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Abstract: (1) Background: Abdominal obesity describes the accumulation of visceral fat. Monitoring
of abdominal obesity in children aids prognosis of atherogenic risk and prediction of the emergence of
different comorbidities, many of which persist into and throughout adulthood. For this reason, it is of
great diagnostic value to the sustainability of health in populations. The aim of this study was to eval-
uate abdominal obesity in overweight schoolchildren from Portoviejo (Ecuador) and propose conicity
index cut-points for sustainable health. (2) Methods: The sample was formed by 356 schoolchildren
whose BMI z-score deemed them to be overweight. Height, weight, waist circumference (wstC),
various skinfolds, percent body fat, conicity index (CI) and overweight classification according to
wstC were determined. (3) Results: The mean age was 6.83 ± 1.2 years, 17.4% were obese, 34.8%
were overweight and 47.8% were at risk of being overweight according to their BMI z-score. The
mean height was 1.29 ± 0.12 m, whilst the mean weight was 35.21 ± 11.57 kg. When classifying
according to wstC, 37.9% were identified as obese, 28.1% had high-risk abdominal adiposity and
34% were normal. The average CI was 1.16 ± 0.06, whilst that of body fat was 19.34 ± 6.03, with
56.2% of individuals having body fat values lower than 20%. (4) Conclusions: The sample showed a
high prevalence of central obesity. Significant agreement was not found between classifications of
nutritional status according to BMI z-score and wstC.

Keywords: abdominal obesity; children; nutritional status; body mass index; sustainable health;
lifestyle

1. Introduction

In contemporary society, hedonic desires for foodstuffs, food marketing [1] and seden-
tary lifestyles [2] are the main causes of excess weight, expressed as overweight and obesity.
Detection and prevention at early ages are key to avoiding health sequalae in individuals,
whilst the identification of physiological and behavioural causes is also urged. In this sense,
from the standpoint of immediate practice, it is necessary to identify indicators that reveal
the existence of risk associated with the distribution of body fat [3,4].

According to Fariñas Rodríguez et al. [5], the determination of body fat mass and
its distribution in human beings is of great importance due to its predictive value with
regard to morbidity. In fact, two individuals with the same amount of body fat may present
differences in the fat content found in their abdominal stores.
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This situation is produced due to the intervention of diverse synergistic factors, such as
the individual’s genotype and their dietary habits. With regard to genotype, authors such
as Lamiquiz-Moneo et al. [6] state that this explains between 50% and 70% of the variability
seen in excess weight. However, it is also important to consider dietary habits, which, in
the sense that they are behavioural choices, are integrated into individuals’ lifestyles. These
habits often drive dietary energy intake to continuously displace energy balance towards
positive values [7], with this generating a greater accumulation of visceral fat according to
criteria laid out by Prazares Almeida et al. [8] and Hernández et al. [9].

In this sense, the reviewed literature demonstrates that the accumulation of excessive
visceral fat could be considered as an atherogenic risk factor and, therefore, a path towards
greater risk of suffering different comorbidities [5,10]. Further, according to Barreto-
Quintana et al. [11] and Ruiz Sánchez et al. [12], it may also function as a characteristic
symptom of metabolic syndrome in children and adults and, therefore, lead to negative
effects with regard to the sustainability of health.

The components of health sustainability are explained by Dornhoff et al. [13]. These
include a social dimension and are incorporated into a feeding model which impacts upon
the body composition of human beings. For this reason, preserving a positive health status
is intimately related with lifestyle-related feeding types [14] and control over the bodily
changes these provoke.

Indeed, the effectiveness of nutritional dietary treatments, such as those applied to
abdominal obesity, depends on their acceptance and adherence by schoolchildren [15].
From this, we can see the notable importance of an early diagnosis of nutritional status
in children. This is crucial not only for personalising nutritional therapy but, also, for
favouring the promotion and application of prevention and education programs, which
provide training and develop student responsibility both towards themselves and towards
sustainable health.

