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Abstract 

Objective: Overweight and obesity rates are growing at alarming levels worldwide. Adolescents of higher 

socioeconomic status are more likely to be overweight, however, information from economically vulnerable 

populations is lacking. Therefore, the present study aimed to determine the impact of normative and self-perceived 

clinical aspects on the outcomes of obesity in vulnerable adolescents. Methodology: Observational cross-sectional 

study with 239 adolescents with an average age of 13 years, enrolled in public schools in Sabará (Minas Gerais). Body 

Mass Index values were obtained and classified according to AnthroPlus software. Dental Health Component of the 

Index of Orthodontic Treatment Need (IOTN) evaluated the normative malocclusion and the Aesthetic Component of 

IOTN the subjective occlusal evaluation. DMFT index evaluated dental caries activity and experience. Crude Odds 

Ratio values were estimated and adjusted, with a 95% confidence interval and a 5% significance level. Results: 

Adolescents with self-perceived malocclusion were less likely to be obese (P <0.05). Overall, 20.0% of the 

adolescents with self-perceived malocclusion were obese as compared to 40.6% of those with no self-perceived 

malocclusion. Obesity was not found to be associated with the variables of sex and dental caries (P >0.05). 

Conclusion: Adolescents with self-perceived malocclusion were less likely to be obese, suggesting that obesity is 

associated with perceived malocclusion, but not with caries experience. 

Keywords: Obesity; Adolescents; Malocclusion; Orthodontics. 

 

Resumo  

Objetivo: As taxas de sobrepeso e obesidade estão crescendo em níveis alarmantes em todo o mundo. Adolescentes de 

nível socioeconômico mais elevado têm maior probabilidade de apresentar excesso de peso, no entanto, faltam 

informações de populações economicamente vulneráveis. Metodologia: Portanto, o presente estudo teve como 

objetivo determinar o impacto de aspectos clínicos normativos e autopercebidos nos desfechos da obesidade em 

adolescentes vulneráveis. Estudo transversal observacional realizado com 239 adolescentes com idade média de 13 

anos, matriculados nas escolas públicas de Sabará (Minas Gerais). Os valores do Índice de Massa Corporal foram 

obtidos e classificados de acordo com o software AnthroPlus. O Componente de Saúde Bucal do Índice de 

Necessidade de Tratamento Ortodôntico (IOTN) avaliou a má oclusão normativa e o Componente Estético do IOTN a 

avaliação oclusal subjetiva. O índice CPO-D avaliou a atividade e a experiência de cárie dentária. Os valores de Odds 

Ratio foram estimados e ajustados, com intervalo de confiança de 95% e nível de significância de 5%. Resultados: 

Adolescentes com má oclusão percebida eram menos propensos a serem obesos (P <0.05). No geral, 20.0% dos 
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adolescentes com má oclusão percebida eram obesos, em comparação com 40.6% daqueles sem má oclusão 

percebida. A obesidade não foi associada às variáveis sexo e cárie dentária (P >0.05). Conclusão: Adolescentes com 

má oclusão autopercebida eram menos propensos a serem obesos, sugerindo que a obesidade está associada à má 

oclusão percebida, mas não à experiência de cárie. 

Palavras-chave: Obesidade; Adolescente; Má oclusão; Ortodontia. 

 

Resumen  

Objetivo: Las tasas de sobrepeso y obesidad están aumentando a niveles alarmantes en todo el mundo. Los 

adolescentes de nivel socioeconómico más alto tienen más probabilidades de tener sobrepeso, sin embargo, se carece 

de información de poblaciones económicamente vulnerables. Metodologia: Por lo tanto, el presente estudio tuvo como 

objetivo determinar el impacto de los aspectos clínicos normativos y autopercibidos sobre los resultados de la 

obesidad en adolescentes vulnerables. Estudio observacional transversal realizado con 239 adolescentes con una edad 

promedio de 13 años, matriculados en escuelas públicas de Sabará (Minas Gerais). Los valores del Índice de Masa 

Corporal se obtuvieron y clasificaron según el software AnthroPlus. El componente de salud bucal del índice de 

necesidades de tratamiento de ortodoncia (IOTN) evaluó la maloclusión normativa y el componente estético de la 

IOTN evaluó la evaluación oclusal subjetiva. El índice CPO-D evaluó la actividad y la experiencia de la caries dental. 

