This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit
[ http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

Prevalence of Obesity in Elementary School Children and
its Association with Dental Caries

Rodrigo Serrano-Pifia@ / Fernando Javier Aguilar-AyalaP / Rogelio José Scougall-Vilchis¢ /
Martha Liliana Trujillo-Glizad / Hugo Mendieta-Zeréne

Purpose: To determine any associations between obesity and caries activity in the mixed dentition stage among
primary school children in a low-income Mexican primary school.

Materials and Methods: This cross-sectional study was performed in Mexican schoolchildren aged 8-12 years. The
body mass index (BMI) was obtained, and children were classified as overweight/obese considering age and sex.
The experience of caries in permanent and temporary dentition was established with the sum of decayed/missing/
filled teeth (DMFT or deft index for permanent or temporal dentition); a caries index for all teeth was also consid-
ered (total decay [TD]). Mann-Whitney U-test was used to contrast the distribution between sexes of the quantita-
tive variables and to contrast the distribution of each variable per category, the Kruskal-Wallis test was used.
Spearman’s Rho test was used to establish the correlation between the quantitative variables. Multiple linear re-
gression models were performed to find the relationship between the O’Leary index and the BMI. A Multilayer Per-
ceptron was constructed as follows: (a) dependent variables: deft, DMFT, TD and O’Leary index; (b) factor: BMI; (c)
covariable: age.

Results: A total of 331 children were included in the study. Dental caries prevalence was 32.4% (95% Cl 29.7—-
35.2), while the mean DMFT was 0.64 (+ SD 1.00). Through the Spearmen test, a statistically significant negative
correlation was found between BMI-for-age with the total experience of carious lesions (r = -0.127, p = 0.021) and
with experience of carious lesions in the deciduous dentition (deft) (r =-0.195, p <0.001). But when using the lin-
ear and logistic regression models to analyse the relationship with the O’Leary index, BMI was not statistically sig-
nificant. With the Multilayer Perceptron there appears to be less error in the prediction of deft than the other
indexes.

Conclusions: This study confirms the high prevalence of obesity in primary school children. It also shows the
scarce association between carious lesions and obesity.
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Despite improved preventive regimens and advances in
early diagnostic techniques, dental caries remains a
highly prevalent childhood disease.3.4 Possible variables
associated with dental carious lesions have been exten-
sively investigated, and some are well known in children,
such as sex, skin colour, diet, toothbrushing habits, along
with socioeconomic factors, such as family income and type
of school.8:25 Because high-calorie diets are a major cause
of obesity, it is speculated that these diets could also
cause dental caries and the explanation is based on the
fermentable carbohydrates/sugar content of the diet. On
the other hand, discussions about the relationship between
dental carious lesions and other less studied factors such
as obesity or physical activity have only increased re-
cently.24 Numerous studies have been performed to deter-
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mine whether an association exists between being over-
weight or obese and carious lesions; however, the results
of these studies are inconsistent.9:15.22,32

Overweight and obesity are serious public health prob-
lems with particular concerns in children.11 The prevalence
of obesity has increased rapidly worldwide in all ages and
socioeconomic groups, both in developed and developing
countries.?8 In Mexico, obesity is a problem across all
ages. In preschoolers, the prevalence of obesity was re-
ported to be 34.4%.26 Although studies investigating obe-
sity among Mexican students of primary schools have been
published previously, there are no published works target-
ing the possible association between obesity, type of denti-
tion and carious lesions. The aim of this study was to deter-
mine if any associations exist between obesity and carious
lesion activity in the mixed dentition stage among school
children in a low-income Mexican primary school.

MATERIALS AND METHODS

This was a clinical, descriptive, cross-sectional and pro-
spective study. The targeted population included all of the
children in the 4th, 5th, and 6th grade at the elementary
school ‘Venustiano Carranza’ in San Mateo Atenco, State of
Mexico. Third-grade schoolchildren aged 8-12 years were
also selected to ensure that all subjects were in a stage of
mixed dentition. Approval was obtained from the school
principal prior to the school visit. Moreover, during the first
visit, consent forms with information about the study were
distributed to the students. Students were encouraged to
return the form the following morning. A total of 400 con-
sent forms were distributed. At the next school visit, the
children who had brought back a signed consent form were
examined. Children were eligible to participate if they had
returned the signed parental consent form. All measure-
ments were made between 8 and 11 am.

