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Abstract:

The purpose of the study is to analyze the behavior of the Weight-Waist Circumference Index (IPCC) as an indicator to
evaluate overweight and obesity in adolescents.

Materials and Methods: This is a descriptive, cross-sectional, prospective and correlational study, based on a sample of
708 adolescents, aged between 10 and 19 years, 357 (50.4%) male and 351 (49.6%) female. The variables sex, age, weight,
height, BMI, WC, ICT and IPCC are included.

Results: the means by sex are similar for the variables age, weight, height BMI, WC, ICT and IPCC; the classification,
according to the BMI and IPCC indicators by sex, indicates similar percentages in the Normal category in the male sex,
while in the female sex it is higher for the IPCC indicator; in the category Slightly higher overweight for BMI and higher
in females; in the category Obesity in the male sex is higher for the IPCC and in the female sex they are similar. The IPCC
comes from a Normal distribution, the ROC curve reveals the high sensitivity and specificity of this estimator, and the
Youden index reveals that the IPCC can be used as a diagnostic test.

Conclusion: the indicator Weight-Waist Circumference Index (IPCC) is useful to evaluate overweight and obesity in

adolescents, given its high sensitivity and high specificity.
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Introduction

The World Health Organization defines adolescence as the period of
growth that occurs after childhood and before adulthood, between the
ages of 10 and 19. Regardless of the difficulty in establishing an exact age
range, the adaptive, functional and decisive value of this stage is
important [1].

It should be borne in mind that the adolescent feels child and adult at the
same time, although we must bear in mind that it is neither one thing nor
the other; Since it is in permanent transition: go from being a child and
depending on the adult world for everything, to being young and begin to
be done in which many hormonal and physiological changes occur in the
adolescent's organism, it is necessary to evaluate their nutritional status.
To assess the nutritional status of adolescents, the World Health
Organization (WHO) has used the Body Mass Index (BMI), obtained
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using the Quetelet formula, to assess overweight and obesity [2]; but it
should be noted that some authors such as Moreno Gonzalez (2010) [3],
state that BMI does not provide information about the distribution of body
fat.

Bauce et al [4,5,6] have published articles in which they have used the
indicator Weight-Waist Circumference Index, defined as the relationship
between weight and waist circumference; that is, which relates a measure
of body mass to a measure of abdominal fat.

On the other hand, Bauce et al 7 have conducted a study in which they
have used this indicator and obtained average differentiated by sex, in
university students. They have also published an article where they
propose the use of this indicator as a complement to BMI to assess
overweight and obesity.
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In addition, according to UNICEF, in times of pandemic due to covid-19,
it is estimated that some 370 million children in the world have lost access
to essential meals since the closure of schools; and if no action is taken,
the prevalence of child wasting can increase to 14%, equivalent to 6 or 7
million children with this condition [8].

In Venezuela, the situation of overweight and obesity in children and
adolescents, according to a study conducted by the Comprehensive
Treatment Center for Obesity (CitoGroupVe), reveals that the obesity rate
fell by a third between 2010 and 2017 motivated by the economic
difficulties of recent years; This decrease in the obesity rate from 2011 to
the present, went from 24% to 11%, while that of overweight went from
30% to 25%, and that of morbid obesity went from 1.74% to 0.6%,
although it does not report on the group that includes children and
adolescents [9].

Similarly, a study by Sun Guo et al, found that there is a high possibility
that children with a high percentile of BMI for their age, in the CDC
tables, have a high risk of overweight or obesity at age 35, and the risk
increases with age [10].

In view of the above, it is useful to consider the possibility of
incorporating another indicator, as a complement to BMI, to evaluate
overweight and obesity in adolescents.

Materials And Methods

Descriptive, cross-sectional, prospective and correlational study, based on
a sample of 708 adolescents, aged between 10 and 19 years, 357 (50.4%)
male and 351 (49.6%) female. The variables sex, age, weight, height,
BMI, WC, WSI and WW(CI are included, with the purpose of describing
the study group and specifically for the WW(CI to obtain correlations with
the other variables, assume their normal behavior and analyze their
behavior to be considered as a complementary indicator of Body Mass
Index, when evaluating overweight and obesity. The adolescents or their
representatives were informed in a timely manner about the objectives of
the research, their informed consent was requested, in accordance with
the requirements specified in the rules established in the Declaration of
Helsinki [11].

