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Abstract
This study aimed to identify the contextual and individual factors 

associated with dental caries among Brazilian adolescents. This is a 
multilevel cross-sectional study with data from 5,445 participants of the 
2010 National Oral Health Survey, and the contextual information was 
extracted from an official public database. The dependent variable was the 
number of decayed teeth, measured by the D component of the DMFT. 
We conducted a multilevel negative binomial regression and estimated the 
means ratio (MR). We observed a mean of 1.76 (±2.93) decayed teeth. 
Among the contextual variables, the mean number of decayed teeth was 
higher among adolescents living in municipalities with medium/low MHDI 
and lower among those living in municipalities with a higher proportion of 
dentists/inhabitants. Among individual variables, the number of decayed 
teeth was higher among older adults, who self-declared non-white, with 
lower income, who self-perceived need for treatment, reported pain, never 
went to the dentist, used the dental service for a longer time and whose 
appointment was due to oral problems. Dental caries among adolescents 
was associated with unfavorable contextual and individual conditions. 
There is a need to expand access to dental services, especially among the 
most vulnerable groups.
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Introduction
Oral problems are one of the leading public health problems globally [1]. 

We highlight dental caries, a multifactorial disease resulting from a social 
process including age, sex, general health conditions, and socioeconomic 
levels [1,2]. According to data from the latest national epidemiological surveys, 
dental caries showed a heterogeneous distribution, with differences between 
regions and social groups [3,4]. A previous study found that the disease 
experience was more severe in population groups most subjected to social 
deprivation [5]. Thus, the distribution of dental caries has been increasingly 
polarized, with greater severity in the socially less favored classes [6]. During 
adolescence, the lack of healthy lifestyle habits is a significant health risk 
factor in adulthood, including oral health [7]. For example, caries rates are 
higher in adolescents than in children [8]. Among Brazilian adolescents aged 
15-19 years, a DMFT (number of decayed, missing, and filled/restored teeth) 
index was found with a value practically double that found at the age of 12 [4]. 
Thus, adolescence is an age group at risk for critical dental caries and deserves 
to be studied. Considering the uneven distribution of dental caries among 
adolescents and the scarcity of studies carried out at this life stage, this study 
aimed to identify the individual and contextual factors associated with the 
number of decayed teeth among Brazilian adolescents, adopting a multilevel 
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approach, considering the possibility of contributing to the 
prevention of dental caries and oral health promotion.

Methods
Study design

This multilevel, cross-sectional study employed 
individual and municipal data. The individual variables were 
derived from the National Oral Health Survey - SBBrasil 
2010 [4], and the contextual variables were collected at the 
municipal level from official public databases. The SBBrasil 
2010 is an oral health survey that covers all 27 capitals and 
inland municipalities of all the country’s regions. Sampling 
was performed in different territories of state capitals, Federal 
District, and municipalities within the defined geopolitical 
macro-regions (North, Northeast, Midwest, Southeast, and 
South), considering 177 Brazilian municipalities. Details of 
the methodology used in SBBrasil 2010 are available in a 
previous study [4]. The 15-19 years age group is the standard 
group to assess oral health conditions in adolescents [9]. In 
this study, data from the SBBrasil 2010 were used regarding 
the 5,445 individuals randomly selected to represent Brazilian 
adolescents (15-19 years).

Dependent variable
The dependent variable “number of decayed teeth” was 

obtained from the decayed component of the DMFT index 
(number of decayed, missing, and filled/restored teeth). 
Information was retrieved for each of the 32 teeth examined 
per individual [10]. This variable was worked on per its 
discrete numerical nature.