Anthropometric Measurements

Height, weight, and waist circumference (WC) measure-
ments of all of the students were recorded by a single ex-
aminer supported by an assistant for the registration of the
obtained data. Height was recorded using a commercial,
non-elastic measuring tape. The children stood barefoot on
a flat surface, with their weight distributed on both feet, the
heels together, with shoulders straight, arms hanging freely
and head looking straight forward. A point was marked on a
large white piece of cardboard fixed to the wall that corre-
sponded to the highest point of the head. The tape was
used to measure the distance from the floor to that point.
Height was rounded to the nearest 0.1 cm.

An electronic weight scale (Microlife AG 9435 model)
was used to measure body weight with light clothing and
without shoes, jackets or heavy accessories. Each child
was instructed to stand in the centre of the scale with the
feet slightly apart and not to move until the weight ap-
peared on the counter. The readings were rounded to the
nearest 100 g.
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WC was measured using a non-elastic measuring tape
(Seca 201, Hamburg, Germany), at the highest point of the
iliac crest when the child was standing at minimal respira-
tion. The measurement was obtained with each child stand-
ing with the arms raised in a horizontal position. WC was
rounded to the nearest 0.1 cm. Body mass index (BMI) was
calculated for each student by dividing the weight in kilo-
grams by the square of the height in meters (kg/m?2).

In this study, BMI was categorised using the percentile
charts for age and sex. The principal cut-off points and their
corresponding classifications were as follows: underweight
(<bth percentile), normal (5th-84th percentiles), overweight
(85th—94th percentiles), and obese (=95th percentile).

The z~score = ((observed value — median value of the
reference population)/ standard deviation value of refer-
ence population) was calculated based on the values for
Mexican children.2 With regard to WC, a cut-off of >90th
percentile for age-specific and gender-specific measure-
ments was used to define obesity.18

Dental Evaluation

The dental evaluation was performed in the morning by a
single examiner. The physical space of work was condi-
tioned and organised previously. The intraoral evaluation
was performed with natural light and the examiner used a
lightweight, portable examination kit during the procedure.
Children were seated in front of the examiner on a school
chair during the examination. First, the amount of biofilm
present in the oral cavity was counted. For biofilm staining,
GC Plaque ID Gel dental plaque developer gel (GC NIMI
Chemical Industrial, Yokohama, Japan) was used according
to the manufacturer’s instructions. This material was ap-
plied with a regular 2 mm disposable microapplicator (Origi-
nal Microbrush, Microbrush International, WI, USA). The
excess developer gel was removed with purified water
rinses for 15 s. The O’Leary index was used to calculate
the percentage of stained surfaces in all the tooth/teeth
elements present in the oral cavity.20

After the staining of biofilm, a dental prophylaxis treat-
ment was performed to remove the remaining stains,
plague and food on the tooth surface, using a sterile brush,
prophylactic paste, and a Saeshin electric micromotor
(Saeshin Precision, Korea); the mouth was then rinsed for
30 s with cold purified water.

Later, the number of carious lesions in permanent and
temporary dentition was established with the sum of de-
cayed/missing/filled teeth (DMFT) or the deft index for per-
manent or primary dentition, which was considered a caries
index for all teeth (total decay [TD]). A round-ended dental
probe, a sterile, flat-surfaced non-magnifying mouth mirror
(Hu-friedy Mfg. Co, LLC. USA), gauze and cotton rolls were
used. The criteria for the diagnosis of the state of each
tooth elements and the coding of the World Health Organi-
zation (WHO) were used.34 After the dental examination, a
confidential report was sent to the parents informing them
about their child’s oral health status and treatment needs.
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Table 1 Distribution of age, weight, height, BMI, DMFT, deft, TD and O’Leary index among the evaluated schoolchildren

Total (n = 331) Boys (n = 171) Girls (n = 160) P
Mean + SD Range Mean + SD Range Mean + SD Range