Amongst the different anthropometric indicators used to determine abdominal adi-
posity, it is relevant to mention waist circumference [16] and the conicity index [17]. With
regard to the latter various authors have highlighted that there is a lack of studies reporting
use of this indicator with children [5,9]. Further, there is a lack of consensus regarding its
use as a predictor within this group [18–20]. In relation to the present line of research, it also
is relevant to mention that no published manuscripts exist that report its use in Ecuador.

In consideration of the points presented above and the significance to health of body fat
distribution, the aim of the present study was to evaluate abdominal obesity in schoolchil-
dren with excess weight in Portoviejo (Ecuador). The study aimed to propose conicity
index cut-points for sustainable health.

2. Materials and Methods
2.1. Design

A descriptive, observational and cross-sectional study was conducted with a popula-
tion of schoolchildren from seven educational units (centres for below baccalaureate-level
academic study) in Portoviejo Canton (Ecuador). All participants underwent nutritional
screening within the context of the “strategy for improving nutritional status in 5–9-year-
old students attending state and private schools in the north central coastal region of
Ecuador” (Reference: UTM Folio AP-C1-2018-FCS-0003).

2.2. Participants

The population was formed by 1760 schoolchildren who were included in the afore-
mentioned research project and underwent nutritional screening. Of these, study partici-
pants were selected using purposive and non-probabilistic sampling methods to which
inclusion criteria were applied. Specifically, participants were selected who were classi-
fied as being obese, overweight or at risk of being overweight according to BMI/age/sex
z-scores established by the World Health Organization [21]. In this way, a sample of 356 in-
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dividuals was provided for analysis. This sample was distributed post facto according to
five age groups corresponding to five, six, seven, eight and nine years of age.

2.3. Instruments

With regard to anthropometric measurement, a number of instruments were used.
A Siber-Hegner anthropometer (GPM, CH) was used to measure height to the closest
0.1 cm. Weight was obtained using a Tanita InnerScan V Model scale (BC-545N) with 0.1 kg
accuracy. Waist circumference was measured using a Lufkin W606PM (Lufkin, USA) non-
extendable measuring tape, with measurements made possible to the nearest millimetre.
Finally, skinfolds were determined using a Holtain Tanner/Whitehorse skinfold calliper
(Holtain, UK) with 0.2 mm spacing and 10 g/mm2 pressure.

2.4. Procedure

Anthropometric procedures were carried out in line with protocols established by the
ISAK [22]. A prior request for attendance of the schoolchildren to programmed sessions
was made to parents and legal guardians. Children were requested to attend in a fasted
state, having evacuated their bowels as normal and bringing their breakfast foods with
them. This was monitored by members of the research team. Measurements were taken
between 07:00 and 09:00 h. Age was recorded for each participant, in addition to height (H,
m), weight (W, kg), waist circumference (wstC, m) and tricep (Pl Tri), subscapular (Pl Sub),
supraespinal (Pl Sesp) and abdominal (Pl Abd) skinfolds in mm.

The conicity index (CI) was calculated for each participant from the anthropometric
variables of health, weight and waist circumference. The equation proposed by Valdez,
Seidell, Ahn and Weiss [17] was used to make these calculations. These authors have also
suggested that the index provides a useful anthropometric indicator for the evaluation of
abdominal obesity. The CI in itself encapsulates waist circumference adjusted for weight
and height [18]. It is expressed within a potential range of 1 to 1.73, where the former
represents a perfect cylinder and pertains to individuals with little central or abdominal fat
accumulation and the latter represents a perfect double cone, inverted at the base, reflecting
excess abdominal fat [9,23].

Depending on their CI value, participants were intentionally grouped into six groups,
with groups classed according to CI increments of 0.1, with the exception of the first (≤1.00)
and last (≥1.41) groups.

