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ABSTRACT

Objective: To evaluate the influence of oral health clinical and non-clinical indicators on adolescents’
academic performance. Material and Methods: A longitudinal design was performed with a random sample
of 1,184 12-year-old Brazilian adolescents. In 2012, the adolescents were clinically assessed by calibrated
dentists and investigated about demographics, socioeconomic factors, dental service use, toothache, and
verbal bullying related to oral condition via structured questionnaires. The contextual variable was
obtained from the city’s official database. After two years, 771 adolescents were reassessed. The outcome
adolescent’s academic performance (good or poor) was collected through official school’s register. Multilevel
logistic regression analyses were performed to assess associated factors for adolescents’ academic
performance. Results: Adolescents with toothache (OR 1.74; CI 95%: 1.05-2.89), who have been a victim of
bullying (OR 2.23; CI 95%: 1.21-4.09), and were male (OR 1.92; CI 95%: 1.19-3.09) had a lower academic
performance. On the other hand, adolescents whose mothers had higher educational levels (OR 1.79; CI
95%: 1.08-2.97) and belonged to higher-income households (OR 1.95; CI 95%: 1.18-3.23) had higher
academic performance when compared to their peers. Conclusion: Adverse oral conditions, as well as
subjective and socioeconomic factors, impacted on adolescents” academic performance.
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Introduction

Adolescence is one of the most rapid and formative phases of human development that enables
physical, cognitive, social, and emotional changes [17. It is a phase in which individuals spend a considerable
number of years receiving education [17]. The educational framework has been described as a critical factor
that affects young people’s lives [27]. Individuals with lower educational levels tend to have impaired oral care
[87, low job income [47, and more risk of developing diseases [27].

Academic performance may refer to different aspects for adolescents, such as improving their
education to achieve better financial conditions in the future, wanting to be a mirror for their peers, through
positive or negative attitudes and behaviors; and being an example at home, as a good student [57. In addition,
the health conditions of young people can affect the health of future generations through the development of
habits, behaviors and socioeconomic contexts [27].

Individuals with worse socioeconomic backgrounds, including schooling, tend to have worse oral [3]
and general health conditions [67, as well as behaviors that compromise health over time that are associated
with low educational level [77]. Poor educational outcomes are also associated with poor academic performance
and cognitive development [87. Oral disorders and toothache can affect children and adolescents' learning
process, leading to poor academic performance [97] and attendance [10]. Similarly, psychosocial problems with
peers and school [87 have been associated with difficulties in adolescents’ life. Bullying, which is characterized
by harmful behaviors in the form of physical or verbal victimization, is considered a public health problem
[117. Being a victim of bullying increases the risk of health problems, changes in emotional wellbeing, social
relationships, and academic activities [12,137].

The literature has been inconclusive regarding the relationship between oral health status and
academic performance [10,147], and few studies have evaluated socioeconomic conditions in this relationship
[147, and contextual variables. To date, no study has evaluated the influence of verbal bullying related to oral
conditions on academic performance. This study aims to assess the association between clinical, subjective,
socioeconomic and contextual variables on adolescents’ academic performance. We hypothesize that oral
conditions will be subtly associated with academic performance, and verbal bullying related to oral conditions

and socioeconomic variables will best explain this outcome.

Material and Methods
This paper was guided by the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Ethical Approval

This study was approved in 2012 by the Human Research Ethics Committee of the University
(Protocol Number 0127.0.248.000-11) and in 2014 by the University Committee (Protocol Number
30618714.0.0000.5421). Approval from the Education Secretary was obtained and data were collected after

participants signed an informed consent form.

Study Design and Sample
A longitudinal study was performed with adolescents from Santa Maria, a southern city of Brazil. The
study started in 2012 with a representative sample of schoolchildren. A two-stage random conglomerate

sampling process was followed. The first stage comprised the randomization of 20 public schools [157 out of
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39 schools equally distributed in the city, considering the school's size (small, medium and large). During this
period, the city had 8,817 12-year-old adolescents enrolled in public schools [167. In the second stage, all the
12-year-old adolescents from these 20 schools were invited to participate in the study. Adolescents who were
intellectually and emotionally capable of answering questionnaires were considered eligible. The sample was
composed of 1.134 adolescents [177].

The sample size of this study was estimated by the mean academic performance (grades on Brazilian
Language test) of 63.4 (SD: 16.4) in adolescents with higher household income and a mean academic
performance of 58.0 (SD: 17.7) in adolescents with lower household income [187, 95% confidence interval, 80%

statistical power, and additional 30% of losses. A minimum sample size was estimated at 409 adolescents.

