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Abstract

Healthy body weight and oral health are fundamental components of the
healthy psychosomatic development and well-being of children and adolescents.
Hence, identifying the factors that affect them constitutes an essential issue.
The purpose of this study was to investigate the risk factors related to Body
Mass Index (BMI) and oral health to develop preventive programs for children
and adolescents and to adopt best practices. The study was conducted in three
consecutive school years among 536 schoolchildren (4-18y). Eating habits were
assessed using a weighted eating behavior questionnaire, also anthropometric
measurements, intraoral and extra oral examinations were performed. This
study indicates the following: Increased prevalence of Orthodontic Disorders
(OD) (>50%) and overweight (preobesity and obesity) (40%) was recorded. The
rates of overweight classes were higher in boys than in girls. The increased
number of Chewing Cycles (CC) and choice of hard instead of soft foods were
associated with a lower risk of OD. “Obese” boys are more at risk of OD than
“obese” girls. Significant relationships among BMI, meal duration, sweets and
breakfast consumption, chewing habits and distracted eating were confirmed.
The caries risk was significantly affected by the structure of food (hard, soft)
and consumption of sweets. Periodontal disease also appeared to be strongly
influenced by age and number of CC. Prevention programs for schoolchildren
have had a positive impact on BMI. Conclusion, this research suggests the
strong relationship between eating habits, BMI and oral health and supports the
necessity for health education and health promotion programs for schoolchildren.

Keywords: Eating habits; Body mass index; Obesity; Oral health; Prevention
programs; Schoolchildren

Introduction

Eating habits affect all systems in the human body directly or
indirectly [1,2] because optimal development and body functions
depend on proper nutrition [3]. They also play an important role
in tooth development, oral mucosa, gum integrity, bone formation
and oral health [4]. However, the opposite, as part of a bidirectional
relationship, also applies, which means that a healthy oral cavity
affects not only the ability to intake food but also the digestive process

[5].

Oral health is multifaceted and includes the ability to speak, smile,
smell, taste, touch, chew, swallow and convey a range of emotions
through facial expressions with the involvement of the craniofacial
complex [6]. The development and formation of the craniofacial
complex and the Stomatognathic System (SS) as an important part of
it occur during childhood and adolescence. Therefore, it is very useful
to develop preventive programs for the healthy development of the SS
and for the general health of both children and adolescents.

The oral cavity acts as a gateway to the human body and its
condition can exert a significant effect on nutrition, overall health [7-
9], quality of life and well-being. However, the interaction between
the development of the SS and human diet in modern culture has
been studied in only a limited number of studies [10]. Furthermore,
studies that assess the relationship between oral health, obesity and

dietary behavior are also limited [11-13].

Modern health systems should give high priority to promotingand
maintaining health and preventing disease. The school community is
ideal for promoting actions related to oral health, healthy body weight
and eating behavior [14]. According to health education research
and health promotion studies, the most effective interventions are
carried out during the early years of life when the development of the
human body takes place and behaviors that have a decisive effect on
health throughout life are adopted and consolidated [15]. Prevention
programs in schools can improve children’s knowledge of healthy
eating behaviors [16], oral health and oral hygiene instructions [17].

In this respect, the purpose of the present study was to detect the
risk factors related to body weight and oral health, so that preventive
programs and optimal healthy practices could be developed to
contribute to an improvement in the quality of life for children and
adolescents.

Methods

Population

This study comprised 541 children (4-18 years) out of a total of
711 children in 14 public schools, belonging to a rural area. The study
excluded the participation of children with learning disabilities and
special health care needs because of reduced oral hygiene and higher
prevalence of oral diseases [18]. In addition, the study excluded
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children who did not have the written consent of their parents and
also the children who refused to participate although there was
parental consent.