Se estimaron y ajustaron los valores de Odds Ratio, con un intervalo de confianza del 95% y un nivel de significancia 

del 5%. Resultados: Los adolescentes con maloclusión percibida tenían menos probabilidades de ser obesos (P < 

0.05). En general, el 20.0% de los adolescentes con maloclusión percibida eran obesos, en comparación con el 40.6% 

de aquellos sin maloclusión percibida. La obesidad no se asoció con el género y la caries dental (P > 0.05). 

Conclusión: Los adolescentes con maloclusión autopercibida tenían menos probabilidades de ser obesos, lo que 

sugiere que la obesidad está asociada con la maloclusión percibida, pero no con la experiencia de caries. 

Palabras clave: Obesidad; Adolescentes; Maloclusión; Ortodoncia. 

 

1. Introduction 

Obesity is a chronic multifactorial disease, highly prevalent worldwide (Rando-Meireles et al. 2019). Due to its broad 

distribution and severe health consequences, obesity remains one of the significant health burdens to the public healthcare 

system (Markovic et al. 2015). Although it is historically more prevalent in developed countries, particularly among 

individuals with low education and low income, obesity prevalence rates have started to increase in the same way in 

underdeveloped countries (Markovic et al. 2015, Abbass et al. 2019). Bad eating habits and a sedentary lifestyle are associated 

with obesity (Markovic et al. 2015, Abbass et al. 2019).  

Obesity can also be associated with dental caries, as both conditions result from high sugar consumption behavior, 

severely affecting the individual's systemic condition (Rando-Meireles et al. 2019, Abbass et al. 2019, Gautam & Jeong, 2019). 

The association between obesity and dental caries outcomes has been a topic of study in recent years (Lara-Capi et al. 2018, 

Shivakumar et al. 2018, Gautam & Jeong, 2019). Some authors suggest that changes in eating habits concerning a more 

inadequate diet can favor the onset of oral diseases (Lara-Capi et al. 2018, Shivakumar et al. 2018, Banu et al., 2018). 

However, no conclusive evidence has been reported so far (Markovic et al. 2015, Abbass et al. 2019). The inconsistency of the 

data may be the result of variations in the design and methods of the study, especially about dental caries assessment tools. 

Some indices assessing caries lesions in early stages may overestimate the prevalence of the disease, while others consider 

only cavitated dentin lesions (Lara-Capi et al. 2018, Banu et al. 2018). Moreover, inter-study comparison may prove a 

challenging task due to the presence of confounding factors that are not commonly controlled, including socioeconomic 

characteristics, dietary habits, oral hygiene practice, and oral care provided by healthcare services (Shivakumar et al. 2018). 

In this sense, malocclusion can also be associated with obesity. Both malocclusion and obesity influence 

dissatisfaction with body image in children and adolescents (Banu et al. 2018), resulting in psychological conditions such as 

low self-esteem, dissatisfaction with the quality of life, obsessive-compulsive behavior, anxiety and depression (Banu et al. 

2018; Sagar & Gupta 2018, Blanco et al. 2019). To the best of our knowledge, there is no evidence on the association of self-

perception malocclusion and obesity in groups of vulnerable adolescents. Mainly how much the self-perceived malocclusion is 

associated with obesity. 
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Therefore, this study aimed to associate the impact of normative and self-perceived clinical aspects on obesity 

outcomes in vulnerable Brazilian adolescents. The hypothesis was that obesity outcomes are significantly associated with 

dental caries and malocclusion in an economically vulnerable adolescent population. 

 

2. Methodology 

This study was approved by the Ethics Committee (#77223317.9.0000.5385) and performed according to the 

STROBE statement. Adolescents and their legal guardians were informed that participation in the study was entirely voluntary. 

Legal guardians and adolescents signed a free statement of informed consent term. The participants were informed about the 

study objectives and the confidentiality of the data. 

A population-based cross-sectional study was conducted involving adolescents enrolled in public schools distributed 

throughout every neighborhood of the city of Sabará (Minas Gerais), Southeast Brazil. The city had an estimated population of 

136,344 inhabitants at the time of data collection, and a human development index of 0.73 (Atlas of Human Development in 

Brazil). 

The sample size was calculated in the G*Power Program, considering a proportion of obese individuals of 

approximately 8%, according to the Study of Cardiovascular Risks in Adolescents (Lavrador et al. 2010) a significance level of 

5% and a test power of 80%. In addition, the sample size was enlarged by 30% (to 239 adolescents) to account for non-

response. 

