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Abstract

The purpose of this study was to determine the protective factors that contribute to the
prevention of children aged 0-5 years from developing dental cavities. The oral hygiene
practices of 266 children aged 0-5 years were assessed through surveys administered
from 2019 to 2022 to identify clinical, dietary, social and parental factors. The Partial
Least Squares (PLS) Regression and Artificial Neuron Networks (ANN) Models were
used to determine protective factors associated with the prevention of dental cavities in
children. The race distribution of the children as identified by caregivers is as follows:
(1) Black or African-American (53.4%); (2) Asian (25.9%); (3) White (18.4%); and
(4) Native American (2.3%). We found behavioral protective factors to significantly
affect the oral health outcome (cavities) among children aged 0-5 years (p < 0.05). We
also found that children whose parents/caregivers flossed their teeth were less likely
to develop cavities. In addition, children were least likely to have cavities if their
parents/caregivers used toothpaste and mouthwash, avoided sharing chewed food, and
refrained from drinking 100% juice. In contrast, children were more likely to obtain
cavities if their parents/caregivers had a lower education level, rarely cleaned their teeth,
and often consumed marijuana, cow or goat milk, juice drinks and sugary beverages. The
education level of parents, and on the contrary, oral hygiene practices of the family, play
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a significant role in influencing the prevalence of cavities in children aged 0-5 years.
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1. Introduction

Untreated dental caries was the most prevalent disease iden-
tified in the 2019 study of the Global Burden of Disease
(GBD), with a larger percentage of untreated caries affecting
children on a global scale [1]. Genetical and parent/child be-
havioral factors are two major risk factors for early childhood
caries among 0-5 years old children [2]. Behavioral and food
habits also play a crucial role in protecting teeth from cavities
among this age group [2]. Findings from cross-sectional
and prospective studies conducted among low-income African
American children aged 0-5 years in Detroit, Michigan suggest
children who consume more sugar-sweetened beverages are
at increased risk of periodontal disease and dental caries [3].
Based on the 2019 data from the Centers of Disease Control
and Prevention (CDC), roughly 33% of Mexican-American
and 28% of non-Hispanic African-American children aged 2—5
years contracted cavities in the primary dentition, compared to
18% of non-Hispanic White children in the same age group [4].
Additionally, it is evident that family income plays a critical
role in maintaining good oral health among these communities
[4]. While dental caries in children is preventable, its preva-

lence among minority populations is high [4]. Untreated caries
in young children can ultimately yield a negative outcome in
the future because untreated caries can cause infection and
pain, consequently affecting overall health [5]. The oral cavity
is the gateway to the systemic body; thus, the development of
cavities can affect and/or exacerbate health symptoms overall.
Therefore, the treatment of cavities in young children can be
beneficial not only for the health status of the mouth but also
for that of the body.

Several factors are known to play a role in the develop-
ment of carious lesions, such as race and ethnicity, maternal
oral health, diet, socioeconomic status, parental education,
oral hygiene practices and access to dental care/dental home.
Parental behavior also plays an important role in the oral
health of children and the development of caries. Studies
have shown that this is because parental behavior impacts
parental education, maternal diet, maternal oral health, tooth-
brushing practices at home, and family sugary food intake
[6]. In Tennessee, oral diseases are among the most prevalent
health problems that affect a significant number of children in
every county [7]. However, studies showing the risk factors
associated with dental caries among children aged 0-5 years
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from families of low socioeconomic status are limited.

Therefore, we conducted this study to investigate the effects
of several risk and protective factors that play a role in the
development of dental cavities in children in the underserved,
diverse and rural populations in Nashville, Tennessee. Our
study is the first to evaluate the clinical, dietary, social and
behavioral protective factors for both parents/caregivers and
their children that attribute to the prevention of dental caries
among children aged 0-5 years living in Davidson County.
Specifically, we evaluated factors that contribute to the main-
tenance of caries/gum disease-free oral cavities and the child’s
oral health.

2. Materials & methods

The surveys for this study were administered between 2019
and 2022.

2.1 Sample size

Surveys were presented to 266 aged 0—5 years old children’s
caregivers in Davidson County, Nashville, TN.