BMI was obtained using the Quetelet formula [12]: BMI=W(kg)/S(m)2

The IPCC is an indicator that has the particularity of taking into
consideration, both the body mass expressed in kilograms, and the
distribution of abdominal fat, expressed in centimeters and is obtained by
the following formula [6]:
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Weight (kg)
Waist (m)

WWCI =

For each of the variables, the following references were taken into
account:

BMI according to the tables of values proposed by the WHO [13]: BMI<-
3SD  (Extreme  thinness):  -3SD<BMI<-2SD  (Thinness); -
2SD<BMI<+1SD (Normal); +1SD <BMI <+2SD (Overweight); BMI
>+2SD (Obesity). And the values suggested by the Center for Disease
Control and Prevalence (CDC) [14]: BMI < p5 (Low weight);
P5<BMI<P85 (Healthy Weight); P85<BMI<P95 (Overweight) and BMI
> P85 (Obesity)

For the WWCI according to the values proposed by Bauce [5]: the
criterion corresponding to the percentiles suggested by the WHO for BMI
was taken into account, considering that it is what fits best when
classifying this indicator, and making a much more accurate comparison
with relative values of the two indicators.

For waist circumference, the values obtained by Mederico et al [15] were
considered as a reference, that is, 66 cm for females and 68 cm for males.

Descriptive measures such as means, standard deviation, percentages
were obtained; correlations, measures of association such as Chi-square;
Normality contrast for the IPCC, comparison of averages by hypothesis
testing for mean and ratio. Logistic Regression was also applied to obtain
the ROC Curve, which is built based on the union of different cut-off
points, corresponding to the y axis and the sensitivity and the X axis to
(1-specificity) of each of them. Both axes include values between 0 and 1
(0% to 100%) together with the Youden index suggested by William J.
Youden in 1950, as a way of summarizing the performance of a diagnostic
test; its value can be from -1 to 1, a value of 1 indicates that there are no
false positives or false negatives, in order to evaluate the IPCC as a
diagnostic test [16-18].

Results

Table 1 presents the descriptive measures of the variables, in order to have
a description of the group studied. Thus, the means by sex are similar for
the variables age, weight, height BMI, WC, WSI and WWCI.

On the other hand, when the classification is compared, according to the
BMI and IPCC indicators by sex, it is observed that the percentages in the
Normal category are similar in the male sex, while in the female sex it is
higher for the WW(CI indicator; in the overweight category it is slightly
higher for BMI and higher in females; in the category obesity in the male
sex is higher for the IPCC and in the female sex are similar (Figure 1).
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Sample (n=708)

Age Weight Size BMI C Waist ICT IPCC
13.0£3.0 | 45713600 | 1501128 | 199+£36 | 682+86 | 046201 | 067=0.2
Male (n=357) Measure Female (n=351) P value
13.0£29 Age (vears) 130=31 1,000
46.7+£153 Weight (kg) 44.6=11.5 0,002
151.2+14.6 Size (cm) 148.9+10.5 0,017
199+£3 8 BMI (kg(m) 19.823 4 0,712
68.3+8.0 C Waist (cm) 68.2=03 0,878
0.45+0.05 WSI 0.46=0.06 0016
0.68+0.19 WWCI 0.65=0.14 0.017
BMI and IPCC classification
BMI IPCC BMI IPCC
n % n % Categories n %o il %
41 11.5 27 98 Deficit 46 13.1 30 10.4
239 | 725 | 199 | 724 Normal 257 732 236 8§19
35 9.8 24 8.7 | Overweight | 39 11,1 15 52
22 6.2 25 9.1 Obesity 2.6 24
357 1 100,0| 275 | 100,0 Total 351 |100,0 | 288 | 1000

Tablel: Profile of the group of adolescents

Distribution model, it is necessary that between -1 and +1 there are 528
cases representing 74.6%, between -2 and +2 there are 678 cases
representing 95.8% and between -3 and +3 there are 702 cases
representing 99.2%; as you can see the first percentage differs a little and
the other two percentages are very similar (Figure 2).