Independent variables
The contextual variables were collected from public 

and official databases for each of the 177 municipalities 
participating in the SBBrasil 2010: 2010 Demographic 
Census of the Brazilian Institute of Geography and Statistics 
- IBGE [10], Atlas Brazil of the United Nations Development 
Program (UNDP) [11], National Basic Sanitation Survey [12], 
and Department of Informatics of the Unified Health System 
(DATASUS) [13]. The databases referring to the Atlas Brasil 
[11] and the National Basic Sanitation Survey [12] were 
generated from the 2010 demographic census, whose data 
were collected from August 1 to October 30, 2010, using the 
territorial base of 316,574 census tracts [10]. The independent 
contextual variables were the geographic location of the 
municipality (capital; inland region) [4], Municipal Human 
Development Index (MHDI) (very high; high; medium/low) 
[12], Gini coefficient, % of the population with access to toilet 
and piped water [12], percentage of the population covered 
by oral health teams [12], the proportion of dentists per 1,000 
inhabitants [12] and fluoridation of public water supply (yes; 
no) (National Basic Sanitation Survey) [12]. Except for the 

variables geographic location of the municipality, MHDI, 
and fluoridation of public water supply, all other contextual 
variables were analyzed in a continuous numerical way. The 
coverage of oral health teams refers to the proportion of the 
population in the municipalities that receive coverage of 
oral health teams in PHC [12]. The individual independent 
variables were obtained from the SBBrasil 2010 [4]: sex 
(female, male), age (in years), self-reported skin color (white,  
black, yellow, brown, and indigenous), schooling (in years), 
income range in reais (above R$ 1,500.00; less than or equal 
to R$ 1,500.00), self-perceived need for treatment (no; yes), 
tooth and gum pain in the last six months (no; yes), previous 
use of dental service (yes; no), time since the last visit (less 
than a year; more than one year; never been to the dentist), 
the reason for the last visit (review/prevention; oral problems; 
never been to the dentist) and type of dental service used 
(SUS; others; never went to the dentist). Regarding the type 
of dental service used, those offered by the Unified Health 
System (SUS) were considered public services.

Analyses performed
Data referring to contextual and individual variables 

were initially organized in the statistical software Predictive 
Analytics Software (PASW/SPSS®) version 18.0 for 
Windows®. Data from municipalities and not individuals 
were used for the descriptive analysis of contextual variables. 
The need for adjustment was observed for the sample design 
effect in the descriptive analysis of the individual variables, 
as they derive from cluster samples. Thus, we employed the 
“Complex Samples” module, which considers the weights 
resulting from the sampling process. We estimated central 
tendency and variability measures for independent numerical 
variables and simple (n) and relative frequencies (%) for 
categorical independent variables. We identified the bivariate 
association between the dependent variable and individual 
characteristics by employing Pearson’s Correlation (r) 
for independent numerical variables, Student’s t-test for 
dichotomous categorical variables, and Analysis of Variance 
(ANOVA) for polytomous variables. The data were exported 
to the STATA® 14.0 program and the Multilevel Negative 
Binomial Regression model (stepwise backward method), 
using contextual and individual data to obtain the multiple 
models. This model is appropriate when the dependent 
variable is quantitative and with integer and non-negative 
values (count data) and with data overdispersion (variance 
of the dependent variable greater than the mean) [14]. The 
adequacy of the dependent variable for this type of regression 
was verified and confirmed before starting the modeling. We 
adopted the mixed effect scheme (fixed effect and random 
intercept) [15] to estimate the adjustment between the 
outcome (number of decayed teeth) and independent variables 
of the first (contextual) and second (individual) levels of 
analysis. A priori, we considered an empty model (only with 
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random intercept and the dependent variable, without the 
other variables). Subsequently, we included the first level 
variables, promoting model adjustment. Then, the second-
level variables were introduced, adjusting the model again. 
The menbreg, irr function was used to obtain the Mean Ratio 
(MR) and 95% confidence interval (95% CI) measurements, 
keeping only the variables associated with a level less than or 
equal to 0.05 (p≤0.05) in the final models. We analyzed the 
fit of models employing deviance, obtained through the Log-
Likelihood multiplied by (-2), where significant differences 
are expected between the models [16]. Moreover, we tested 
multicollinearity, verifying the correlations between the 
independent variables using Pearson’s Correlation (r), and 
we did not identify values above 0.7.