2.2 Inclusion criteria

The caregivers (18-60 years old) of children aged 0-5 years
with diverse, vulnerable and underserved backgrounds were
recruited. Pregnant women (18-60 years old) who already
have children were also included in the study.

2.3 Exclusion criteria

Caregivers of children above five years old were excluded from
the study.

2.4 Treatment providers

Predoctoral Pediatric General Dental students (third- and
fourth-year) at Meharry Medical College were responsible for
administering the surveys. Dental Clinical faculty oversaw
the entire program. All data was stored in a coded manner
and samples were de-identified. The Principal Investigator
and Program Coordinator had access to identifiers that were
locked in a file cabinet and secured office. Data analysis and
all evaluation procedures were performed by a biostatistician
in the Office of Institutional Research, Meharry Medical
College, Nashville, TN.

2.5 Recruitment of participants

Parents and caregivers of children aged 05 years were re-
cruited from the Metropolitan Action Commission Head Start
Program of Nashville, Meharry Medical College School of
Medicine’s Pediatric Department, and Meharry Medical Col-
lege School of Dentistry’s Pediatric Department. Meharry
Medical College has a long-standing partnership with these
pediatric dental clinics in the Nashville, TN area where pre-
doctoral dental students receive their training.
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2.6 Questionnaire survey

A total of 266 surveys were administered to assess child’s
and caregiver’s oral hygiene practices, current dental health,
and access to a dental home. The survey questionnaire col-
lected information on behavioral and dietary habits as well
as perceptions related to oral/systemic health within the four
domains of health (physical, social, dietary and psycholog-
ical). Survey instruments were adopted from the American
Dental Association (ADA) Caries Risk forms that are available
online. Caregivers’ health information was also recorded.
Demographic information was collected for all participants
(age, race, gender, socioeconomic status, household income,
educational level and marital status).

2.7 Statistical analysis

The IBM Statistical Packages for Social Sciences (SPSS) soft-
ware suite, version 27, provided by IBM in Chicago, IL, US,
was used to perform data analysis. The Partial Least Squares
(PLS) Regression model was used to determine the protective
factors associated with the prevention of dental cavities in
children, measured in a binary scale (Yes/No). PLS Regres-
sion is instrumental when dealing with survey data and dental
records comprising a large number of variables, including
the elucidation of multicollinearity or correlation among the
protective factors. The variables with 95% confidence interval
of Variable Importance in the Projection (VIP) containing a
positive value, especially greater than one, were considered.
In addition, the significant effects of the protective factors
were determined based on the p-value of being less than the
0.05 significance level, i.e., the 95% confidence interval of
the regression coefficient not containing zero. The Artificial
Neuron Network (ANN) model is particularly useful when the
relationships among variables are nonlinear and difficult to
model using traditional statistical techniques. The ANN was
trained to identify patterns and nonlinear relationships among
multidimensional variables. A normalized importance value
of greater than 50% was considered the indicator of important
variables. Both the PLS Regression and ANN models were
used to make predictions in order to determine the likelihood
of a child developing dental cavities based on the protective
factors examined. The results of these predictions could be
used to inform preventive measures and interventions to reduce
the occurrence of dental cavities in children.

3. Results

A total of 266 children aged 0-5 participated in this study as
their parents/caregivers completed the survey. The variables
used in the analysis of protective factors and their correlation
to the prevention of caries were obtained using the PLS and
ANN models (Table 1). Categorical factors were the children’s
race, the education level of parent/guardian, and the household
income. The remaining variables or predictors, contributed to
the dependent variable (or outcome variable) that determined
if the children in the study experienced cavities.

There were 122 girls (45.9%) and 144 boys (54.1%) in
this study (Table 2). Most of the children surveyed identi-
fied as Black/African American (53.4%) (Table 2). The two
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Variable Names

what is the childs race

highest degree or level of school

household_income
how_often_do _you clean_teeth
use_toothpaste

use_dental floss
use_mouthwash
do_you_drink cow_s milk or
do_you_drink 100 _juice
do_you drink juice drinks
do_you drink flavord wate
do_you drink sugared bever
cigarettes

marijuana

drinks per day

are_you_overweight
heart_disease

high blood pressure

diabetes mellitus
how_often do you brush yo
do_you_floss_your child s
do_you_help_your child use
do_your children_share foo
do_you chew food and then
do_your children take fluo

Dependent (Outcome) Variable

TABLE 1. Variables in the ANN and PLS models.