The study included adolescents living in rural areas, with an average monthly family income of US $ 250.00 and 

parents with low education. A questionnaire was sent to parents, together with the informed consent form, to select vulnerable 

adolescents. The exclusion criteria were a history of previous or current orthodontic treatment, and an apparent mental and 

physical disability that made the interview or oral examination impossible. The final sample consisted of 239 adolescents, 138 

girls, and 101 boys, with an average age of 13.4 years (Figure 1). Data collection was performed between February to April 

2019. Interviews and dental examinations were carried out on the adolescents at school. 

 

Figure 1. Flowchart of eligibility and recruitment of study participants. 

 

Source: Authors (2021). 

 

Body Mass Index (BMI) values were obtained and used for the classification of obesity. The AnthroPlus 

anthropometric calculator (World Health Organization, 2009), developed by the World Health Organization (WHO), processed 

data on weight, height, sex, and age. The individual's weight in kilograms divided by the square of his height in meters (Kg / 

m²) determined the BMI values. BMI percentiles were obtained and presented as one decimal place for the number of standard 
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deviations (SD) of the median or as two decimal places for the median, which is also known as the "z-score." Percentile values 

≤ 85 were indicative of eutrophy (normal weight) (z-score ≥ -1 and ≤ +1); percentile values between 85 and 97 were classified 

as overweight (z-score ≥ +1 and < +2); percentile values between 97 and 99.9 were classified as obesity (z-score ≥ + 2 and ≤ 

+3) whereas values above 99.9 were indicative of severe obesity (z-score > + 3) (Figure 2). Study participants were classified 

according to the WHO criteria and dichotomized into eutrophic (normal weight) or obese (overweight, obese, and severely 

obese) (Consolação Soares et al. 2017) (Figure 2). 

 

Figure 2. Body Mass Index (BMI) classification. 

 

Source: World Health Organization (2009). 

 

The Dental Health Component (DHC) of the Orthodontic Treatment Needs Index (IOTN) assessed normative 

malocclusion (Brook & Shaw 1989). All occlusal alterations were recorded, and only the most severe one served for the 

classification of the individual's need for treatment (Brook & Shaw 1989). The following occlusal conditions were considered: 

missing teeth, including congenital tooth absence and impacted teeth; overjet (positive or negative); crossbite; displacements of 

contact points; overbite and open bite (Brook & Shaw 1989). Adolescents were classified according to their need for 

orthodontic treatment into grades 1 and 2 (no need or little need), grade 3 (moderate need), or grade 4 and 5 (great need). The 

data were dichotomized into "no normative malocclusion" (grades 1 and 2) or "normative malocclusion" (grades 3 to 5) (Brook 

& Shaw 1989). 

The IOTN Aesthetic Component (AC) evaluated subjective malocclusion. The IOTN-AC considers the individual's 

psychosocial needs based on a Dental Attractiveness Scale (DAS), with ten color photographs with a decreasing degree of 

attractiveness, that is, the first photograph shows the most attractive occlusion pattern whereas the tenth shows the least 

attractive one. The IOTN-AC was self-rated by participating adolescents based on the similarity of their occlusion with the 

patterns contained in the DAS. Photographs #1 to #4 corresponding to individuals with little or no need for orthodontic 

treatment (grade 1 and 2); photographs #5, #6 and #7 indicated a moderate need for orthodontic treatment (grade 3), whereas 

photographs #8, #9 and #10 indicated a severe need for orthodontic treatment (grade 4 and 5) (Brook & Shaw 1989). For data 

analysis, the IOTN-AC was dichotomized into "no self-perceived malocclusion" (grades 1 and 2) or "self-perceived 

malocclusion" (grades 3, 4, and 5). 

The DMFT index was used to evaluate dental caries activity and / or experience, according to the WHO criteria 

(WHO, 1997). For data analysis, all maxillary and mandibular teeth were considered, and adolescents with DMFT = 0 were 

classified as having no caries activity/experience while those with DMFT ≥ 1 were classified as having caries 

activity/experience. 

The clinical examination were performed by one calibrated dentist, who participated in theoretical training exercises 

and clinical calibration based on criteria proposed by the IOTN-DHC (malocclusion) and DMFT-index (dental caries). The 
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inter-examiner Kappa coefficient was higher than 0.91 and 0.98 for the evaluation of malocclusion, and dental caries, 

respectively. To check for intra-examiner reproducibility, approximately 10% of the sample was re-examined. 