Data Collection
Co-variables at the Baseline

Clinical predictors and individual variables were collected at the baseline. Four calibrated dentists
performed the clinical examinations in the schools. The calibration process of oral conditions lasted
approximately 36 hours. It involved theoretical classes, discussion of criteria for diagnostics, examination of
extracted teeth, and the assessment of 20 adolescents who were not included in the final sample [157]. Kappa
values (intra and inter-examiner) ranged from 0.77 to 0.85 for dental caries and malocclusion. Exams were
conducted under natural light, using a dental mirror and periodontal probe [157. Prevalence of untreated
dental caries and missing teeth were diagnosed through the “D” and “M” components of the DMF-S index
(Decayed, Missing, and Filled surfaces of permanent teeth) using the criteria proposed by the World Health
Organization [15]. Malocclusion was assessed according to the Dental Aesthetic Index (DAI) [15].
Adolescents were diagnosed with malocclusion when DATI’s final score was higher than 25 points.

Data regarding demographic and socioeconomic variables and dental service use were collected
through a structured questionnaire that was answered by parents. Demographic and socioeconomic variables
were sex, household income, and mother’s educational level. Household income was collected according to the
Brazilian minimum wage (BMW), which was USD 500 in 2012 and household income analyses were obtained
from the median (USD 500 equivalent to 1,000 Reals). Mothers’ educational level was collected based on the
formal years of study, and dichotomized in those who had completed eight years of formal education
(corresponding to primary education in Brazil) and those who did not. Variables related to adolescents’ dental
service use were the following: visit to the dentist in the past six months (“Yes” or “No”), and reasons for the
visit. Then, this last variable was categorized as “routine/checkup” or “toothache”.

Verbal bullying related to oral conditions was measured according to adolescents’ self-report [197. In
this regard, adolescents answered the following question, “In the last three months, how many times did other
children make fun of you or call you nicknames because of your teeth, lips or your mouth?” Answers were
ranked from 0 to 4 points (0 = never, 1 = once or twice, 2 = sometimes, 3 = often, and 4 = every day/almost
every day). Later, this variable was dichotomized in the absence of bullying (answer 0) and presence of bullying
(answers 1, 2, 3, and 4).

The Basic Education Development Index (IDEB), which represented the contextual education variable
of this study, was obtained through the Brazilian government's data [16,207]. IDEB measures the quality of
learning in public schools evaluated by students’ promotion, performance means in national exams, and
students’ flow, represented by the progress of the educational system in Brazil (ranging from 0 to 10). In the
analysis, the variable was categorized by medians (5.1) and higher scores indicated a greater quality of

education at school.
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Outcome at the Follow-up

The outcome variable of this study was academic performance. Student data were obtained from
school registers at follow-up (year 2014). In Santa Maria city, students are evaluated by the same criteria of
subjects (i.e., Portuguese, Mathematics, Science, History and Geography) that range from 0 to 10, when the
approval has been >5.0. This form of evaluation is standardized in all schools by education secretary. In Brazil,
results of language skills’ evaluations are used as a proxy to evaluate academic performance 207 and schools
indicate whether a student is approved or reproved at the end of the school year. Therefore, in the statistical
analysis, adolescents that were reproved (<5.0) in any grade (according to the adolescent's school) were

considered having poor academic performance.

Statistical Analysis

Data analysis was performed using STATA statistical software, version 14.0 (STATA Corporation,
College Station, TX, USA). The sample’s characteristics were analyzed using descriptive statistics such as
frequency, mean, and standard deviation (SD) regarding data obtained at the baseline (2012) and outcomes
from follow-up (2014). Chi-square test was performed to assess the socioeconomic and clinical characteristics of
the reassessed and non-reassessed adolescents. The analyses considered the sampling weight using the prefix
command (“svy”) for complex data samples.

Unadjusted and adjusted analyses were fitted by a multilevel logistic regression model to assess the
association between predictor variables and outcome (academic performance). The theoretical model was based
in a previous study [147] (Figure 1), including oral health, socioeconomic, subjective variables and additional
contextual variable, with possible confounders. Multilevel models were used to account for the two-level
structure of the data: individuals (first level) nested within schools (second level). Models considered the
random intercept with fixed effect. First, a null model was fitted to assess the percentage of variance of each
level. Model 1 was composed of contextual, demographic, and socioeconomic variables. Model 2 comprised
clinical variables and verbal bullying adjusted by Model 1. All covariates with a p-value <0.20 in the crude
analysis were considered for the adjusted models. The final model comprised the adjusted final analyses of
variables with a p-value <0.05. Results are shown as odds ratio (OR) and 95% confidence interval (CI). Finally,
the quality of fit of the models was assessed using the deviance (-2* log likelihood) and Median Odds Ratio
(MOR).