Further, participating schoolchildren were classified in accordance with the waist
circumferences pertaining to the categories describing obese, at risk of obesity and normal
weight individuals, according to percentiles proposed by Fernández et al. [16].

Body fat percentage (BF%) was determined for all participants using the sex-specific
equations described by Faulkner [24]. Participants were later intentionally distributed
between four groups depending on their body fat percentage. Groups pertained to body
fat increments and covered 10 percentage points, with the exception of the first (≤10.0%)
and last (≥30.01%) groups.

2.5. Data Analysis

Statistical analysis was performed using the software IBM SPSS version 23.0. Means
(X) and standard deviations (SD) were determined. The normality of data was examined
for continuous variables using the Kolmogorov–Smirnov and Shapiro–Wilk tests. Variance
was analysed (F) and Tukey’s test was used to compare the significance of individual
mean comparisons. This method also enables variables to be grouped in accordance with
a significance level of α = 0.05. Further, Pearson correlation coefficients were calculated
for the associations produced between continuous variables and confidence intervals were
determined for conicity indices according to the standard error of the mean (X ± 1.96
× standard error of the mean X). All analyses were performed in line with the needs of
the study.
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Comparative analysis was conducted for all continuous variables through Student’s
t-test (t) and the Mann–Whitney U test (Z). Differences between categorical variables were
examined according to the chi-squared statistic (X2) and Cohen’s kappa coefficient (K). The
latter also enabled the determination of the agreement between the classification methods
used. Likewise, associations between variables were established according to Pearson
correlations (r). In all cases, the significance level was set at α = 0.05.

Fieldwork was carried out by researchers who possessed internationally recognised
qualifications in kineanthropometry and conducted data collection in pairs. With the aim
of minimising measurement bias when recording variables, average values pertaining to
first and second measurements were used. Next, the quality of recorded variables was
established via variance analysis. This examined the significance of the technical error
associated with anthropometric measurements and of confidence intervals according to
the standard error of the mean (X) ± 1.96 × the standard error of the (X). In cases of
uncertainty, data were re-evaluated.

In order to carry out the work described above, informed consent was obtained from
the parents or legal guardians of the schoolchildren under study. All processes were
conducted in accordance with the ethical principles laid out in the Declaration of Helsinki
and were performed under the supervision of the Bioethical Committee of the Technical
University of Manabí.

3. Results

The mean age of the selected sample was 6.83 ± 1.2 years, with ages ranging between
five and nine years. With regards to sex, 51.7% were boys and 48.3% were girls. Of these,
17.4% were obese, 34.8% were overweight and 47.8% were at risk of being overweight
according to their BMI z-score [21].

The average height and weight are presented in Table 1. Both of these variables showed
gradual increases with age and revealed that girls were taller and weighed more than
boys, both overall and within each individual age group. The only exception was found
amongst nine-year-olds, with boys showing higher measurements than girls, although
these differences were not significant (Table 2).

Waist circumference gradually increased in schoolchildren with increasing age be-
tween five and nine years (Table 1). Nonetheless, it was demonstrated that six-year-old
participants had greater waist circumferences than seven-year-olds but smaller waists
than those aged eight years (Table 2). Analysis of variance showed these differences to be
significant (F = 16.035; p-value = 0.000). Further, sex-based differences were established
within the groups of participants aged six, eight and nine years, but not for five- and
six-year-olds (Table 2).

The overall distribution pertaining to abdominal adiposity when determined via waist
circumference is presented in Table 3 and reveals higher values in girls relative to boys in
the categories pertaining to obesy the proposed modification is accepted it and being at
risk of abdominal obesity.

Table 1. Overall values for direct and indirect anthropometric variables according to age group.