Age (years) 10.2 +0.98 8.0-12.4 10.2 + 0.99 8.1-12.4 10.2+ 0.9 8.1-12.2
Weight (km) 37.5+9.8 19.6-87.7 30.1+10.4 21.8-87.7 36.9+9.2 19.6-66.8 0.548
Height (cm) 140.2 £ 8.3 121-168.5 140.2+ 8.4 123.5-168.5 140.1 £ 8.2 121-160.5 0.890
BMl-for-age (kg/m2) 18.8+3.5 11.8-33.0 19.1+ 3.6 13-33 18.6 + 3.4 11.8-31.3 0.406
DMFT 1.5+1.9 0-11 1.4+1.9 0-11 1.7+1.9 0-11 0.057
Deft 3.6 £29 0-12 3.6%29 0-11 3.5%£3.0 0-12 0.505
D 51+£3.3 0-14 50+3.3 0-14 52+33 0-14 0.586
O’Leary Index 26.3+6.1 12.5-52.2 26.1+5.4 14.5-40.6 26.5+6.6 12.5-52.1 0.761
SD, standard deviation; BMI, body mass index; DMFT, decayed, missed or filled permanent teeth; deft, decayed, extracted or filled primary teeth; TD, total
decay.

Statistical Analysis

Continuous data were expressed as means * standard de-
viation (SD). Frequencies and percentages were reported
for the categorical characteristics, as well as obesity status
and carious lesions status in the primary and permanent
teeth. The Kolmogorov—Smirnov/Shapiro—Wilks normality
tests were performed on all quantitative variables. Mann—
Whitney U-tests were used to contrast the distribution be-
tween the sexes for the quantitative variables. The Kruskal—
Wallis test was used to test the distribution of the
quantitative variables between the categories for each vari-
able (TD, DMFT, deft, O’Leary, BMI-for-age and z~score).
The Spearman’s Rho test was used to establish the correla-
tion between the quantitative variables. Multiple linear re-
gression models were performed to find the relationship
between the O’Leary index and the BMI. The models consid-
ered the BMI as a continuous and categorical variable and
the categories by means of z~score. Additionally, the same
relationship was studied and regression models were car-
ried out for the categories of the O’Leary index. Poisson
linear regression models were used to evaluate the relation-
ship between carious lesions and BMI. The associations
between obesity status, carious lesions and gender were
analysed using the chi-squared test, as were the associa-
tions between obesity status and carious lesions in the pri-
mary, permanent and both primary and permanent teeth.
Pearson correlation was used to evaluate correlations be-
tween BMI and the evaluated indices (TD, deft, DMFT and
O’Leary). The Multilayer Perceptron, which is one of the ar-
tificial neural networks30 used increasingly with more diver-
sity in the clinical field,27 is a powerful interpolation math-
ematical ‘trainer’ system capable of calculating non-linear
functions of any complexity from known input and output
values used as examples for learning, consists of multiple
layers including an input layer, multiple hidden layers and
an output layer. In this project it was constructed as fol-
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lows: (a) dependent variables: deft, DMFT, TD and O’Leary
index; (b) factor: BMI; (c) covariable: age. In all cases, the
statistical significance level was set at p <0.05, using
SPSS version 23.0 software (IBM, Armonk, NY, USA).

Ethics

The ethics committee of the ‘Ménica Pretelini Saenz’ Mater-
nal-Perinatal Hospital (HMPMPS), Health Institute of the
State of Mexico (ISEM), approved the protocol (registered at
the informatics platform of the ISEM, code:
217B500402016054). All procedures were performed in
accordance with the Declaration of Helsinki and the General
Health Law in Mexico. Informed consents were obtained
with the signature of the parent or guardian and the student
prior to performing any procedures.

RESULTS

The study included 331 elementary school children, 171
boys and 160 girls. The mean age of the participants was
10.2 £ 0.9 years, with a range of 8.1-12.4 years. Table 1
shows the general characteristics of the population: anthro-
pometric data, BMI-for-age, caries experience (TD, DMFT,
deft), and oral hygiene.