Ethics and morality

The study was conducted according to the World Medical
Association Declaration of Helsinki and conformed to the ICMJE
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals. Trained health
professionals (dentist and dietitian who work at a public health center)
carried out the research, with the permission of the appropriate
Department of the Ministry of Health. The required approvals were
obtained from the relevant Ministry of Education, Research of the
country. The educational material used in the prevention programs
was also approved by the same ministry. All aforementioned
decisions of the Ministry of Education were forwarded to relevant
directorates of primary and secondary education and afterward, these
decisions were promoted to the schools’ principals and visit programs
were drawn up. As far as the participation of children in the study, a
signed parental consent, as well as the verbal consent of the children,
was provided. The clinical exam took place in the public health center
clinic when this was feasible. Children who were unable to visit the
health center because of distance were examined in school classes,
by the same investigators. Each child was examined individually,
while in the examination place there was the discreet presence of the
teacher. After the examination, each child received an informative
document which provided information on the findings of the clinical
exam, prevention guidelines and contact information (phone and
website for the dental therapy planning in a public health center).

Assessment of anthropometric characteristics

Anthropometric measurements were performed with a floor
scale (Seca, 761, Hamburg, Germany) and stadiometer (Seca, 213,
Hamburg, Germany). Body weight was measured with lightweight
clothing (no shoes). Height was measured without shoes, with
the participant is in the correct position, starting with heel, knee,
buttocks, shoulders and back of the head in contact with the wall-
plate and the head in position of “Frankfort Horizontal Plane”
(looking horizontally). BMI was calculated as the ratio of weight to
height squared (kg/m?*). BMI classification was performed with BMI
child and adolescent growth curves [19].

Assessment of oral and dental health

A sterilized dental tool set containing a mirror (LS456 480/5, Carl
Martin GmbH, and Solingen, Germany), dental explorer (LS1091/33,
Carl Martin GmbH, Solingen, Germany) and periodontal probe
(LS973/80 WHO, Carl Martin GmbH, Solingen, Germany) was
used for the dental examinations. Decayed, Missing and Filled Teeth
(DMFT) index was used for measuring caries. This widely used index
estimates the prevalence of dental caries and treatment needs. The
DMEFT index was divided into three categories depending on the
number of Dental Caries (DC): a) DMFT= 0 DC (no caries disease),
b) DMFT= 1-5 DC (moderate caries disease) and c) DMFT=6-10 DC
(severe caries disease). Orthodontics Disorder (OD) diagnosis was
established on the basis of 1) Facial analysis, 2) Intraoral examination
(assessment of overall oral health status and determination of the
functional status of the patient’s occlusion), 3) Functional analysis
(detection of temporomandibular joint functionality). Classification

Table 1: Odd ratios and 95% confidence intervals of the most significant
variables affecting BMI and orthodontic status.

BMI

Odds Ratios for Categorical Predictors

Level A ‘Level B ‘Odds Ratio ‘95% Cl

Obese Sex (p<0.001)

Boys ‘Girls ‘2.355 ‘(1.4715; 3.7692)
Snacks at school (p=0.010)

b=-0.578 0.561 (0.3587; 0.8775)
Pre-Obese

Sex (p=0.031)

Orthodontic status

Odds Ratios for Categorical Predictors

Food type (p<0.001)
Soft ‘Hard ‘3.0962 ‘(1.9055; 5.0309)
Feed composition-1 (p<0.001)
Fruit juice ‘Fruit ‘2.4749 ‘(1.5947; 3.8410)
Feed composition-2 (p<0.001)
Whole fruit ‘Fruit pieces ‘0.2653 ‘(0.1698; 0.4146)
Bread (p=0.015)
No Crust ‘Crust ‘0.5694 ‘(0.3621; 0.8954)
Times to chew (p=0.001)
11-20 1-5 0.2704 (0.1257; 0.5816)
11-20 6-10 0.4896 (0.2399; 0.9993)

of OD was divided into two categories: a) absence and b) presence
of disorder. Periodontal examination assessed gingival enlargement,
gingival recession, bleeding on probing and pocket probing depth.
Classification of the periodontal condition was divided into two
categories: a) absence of disorder (healthy periodontium) and b)
presence of a disorder, without further categorization.

Study design

This research was conducted in three cycles during the school
years 2015-2018 in the same schools, initially as a mapping study of
the specific characteristics of children and adolescents. Subsequently,
due to the findings of the high prevalence of obesity and oral health
disorders, the study was expanded to investigate the possible causes
that may affect these factors to develop targeted prevention programs.

In the first year, 390 schoolchildren (210 girls and 180 boys) of
all education levels (preschool, primary, middle and higher school)
were mapped. The anthropometric characteristics and oral health
status (OD, periodontal disease and DMFT index) were recorded.
In addition, preventive programs were implemented to improve
nutritional behavior and ensure and improve oral health.