Individual analyses were performed using obesity as outcome and the independent variables (self-perceived 

malocclusion-IOTN-AC, normative malocclusion-IOTN-DHC, and caries activity/experience-DMFT). The raw odds ratio 

(OR) was estimated with a CI of 95%. The variables with P < 0.20 in the individual analyses were tested in the multiple 

logistic regression models, and those with P ≤ 0.05 remained in the model, with the adjusted OR estimated with a CI of 95%. 

Analyses were performed in the R program (R Foundation for Statistical Computing, Vienna, Austria), considering a 5% 

significance. 

 

3. Results  

The mean age of the sample was 13.4 years, with a standard deviation of 1.61, a median of 13 years, a minimum of 10 

years, and a maximum of 17 years; 57.7% of the sample were females, and 42.3% were males. Our findings showed an 8.4% 

prevalence of self-perceived malocclusion, as compared to 94.6% prevalence of normative malocclusion based on 

orthodontist’s clinical examination. The prevalence rates of obesity and caries activity/experience in the study sample were 

38.9% and 49.4%, respectively. Table 1 summarizes the distribution of variables. 

 

Table 1. Absolute frequency of the study variables. 

 

 

 

 

 

 

 

 

Source: Authors (2021). 

 

Table 2 shows the association between the study variables and obesity outcomes in study participants. Considering the 

adjusted analysis (adjusted OR), adolescents with self-perceived malocclusion presented a (P < 0.05; OR = 0.31, 95% CI: 

0.10-0.99) higher likelihood of not being obese. Twenty percent of the adolescents with self-perceived malocclusion were 

obese, as compared to 40.6% of those with no self-perceived malocclusion. The variables of sex, normative malocclusion, and 

caries activity/experience were not associated with obesity (P > 0.05). 

Sex  

Female 138 (57.7%) 

Male 101 (42.3%) 

Obesity  

Absent 146 (61.1%) 

Present 93 (38.9%) 

Self-perceived malocclusion 

(IOTN-AC) 

Absent 219 (91.6%) 

Present 20 (8.4%) 

Normative malocclusion 

(IOTN-DHC) 

Absent 13 (5.4%) 

Present 226 (94.6%) 

Caries activity / experience 
Absent 121 (50.6%) 

Present 118 (49.4%) 
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Table 2. Association between the study variables and obesity outcomes in economically vulnerable adolescents. 

 

Variable Category Obesity 

 

$Crude OR  

(#95% CI) 

P-value 
 

$Adjusted OR (#95% CI)  
P-value 

    Absent *Present         

Sex 

  

Female 78 (56.5%) 60 (43.5%) 1.58 (0.93-2.71) 0.0915   

Male 68 (67.3%) 33 (32.7%) 1    
Self-perceived malocclusion 

(IOTN-AC) 

Absent 130 (59.4%) 89 (40.6%) 1  1 

0.31 (0.10-0.99) 
 

Present 16 (80.0%) 4 (20.0%) 0.36 (0.12-1.13) 0.0801 0.0472 

Normative malocclusion (IOTN-

DHC) 

Absent 7 (53.8%) 6 (46.2%) 1    
Present 139 (61.5%) 87 (38.5%) 0.73 (0.24-2.24) 0.5831   

Caries activity / experience 

(DMFT) 

Absent 69 (57.0%) 52 (43.0%) 1    
Present 77 (65.3%) 41 (34.7%) 0.71 (0.42-1.19) 0.1927   

*Reference category for the outcome variable; $Odds ratio; #Confidence interval. 

Source: Authors (2021). 
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4. Discussion 

The prevalence rates of overweight and obesity in adolescents reached very high levels (Jones Bell et al. 2018). 

According to the WHO, these figures have tripled in the last four decades and ranked obesity as one of the significant health-

related challenges worldwide (Shivakumar et al. 2018). Hence, studies on overweight-associated factors are needed to 

understand the effects of obesity on the adolescent's life and to implement effective public policies aimed at controlling the 

condition in this population. In our study, the prevalence of obesity in adolescents was 38.9%, which was higher than that 

reported in Saudi Arabia (13.4%), India (17.0%) and China (9.6%) (Zhou et al. 2017, Gautam & Jeong 2018, Al-Hassaini et al. 

2019). 

The literature highlights that individuals with higher socioeconomic status are more likely to be overweight (Gautam 

& Jeong 2018, Al-Hassaini et al. 2019). However, low- and middle-income countries also show high rates of obesity 

(Ashdown-Franks et al. 2019). What justifies studying the results of obesity in economically vulnerable adolescents in Brazil. 