Age N = 356 Height (m) Weight (kg) Waist Circ. (cm) CI BF%
n % X ± SD X ± SD X ± SD X ± SD X ± SD

5 34 9.6 1.12 ± 0.05 23.95 ± 3.86 58.80 ± 5.08 1.17 ± 0.05 16.10 ± 4.59
6 153 43.0 1.33 ± 0.13 39.34 ± 14.08 65.80 ± 7.85 1.16 ± 0.06 20.20 ± 5.80
7 56 15.4 1.24 ± 0.06 32.29 ± 6.33 65.04 ± 7.20 1.17 ± 0.05 19.28 ± 5.98
8 79 19.4 1.30 ± 0.06 34.93 ± 5.98 65.90 ± 6.78 1.17 ± 0.06 18.86 ± 6.99
9 45 12.6 1.35 ± 0.06 40.18 ± 10.07 67.52 ± 5.57 1.15 ± 0.05 19.62 ± 5.56

Total 356 100 1.30 ± 0.12 36.22 ± 11.76 65.25 ± 7.36 1.16 ± 0.06 19.34 ± 6.03
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Table 2. Values for direct anthropometric variables and indices, according to sex and age. An examination of sex differences
is also presented.

Age/Sex n Height (m) Weight (kg) Waist Circ. (cm) CI BF%
X ± SD X ± SD X ± SD X ± SD X ± SD

5
Boys 21 1.12 ± 0.05 23.44 ± 3.91 58.12 ± 4.61 1.16 ± 0.04 14.16 ± 2.32
Girls 13 1.13 ± 0.06 24.77 ± 3.78 59.90 ± 5.79 1.17 ± 0.06 19.25 ± 5.63

Comparative
Analysis 34

t p Z p Z p Z p Z p
−0.60 0.54 −1.09 0.27 −0.95 0.34 −2.05 0.04 * −6.98 0.001 **

6
Boys 73 1.32 ± 0.13 38.52 ± 13.43 63.25 ± 7.85 1.14 ± 0.06 17.02 ± 3.90
Girls 80 1.35 ± 0.13 40.17 ± 14.73 66.98 ± 7.71 1.17 ± 0.06 23.11 ± 5.75

Comparative
Analysis 153

Z p t p t p Z p Z p
−1.79 0.07 −1.44 0.15 −2.22 0.02 * −3.08 0.001 ** −7.84 0.0001 ***

7
Boys 28 1.23 ± 0.06 30.27 ± 4.28 63.04 ± 5.16 1.16 ± 0.05 15.90 ± 3.83
Girls 27 1.26 ± 0.06 34.31 ± 7.41 66.50 ± 8.93 1.19 ± 0.06 22.79 ± 5.82

Comparative
Analysis 56

t p t p Z p Z p Z p
−1.72 0.08 −2.27 0.02 * −1.81 0.07 −3.51 0.001 ** −5.65 0.0001 ***

8
Boys 32 1.29 ± 0.07 33.08 ± 5.21 63.19 ± 6.01 1.15 ± 0.06 14.92 ± 5.17
Girls 37 1.31 ± 0.06 36.58 ± 6.19 66.66 ± 11.89 1.19 ± 0.06 22.28 ± 6.59

Comparative
Analysis 79

t p t p t p Z p Z p
−1.30 0.19 −1.62 0.11 −2.92 0.001 ** −2.66 0.01 * −5.73 0.0001 ***

9
Boys 30 1.36 ± 0.06 40.44 ± 11.36 65.81 ± 6.24 1.14 ± 0.03 17.60 ± 2.81
Girls 15 1.34 ± 0.06 39.61 ± 6.86 69.85 ± 6.42 1.18 ± 0.07 23.67 ± 7.37

Comparative
Analysis 45

Z p t p Z p Z p Z p
−0.67 0.49 −0.47 0.63 −2.76 0.001 ** −1.38 0.16 −1.19 0.23

Total: Boys 184 1.29 ± 0.12 35.21 ± 11.57 63.08 ± 6.91 1.15 ± 0.05 16.25 ± 3.98
Total: Girls 172 1.31 ± 0.11 37.35 ± 11.91 66.56 ± 8.88 1.18 ± 0.06 22.63 ± 6.11

Comparative
Analysis 356

Z p t p Z p Z p Z p
−2.36 0.18 −2.97 0.001 ** −4.18 0.001 ** −4.76 0.001 ** −10.37 0.0001 ***

Note: (Z) Mann–Whitney U test, (t) Student’s t-test. Statistical significance: (*) < 0.05; (**) < 0.01; (***) < 0.001.