During the second year, the possible relationship between OD
and BMI was searched (due to the high rates detected in the first
year of the study). At this examination cycle, 541 schoolchildren
of all education levels (265 girls and 276 boys) of the same schools
were enrolled. A new recording of the anthropometric characteristics
and the presence or absence of OD was held. In addition, the Eating
Behavior Questionnaire (EBQ) (adapted for the purposes of this
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Table 2: Proportion distribution and prediction profiler of the statistically significant dietary behavior effects on orthodontic and periodontal and DMFT (dental caries)
response according to binary logistic regression.

Food type Soft Chewing frequency Probability (Orthodontic=No) Probability (Orthodontic=Yes)
No 10-20 0.9338 0.0662
No 1-10 0.2992 0.7008
Yes 10-20 0.285 0.715

o i |
= i i
< i i
2 i i
= : :
o H H
i i

7 T ; T

< - S 2

= -

o] 10-20
Food Chewing
type_Soft frequency
Age Group Chewing frequency Prob (Periodontal=No) Prob (Periodontal=Yes)
10-12 10-20 0.6840 0.3160
10-12 1-10 0.5206
6-9 10-20
6-9 1-10

1 1
— IYes [0.316 § §
5 ! |
= H H
o No |0.684 l l

10-12-{
69

10-12
Age class

10-20-
1-104

10-20
Chewing
frequency

Food type Hard

Sweet/weekly

Probability (DMFT=0)

Probability (DMFT=1-5)

Probability (DMFT=6-10)

0 0 0.4382 0.0426
0 2 0.2482 0.6247 0.1271
0 7 0.1048 0.6041 0.2912
1 2 0.4070 0.5275 0.0655
1 7 0.1958 0.6393 0.1649
1-5 [0.438
=
=
[=)
o 0.519
T T T T T
=4 ~ o o~ ~
o o
Food Sweet/
type_Hard weekly

survey, after a pilot validation and reliability check and related
adjustments/improvements) was also implemented by personal
interview. More specifically, the questionnaire included questions
about a) the composition of food (hard or soft), b) choice of fruit
or fruit juice, ¢) consumption of cut or whole fruit, d) choice of
consumption of bread (with or without crust), e) consumption of
cereal moistened with milk or cereal bars, f) consumption of breakfast
at home or not, g) consumption of snacks at school, h) feeling of
satiation or hunger, i) good energy levels or fatigue until the end of

the lessons, j) the duration of the meal and k) the number of Chewing
Cycles (CC). To understand the question about the number of CC,
a detailed explanation and demonstration of the CC process and
duration were presented. The use of the EBQ was authorized by the
Ministry of Education.

In the third year, new research was performed on 246 primary
schoolchildren aged 6-12 years (125 girls and 121 boys) of the same
schools. In this screening, anthropometric characteristics and the oral
health status were recorded and a new extended questionnaire was
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Table 3: Proportion distribution and prediction profiler of the statistically significant dietary behavior effects on BMI classes according to ordinal logistic regression.

Chewing frequency Eating distraction Breakfast at home Prob(=underweight) Prob(=normal) Prob(=Pre-obesity) Prob(=obesity)
10-20 0 No 0.1160 0.8323 0.0467 0.0049
10-20 0 Yes 0.3194 0.6656 0.0136 0.0014
10-20 2 No 0.0142 0.6539 0.2886 0.0433
10-20 2 Yes 0.0489 0.8291 0.1095 0.0125
10-20 7 No 0.0013 0.1562 0.5147 0.3277
10-20 7 Yes 0.0048 0.3960 0.4793 0.1200
1-10 0 No 0.0523 0.8330 0.1030 0.0117
1-10 0 Yes 0.1649 0.8002 0.0317 0.0033
1-10 2 No 0.0060 0.4524 0.4443 0.0972
1-10 2 Yes 0.0212 0.7305 0.2190 0.0292
1-10 7 No 0.0006 0.0724 0.3903 0.5368
1-10 7 Yes 0.0020 0.2176 0.5357 0.2447

£
Sinormal 0.832
=
o
nderweight 0.116
3, ‘9, o o~ ~ ZO §
= —
10-20 0 No
Chewing Eating Breakfast
frequency distraction at home
also applied. The new questions related to the “frequency of sweets Results

consumption per week” and distracted eating.