Variable Descriptions
What is the child’s race?

What is the highest degree or level of school you have completed?
What is your household income?
How often do you clean your teeth?
Do you use toothpaste to clean your teeth?
Do you use dental floss?

Do you use mouthwash?

Do you drink cow or goat milk?

Do you drink 100% juice?

Do you drink juice drinks?

Do you drink flavored water?

Do you drink sugared beverages?
How often do you smoke cigarettes?
How often do you use marijuana?

During the past 30 days, on the days you drank alcohol, how many drinks do you usually
drink per day?

Are you overweight?
Past medical history (Heart Disease)
Past medical history (High Blood Pressure)
Past medical history (diabetes)
How often do you brush your teeth?
Do you floss your child’s teeth?
Do you help your child use mouth rinse?
Do your children share food?
Do you chew your food then share it with your child?
Do your children take fluoride supplements?

Have your children experienced cavities?

The outcome variables and the protective risk factors were evaluated in the parent and child surveys. The PLS Regression and
ANN models to determine which protective factors have the most significant effect or greatest impact on the prevention of dental
cavities. The protective factors include dietary habits (consumption of sugary or acidic foods and drinks); oral hygiene habits
(regular brushing, flossing, and mouthwash use); socioeconomic status (income and education levels); and medical condition
(heart disease, high blood pressure and diabetes).
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TABLE 2. Socio-demographic characteristics of participants.

Categories n %
Child’s gender identified by parents
Female 122 45.9%

Male 144 54.1%

Child’s race identified by parents

Native American 6 2.3%
Asian 69 25.9%
Black or African American 142 53.4%
Caucasian 49 18.4%

Parent’s marital status

Single 64 34.8%
Married/Partnered 69 37.5%
Widowed 27 14.7%
Divorced 15 8.2%
Separated 9 4.9%

Parent’s highest education level

Less than high school 46 25.0%
High school diploma or General Educational Development Certificate (GED) 47 25.5%
Some college 42 22.8%
Associate degree 13 7.1%
Bachelor’s degree 20 10.9%
Master’s degree 12 6.5%
Doctorate 4 2.2%

Parent’s household income

Less than $20 K 64 35.0%
$20K to $34 K 54 29.5%
$35K to $49 K 21 11.5%
$50 K to $74 K 26 14.2%
$75 K to $99 K 8 4.4%
Over $100 K 10 5.5%

Characteristics of the participants were determined: the child’s gender, ethnicity and race; parent s marital status, parent s highest
education level; and parent’s household income.
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most common marital status of the parent/caregiver was mar-
ried/partnered (37.5%) and single (34.8%) (Table 2). The most
common highest level of education of parent/caregiver was
a high school diploma or General Educational Development
Certificate (GED) (25.5%), and the most common household
income was less than $20k (35%) (Table 2).

Variables that were highly correlated with the presence of
dental cavities in the children surveyed were marijuana usage,
tooth-cleaning frequency, toothpaste usage, flossing of child’s
teeth, the level of education of parent/caregiver, drinking of
sugary beverages, mouthwash usage, food sharing between
parent/caregiver and child, drinking of juice drinks and 100%
juice, and drinking of cow’s milk (Fig. 1).

The PLS Regression model illustrates factors that are ei-
ther positively or negatively associated with the development
of cavities in the children surveyed (p < 0.05) (Table 3).
The study found marijuana usage, food sharing between care-
giver/parent and child, and consumption of certain types of
drinks (cow or goat milk, juice drinks and sugary beverages)
to be significantly associated with a higher risk of developing
dental cavities. On the other hand, the highest education
level of parent/caregiver, tooth-brushing frequency, toothpaste
usage, mouthwash usage and flossing of the child’s teeth were
significantly associated with a lower risk of developing dental
cavities. Taken together, our results revealed some behavioral

95% Confidence Interval for VIP

protective factors that contribute to the prevention of dental
cavities in children aged 0-5 years.