Table 3. Distribution of nutritional status according to BMI z-score and abdominal obesity estimated from waist circumfer-
ence, according to conicity index intervals.

Sex CI
Intervals

Nutritional Status According to BMI
Z-Score

Abdominal Obesity According to Waist
Circumference

Obese
(%)

Overweight
(%)

Overweight
Risk (%)

Overall
(%)

Obese
(%)

Abdominal
Obesity Risk (%)

Normal
(%)

Overall
(%)

Boys

≤1.00 0.0 0.0 0.5 0.5 0.0 0.0 0.5 0.5
1.01–1.10 2.7 4.9 8.2 15.8 2.2 2.2 11.4 15.8
1.11–1.20 10.9 21.2 34.2 66.3 14.7 18.5 33.2 66.3
1.21–1.30 4.3 7.6 4.3 16.3 11.4 3.8 1.1 16.3
1.31–1.40 0.0 0.5 0.0 0.5 0.5 0.0 0.0 0.5

1.41+ 0.5 0.0 0.0 0.5 0.5 0.0 0.0 0.5
Total 18.5 34.2 47.3 100 29.3 24.5 46.2 100

Girls

≤1.00 0.0 0.0 0.6 0.6 0.0 0.0 0.6 0.6
1.01–1.10 1.2 2.9 5.2 9.3 1.2 2.9 5.2 9.3
1.11–1.20 6.4 16.9 33.7 57 17.4 24.4 15.1 57
1.21–1.30 7.6 13.4 8.1 29.1 24.4 4.7 0.0 29.1
1.31–1.40 1.2 2.3 0.6 4.1 4.1 0.0 0.0 4.1

Total 16.3 35.5 48.3 100 47.1 32 20.9 100

Overall

≤1.00 0.0 0.0 0.6 0.6 0.0 0.0 0.6 0.6
1.01–1.10 2 3.9 6.7 12.6 1.7 2.5 8.4 12.6
1.11–1.20 8.7 19.1 34 61.8 16 21.3 24.4 61.8
1.21–1.30 5.9 10.4 6.2 22.5 17.7 4.2 0.6 22.5
1.31–1.40 0.6 1.4 0.3 2.2 2.2 0.0 0.0 2.2

1.41+ 0.3 0.0 0.0 0.3 0.3 0.0 0.0 0.3
Total 17.4 34.8 47.8 100 37.9 28.1 34 100
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The average conicity index value for the overall sample was 1.16 ± 0.06, with girls
generally having higher indices than boys. Significant sex differences were found within
the youngest four age groups (Table 2) but not for nine-year-old participants.

Average CIs reported in the age groups corresponding to five-, seven- and eight-year-
olds were similar, with no statically significant differences emerging (F = 0.82; p-value = 0.479).
Further, outcomes were significantly correlated with weight, waist circumference and body
fat mass, but not with height (Table 4).

Table 4. Pearson correlation coefficients (r) between anthropometric variables.