Ethical issues
The SBBrasil 2010 was conducted to meet the ethical 

principles of Resolution n° 196/96 of the National Health 
Council (CNS) on human research. It was approved by 
the Research Ethics Committee of the Ministry of Health 
and registered at the National Research Ethics Committee 
(CONEP), of the CNS, under N° 15.498/2009. Participants 
were duly informed about the research and agreed to 
participate by signing the Informed Consent Term [17].

Results
Seventy-eight (1.43%) people from the sample evaluated 

by the SBBrasil 2010 were excluded because they did not have 
information related to the dependent variable under analysis. 
Thus, this study considered 5,367 Brazilian adolescents. 
The mean number of decayed teeth was 1.76 (± 2.93). The 
descriptive analysis of the contextual variables is shown 
in table 1. One-third of the 177 Brazilian municipalities 
considered did not have fluoridated water, and most had a 
high MHDI (66%). In the descriptive analysis of individual 
variables, most adolescents were female (51.7%) and self-
declared black/yellow/brown/indigenous (55%). The mean 
age of the adolescents was 16.86 years (±1.46), and they had, 
on average, 9.36 years of schooling (±2.44). Furthermore, 
most adolescents self-perceived the need for dental treatment, 
and 13.8% reported never having gone to the dentist (table 
2). The bivariate analysis can also be seen in table 2. The 
multilevel negative binomial regression analysis results are 
shown in table 3. Considering the contextual variables, the 
mean number of decayed teeth was higher among residents 
of municipalities with medium/low MHDI (MR=1.78; 
CI=1.19 -2.65). Living in cities with a higher proportion of 
dentists per inhabitant was associated with a lower mean 
number of decayed teeth (MR=0.76; CI= 0.59-0.97). Among 
the individual variables, the mean number of decayed teeth 
was higher among older adolescents (MR=1.07; CI=1.03-
1.09) who self-declared black, yellow, brown, or indigenous 
(MR=1 0.13; CI=1.04-1.24) and had a household income 

less than or equal to R$ 1,500.00 (MR=1.30; CI= 1.18-1.42). 
However, the mean number of decayed teeth was lower 
among adolescents with higher schooling (MR=0.92; CI= 
0.90-0.93). Additionally, the number of decayed teeth was 
higher among individuals who self-perceived the need for 
dental treatment (MR=2.02; CI= 1.83-2.24), who reported 
tooth and gum pain in the last six months (MR= 1.51; 
CI=1.39-1.65), who never went to the dentist (MR=1.62; 
CI=1.40-1.88), who used the dental service for more than 
one year (MR=1.20; CI=1.10-1.30) and whose reason for 
the visit was oral problems (MR=1.67; CI=1.50-1.83). The 
use of non-public dental services was a protective factor for 
the number of decayed teeth compared to adolescents who 
used dental services offered by the SUS (MR=0.75; CI= 0.67-
0.82). A significant decline in deviance was observed with 
the adjustment of the models.

Discussion
This study identified the influence of contextual variables 

MHDI and proportion of dentists per inhabitant on the number 
of decayed teeth in Brazilian adolescents, even after adjusting 
for critical individual variables knowingly associated with 
dental caries. The presence of contextual variables among the 
determinants of dental caries reinforces the fact that the 
geographic space (territory) reflects human, social, economic, 

Context Variables n %
Geographical location of the 
municipality   

Capital 27 15.3

Inland 150 84.7

MHDI   

Extremely high 33 18.5

High 117 66

Medium/low 27 15.5

Gini coefficient§  (SD) = 0.62 (0.12)  
% of the population with access 
to toilets and running water § µ (SE) = 95.36 (7.39)  

Oral health team coverage§*  (SD) = 31.0 (27.55)  
Proportion of dentists per 1,000 
inhabitants§  (SD) = 0.90 (0.45)  

Public water supply fluoridation

Yes 118 66.7

No 59 33.3

Source: SBBrasil 2010, UNSD, 
DATASUS, and IBGE.
§ Numerical variables.
* Data not available for 15 municipalities.