The ANN model revealed variables with a normalized
importance greater than 50% to be the child’s race,
alcohol consumption of parent/caregiver, —mouthwash
usage, parent/caregiver with diabetes mellitus, fluoride
supplementation in the child, flossing of child’s teeth, the
highest level of education of parent/caregiver, marijuana
usage, toothpaste usage, sharing of food between
parent/caregiver and child, and helping the child with
mouth rinse (Fig. 2).

4. Discussion

Our survey data revealed the effectiveness of certain protective
factors in lowering the prevalence of caries in children aged
0-5 years. Factors that play an important role in preventing
childhood caries include the frequency at which a child brushes
and flosses their teeth, the child’s diet, food sharing between
parent/caregiver and child, and the social habits of the parent.
The income and education level of parents/caregivers also play
arole in the development of caries in children.

Data from the PLS and ANN models of our study support
the notion that tooth-brushing, flossing and the use of fluoride
are beneficial in reducing the risk of dental cavities in children

FIGURE 1. Variables indicative of the Variable Importance in the Projection (VIP). VIP measures the importance of
individual variables in the model. Variables with high VIP scores are considered more important and have a greater impact
on dental caries. Conversely, variables with low VIP scores are considered less important and have a lesser impact on dental
caries. The graph shows the 95% confidence interval for the VIP scores, with grey-colored variables being more important and
having a greater impact on dental cavities. The variables analyzed in this study include marijuana usage, frequency of tooth-
cleaning, toothpaste usage, flossing of the child’s teeth, the educational level of the parent/caregiver, consumption of sugary
beverages, mouthwash usage, food sharing between the parent/caregiver and child, consumption of juice drinks and 100% juice,

and consumption of cow’s milk.
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TABLE 3. Standardized coefficients in PLS regression model.

Variable Coefficient
highest_degree or level of school* —0.072
household income —-0.016
how_often_do _you clean _your teeth* —0.084
use_toothpaste* —0.081
use_dental floss 0.021
use_mouthwash* —0.058
cigarettes —0.030
drinks_per day —0.006
heart_disease 0.009
high blood pressure 0.031
diabetes_mellitus 0.004
marijuana* 0.093
are_you_overweight 0.024
what is _the child s race —0.025
how_often_did you brush yo 0.010
do_you floss_your child s* —0.073
do_you_help _your child use 0.026
do_your children_share foo* 0.039
do_you chew food and then 0.011
do_your children_take fluo 0.023
do_you_drink cow_s milk or* 0.027
do_you_drink 100 juice* 0.034
do_you_drink juice drinks* 0.034
do_you drink flavored wate 0.020
do_you drink sugared bever* 0.059

Lower Limit Upper Limit
—-0.110 —-0.035
—0.058 0.027
—0.113 —0.055
—0.108 —0.054
—-0.033 0.074
—0.092 —0.024
—0.064 0.004
—0.037 0.024
—0.023 0.042
—0.006 0.068
—0.026 0.033

0.069 0.116
—0.007 0.056
—0.058 0.009
—0.009 0.029
—0.109 —0.037
—0.009 0.060

0.021 0.057
—0.021 0.044
—-0.017 0.063

0.011 0.043

0.002 0.065

0.013 0.055
—0.011 0.051

0.040 0.079

*p < 0.05. Specific explanatory variables that may have an impact on children aged 05 years in contracting dental caries.
The table displays standardized coefficients for each variable in the PLS Regression model for predicting dental cavities.
Standardized coefficients indicate the strength and direction of the relationship between each variable and the development
of dental cavities after accounting for the other variables in the model. Positive coefficients indicate a positive relationship
with the development of dental cavities, while negative coefficients indicate a negative relationship. Significant variables
are presented with their associated p-values. A coefficient is considered significant if p < 0.05.