CI Height (m) Weight (kg) wstC (cm) BF%

CI
r 1.00

p-value

Height (m) r 0.07 1.00
p-value 0.17

Weight (kg) r 0.19 ** 0.87 ** 1.00
p-value 0.00 0.00

wstC (cm)
r 0.68 ** 0.6 ** 0.82 ** 1.00

p-value 0.00 0.00 0.00

BF%
r 0.47 ** 0.32 ** 0.51 ** 0.66 ** 1.00

p-value 0.00 0.00 0.00 0.00

** Note: Correlation significance level 0.01 (bivariate).

Participant conicity indices were similar regardless of whether the participants were
classified as obese or overweight according to their BMI z-score, with no statistically
significant differences emerging (X2 = 2.469; p-value = 0.650). In contrast, participants who
were classified as being at risk of being overweight presented conicity indices that were
significantly lower than the aforementioned groups (X2 = 29.83; p-value = 0.001). With
regard to the distribution of participating schoolchildren according to CI intervals defined
in association with BMI z-scores, the majority of participants had indices that fell within
the 1.11 to 1.20 CI interval, with fewer having indices between 1.21 and 1.30. The rest
of the sample presented indices that fell into extreme categories that lacked significant
representation (Table 3).

It is also of interest to consider the distribution of individuals classified as obese due
to their waist circumference. In the case of boys, CI’s were distributed within a confidence
interval of 1.176 to 1.213, whilst in the case of girls this interval ranged from 1.208 to 1.234.
Remaining participants included in the categories for “at risk of abdominal obesity” and
“normal weight” presented lower values (Table 5). In this way, the obtained confidence
intervals permitted the determination of CI cut-points, with values greater than or equal
to 1.176 and 1.208 in boys and girls, respectively, denoting the state of abdominal obesity.
Abdominal obesity risk was denoted at values above 1.148 in both sexes, whilst lower
values corresponded to the normal state.

Table 5. CI cut-points according to confidence intervals for identifying abdominal obesity in accordance with waist circum-
ference.

Classification According
to Waist Circumference

Population n X and SD of CI Standard Error of the X
CI According to

Confidence Intervals
LOWER UPPER

Obese
Males 54 1.194 ± 0.07 0.009 1.176 1.213

Females 81 1.221 ± 0.06 0.007 1.208 1.234
Overall 135 1.210 ± 0.06 0.006 1.200 1.221

Abdominal obesity risk
Males 45 1.159 ± 0.04 0.006 1.148 1.172

Females 55 1.167 ± 0.05 0.006 1.155 1.180
Overall 100 1.164 ± 0.04 0.004 1.155 1.173
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Table 5. Cont.

Classification According
to Waist Circumference

Population n X and SD of CI Standard Error of the X
CI According to

Confidence Intervals
LOWER UPPER

Normal
Males 85 1.126 ± 0.04 0.004 1.118 1.136

Females 36 1.125 ± 0.04 0.007 1.112 1.138
Overall 121 1.126 ± 0.04 0.004 1.119 1.134

Overall
Males 184 1.154 ± 0.06 0.004 1.146 1.163

Females 172 1.184 ± 0.06 0.005 1.174 1.194
Overall 356 1.168 ± 0.06 0.003 1.162 1.175

Cut-Points for Diagnosis of Abdominal Obesity

Sex Abdominal Obesity Abdominal Obesity Risk Normal

Male ≥1.17 1.14–1.16 <1.14
Female ≥1.2 1.15–1.19 <1.15

Average fat mass percentage in the study sample was higher in girls than boys (Table 2)
in all studied age groups. With regard to age groups, mass showed the lowest BF% amongst
five-year-old schoolchildren and the highest amongst six-year-old schoolchildren, with
this group having a significantly greater proportion of body fat than the rest of the sample
(F = 1.275; p-value = 0.028). Finally, 56.2% of study participants presented with a fat content
that accounted for less than 20% of their body weight.

4. Discussion

Obtained outcomes showed that a significant correlation existed between height and
weight, waist circumference and percentage body fat. This suggests that these factors may
exert an influence on body fat content and the accumulation of abdominal fat. This situation
has been previously reported by Remón Popa et al. [25] in male adults of different heights.
Further, it is significant that the girls who participated in the present study were typically
taller than the boys. This implies that the girls involved in the study had a greater capacity
to support their total body mass against the forces of gravity. This finding is related to the
genetic determinism of growth during the pre-pubertal period, with phenotypic weight
plasticity known to be lacking due to exposure to non-endogenous stimuli [26].