The total number of teeth in the full population was of
7974 (boys = 4089, girls = 3885), divided into 2381 pri-
mary teeth (boys = 1312, girls = 1069) and 5593 perma-
nent teeth (boys = 2777, girls = 2816). Table 2 contrasts
the variables between genders. In comparison, weight, car-
ies experience (DMFT, TD) and oral hygiene were slightly
higher in women; however, these differences between
sexes were not statistically significant. For the age range,
the study population presented with mixed dentition; for in-
stance, the mean tooth elements present in the oral cavity
was 24.09 with a range of 20-28 (23.9 in males and 24.3
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Table 2 Comparison of the evaluated variables among boys (n = 171) and girls (n = 160)*

95% ClI
Variable Type of analysis P Low High
Age (years) Equal variances assumed 0.805 -0.187 0.241
Equal variances not assumed 0.805 -0.187 0.241
TD Equal variances assumed 0.667 1.871 0.558
Equal variances not assumed 0.667 -0.872 0.558
deft Equal variances assumed 0.688 -0.509 0.770
Equal variances not assumed 0.689 -0.510 0.771
DMFT Equal variances assumed 0.159 -0.702 0.115
Equal variances not assumed 0.159 -0.702 0.116
O’Leary Index Equal variances assumed 0.566 -1.699 0.931
Equal variances not assumed 0.568 -1.708 0.940
Weight (kg) Equal variances assumed 0.296 -1.000 3.275
Equal variances not assumed 0.294 -0.991 3.266
Height (cm) Equal variances assumed 0.901 -1.691 1.920
Equal variances not assumed 0.901 -1.690 1.919
BMI (kg/m?2) Equal variances assumed 0.222 -0.289 1.230
Equal variances not assumed 0.222 -0.288 1.238
Primary teeth Equal variances assumed 0.051 -0.003 1.985
Equal variances not assumed 0.051 -0.005 1.988
Permanent teeth Equal variances assumed 0.024 -2.543 -0.178
Equal variances not assumed 0.025 —2.548 -0.173
Tooth/teeth elements Equal variances assumed 0.026 -0.693 -0.045
Equal variances not assumed 0.026 -0.694 -0.044

BMI, body mass index; deft, decayed/extracted/filled teeth; DMFT, decayed/missing/filled teeth; TD, total decay. *: Using the student t test.

in females). Our results demonstrate that 70.14% of the
examined teeth belonged to the permanent dentition. A sta-
tistically significant difference by sex was found in the total
number of teeth (P = 0.026), as well as in the number of
permanent teeth (P = 0.024), with females presenting
higher number of erupted permanent teeth.

Table 3 shows the distribution of the caries experience
and oral hygiene index by categories of BMI-for-age and
z~score. With regards to BMI-for-age, 54% of the population
was classified as normal weight, 25.07% overweight,
13.89% obese and morbidly obese, and 6.64% under-
weight. The total experience of carious lesions was greater
in the low weight and normal weight groups (TD 5.27 and
5.26, respectively). The overweight group showed a greater
experience of carious lesions in permanent dentition (DMFT
1.69), while in the primary dentition it was greater in the
underweight group (deft 4.0). Regarding oral hygiene, our
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study showed that the presence of biofilm was higher in the
obesity and low weight categories (O’Leary 27.97 and
27.15, respectively), while schoolchildren with morbid obe-
sity had a lower O’Leary index (25.4). No statistically sig-
nificant differences were found in the caries experience and
oral hygiene among the BMI-for-age categories.

The distribution of the study population in the z~score
categories was presented as follows: 35.95% were normal
weight, 30.51% were overweight, and 27.79% were obese.
The total caries experience was greater in the normal
weight group (TD 5.58); the caries experience in permanent
dentition was greater in the overweight group (DMFT 1.59),
while in the primary dentition it was higher in the normal
weight group (deft 4.11). The greater presence of biofilm
was reported in the overweight and obesity groups with a
mean of 27.11 but no statistically significant differences
were found.

Oral Health & Preventive Dentistry
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Table 4 Pearson correlations of BMI with DMFT, deft,
total decay and O’Leary index among all the evaluated
schoolchildren

Variables Pearson P
DMFT and O’Leary index 0.157 0.004
BMI and DMFT 0.084 0.129
BMI and deft -0.195 <0.001
BMI and total decay -0.127 0.021
BMI and O’Leary index 0.027 0.619
BMI, body mass index; DMFT, decayed, missed or filled permanent teeth;
deft, decayed, extracted or filled primary teeth.

Through the Pearson test, a moderate negative correla-
tion, which was statistically significant, was found between
BMlI-for-age with the total experience of carious lesions
(r=-0.127, p = 0.021) and with experience of carious le-
sions in the deciduous dentition (deft) (r =-0.195,
p <0.001) (Table 4).

