.2 722 61.5
PP 701 12.1 73.1 Q2B
PN 40,0 93 8 36,1 222
Total
Sensibilidad 81,9 82 4 75.8 96 8
Especificidad 222 18.2 76,5 F0.0
PP Q2.9 30.3 Q3.7 86,5
PN 2.0 T0.6 40 8 32 8

Table 5. Sensibilidad, Especificidad, Valor Predictivo Positivo y Valor Predictivo Negativo de los indicadores ICT e IPCC

Cohen's weighted Kappa index, obtained between the BMI/CCS
classification and the WSI classification, has a value of 0.161
which is higher than that obtained between BMI/Age (WHO) and
WSI, although neither can be considered as a good agreement
between these indicators. Likewise, Cohen's weighted Kappa
index, obtained between the BMI/CCS classification, according
to the criteria of the Venezuela Project, and the WWCI

Figura 1. Carva ROC del IMC/Edad segin
OMS/CDC. Nifios de 6 a 12 ajios de Caracas

classification, has a value of 0.423 which can be considered as a
good agreement between the two indicators used to classify
children. Logistic Regression applied to each of the indicators
resulted in the ROC curves differing in terms of the area under the
curve, highlighting the curve for the WW(CI indicator with an area
under the curve equal to 0.996 (Figures 1-4).

Lo Figura 2. Curva ROC del IMC/Edad segin ETC
02 Nifios de 6 a 12 afios de Caracas
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Figura 3. Curva ROC del ICT Nifios de 6 a 12
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Figure 1-4: Curvas ROC de los indicadores IMC/OMS, IMC/ETC, ICT e IPCC Nifios y nifias de Caracas 2
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Discussion

The consideration of other indicators to evaluate overweight and
obesity in children is very useful, because it allows to have
another measure, other than BMI, to diagnose more properly if the
child is overweight or obese; that is why the indicators Waist
Circumference (WC), Waist-Height Index (WHI) and Weight-
Waist Circumference Index (WW(CI) were included in a group of
children aged 6 to 12 years, as a way to perform a Nutritional Risk
Assessment 8, Results were obtained for boys and girls, with
equal averages, which shows that for this ethereal group there is
no sexual dimorphism, and it is evidenced in the fact that the
averages of WC and WHI are the same, that is, the accumulation
of abdominal fat is practically the same in the two sexes [19];
particularly the averages of the WC are lower than those obtained
by Mederico et al [20], who obtained 68.13 and 66.3 for male and
female, respectively, and significant. Just as weight and height
increase with age; however, when discriminating by age and sex,
it is observed that all indicators increase with age, and reach their
maximum value at 12 years, the age at which pubertal change
begins and consequently sexual dimorphism [21]. The WHI with
an average of less than 0.5 was observed in 76.5%, a percentage
higher than that observed by Valle-Leal et al in an age group equal
to that of this study, which was 39% [21]. The classification of
WHI, according to the two criteria of BMI, is similar in
percentage in Normal and in boys and girls; however, in
Overweight there are 4.3% and in Obesity 2.6%, percentages
lower than those obtained with BMI/WHO and BMI/CCS; when
excess is evaluated, there are 6.4% of children aged 6 to 8 years,
lower than reported by Matos-Imbert et al [22] and 19.6% in boys
and girls aged 9 to 12 years, older.

In relation to the WW(CI, it has to classify 7.6% with Overweight
and 2.8% with Obesity, values slightly higher than those reported
by Bauce et al [23], who report 6.8% with Overweight and 4.0%
with Obesity; when excess is evaluated, there are 0.8% of boys
and girls from 6 to 8 years old and 14.5% of boys and girls from
9 to 12 years old. It has that 15.2% are classified in Excess,
percentage higher than that reported by Bauce et al [23], who
report 7.8% in Excess, BMI / Age classifies 26.3% of boys and
girls with excess, and of them girls prevail in Overweight with
24.8%, while boys prevail in Obesity with 6.6%; results that
coincide with what was reported in Mexico, in boys and girls from
6 to 11 years old, with prevalence of Overweight in girls 20.6%,
although a lower percentage [24].

The WHI and WW(CI indicators have high Sensitivity in boys and
girls, and similar in the WHI for the BMI/WHO and BMI/CCS
criteria, and the WWCI higher Sensitivity for the BMI/CTE
criterion in boys and girls. In relation to specificity, this differs
and is much lower for WHI, while for the WW(CI it is higher in
children for the BMI/WHO criterion. The positive predictive
value of WHI was found to be higher in children, with the
BMI/WHO criterion and for the WWCI higher in boys and girls
with the BMI/WHO criterion, although it is high for the two BMI
criteria.

Conclusion

Given the results, it can be said that BMI remains the most useful
indicator to assess overweight and obesity in boys and girls aged
6 to 12 years; However, considering that this is still a public health
problem, it seems logical to try another indicator such as the one
included here, The two indicators, WHI and WWClI, turn out to
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be useful since for this study group they classify similar
percentages, statistically not significant, with Overweight and
Obesity; has a high correlation with BMI/Age according to both
criteria. It has a Sensibility for the group greater than 75.0; in the
case of the WWCI a Specificity greater than 70.0 and a Positive
Predictive Value greater than 86.5. Given these characteristics,
the use of these indicators is recommended, with the purpose of
validating them in similar age groups. Cohen's weighted Kappa
index, obtained between the BMI/CCS classification, and the
WWOCI classification, has a value of 0.423 which can be
considered as a good agreement between the two indicators used
to classify children.
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