Table 1: Characterization of the Brazilian municipalities (n=177) 
regarding contextual variables in absolute numbers (n) and 
percentages (%), mean (  ) and standard deviation (SD). Brazil, 
2010.
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and historical relationships. It can, in fact, influence people’s 
living conditions and health. The context can be understood 
as a reflection of the conditions of its inhabitants that 
positively or negatively affect the living conditions of its 
occupants. Contextual and individual conditions are 
interrelated and often seem to feed back [18]. Adolescents 
living in cities with medium/low MHDI had, on average, 1.78 
more decayed teeth than those living in cities with very high 
MHDI. The MHDI had already been identified as a contextual 

determinant of untreated caries among adolescents [22]. A 
previous multilevel study observed a more significant number 
of missing teeth among adults living in municipalities with 
lower MHDI [24]. This conception aligns with features found 
in municipalities, where worse contextual indicators and 
worse oral health conditions are simultaneously identified 
since essential aspects for maintaining dentition, such as 
higher education, better eating habits, greater access to 
information, and provision of health services are generally 

Individual Variables n % Number of decayed teeth   (SD) p-value

Sex     

Female 2915 51.7 1.93 (2.81) 0.679**

Male 2452 48.3 1.96 (3.06)  

Age (in years)§  (SD) = 16.86 (1.46) 0.070#

Self-declared ethnicity/skin color     

White 2177 45 1.41 (2.59) <0.001**

Black/Yellow/Brown/Indigenous 3190 55 2.31 (3.09)  

Schooling (in years) §*   (SD) = 9.36 (2.44) <0.001#

Household income (in reais)*     

Up to R$ 1,500.00 1585 32.3 2.31 (3.17) <0.001**

Above R$ 1,500.00 3467 67.7 1.21 (2.28)  

Self-perceived need for dental treatment*     

No 1603 32.6 0.90 (2.30) <0.001**

Yes 3569 67.4 2.44 (3.09)  

Toothache*     

No 4048 75.7 1.54 (2.60) <0.001**

Yes 1305 24.3 3.16 (3.48)  

Previous use of dental service*     

Yes 4625 86.3 1.84 (2.71) <0.001**

No 716 13.7 2.59 (3.99)  

Time since last visit*     

Less than 1 year 2665 47 1.60 (2.59) <0.001†

More than 1 year 1905 39.1 2.17 (2.85)  

Never went to the dentist 716 13.9 2.59 (4.00)  

Reason for visit*     

Check-up/prevention 1598 30.9 0.93 (1.80) <0.001†

Oral problems 2986 55.3 2.32 (2.95)  

Never went to the dentist 716 13.8 2.59 (4.00)  

Type of dental service used *     

SUS 2176 40.2 2.50 (3.11) <0.001†

Other 2418 46.1 1.25 (2.13)  

Never went to the dentist 716 13.8 2.59 (4.00)  

Source: SBBrasil 2010.                    § Numerical variables.                  * N variation due to loss of information.
** Student’s t-test                              # Pearson’s correlation                 †ANOVA