It is also necessary that for the IPCC indicator the values of the mean,
median and mode are similar, which shows that the IPCC values behave
like a Normal Distribution. It is also complemented by the percentages of
data that must be met for the corresponding intervals, when standardizing
these values. Thus, when considering the intervals of the Normal

Figure 2. Normal curve, indicating the percentages of data in each interval
and histogram of the IPCC with the corresponding percentages by interval
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distribution of the IPCC variable can be considered normal. Likewise, the
contrast Asymmetry and Kurtosis, yields a value of the statistic (12 =
6.019 that allows us to conclude that the distribution of the IPCC variable
can be considered normal (Table 2).

The Normality Contrast was applied for the IPCC and it has that with the
transformation of the variable to the logarithm the Shapiro-France
Contrast (Shapiro-Wilk) yields a value of the W statistic equal to 0.993,
which is greater than the p-value, so it can be concluded that the
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Shapiro-France Contrast

N

WI

Z. Statistic

p-value

708

0,993

2,652

0,004

Asvymmetry and Kurtosis Contrast

Asymmetry| Kurtosis Asymmetry and kurtosis
n p-value p-value Statistic ¥* Gl p-value
708 0,038 0,190 6.019 2 0,049

Additionally, the contrast allows to complement the analysis by means of
the quantile-quantile curve; and considering that most of the points are
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located on the diagonal, this allows us to affirm that the distribution of the
sample observations of the IPCC variable comes from a normal
distribution (Figure 3).
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Figure 3. Quantile-quantile curve of the Waist Weight-Circumference
Index (IPCC) in a group of adolescents

The ROC curve was additionally obtained by Logistic Regression,
considering as a golden rule, the BMI and as a diagnostic test the WWClI,
it has that this diagnostic test can be highly sensitive or highly specific,
for this it is considered the cut-off point that jointly determines the highest
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sensitivity and specificity, in this case it turns out to be the point (0.80;
0.05) that corresponds to a Sensitivity of 80.0% and a specificity of 95.0%
(Figure 4).
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Figure 4. Curve Receiver Operating Charateristics (ROC) of the Weight-Waist
Circumference Index (IPCC) indicator in a group of adolescents

Discussion
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Considering the results obtained for this group of adolescents, it can be
said that it is very homogeneous in terms of the anthropometric
characteristics of the two sexes, since they are similar; In addition, when
classified according to BMI and WW(CI indicators, in nutritional status,
the percentages of overweight are not significant for the male sex, but
they are significant for the female sex; and the percentages of obesity are
significant for the male sex, but in obesity.

When comparing the results obtained in this study with those obtained in
previously published articles, Bauce in a sample of 571 children and
adolescents [18] obtained averages for the WWCI of 0.67+0.13 and
0.66+0.10 for men and women, and in another study in a group of 123
adolescents aged 12 years or older [19] Means by sex of 0.70+0.9 and
0.65+0.14 for males and females, similar to those obtained in this study
were 0.684+0.19 and 0.65+0m14, respectively, and statistically not
significant.

On the other hand, the percentages of classification in overweight and
obesity, according to the BMI and WWXI indicators are similar to those
reported by Bauce [20] for the male sex, as well as for the female sex; in
relation to the percentages of Obesity, these are similar in the male sex,
but for the female sex it is slightly higher with the BMI obtained in this
study and similar with the WWCI.

In relation to the ROC curve, it has to reflect that the IPCC turns out to be
an indicator with high sensitivity and high specificity, which means that
it can differentiate cases with risk. In addition, the Youden index with a
value of 0.75 indicates that the WW(Clis a reliable indicator that can be
used to diagnose risk in adolescents.

Conclusion

According to the results obtained in the analysis and discussion of the
data, it can be concluded that the indicator Weight-Waist Circumference
Index (WWCI), in the first place it behaves likeis distributed as a normal
distribution, which allows us to affirm that the analysis of its behavior
through parametric statistical tests is reliable; Therefore, it is considered
an indicator that provides sufficient information to be considered in the
evaluation of overweight and obesity in adolescents, in addition to having
a high sensitivity and specificity, which allows identifying the cases that
are really at risk.
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