Linear and logistic regression models were adjusted to
analyse the relationship between the O’Leary index and the
other variables with a focus on the BMI. When an adjust-
ment was made for sex and age, these variables were not
statistically significant. Table 5 shows the results of the
models adjusted for the O’Leary index, in all cases the in-
dependent variable ‘% permanent teeth’ was included. In
models 1 to 3 the O’Leary index was processed as a con-
tinuous variable. While in model 1, BMI-for-age was consid-
ered as a continuous variable; in model 2 it was a categor-
ical one. At last, in model 3 the categorical variable was
the z~score category. In these three models the variable
‘% of permanent teeth’ was statistically significant
(p <0.01).

When using the logistic regression models (4, 5 and 6),
the O’Leary categorical variable was dichotomous, with
models 4 and 6 being statistically significant overall. Inter-
estingly, the ‘% of permanent teeth’ in the three cases was
statistically significant in the same direction as the previ-
ous models; the BMI in its different forms was not statisti-
cally significant in any model.

Table 6 shows the models for the caries experience. Ad-
justments were tested for the variables; however, the ma-
jority of variables were not statistically significant. Only the
percentage of permanent teeth showed statistical signifi-
cance. Therefore, the final model considered three vari-
ables: percentage of permanent teeth, O’Leary index and
BMI. The O’Leary index was statistically significant in all
three models, with a relative risk (RR) = 1.02 (95% Cl:
1.01-1.02, p < 0.01). The percentage of permanent teeth
was statistically significant in all three models (p <0.01).
No statistically significant relationship with BMI was found
in any of the models.

With the Multilayer Perceptron to investigate relation-
ships between carious lesions and oral hygiene the average
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Table 5 Regression models for O’Leary index

O’Leary index O’Leary category*
Model Independent @ 95% ClI B F Model Independent C 95% Cl P F
1 %permanent 55 (5 66-9.49) <0.01 4 %permanent 4 (1-1.03) <0.01
teeth teeth
<0.012 0.03a
(E:;'Z'r']ff:]ru‘fii) 004 (-0.23-0.15) 0.68 fc“é'r']tfﬁ]ruaoies) 098 (0.92-1.05)  0.60
2 %permanent 65 (542.9.09) <0.00 5 %permanent 4 4; (1903 <0.01
teeth teeth
BMI-for-age category BMI-for-age category
Normal (reference) <0.01# Normal (reference) 0.058
Overweight 0.48 (-1.07-2.03) 0.54 Overweight 1.19 (0.71-2.01) 0.51
Obesity 0.21 (-1.71-2.14) 0.83 Obesity 1.22  (0.64-2.34) 0.55
3 %permanent 56 (376-9.39) <0.01 6 %permanent 445> (1-1.03)  <0.01
teeth teeth
Z~score Z~score
category category
<0.012 <0.012
Normal (reference) Normal (reference)
Overweight 1.38 (-2.92-0.16) 0.08 Overweight 0.62 (0.36-1.06)  0.08
Obesity 0.29 (-1.29-1.88) 0.71 Obesity 1.03 (1.03-1.77) 0.91
C, primary teeth/total teeth ratio coefficient; Cl, confidence interval; BMI, body mass index. * Dichotomous variable. 2: chi-squared test.
Table 6 Poisson regression models for caries experience
Independent RR Cl 95% B F*
Model 1 % permanent teeth 0.99 (0.99-0.99) <0.01 <0.01
O’Leary 1.02 (1.01-1.02) <0.01
BMI-for-age (continuous) 0.99 (0.98-1.01) 0.23
Model 2 % permanent teeth 0.99 (0.99-0.99) <0.01 <0.01
O’Leary 1.02 (1.01-1.02) <0.01
BMI-for-age (0.0)
Normal (reference) (0.0)
Overweight 0.97 (0.86-1.09) 0.58
Obesity 0.90 (0.78-1.05) 0.17
Model 3 % permanent teeth 0.99 (0.99-0.99) <0.01 <0.01
O’Leary 1.02 (1.01-1.02) <0.01
Z~score category (0.0)
Normal (reference) (0.0)
Overweight 0.96 (0.86-1.08) 0.49
Obesity 0.91 (0.81-1.02) 0.11

BMI, body mass index; Cl, confidence interval. *chi-squared test.
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overall relative errors were fairly constant across the train-
ing (0.957) and testing (0.911) samples, which give us
some confidence that the error in future cases, scored by
the network will be similar to this model. It can be seen
also that there appears to be less error in the prediction of
deft than the other indexes in the primary school children
as the relative error in both, the training (0.883) and testing
model (0.795) had the lowest values (Table 7).