Table 2: Characterization of Brazilian adolescents (n=5,367) regarding individual variables in absolute numbers (n) and percentages (%), and 
their bivariate association with the number of decayed teeth. Brazil, 2010.
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more available in more developed areas [19,20]. Thus, the 
results of this study reinforce the finding that dental caries is 
a “social disease” whose unequal impact results from 
unavoidable individual variations and the social disparities in 
which they are inserted [21-23]. The main finding of this 
analysis refers to the association between the number of 
dentists per inhabitant of the municipalities and the number 
of decayed teeth observed among adolescents, even after 
adjusting for the other blocks of variables. Adolescents living 
in municipalities with a higher proportion of dentists per 
inhabitant showed a lower mean number of decayed teeth 
than adolescents living in municipalities with a lower dentist 
per inhabitant ratio. This finding emphasizes the importance 
of the availability of dental surgeons in the municipalities in 
adequate numbers, referring to the reflection of the need for 
an equitable, nationwide distribution of these professionals to 
ensure a more significant transfer of information and access 
to oral health care for the population. The WHO recommends 
one dentist per 1,500 inhabitants [9]. In 2020, Brazil had a 
ratio of one dentist to 626 inhabitants [26,27], exceeding the 
recommended by more than twice. However, our study found 
that the proportion of dentists per inhabitant was considerably 
lower in the Northern regions, with one dentist for every 
2,631 inhabitants, and in the Northeast, one dentist for every 
1,818, when compared to the South regions (one dentist for 
every 1,149 inhabitants) and Southeast (one dentist for every 
1,111 inhabitants). Thus, the distribution of these professionals 

by Brazilian region shows great disparity, with greater 
concentration in the most populous and developed regions. 
The issue of polarized and heterogeneous distribution of 
dental services in the country is more related to market laws 
than the profile of needs [17]. This problem is repeated 
worldwide, with more than one million dentists duly qualified 
to provide oral health care. However, they are not evenly 
distributed and as per the populations’ needs, many of which 
are from the most impoverished, underprivileged regions 
with a higher need for this type of care, with less than one 
dentist for every 300,000 inhabitants [28]. Other studies also 
report that the proportion of dentists per inhabitant is one of 
the leading contextual factors associated with tooth loss 
[29,30] and other oral diseases [31,32] among adolescents. 
Unfortunately, despite the relevance of this variable (dentist/
inhabitant ratio) in dental caries or other oral problems, this 
issue has not been widely explored in the scientific literature, 
especially considering a multilevel approach. Thus, further 
investigations are recommended considering this vital 
variable for oral health outcomes. Regarding individual 
variables, a previous study found that younger adolescents 
had a better oral health pattern [17], which corroborates the 
findings of this study, possibly due to the shorter exposure 
time of dental elements to the oral environment. We found 
that black/yellow/brown/indigenous individuals had a higher 
mean number of decayed teeth than white individuals. 
Inequalities associated with dental caries related to skin color 

Context Variables
Model 1 Model 2

MR (95% CI) p-value MR (95% CI) p-value

MHDI     

Extremely high Ref.  Ref.  

High 1.50 (1.07-2.11) 0.018 1.29 (0.91-1.84) 0.149

Medium/low 2.28 (1.55-3.36) <0.001 1.78 (1.19-2.65) 0.005

Oral health team coverage 0.99 (0.99-1.00) 0.006 -------- --------

Proportion of dentists per 1,000 inhabitants 0.70 (0.54-0.89) 0.004 0.76 (0.59-0.97) 0.028

Indiviadual Variables     

Age (in years)   1.07(1.03-1.09) <0.001

Self-declared ethnicity/skin color     

White   Ref.  

Black/Yellow/Brown/Indigenous   1.13 (1.04-1.24) 0.003

Schooling (in years)   0.92 (0.90-0.93) <0.001

Household income (in reais)     

Above R$ 1,500.00   Ref.  

Less than or equal to R$ 1,500.00   1.30 (1.18-1.42) <0.001

Self-perceived need for dental treatment     

No   Ref.  