Statistical analysis

The chi-square test, Student’s t test, and binomial logistic
regression were applied to detect possible effects of eating behavior in
SS and BMI at a reference level of statistical significance 0.05.

The profile of eating behavior is described by six elements: a) Food
Type: soft-hard-both, b) Chewing Frequency: <10 & >10, c) Meal
Duration: <10, 10-20, >20 minutes, d) Breakfast at Home: yes, no,
e) Distracted Eating: never, weekend, daily, f) Sweets’ consumption
(per week: never, weekend, daily). The type of food and breakfast are
in qualitative form, while the rest are categorical variables (classified,
e.g., sex).

A Multiple Correspondence Analysis (MCA) was performed
to map the eating behavior regarding the food structure, aiming to
detect categories of different items (juice instead of fruit, etc.) that
show common responses among individuals in the sampling data.

Eating behavior for statistical purposes was considered as an
independent set, while both the oral disorders (DMFT, OD and
periodontal disease) and BMI classes were considered as dependent
sets. Each dependent variable was regressed against the eating behavior
using multiple binary or ordinal regression analysis combined with a
forward selection of only statistically significant variables at a 0.05
probability level of entrance in the equations. Sex and education level
classes of schoolchildren were also examined for potential interaction
effects. Minitab® 18.1 (Minitab Inc.) and JMP 13.2 (SAS Institute Inc.)
software were used for the statistical analysis.

1styear of research: 2015-2016

Forty percent of the schoolchildren were recorded as overweight
(preobese and obese) in equal percentages (20%) (Figure S1
(Supplemental material)). Further analysis by age group and sex
showed an increasing trend for risk of obesity by age that culminated
at the children of middle-school, from 37% to 54% and a sharp drop at
the children of high school (15-18 years) from 54% to 28% according
to the pattern:

Preschool Primary Middle High 37% < 39% < 54% > 28%

Boys have higher rates of overweight (preobesity and obesity)
than girls.

The prevalence of OD occurred at a percentage greater than 50%.
An upward trend in caries (DMFT index) from 37% in preschool-aged
children to 70% in the rest of the classes was observed. In addition, an
increasing trend in periodontal disease was recorded with the rise of
age, culminating in high school students:

Preschool Primary Middle High 0% < 18% < 27% < 51%

2" year of research: 2016-2017

The results are shown in (Table 1 and Figure 1). “Obese” boys
showed a 2.36 times greater risk for OD than “obese” girls. The
increased number of CC (11-20 times) compared with the low
number of CC (6-10 and 1-5 times), was associated with a lower risk
of OD by 73% and 51%, respectively. Higher probability of developing
OD occurred in school children who consumed soft, rather than hard
food (by 3.1 times), fruit cut into pieces instead of whole fruit (by 3.77

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Nutri Food Sci 7(7): id1129 (2019) - Page - 04



Pavlidou E and Giaginis C

Austin Publishing Group

" Main Effects Plot for Orthodontic problems
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Age Group Food type Feed composition-1

Feed composition_2 Bread Times to chew

Probability of Yes
=) =) =)
R

o
™
|

01—

T T T T T
4-6 6-12 12-18 Hard Soft Fruit Fruit juice

Main Effects Plot for Somatometric >97th
Fitted Probabilities

Main Effects Plot for Somatometric 85th-97th
Fitted Probabilties

T T T T T
Fruit pieces  Whole fruit Crumb Crust 1-5 6-10 11-20

Main Effects Plot for Somatometric 15th-85th
Fitted Probabilities

Snacksat school Gender Physical

Probabity of Yes

Probabiity of Yes

Mealduration

Figure 1: Effects of nutritional behavior of children and adolescents on their a) Orthodontic condition, b) Somatometric measurements.

times), fruit juices instead of fruit (by 2.47 times) and bread without
the crust(by 1.76 times). Moreover, there was a negative correlation
between the number of snacks and OD (b= -0.578).

3 year of research: 2017-2018

Table S1 (Supplemental material) presents the descriptive
statistics of all the variables that have been evaluated. The set of
variables of all controlled categories (dietary behavior, oral diseases
and anthropometric characteristics) showed a significant frequency
of occurrence, apart from the underweight class, where just about 4%
of the study population (8 out of 230 children) was recorded in this
category.