aged 0-5 years. In support of our findings, previous studies
have shown that children aged 3 years and under should brush
their teeth twice a day with a smear-sized amount of toothpaste,
preferably after eating breakfast and before going to bed [&].
For children aged 0-5 years, parental guidance during tooth-
brushing is crucial to the prevention of caries as the child
may have difficulty aiming the toothbrush at certain areas,
especially the posterior teeth. Toothpaste containing fluoride
works best in preventing tooth decay as fluoride can prohibit
demineralization of the teeth. Fluoride supplements can be

given to children who drink fluoride-deficient water or do not
use a fluoridated toothpaste [8]. After tooth-brushing, it is
best not to rinse the mouth with water as this will remove the
fluoride needed to protect the child’s teeth [8]. Flossing is also
effective in preventing caries as it is crucial to eliminate food
debris interproximally in order to prevent incipient cavitated
lesions. Flossing can begin when the child starts to have
two teeth adjacent to each other [9]. Collectively, our study
demonstrates that fluoride supplements coupled with flossing
can protect children against dental caries.
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Normalized Importance in ANN Model

what_is_the_child_s_race
drinks_per_day

use_mouthwash

diabetes_mellitus
do_your_children_take_fluo
do_you_floss_your_child_s
highest_degree_or_level_of_school
marijuana

use_toothpaste
do_your_children_share_foo
do_you_help_your_child_use
do_you_drink_flavored_wate
how_often_do_you_clean_your_teeth
do_you_drink_cow_s_milk_or
heart_disease

cigarettes

are_you_overweight
do_you_chew_food_and_then
how_often_did_you_brush_yo

use_dental_floss
do_you_drink_sugared_bever
do_you_drink_100_juice 18.9%
household_income 15.6%
do_you_drink_juice_drinks 13.3%
high_blood_pressure 7.6%

100.0%
91.7%
81.5%
80.4%
76.7%
76.5%
74.7%
66.2%
65.1%
53.5%
50.2%
48.2%
46.7%
43.9%
42.6%
40.4%
39.5%
35.4%
33.8%
30.6%
30.3%

FIGURE 2. Several variables and their normalized importance % in the Artificial Neuron Network (ANN) Model.
Normalized (relative) importance measures and ranks the importance of protective factors in relation to the prevention of dental
cavities. The chart displays the normalized importance of protective factors in predicting the dental cavities for the development
of targeted interventions to prevent dental cavities in children. The variables examined in this study include the child’s race,
alcohol consumption of the parent/caregiver, mouthwash usage, presence of diabetes mellitus in the parent/caregiver, fluoride
supplementation in the child, flossing of the child’s teeth, the highest educational level of the parent/caregiver, marijuana usage,
toothpaste usage, sharing of food between the parent/caregiver and child, and assistance provided to the child with mouth rinse.

ANN:: Artificial Neuron Network.

Diet plays a significant role in the development of cavities
in children. Similar to our findings, the consumption of cow’s
milk, goat’s milk, sugary beverages, 100% juice and other
juice drinks has been found to influence caries development
in children aged 0-5 years [10]. The consumption of 100%
juice not only leads to excess caloric intake, but also exac-
erbates the risk of caries development in children, especially
when consumption is in excess [10]. The American Academy
of Pediatric Dentistry (AAPD) recommends juice intake be
limited to 4 oz daily for children aged 1-3 years and 4-6 oz
daily for children aged 4-6 years [11]. Eliminating bottle-
feeding of liquids such as fruit juice and cow milk at bedtime
can prevent caries in infants. This is because bottle-feeding
of these beverages at bedtime allows these sugar-containing
liquids to stay on the teeth for a longer period of time.

Our data support the notion that food sharing is a risk factor
for the development of caries in children aged 0-5 years.
Parents may be prone to chewing food prior to sharing it with
their children or sharing food from the same utensils, thus
allowing the transmission of caries to their children [12]. Food
sharing allows the introduction of bacteria to the child through

the sharing of saliva [12]. The same concept applies to children
sharing food with their siblings or other children.

Our survey results demonstrate that children with
parents/caregivers with low household incomes are more
likely to present with caries. Families with low socioeconomic
status are more likely to consume sugary foods and drinks
more often, pass caries to their children, and not have a dental
home or access to proper oral hygiene care such as dental
insurance [13]. Children from minority backgrounds are
also more likely to have a low socioeconomic status, thus
increasing their risk for developing dental caries [14]. In
support of this notion, our study data also revealed a strong
correlation between a child’s race and the likelihood of caries
in the child.