DISCUSSION

Several reports have shown that the prevalence of being
overweight or obese among children is increasing in devel-
oped and developing countries, and this issue is becoming
a public health concern.’-13 It is plausible that a high BMI
can be harmful to the dental health status of a child.21 On
this subject, sugar-sweetened, carbonated beverages have
been found to be associated with a higher BMI and poor
dietary choices involving, for example, frequent desserts,
savoury snacks and total sugar consumption, as well as
with lower milk consumption.® Our study showed no statisti-
cally significant difference in the prevalence of obesity be-
tween boys and girls based on BMI and agrees with the
findings of the 2015 National Health and Nutrition Examin-
ation Survey.19

Obesity and carious lesions are concomitant conditions
in many populations, largely because of common risk fac-
tors, including consumption of highly calorific and cario-
genic substances. Regarding oral hygiene, the heteroge-
neous results of our population reinforces the fact that,
although qualitative differences in the prevalence of dental
caries among BMI and z~score groups were identified, in
fact, no statistical differences have been found.

Our data add to the reports of higher the prevalence of
obesity in low socioeconomic status groups.1? Even more,
this finding is consistent with reports of significantly higher
percentages of carious lesions in older children.23

The current data show an association between anthropo-
metric variables, especially between BMI and carious le-
sions, but there has been conflicting evidence in the litera-
ture with regard to the nature and direction of this
association. Similar to our results, it has been shown that
dental carious lesions are inversely associated with all an-
thropometric outcomes in Saudi children, including height
and weight, suggesting that untreated carious lesions are
associated with poorer growth. Furthermore, a survey con-
ducted in 2012 showed that a smaller proportion of obese
children present with dental caries at their dental initial ex-
aminations compared with normal weight children.31

Some effects of dental carious lesions on weight homeo-
stasis that should be considered with regard to reduced
weight gain are pain while chewing,® and alterations due to
immune, endocrine or metabolic responses.1? The relation-
ship in our sample population is not clear, as there was an
inverse relationship between the BMI and the presence of
carious lesions, possibly explained by the primary teeth
change.
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Table 7 Multilayer Perceptron analysis to investigate
relationship between carious lesions and oral hygiene

Model summary
Training Sum of squares errors 432.738
Average overall relative error 0.957
Relative error for DMFT 1.002
scale dependents
deft 0.883
Total decay 0.948
O’Leary 0.997
Tests Sum of squares errors 62.110
Average overall relative error 0.911
Relative error for DMFT 0.875
scale dependents
deft 0.795
Total decay 1.073
O’Leary 0.980
DMFT, decayed, missed or filled permanent teeth; deft, decayed, ex-
tracted or filled primary teeth.

Willershausen et al found a significantly lower percent-
age of obese children to have carious lesions-free teeth
than normal weight children.32.33 Further, an association
between high BMI and incidence of permanent molar
smooth surface carious lesions was documented in another
study.14 Nevertheless, some investigators have found no
correlation between childhood obesity and dental carious
lesions.16.29

Innovating in the study approach of obesity and carious
lesions using the Multilayer Perceptron analysis, which de-
termines different strengths of influence between the vari-
ables characterised by weights, showed that BMI had a
less error for prediction of deft than for DMFT, TD and
O’Leary index.

Clearly, diet plays a key role in the development of both
obesity and dental carious lesions. For example, healthy
eating, with the inclusion of fruits and vegetables, promotes
better overall health. As such, children who make good food
choices, including vegetables, experience lower risk of cari-
ous lesions.10 At the time of writing, the specific analysis of
the effect of each group of nutrients on the presence of
carious lesions was beyond the scope of this study.