The categorical variables in the eating behavior set are
presented in detail in Table S2 (Supplementary Material) and their
interrelationships in (Figure S2). Following the implementation of
the MCA procedure, three sets, each with common relationships,
were observed among categories of different items.

The short meal duration (5-10 minutes) was associated with
undistracted eating and “absence” of sweets’ consumption. The
average meal duration (10-20 minutes) was associated with distracted
eating twice weekly (only at weekend) likewise with the consumption
of sweets twice weekly (only at the weekend). The maximum meal

duration (20-30 minute) was associated with daily distracted eating.

The OD depicted statistically significant findings only with the
structure of the food (soft, hard) and the number of CC (<10 &>10
times) (Table 2). The absence of soft food in meals combined with
an increased number of CC (>10 times) seems to be associated with
lower OD by up to 6.62%.In contrast, soft food combined with a
smaller number of CC (<10 times) appears to increase the incidence
of OD up to 98.9%.

Periodontal disease was found to be mainly affected by age, as
well as by the number of CC (Table 2).

The lower the age of children (6-9 years old) and if their chewing
behavior was >10 CC, the incidence of periodontal disease was
limited to 19%. The greater the age of children (10-12 years old) and
if their chewing behavior was <10 CC, the occurrence of periodontal
disease was increased to 48%. Dental caries, which are depicted by the
DMEFT index, were significantly affected by the structure of the food
(soft, hard), as well as sweets’ consumption (Table 2). Oral health was
significantly improved when choosing hard food and avoiding sweets
in meals (69.2% probability of dental caries absence). Even when hard
food is not selected on meals, the probability of caries does not seem
to be so high (51.9%) when there is no daily consumption of sweets.
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The body weight status was significantly affected by the number
of CC, distracted eating and the consumption of breakfast at home
(Table 3). “Underweight” in schoolchildren was related to a higher
occurrence (31.94%) of breakfast consumption, and the lack of
distracted eating when combined with the increased number of CC
(>10). A decreasing trend of this percentage (16.49%) by reducing the
number of CC (<10) was noted. “Normal weight” in schoolchildren
was associated with increased incidence (66.56%) of daily breakfast
consumption at home, absence of distracted eating and increased
number of CC (>10). “Preobese” schoolchildren were distinguished
from the schoolchildren of the other BMI categories by their
consistent high proportions with daily “distracted eating,” regardless
of breakfast consumption at home and the number of CC. “Obesity”
in schoolchildren was strongly associated not only with daily
distracted eating and the constant lack of breakfast consumption at
home but also with the short repetition of CC (53.68%), compared
with the most CC (32.77%).

Conclusively, the number of CC appeared to be the most
important key variable in most cases, followed by the type of food and
the consumption of sweets, the consumption of breakfast at home
and the age group.

The profile of eating behavior as depicted by the MCA analysis
substantiated the components, which composed the eating profile of
BMI classes of primary school students of the particular population,
reinforcing the common attitude-behavior of the groups.

Discussion

This study is significant because the data presented a) provide
important new information about the influence of eating behavior
on the occurrence of OD, b) supply information on the highest
risk of periodontal disease in children who chew less and especially
in younger ages, ¢) provide information about the relation among
BMI, distracted eating and other eating behaviors, d) report
important information about the correlation among meal duration,
“distracted eating” and habit of eating sweets, ) can be used by health
professionals for further research, reference and design of prevention
programs.

The results from this study support the relationship between
eating behavior, BMI and OD with obese boys to manifest a double
risk of developing OD compared with obese girls. The same risk is
supported by children who chew each mouthful less than 10 times
when compared with those chewing more from 10 times. In addition,
a threefold to fourfold increase in the probability of developing
OD is supported for children consuming soft instead of hard foods
more frequently. In the current literature, there are limited studies
among the aforementioned factors, focusing mainly on the effect of
orthodontic treatment on dietary intake and behavior [20,21], BMI
and body fat percentage [22,23]. The aforementioned studies have
shown both positive and negative results, without mentioning similar
correlations to those identified in our study.