Use of service and
Demographic and clinical variables S A
. socioeconomic variables Visited to dentist SO vamﬂe Outcome
Contextual variable .. Verbal bullying
IDEB Sex Reason to visit —  latedtooral [ Academic
Household income Untreated dental caries conditions performance
Mother’s education Missing teeth
Malocclusion

Figure 1. Theorical model for statistical analysis.

Results
In the evaluation of the characteristics of 1,134 12-year-old participants in 2012, there were more

females (53.8%), higher household income (53.7%), and the majority of mothers had more than eight years of
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education (64.8%). About 47.8% of adolescents had visited the dentist because of toothache (26.2%). A total of
42.1% had untreated dental caries, and 1.8% had lost at least one tooth. Adolescents who had suffered verbal
bullying related to oral conditions were 15.5%. After two years, 771 adolescents were reassessed, and 644
adolescents were assessed regarding academic performance outcomes. In this regard, 18.2% had poor academic
performance in 2014 (Table 1). There were no statistical differences for all variables when comparing the
reassessed and non-reassessed participants, as seen in the results of the Chi-square test (p>0.05 for all

variables).

Table 1. Table 1. Descriptive analysis of sample at baseline (2012) and follow-up (2014).

Variables Baseline Follow-up No Follow-up p-value
N (%) N (%) N (%)

Sex 0.51
Female 610 (53.8) 410 (53.2) 163 (44.8)
Male 524 (46.2) 361 (46.8) 202 (55.2)

Household Income$ 0.31
> USD 500 556 (53.7) 384 (68.8) 182 (56.0)
< USD 500 480 (46.3) 174 (31.2) 143 (44.0)

Mother’s Education$ 0.16
>8 years 702 (64.8) 423 (68.3) 238 (67.7)
<8 years 382 (35.2) 197 (81.7) 111 (32.3)

Visited to the Dentist at 6 Months 0.10
No 572 (52.7) 310 (48.9) 169 (49.0)
Yes 514 (47.8) 324 (51.1) 176 (51.0)

Reason to Visit the Dentist 0.29
Routine 778 (73.8) 440 (75.9) 258 (75.9)
Toothache 276 (26.2) 140 (24.1) 82 (24.1)

Untreated Dental Caries$ 0.06
Without 657(57.9) 432 (59.8) 243 (66.8)
With 477(42.1) 311 (40.2) 121 (33.2)

Missing Teeth$ 0.41
No 1119 (98.7) 709 (95.5) 362 (99.4)
At Least 1 Tooth 15 (1.3) 34 (4.5) 2 (0.6)

Malocclusion 0.68
No 651 (57.5) 375 (50.5) 206 (56.6)
Yes 482 (42.5) 368 (49.5) 158 (43.4)

Verbal Bullying 0.53
Absent 958 (84.5) 690 (92.6) 311 (85.4)
Present 176 (15.5) 55 (7.4) 53 (14.6)

IDEB 0.58
< 5.1 627 (55.3) 430 (55.7) 197 (54.1)
> 5.1 507 (44.7) 341 (44.3) 167 (45.9)

Outcome

Academic Performance$
Good - 527 (81.8)
Poor - 117 (18.2)

§Missing data; *Chi-square test; IDEB: Basic school’s Development Index (median 5.1); USD 500 it was equivalent to R$1,000
approximately during the baseline data gathering.

Table 2 shows the unadjusted multilevel regression analysis. The contextual, demographic,
socioeconomic, clinical, and subjective variables were associated with poor academic performance. On the other
hand, visiting the dentist, untreated dental caries, and malocclusion were not associated with academic

performance (p>0.05).
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Table 2. Unadjusted multilevel logistic regression for academic performance
according to contextual, clinical, and non-clinical variables.

Variables

Poor Academic Performance

OR (95%CT) Crude

p-value

Contextual
IDEB

< 5.1

> 5.1

Demographic and Socioeconomic

Sex
Female
Male
Household Income
> USD 500
< USD 500
Mother’s Education
>8 years
<8 years
Clinical and Subjective
Visited to the Dentist
No
Yes
Reason to Visit to the Dentist
Routine
Toothache
Untreated Dental Caries
Without
With
Missing Teeth
No
At Least 1 Tooth
Malocclusion
No
Yes
Verbal Bullying
Absent
Present

1
0.60 (0.86-1.01)

1
1.60 (1.06-2.4:3)

1
2.60 (1.67-4.05)

1
2.40 (1.57-3.67)
1

0.67 (0.48-1.03)

1
2.23 (1.42-8.50)

1
1.12 (0.74-1.69)

1
2.23 (1.02-4.89)

1
0.96 (0.63-1.45)

1
2.19 (1.32-3.64)

0.05

0.02

<0.01

<0.01

0.07

<0.01

0.60

0.04

<0.01

OR: Odds Ratio; CI: Confidence Interval; IDEB: Basic school’s Development Index (median 5.1); USD 500 it
was equivalent to R$1,000 approximately during the baseline data gathering.