Our findings also revealed the impact of the education level
of parent/caregiver on the likelihood of a child developing
cavities. The education level of the parents/caregivers may
affect their awareness of the oral health status of their children
[15]. Parents/caregivers with lower education levels may not
be as involved in their children’s oral health regimen, nor may
they understand the importance of oral hygiene or have access



to dental education [15]. Therefore, our studies suggest that the
more educated the parents/caregivers are, the less likely their
children will develop caries.

Similar to findings from other studies, our data support the
notion that social activities of the parents/caregivers such as al-
cohol consumption and marijuana usage can also influence the
prevalence of caries in their children [16]. Alcohol and tetrahy-
drocannabinol (THC, the active ingredient in marijuana) can
cross the placenta and affect the dental health of the offspring
in utero [16]. Our survey results show a high correlation
between the presence of diabetes in the parent and caries
development in the child. The presence of systemic diseases
such as diabetes mellitus in the parents also increases the risk of
caries in their children. Diabetes mellitus often presents with
oral manifestations such as xerostomia, periodontal disease
and increased caries risk [ 1 7]. Biological parents with diabetes
mellitus can potentially pass down the disease to their offspring
[18]. Collectively, the above studies suggest that oral health
among children aged 0-5 years is dependent on the social
activities and systemic health complications of their parents.

Our study is the first to evaluate how several factors con-
tribute to the development of caries in children aged 0-5
years living in Davidson County, Nashville, TN, in areas of
low-socioeconomic and underserved populations. Our study
also determined the factors that pose a risk for caries in this
same population, and our data are consistent with those from
previous studies. However, there are currently no studies that
highlight the underserved populations in Davidson County as
well as their dental health and the factors that play a role in
early childhood caries in this age group. Based on our findings
from the PLS Regression and ANN models, we surmise that
certain behavioral and environmental factors are significantly
associated with a higher risk of dental cavities in children.
These factors include marijuana usage, alcohol consumption
of parent/caregiver, food sharing between caregiver/parent and
child, and the consumption of certain types of drinks such as
cow or goat milk, juice drinks and sugary beverages. Our study
found certain oral hygiene behaviors and socio-demographic
factors to be significantly associated with a lower risk of
dental cavities in children. These factors include the highest
education level of parent/caregiver, tooth-brushing frequency,
toothpaste usage, mouthwash usage, flossing of the child’s
teeth, and fluoride supplementation in the child.

Our findings suggest that interventions aimed at reducing
dental cavities in children should focus on promoting good oral
hygiene behaviors such as regular tooth-brushing, flossing, and
mouthwash usage, as well as reducing risk factors such as
marijuana and alcohol use, food sharing, and consumption of
sugary drinks. Furthermore, interventions should be tailored to
address socio-demographic factors such as parental education
level and racial issues. Collectively, our results from the
PLS Regression and ANN models provide valuable insights
into the factors that contribute to the development of dental
cavities in children of low socioeconomic backgrounds and
can inform the development of targeted interventions to reduce
the incidence of this common dental condition among these
children.

Our study had several limitations. The administration of
surveys slowed down due to the COVID-19 pandemic and we
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were unable to achieve a sample size of 500 participants. Also,
this study only recruited participants in Davidson County,
Nashville, TN. In this study, the gender of the child was
included as a socio-demographic characteristic of the study
participants. However, we do not have enough information to
ascertain if there are differences in gender with regards to the
development of cavities in the children surveyed. Therefore,
additional studies are warranted. Future studies should also
utilize a longitudinal research approach by partnering with
neighboring counties in Tennessee that also include under-
served populations and families with inadequate access to
dental care and education.

5. Conclusions

Based on our results, we conclude that there are several protec-
tive factors that aid in the prevention of dental cavities, as well
as risk factors that contribute to the development of cavities in
children aged 0-5 years. Our findings highlight the importance
of early visits to the dentist for preventative measures and the
establishment of a dental home by the age of one.
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