A recent study determined the prevalence rates of obesity in adolescents in 58 countries worldwide. Central and South America 

showed the highest rates of obesity (Yang et al. 2019). Also, globalization has significantly changed the behavior of 

populations, increasing the consumption of soft drinks and fast food (Alm et al. 2008, Canuto et al. 2020). Lack of activity and 

less exercise, the growing popularity of smartphones and social networks, media influences, and social changes in family 

structure have contributed to the increase in the number of overweight people worldwide (Alm et al. 2008, Canuto et al. 2020). 

The relationship between obesity and caries experience has been recently studied, given that both conditions are 

etiologically associated with a sugar-rich diet (Banu et al. 2018). However, while the literature has pointed out an association 

between caries experience and overweight in adolescents (Lara-Capi et al. 2018, Jones Bell et al. 2018), our findings revealed 

no significant association between these variables, despite the high prevalence rates of caries observed in the study sample. 

The inconsistency in the findings may be explained by the fact that some studies have used indices that measure early carious 

lesions while the DMFT index, which was used herein, considers only the presence of cavitated carious lesions with dentin 

involvement. Moreover, despite the participants’ low income, they had access to oral care through the healthcare system for the 

management of dental caries and other conditions (Shivakumar et al. 2018). 

This study evaluated the relationship between normative and self-perceived malocclusion with obesity outcomes. Our 

findings showed that 94.6% of the sample had normative malocclusion. However, few adolescents (8.4%) identified the need 

for treatment. The literature reports inconsistency between the subjective and normative malocclusion assessments (Cai et al. 

2018). Most patterns of malocclusion are asymptomatic and hardly detectable if there is no aesthetic impairment (Dimberg et 

al. 2015). For this reason, including patient perception in oral health surveillance is as essential as a clinical assessment when 

making decisions regarding treatments (Banu et al. 2018). 

The association between obesity and malocclusion is still poorly understood, especially when talking about the self-

perception of the need for orthodontic treatment. A previous study, with a design similar to ours, did not find any significant 

relationship between these conditions (Giuca et al. 2015). However, a comparison between studies is not possible in this case 

because, in the study by Giuca et al. (2015), an orthodontist performed the subjective evaluation and not the individual himself, 

as recommended by the index (IOTN-AC). 

The main findings of this study were that adolescents with self-perceived malocclusion were less likely to be obese, 

while those without self-perceived malocclusion were overweight. Evidence has shown that both malocclusion and obesity 

have a substantial psychosocial impact on an individual's life at a younger age (Banu et al. 2018, Lian et al. 2018, Sagar & 

Gupta 2018). Currently, dissatisfaction with body image is heavily influenced by social media and the social context (Banu et 

al. 2018, Ferreira et al. 2021). During adolescence, esthetic changes of the smile and face can affect the individual's quality of 
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life (Godinho et al. 2020), mainly because physical attractiveness plays an essential role in social relationships (Claudino & 

Traebert 2013, Ferreira et al. 2021). 

The study would further be strengthened if psychological characteristics such as self-esteem were incorporated. A 

longitudinal study design would also strengthen the study. The strength of this study was to include the self-perception of 

malocclusion in the evaluation. Also, adolescents were recruited from an economically vulnerable population, ensuring the 

homogeneity of the sample. The influence of possible confounding factors was low because the examiners were calibrated 

before evaluating the clinical data. 

Finally, both malocclusion and obesity may have a significant impact on an individual’s esthetic appearance 

(Vedovello et al. 2016, Xu et al. 2016). Nevertheless, the physical comorbidities resulting from obesity in childhood and 

adolescence may be even more incapacitating, producing a negative body image, in addition to mental health issues, such as 

depression, anxiety, eating disorder, stress, concern about body shape and low self-esteem (Banu et al. 2018, Sagar & Gupta 

2018). Overweight or obese school-age adolescents are more prone to suffer from chronic bullying due to their physical 

condition (Lian et al. 2018). Obese adolescents may also be subject of different types of victimization, not only of insults 

related to their physical appearance but also of threats, discrimination and social exclusion, which puts them in a state of global 

vulnerability (Pont et al. 2017). Therefore, public policies and health strategies should be implemented for effective prevention 

and management of obesity in childhood and adolescence, focusing not only on health-related parameters but also on the 

psychosocial aspect of the disease. 

 

5. Conclusion 

Obesity was not associated with dental caries and normative malocclusion. However, adolescents who perceive 

malocclusion are less likely to be obese, suggesting that obesity is associated with self-perception of malocclusion. 
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