The findings of the present study indicated a low prevalence
of periodontal disease during preschool age, followed by a gradual
increase to 51% in adolescence. In addition, they support evidence for
the relationship between periodontal disease and chewing behavior,
with 1 out of 2 children aged 10-12 years, who chew each mouthful

<10 times, exhibiting periodontal disease. In the existing literature,
no studies were found to associate the two variables listed above
(periodontal disease and chewing behavior). However, there are
studies that outline the high prevalence of periodontal disease among
children in this age group [24].

One of the interesting findings of this study is related to the high
prevalence of caries. Two out of five preschool children and four out
of five secondary schoolchildren had caries and 20% of those had a
high number of caries teeth (6-10 carries). In addition, this study
indicates the relationship between caries and food choices. Seven
out of ten children who choose to consume hard food and do not
consume sweets do not show cares. This number is reduced to five
out of ten children when they have chosen soft instead of hard food,
even when no sweets are consumed. Costacurta et al. in an analysis
of food intake, lifestyle and caries in obese children found that eating
habits could be considered as a common risk factor for both obesity
and for caries [25]. However, no bibliographic references were found
regarding the effect of hard food on the manifestation of caries.

Significant findings of the present study concern the nutritional
behavior analysis. The children who consume their meals over a
longer time (>20 minutes) have both “distracted eating” and sweets’
consumption daily. This finding is possibly linked to unconscious
overeating (due to lack of attention) [26] and not with the healthy
side of longer meal duration [27]. Some studies have linked the fastest
eating speed with a weight change [28] and higher body mass index
[29] and others suggest mindfulness and mindful eating to promote
better eating habits and weight control [30-32].

Moreover, the findings of this study indicate the prevalence of
overweight because two out of five schoolchildren (4-18 years old)
were classified as “preobese” and “obese.” More specifically, the
upward trend (two out of five children) culminates between the ages
of 12 to15 (three out of five) and regressed at the age 16-18 years (one
in five children). Similar results are reported in the recent EYZHN
study, which states that boys and girls may pass from childhood to
adolescence with more favorable levels of body fat [33]. These results
were consistent with bibliographic references describing significant
changes during the transition from puberty to young adulthood [34].

A particularly important aspect of this study is about dietary
habits associated with BMI. It seems that “underweight” and
“normal-weight” children do not have “distracted eating” habits
and chew every bite more than 10 times. On the other hand,
“overweight” children present “distracted eating” and “skipped
breakfast.” A significant number of studies have documented the
correlation between watching television during meals and obesity
[35]. These studies have attributed this relationship to a series of
behaviors related to the influence of television advertising of food
and beverages targeting children, the low nutritional quality, the
increased energy intake and the reduced time for physical activity
[36]. The combination of “skipping breakfast” and “eating fast” has
been shown to increase the risk of being overweight [37]. Moreover,
the dependence on extremely pleasurable foods or their substances, it
could be a further component of childhood obesity [38,39]. However,
a relevant study corroborating the findings of our study has not been
identified.

One of the major findings of this study concerns the 4%
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improvement (from 40% to 36%) of overweight, with one-year
preventive programs. These results are consistent in part with
literature references [40-42].

Limitations and Strengths of the Research

Some of the strengths of this study are listed below: a) the
controlled study population was adequate, b) the findings were
confirmed in three survey cycles and in three consecutive years, c) the
questionnaires were applied by health professionals, in face-to-face
interviews and d) the questions were cross-referenced (each variable,
such as the food composition intersected from a series of questions
like choosing crust or no crust of bread, fruit or juice, whole or cut
fruit, etc.).

The limitations to be mentioned relate to (1) the diagnosis of OD,
which was not confirmed by X-ray imaging and (2) the lack of data
from an urban area.

Conclusion

Consequently, the high prevalence of childhood obesity and oral
health disorders constitutes a major public health issue. Eating habits
constitute a crucial factor that affects both body weight and oral
health (dental caries, periodontal diseases, orthodontic disorders).
Preventive programs, which are implemented in schools, seem to
bring satisfactory results because this age is the most appropriate for
embedding proper eating habits and timely diagnosis and treatment
of oral health and weight management problems. Thus, the findings of
the present study are particularly important and noteworthy because
they could be used as a base to develop essential health education
programs in schoolchildren. However, due to the limited studies that
currently examine the influence of eating behavior, further research
is needed, which will eventually target more specific research topics.
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