Fortunately, dental carious lesions are mostly prevent-
able, and even reversible if detected in early stages and if
effective intervention is available.6 It seems that public in-
tervention against carious lesions in children has not been
as effective as expected; this is in part due to the condi-
tions and variations in the implementation of the oral health
programme for schoolchildren in Mexico. For example, it is
common for health promoters not to consider the indica-
tions for the application of topical fluoride in schools, such
as previous training in children to retain fluoride in the

41



Serrano-Pina et al

mouth for 1 min, the necessity of the child to have control
of the swallowing reflex and even the preparation of the
fluoride solution that will be applied, as well as the correct
amount of fluoride for each child. The incorrect combination
of these situations will decrease the efficacy of topical
fluoride application in mixed dentition.

Some limitations of this study are the lack of information
about nutritional habits, socioeconomic status and the ac-
tivity level of the children. Furthermore, no radiographs were
used to confirm the presence of carious lesions.

CONCLUSION

This study confirms the high prevalence of obesity in
schoolchildren and its scarce association with the presence
of carious lesions. In conclusion, the behaviour observed
with the oral indices shows a better prediction of deft index.
Opportunities for future research would be beneficial in the
fields of neural networks and health processes as carious
lesions prevalence is very diverse, including data prepro-
cessing and representation, architecture selection and ap-
plication. An improved input would help in discerning which
molecular pathways predispose to carious lesions.

Future studies containing larger samples are needed to
evaluate the effect of obesity on specific types of carious
lesions (fissure versus smooth surface carious lesions and
anterior versus posterior carious lesions). Furthermore, in-
vestigators are encouraged to further evaluate the effect of
‘junk food’ on carious lesions prevalence depending on the
child’s BMI.

Acknowledgement
This project was partially funded by Ciprés Grupo Médico S.C.
(CGM).

REFERENCES

1. Alkarimi HA, Watt RG, Pikhart H, Sheiham A, Tsakos G. Dental caries and
growth in school-age children. Pediatrics 2014;133:e616-e623.

2. Casanueva E, Kaufer-Horwitz M, Pérez-Lizaur AB, Arroyo P (eds). Nutri-
ologia Médica. México. Fundacion Mexicana para la Salud, Editorial
Médica Panamericana, c2008 (reimpr. 2012), p. 822.

3. Chen KJ, Gao SS, Duangthip D, Lo ECM, Chu CH. Prevalence of early
childhood caries among 5-year-old children: a systematic review. Investig
Clin Dent 2018;30:e12376.

4. Christian B, Armstrong R, Calache H, Carpenter L, Gibbs L, Gussy M. A
systematic review to assess the methodological quality of studies on
measurement properties for caries risk assessment tools for young chil-
dren. Int J Paediatr Dent 2018 Nov 9. doi: 10.1111/ipd.12446.

5. Collison KS, Zaidi MZ, Subhani SN, Al-Rubeaan K, Shoukri M, Al-Mo-
hanna FA. Sugar-sweetened carbonated beverage consumption correlates
with BMI, waist circumference, and poor dietary choices in school chil-
dren. BMC Public Health 2010;10:234.

6. Edasseri A, Barnett TA, Ka K, Henderson M, Nicolau B. Oral health-pro-
moting school environments and dental caries in Québec children. Am J
Prev Med 2017;53:697-704.

7. Farsi DJ, Elkhodary HM, Merdad LA, Farsi NM, Alaki SM, Alamoudi NM, et
al. Prevalence of obesity in elementary school children and its associ-
ation with dental caries. Saudi Med J 2016;37:1387-1394.

8. Ghazal T, Levy SM, Childers NK, Broffitt B, Cutter GR, Wiener HW, et al.
Factors associated with early childhood caries incidence among high car-
ies-risk children. Community Dent Oral Epidemiol 2015;43:366-374.

42

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.
29.

30.

31.

32.

33.

34.

Gerdin EW, Angbratt M, Aronsson K, Eriksson E, Johansson |. Dental car-
ies and body mass index by socio-economic status in Swedish children.
Community Dent Oral Epidemiol 2008;36:459-465.

Goncalves Jde A, Moreira EA, Rauen MS, Rossi A, Borgatto AF. Associa-
tions between caries experience, nutritional status, oral hygiene, and diet
in a multigenerational cohort. Pediatr Dent 2016;38:203-211.

Greydanus DE, Agana M, Kamboj MK, Shebrain S, Soares N, Eke R, et al.
Pediatric obesity: current concepts. Dis Mon 2018;64:98-156.