The adjusted multilevel analysis is presented in Table 8. In the final model, individuals with toothache
had poor academic performance (OR 1.745 CI95%: 1.05-2.89) than those who visited the dentist for routine
reasons. Adolescents who have been bullied at the baseline also had poor academic performance (OR 2.23;
CI95%: 1.21-4.09). In addition, males had poorer performance at school (OR 1.92; CI95%: 1.19-3.09) than
females. Adolescents who belonged to households with lower income (OR 1.95; CI95%: 1.18-3.23) and had
mothers with lower educational level (OR 1.79; CI95%: 1.08-2.97) presented poorer academic performance

compared to their peers.

Table 3. Adjusted multilevel logistic regression for academic performance according to contextual,
clinical, and non-clinical variables.

Poor Academic Performance

Variables Null Model Model 1 Model 2 Final Model
OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)
Fixed Effects
Intercept 0.21 (0.16-0.28)%**  0.08 (0.05-0.14)¥** .07 (0.08-0.14)¥**  0.05 (0.03-0.10)***

Baseline Variables
IDEB
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< 5.1 1 1 -

> 5.1 1.09 (0.68-1.74) 1.07 (0.56-2.04) -
Sex

Female 1 1 1

Male 1.68 (1.08-2.61)* 1.84 (1.13-2.98)%*  1.92 (1.19-3.09)%*
Household Income

> USD 500 1 1 1

< USD 500 2.14 (1.88-8.48)%* 1.78 (1.06-2.99)*% 1.95 (1.18-8.28)%*
Mother’s Education

=8 years 1 1 1

<8 years 1.93 (1.21-8.07)%* 171 (1.02-2.87)% 1.79 (1.08-2.98)*
Visited to the Dentist

Yes 1 -

No 0.76 (0.46-1.24) -
Reason to Visit to the Dentist

Routine 1 1

Toothache 1.72 (1.02-2.89)* 1.74 (1.05-2.89)%
Missing Teeth

No 1 -

At least 1 tooth 1.25 (0.46-1.24) -
Verbal Bullying

Absent 1 1

Present 2.18 (1.17-4.06)** 2.23 (1.21-4.09)**
Deviance = (-2 loglikelihood) 606.95 511.48 457 .44 457 .44
MOR 1.44 1.07 1.48 1.48

*p<0.05; **p<0.01; ***p=0.000; Null Model: empty model, represents unconditional model; Model 1: contextual, demographic and
socioeconomic variables; Model 2: model 1 plus clinical and subjective variables; Final Model: fully model, adjusted variables; OR: Odds
Ratio; CI: Confidence Interval; MOR: Median Odds Ratio; IDEB: Basic School’s Development Index (median 5.1); USD500 it was
equivalent to R$1000 approximately during the baseline data gathering.

Discussion

This longitudinal design demonstrated that adverse oral conditions and socioeconomic factors were
associated with poor academic performance. To our knowledge, this is the first study to evaluate the impact of
clinical factors and verbal bullying related to oral conditions on the academic performance of adolescents.

The association between oral conditions and educational outcomes has been demonstrated previously
[9,107. Although dental caries and malocclusion were not associated with the outcome in our analysis, its
physical and emotional consequences, such as toothache and verbal bullying, were associated. It is important to
point out that sometimes dental caries and malocclusion may not be perceived or considered as a problem by
the adolescent, at a first moment. However, when adolescents experience pain or are bullying victims due to
oral conditions, this situation changes, that is, they begin to perceive as a problem and suffer for it. So,
toothache and verbal bullying affect adolescents' routine generating psychosocial impacts at this stage [12,217.

Toothache was associated to adolescents’ academic performance, showing that oral conditions indeed
affect school activities. This condition may cause an impact on social behavior, sleepless nights [217, school
absences, and reduced attention leading to poor academic performance due to pain [227. It can be assumed that
poor oral health impairs school activities through physical discomfort and social exclusion [237. A recent
study showed that adolescents with oral problems reported functional limitations such as difficulties in
sleeping, talking, enjoying food, and sadness because of the absence of good oral health. They also expressed
concerns about the opinion of other people regarding their oral health status when performing daily school
activities such as tasks, attending school, and interacting with other people [247. During adolescence,

individuals search for social approval and inclusion in groups, besides repeating behaviors similar to their
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peers, are important aspects in the life of an adolescent [17. All these behavioral factors can cascade over a
student affecting oral conditions and academic performance.