Table 3: Multilevel negative binomial regression analysis on the number of decayed teeth among Brazilian adolescents (n = 4,750). Brazil, 
2010.
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were also observed in previous studies on Brazilian 
adolescents [22,33]. On the other hand, fewer decayed teeth 
were observed among adolescents with higher education 
(MR=0.92; CI= 0.90-0.93). Higher education levels are 
protective factors for dental caries [22]. Adolescents with a 
lower household income had a higher mean number of 
decayed teeth than those with higher household income 
(MR=1.30; CI= 1.18-1.42), evidencing the socioeconomic 
condition as one of the determining factors for dental caries. 
Subjective oral health conditions were also associated with 
dental caries among adolescents. A higher mean number of 
decayed teeth was found among individuals who self-
perceived the need for dental treatment and reported tooth 
and gum pain in the last six months. The conception of quality 
of life and general aspects of health, including oral health, has 
been much discussed. This relationship plays an essential role 
in people’s perception, characterizing a subjective factor 
linked to self-image, understanding of needs, and searching 
for dental care [34-36]. Regarding the use of dental services, 
we found that the mean number of decayed teeth was higher 
among adolescents who had never used these services, who 
had used these services for more than a year, and whose 
reason for the visit was oral problems. Research conducted 
among Brazilian adolescents also found a higher likelihood 
of caries in adolescents who did not visit the dentist regularly 
or never went to the dentist [33]. The regular use of dental 
services possibly ensures greater access to oral health 
maintenance procedures, disease prevention, and early 
treatment. Preventive use/review of dental services is an 
indicator of oral health, with a higher presence of dental 
caries observed among individuals who used dental services 
due to oral problems [37]. Moreover, fewer decayed teeth 
were observed among adolescents who used non-public 
dental services than those who used the SUS. National and 
international studies have already identified the association 
between the use of dental services in the last year and less 
tooth loss. Adults who routinely used dental services had 
better oral health levels, with fewer decayed and missing 
teeth [24,38]. These results show that regular access to dental 
services can reduce the number of decayed and missing teeth 
and, consequently, ensure oral health as a whole. The results 
of this study are expected to be helpful for the implementation 
of national and regional policies by oral health care providers. 
Considerable progress in reducing inequalities in access and 
increasing the use of dental services has been observed in 
Brazil from 1998 to 2008 [40]. However, inequalities among 
social groups are still significant. Adolescents’ context and 
individual factors associated with dental caries reveal health 
disparities, highlighting the importance of eliminating 
inequality in accessing dental services. Oral health system 
managers and legislators must immediately allocate resources 
and reduce barriers to this end, assuring the principle of 
equity. As for the limitations of this work, we should consider 

that it is a cross-sectional study, where causes and effects are 
measured simultaneously, thus hindering the inference of 
causality. Furthermore, secondary data were analyzed, and, 
consequently, some risk factors for dental caries, such as 
habits and lifestyle, were not evaluated since the SBBrasil 
2010 did not address such characteristics. It is worth 
mentioning the data’s temporal limitation, collected in 2020, 
although they are the most recent national approach data 
currently available. We recognize that the descriptive results 
should be interpreted with some caution, as the last decade 
was marked by changes in the oral health policy adopted in 
the country, which may have impacted the prevalence of 
caries lesions in the population. However, we believe that the 
verified associations are current and relevant. Also, it is worth 
noting the representativeness of the investigated sample and 
the multilevel approach of the variables, which allowed 
assessing the importance of contextual and individual factors 
in the investigated outcome. Another strength is that the 
dependent variable adopted was worked on in its discrete 
numerical nature (without categorizations), thus allowing us 
to verify the impact by the mean number of decayed teeth.

Conclusion
The contextual variables MHDI and proportion of dentists 

per population remained associated with the highest number 
of decayed teeth among adolescents, even after adjusting 
for critical individual variables knowingly associated with 
dental caries. A more significant number of decayed teeth 
was associated with unfavorable contextual and individual 
factors, such as lower MHDI, a lower proportion of dentists 
per inhabitant, lower schooling, low household income, 
reports of pain, absence, and more prolonged use of dental 
services. The relationship between the proportion of dentists 
per inhabitant in the municipalities seems to play a role in 
social inequalities in dental caries among adolescents. It 
should be further explored in the scientific literature. Thus, 
the results of this study reinforce the importance of public 
policies in increasing adolescents’ access to dental care. 
Additionally, we emphasize that such policies should be 
guided by implementing coordinated actions to promote 
health and social justice, prioritizing the population segments 
with the highest needs.
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