Waist circumferences in the study population mostly pertained to the statuses of
“obesity” or “at risk of abdominal obesity”, with more girls being found in these groups
than boys. Should these statuses be maintained, they would lead to an alarming prognosis
within the examined schoolchildren, especially—and particularly amongst girls—when
the modifications that occur to body and abdominal fat during biological maturity are
considered. In this respect, Cordero and Cesani [27] and Harwood [28] have described the
increased fat accumulation that takes place in the gluteofemoral region in girls from the
onset of the pubertal period. This does not constitute a limiting factor for the continuity
of abdominal fat stores, unlike in boys, who, according to Bojanic et al. [29] and Pérez
Miguelsanz et al. [30], preserve their fat distribution in the abdominal zone, tending
towards the loss of fat mass in the limbs and fat gains in the trunk.

According to Hernández et al. [9] and Sousa et al. [20], this dymorphic distribution
seen in girls puts them at a greater risk of diabetes, prothrombosis and chronic low-grade
inflammation. As outlined by Flores-Olivares et al. [31], this increases the likelihood of
conditions becoming chronic in nature and extending into adulthood.

To what has been discussed above, it can be added that examination of abdominal
obesity classifications according to waist circumference, alongside the distribution of
nutritional status according to BMI z-score, produced statistically significant differences
(X2 = 169.432; p-value = 0.001). Further, a Cohen’s kappa (K) agreement of 35% was
produced between the categories defined in both models, with a lower value being seen
in girls (K = 18.8%) than in boys (K = 51.9%). In addition, a higher number of obese



Sustainability 2021, 13, 5583 8 of 11

individuals were identified when using the waist circumference classification, whilst a
meaningful proportion of those previously declared as overweight or at risk of being
overweight according to their BMI z-score where denominated as having a normal status
(34.0%). This status does not constitute an isolated finding. In fact, it is in agreement
with a study conducted by Pérez-Ríos et al. [32] with a sample of Galician children and
adolescents, in which 4 of every 100 pupils diagnosed as normal weight actually presented
with abdominal obesity.

The evidence presented above highlights the limitations of BMI when it comes to
discriminating between body compartments, such as fat compartments and their localised
distribution. In the opinion of Curilem Gatica et al. [4], BMI can, therefore, lead to mis-
leading information about obesity risk, particularly for abdominal obesity. This same
conclusion is held by other authors [33–35] who, on the whole, class it as a measure of
low sensitivity, pointing to its negative implications in relation to the carrying out of nutri-
tional diagnostic tests within this age group. These findings confirm that BMI and waist
circumference measurements cannot be used interchangeably in the nutritional evaluation
of children. On the other hand, they can be used in collaboration, with wstC being prefer-
entially used as the main descriptor in children aged five to nine years, reflecting the way
in which the continuous changes experienced during growth and development affect BMI
and their classification.

Consequently, the criteria presented by Pérez-Ríos et al. [32] were upheld with respect
to the fact that prevalence of excess weight, when evaluated independently from abdominal
obesity, led to underestimation of nutritional status in the present study. As well as this,
Torres-Zapata et al. [36] have highlighted the likelihood of not detecting the presence of
obesity syndrome in normal weight individuals.

Despite the meaningfulness of the conicity index as an indicator of abdominal obesity,
Arruda Neta et al. [19] highlight that it has had only a limited use in epidemiological studies.
These authors suggest that the reason for this lies in the equation’s calculation complexity,
although Carneiro et al. [37] and Fariñas Rodríguez et al. [5] also mention the lack of
cut-points when using this measure to conduct evaluations within youth populations.