Grigalauskiené R, SlabSinskiené E, Vasiliauskiené |. Biological approach
of dental caries management. Stomatologija 2015;17:107-112.

Glngor NK. Overweight and obesity in children and adolescents. J Clin
Res Pediatr Endocrinol 2014;6:129-143.

Hilgers KK, Kinane DE, Scheetz JP. Association between childhood obe-
sity and smooth surface caries in posterior teeth: a preliminary study. Pe-
diatr Dent 2006;28:23-28.

Kantovitz KR, Pascon FM, Rontani RM, Gavido MB. Obesity and dental
caries — a systematic review. Oral Health Prev Dent 2006;4:137-144.

Kumar S, Kroon J, Lalloo R, Kulkarni S, Johnson NW. Relationship be-
tween body mass index and dental caries in children, and the influence
of socio-economic status. Int Dent J 2017;67:91-97.

Meisel JD, Sarmiento OL, Olaya C, Lemoine PD, Valdivia JA, Zarama R.
Towards a novel model for studying the nutritional stage dynamics of the
Colombian population by age and socioeconomic status. PLoS One
2018;13:€0191929.

National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the di-
agnosis, evaluation, and treatment of high blood pressure in children and
adolescents. Pediatrics 2004;114(2 Suppl 4th Report):555-576.

Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of obesity among
adults and youth: United States, 2011-2014. NCHS Data Brief
2015;219:1-8.

O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol
1972;43:38.

Paisi M, Kay E, Kaimi I, Witton R, Nelder R, Christophi C, et al. Obesity
and dental caries in young children in Plymouth, United Kingdom: a spa-
tial analysis. Community Dent Health 2018;35:58-64.

Paisi M, Kay E, Kaimi I, Witton R, Nelder R, Potterton R, et al. Obesity
and caries in four-to-six year old English children: a cross-sectional study.
BMC Public Health 2018;18:267.

Patnaik L, Pattanaik S, Sahu T, Rao EV. Overweight and obesity among
adolescents — A comparative study between government and private
schools. Indian Pediatr 2015;52:779-781.

Peng SM, Wong HM, King NM, McGrath C. Association between dental
caries and adiposity status (general, central, and peripheral adiposity) in
12-year-old children. Caries Res 2014;48:32-38.

Peres MA, Peres KG, de Barros AJ, Victora CG. The relation between fam-
ily socioeconomic trajectories from childhood to adolescence and dental
caries and associated oral behaviours. J Epidemiol Community Health
2007;61:141-145.

Shamah-Levy T, Cuevas-Nasu L, Rivera-Dommarco J, Herndndez-Avila M.
Encuesta Nacional de Salud y Nutricion de Medio Camino 2016. 2016.
Cuernavaca, México. Available at: www.promocion.salud.gob.mx/dgps/
descargasl/doctos_2016/ensanut_mc_2016-3100oct.pdf [Accessed 2
September 2019].

Sherbet GV, Woo WL, Dlay S. Application of artificial intelligence-based
technology in cancer management: a commentary on the deployment of
artificial neural networks. Anticancer Res 2018;38:6607-6613.

Strauss RS. Childhood obesity and self-esteem. Pediatrics 2000;105:e15.
Tang RS, Huang MC, Huang ST. Relationship between dental caries sta-
tus and anemia in children with severe early childhood caries. Kaohsiung
J Med Sci 2013;29:330-336.

Watterson JW. An optimum multilayer perceptron neural receiver for sig-
nal detection. IEEE Trans Neural Netw 1990;1:298-300.

Werner SL, Phillips C, Koroluk LD. Association between childhood obesity
and dental caries. Pediatr Dent 2012;34:23-27.

Willerhausen B, Blettner M, Kasaj A, Hohenfellner K. Association be-
tween body mass index and dental health in 1,290 children of elemen-
tary schools in a German city. Clin Oral Investig 2007;11:195-200.
Willershausen B, Haas G, Krummenauer F, Hohenfellner K. Relationship
between high weight and caries frequency in German elementary school
children. Eur J Med Res 2004;9:400-404.

World Health Organization. Oral Health Surveys: Basic Methods, ed 5.
Geneva, Switzerland: World Health Organization, 2013. Available at:
www.who.int/oral_health/publications/9789241548649/en/

Oral Health & Preventive Dentistry