In this study, adolescents who reported being bullied about their oral condition were more likely to
show worse academic performance. Bullying refers to an imbalance of power through repeated negative actions
between the victim and the bully. Individuals who have been bullied during childhood and adolescence have
higher rates of anxiety, panic disorder and depression in adulthood [127]. Victims tend to develop an antisocial
personality [127], with poor affective and social relationships, as well as few friends. When adolescents are
bullied, their functioning in social and school settings may be impaired because of peer relationships or
behavior problems [257. Therefore, peer rejection has been associated with negative emotional reactions,
interfering with coping behaviors. On the other hand, greater social competence attenuates the magnitude of
negative emotional responses caused by peer rejection [267. Besides psychological and health consequences,
bullying has been found to be mediated by psychosocial problems or directly related to academic performance
[277. Victims of bullying have high levels of rejection, low levels of popularity, and exclusion from subgroups,
which may result in less interest in school [137].

Regarding sex, males presented poorer academic performance than females [18,287. One possible
explanation is that the boys appear to be more engaged in risk factors and harmful behaviors [297. On the
other hand, girls were more engaged in healthy behaviors and looking for healthier ways of being, not only
regarding health but also in other aspects of life [297].

Our findings indicate that academic performance has a relationship with socioeconomic background.
Mothers with higher educational level and higher household incomes were associated with better academic
performance of adolescents. These results are supported by other studies [18,287. Education and income are
considered socioeconomic variables [307. In addition, the environment in which the individual lives and social
relationships influence the behaviors and attitudes of children [817. Still, families with better socioeconomic
conditions tend to have more information and use the dental service in a preventive way. The effect of
socioeconomic background might persist throughout life (37 and this may be associated with different health
and educational outcomes.

The findings of this study can also be showed to general health. Academic performance is affected by
health and socioeconomic position [57. Parents’ educational and socioeconomic level provided the greatest
influence in children’s lives, indicating that home environment a determining factor. When the support of
family is not favorable (i.e., parents with low education or who do not stimulate the education of their children),
it seems to reflect on school behavior [57 and children’s health [117. Thus, parents’ engagement and the
importance given to school are positive factors regarding the learning of young children and adolescents.

This study presents strengths and limitations. One of its strongest aspects is that the research design
is longitudinal, with a two-year follow-up. The outcome was collected only in 2014 to try to verify the
temporal relationship between the associations. Conversely, our analyses are cross-sectional. Academic
performance was collected in just one moment and the possibility of reversing the causality bias cannot be
disregarded. Moreover, academic performance was provided by school registers; therefore, some data might be
missing, although the sample calculation was attained. Through the data provided, only approved and reproved
categorization was possible. Regarding the possible changes inherent to the follow-up time, the sensitivity
analysis did not show differences between missing data and participants, including socioeconomic and clinical
variables. This study included only public schools, which is another limitation. However, public schools

accounted for 85% of the students of the city. As an advantage, the present study used different factors (i.e.,
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demographic, socioeconomic, clinical, subjective, and contextual) to evaluate the relationship with educational
outcomes. In this regard, multilevel analyses were performed to verify the variance of each level. Although we
have included school contextual variables, we have failed in gathering information on school’s variables, such
as the number of teachers and infrastructure, as well as variables that impair sleep which may also affect
adolescents” academic performance. In addition, verbal bullying related to oral conditions was assessed by only
one question and other factors related to bullying were not included. However, previous studies have also
utilized this methodology [197. Despite these limitations, we believe that the temporal relationship of the
impact of oral conditions on academic performance over time has been confirmed. Moreover, the findings are
important for future publications, which can explore in more detail these relations.

Global programs believe that educational factors are important in influencing behavior, health, and
wellbeing of adolescents. Moreover, education is a major determinant of adolescent and subsequent adult
health [17. This research paper provided clarification and support regarding the association between oral
health and education, which is becoming important in the implementation of strategies aimed at improving the
educational level of the population. Intersectoral actions among health and education professionals are
necessary to prevent dental injuries and promote adolescents’ self-esteem, as well as preventive dental visits,
strategies to prevent bullying, and family encouragement regarding education, especially in groups with

socioeconomic disadvantages.

Conclusion

Adverse oral conditions, as well as subjective and socioeconomic factors, were associated with

adolescents’ academic performance.
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