It is notable that various authors have only found waist circumference and weight
to be correlated with abdominal obesity [20,38]. This same condition was met in the
present study, as statistically significant correlations were found when associating these
two variables with estimated CIs, but not with height. This condition has been reported by
other authors as a weak association that is highly desirable as an obesity indicator [9,23].

In contrast, conicity index outcomes in the present study differed from those reported
by Fariñas Rodríguez et al. [5], which suggested that significant differences did not exist
according to sex or age. This same outcome was only found in the present work in nine-
year-old schoolchildren, whilst girls aged between five and eight years presented higher
CI values than boys. Another study reporting contrasting outcomes is that conducted
by Barbosa et al. [39] in Brazilian and Venezuelan children aged between seven and nine
years [19,40]. Unlike in the present study, these authors identified higher values for this
indicator amongst boys.

With regard to the differences described above in comparison with other studies,
it should not be ignored that the sample for the present study was selected with the
main aim of including individuals who presented excess fat, according to their BMI. This
same criterion was only applied in the research study conducted by Barbosa et al. [39]
in Brazilian children. All other studies [5,19,40] developed nutritional diagnostic tests,
dependant on chronological age or biological maturity status, rather than on excess fat. In
this previous research, values pertaining to the various bodily dimensions were generally
found to be greater in boys than girls. Nonetheless, within the sample of schoolchildren
captured in the present study as a unit of analysis, girls had greater height, weight and
waist circumference dimensions than boys up until eight years of age. From eight years
onwards, boys exceeded girls and, although girls continued to have slightly higher CIs at
nine years, these differences were not statistically significant. Thus, from this age on, there
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was no evidence of higher values amongst girls, suggesting a possible sexual dymorphism
from eight years onwards, something that has already been demonstrated in children from
this region [26].

Aside from the aforementioned differences, it is evident that the average conicity
index obtained for participants in the present study indicates the existence of a body shape
that reflects the presence of fat stores in the abdominal region and the possible possession
of a lipid plasma profile characterised by negative health indices. Such negative health
indices are determined according to triaglyceride and LDL cholesterol levels, which hasten
the emergence of diseases such as type 2 diabetes, obstructive sleep apnea, hypertension,
dislipidemia and metabolic syndrome [19,41].

On the other hand, although the conicity index maintained a statistically significant
correlation with the percentage of body fat in the present study, this correlation does not
mean that CI increases are paired with BF% increases. The present work produced evidence
that children with percentage body fats of between 10% and 30% were largely concentrated
within a CI range of 1.11 to 1.20. In this way, the location of fat accumulation or abdominal
adiposity determined differences between these children.

Finally, it is necessary to consider that the value of 20% body fat referred to by Hoyo
and Sañudo [42] as a cut-point that determines excess fat in the infant population does
not correspond with the outcomes reported in the present study. This is evidenced by the
fact that all of the present participants diagnosed with excess fat presented excess fat in
accordance with their BMI z-score, but only 40.4% of these exceeded the aforementioned
fat percentage.

5. Conclusions

The population covered by the present sample showed a high prevalence of central
obesity, or risk thereof, according to waist circumference and conicity index. Prevalence
was higher amongst girls than boy, with girls also having a more negative plasma lipid
profile with regard to health.

BMI failed to show significant agreement with nutritional status classification through
waist circumference and may, therefore, conceal the existence of obesity syndrome when
weight is considered to be normal.

In accordance with the cut-points identified for the study population, the conicity
index represents a subsidary scale which can be used to identify central adiposity in
evaluations of nutritional state according to BMI z-scores. In this way, it suggests a practical
condition of use in circumstances when BMI is not combined with waist circumference for
the nutritional diagnosis of individuals belonging to the infant population aged between
five and nine years old and living in the coastal region of Ecuador.

Thus, diagnosis of the distribution and location of body fat accumulation permits
identification of the existence of morbidity risk associated with the likely manifestation
of metabolic syndrome. It is, therefore, necessary to include this diagnosis in studies
examining body composition in children.
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