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Association between Dental Caries
and Socioeconomic Factors in
Schoolchildren - A Multilevel Analysis

Janessa Luiza Engelmann, Fernanda Tomazoni, Marta Dutra Machado
Oliveira, Thiago M. Ardenghi

Thisstudy aimed to assess the association between dental caries, socioeconomic individual
and contextual factorsin 12-years-old children. A representative sample of 1,134 children
enrolled in public schools from Santa Maria, RS, Brazil, was obtained from a multistage
random sampling. Four calibrated dentists examined participants at schools. Data about
dental caries (DMF-Tindex) and dental plaque (present or absent) were assessed. Children's
parents or guardians answered questions regarding their demographics and socioeconomic
status. Context variables were also collected from official publications of the city. Data
analyses were performed using multilevel logistic regression models. Caries prevalence
in this sample (DMF-T>1) was 49.9% (95%ClI: 45.05% - 54.77%), and mean DMF-T was
1.15 (95%Cl: 1.01-1.29) with 0.068 standard error. Children of the 3™ and 2" tertile
of income represented by the rich and intermediate categories, showed, respectively, a
50% (OR 0.50: CI95 % 0.35-0.71) and 39% (OR 0.61: CI95% 0.45-0.82) lower chance to
present untreated caries compared with the poorest portion of the sample represented by
the 15t tertile of income. Regarding the context covariates, children from lower income
neighborhood presented a higher chance for having untreated dental caries compared
with their counterpart (OR 1.70: Cl95% 1.19 to 2.43). Inequalities in the distribution of
dental caries continue affecting children from poorer socioeconomic profiles. There is
need for planning public interventions for oral health promotion that take into account
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individual and contextual socioeconomic characteristics.

Introduction

Although the etiological role of sugar, microorganism
and tooth susceptibility for dental caries is well known (1),
socioeconomic inequalities at individual and community
levels have been highlighted as major determinants for the
occurrence of the disease (2). Therefore, the planning of
oral health promotion aimed at reducing health inequalities
should tackle these underlying socioeconomic causes of
dental caries (3).

In Brazil, data from national population-based oral
health surveys have shown an increase in the prevalence
of caries-free 12 years-old children from 31% to 44%
from 2003 to 2010 (4). However, despite the decline in
caries prevalence in the last years, the distribution of
the disease occurs unevenly between individuals (5). The
literature has shown a nonhomogeneous distribution of
the disease, where individuals or communities with better
socioeconomic profiles presented lower values of DMF-T
and higher percentage of caries-free children (6). Thus, the
highest levels of disease were observed in those parts of
the population that live in social deprivation (7).

Studies assessing the associated factors for dental
caries have been largely focused on the influence of
socioeconomic conditions (2,7). However, it is important

caries, multilevel analysis.

to assess the variability of caries distribution taking into
account the hierarchy of interrelationships between the
individual factors and the environment where individuals
are living (8).

The inequality in the occurrence of the disease may
be related to a more intense exposure to common risk
factors, since individuals who live in the same context tend
to have similar behaviors (9,10). However, most studies
that consider the contextual features have focused on
adult and elderly population (9,11). There is lack of studies
assessing the individual and context factors associated to
the occurrence of dental caries in the child and adolescent
populations (10).

This study aimed to assess the effect of socioeconomic
variables from individual and context levels in the
occurrence of dental caries and untreated dental caries
in 12-years-old children in Brazil.

Material and Methods
Study Population and Design

A cross-sectional study using a representative sample of
12-year-old schoolchildren was carried out in Santa Maria,
RS, Brazil. There were 3,817 children in this age group in the
city. The sample size calculation to assess the prevalence



of dental caries considered the following parameters: 5%
standard error, 95% confidence interval, a previous caries
prevalence of 39% (2) and 1.4 for design effect. A rate of
309% was added to account for losses or refusals. The sample
size calculation resulted in a minimum of 667 children. A
sample size was also calculated for the assessment of factors
associated with the occurrence of dental caries, and the
following parameters were considered: 5% standard error,
80% test power, 45% caries prevalence in low-income
children (exposed group) and 34% in high income children
(non-exposed group) (2), 95% confidence interval and
ratio of exposed to non-exposed 1:1. A value of 30% was
added for possible losses or refusals, resulting in a minimum
of 747 children. The study sample was selected from a
multistage sampling procedure, where the first stage was
represented by the schools (primary sampling unit) and the
second stage by the 12-year-old children enrolled in these
schools (secondary sampling unit). First, 20 of 39 eligible
publicschools were selected, considering their size (number
of students) in the city context. All 12-year-old children
enrolled in the selected schools (n=1,911) were invited to
participate in the study.

Data Collection

Dataregarding oral conditions were obtained by clinical
examinations atschool. International criteria standardized
by the World Health Organization for oral health surveys
(12) were used for all dental examinations. The exams
were performed using the Community Periodontal Index
(CPI) probe, a dental mirror and gauze (12). The presence
or absence of dental plaque was assessed according to
the Visible Plaque Index (13) and the occurrence of dental
caries according to the DMF-T index (12). Four trained and
calibrated dentists performed the exams. The process of
training and calibration was performed according to the
World Health Organization (WHO) in its basic manual for
epidemiological studies (12). The inter and intra-examiner
Kappa values for DMF-Tindex ranged from 0.77 t0 0.82 and
from 0.79 to 0.85, respectively. These values demonstrate a
good to optimal concordance among examiners.

A structured questionnaire including information of
child's age and gender, parental education, family income,
and race/skin color was sent to children's homes to be
answered by their parents or guardians. This questionnaire
has been already used in previous studies including this
population. The feasibility of the questionnaire was verified
replicating it on 10% of the sample. For data analysis, the
variables father's and mother's educational level were
categorized as those who completed primary school (=8
years) and those with less than eight years of education
(<8 years); the variable household income was categorized
in tertiles of income: Richest (3" tertile), Intermediate (2"
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tertile) and Poorest (15t tertile).

Context data such as neighborhood income in the
community were obtained from official publications of
the city (14). The variable was defined by geographical
area (district) of the child's school.

Data Analysis

Data were analyzed using STATA 12.0 software (Stata
Corporation, College Station, TX, USA). Initially a descriptive
analysis was performed to verify the mean and the
prevalence of dental caries (DMF> 0) and untreated dental
caries (D>0). Gini Coefficient and SiC index (Significant
Caries Index) were used to verify the distribution of the
disease. The former is a well-documented index to assess
inequality, used mainly to assess income distribution (15).
It is a number between 0 and 1, where zero represents
complete equality and 1 complete inequality of the full
sample. The second one, SiC index (16), represents the
mean DMF-T of the third of the sample presenting the
highest disease levels.

Multilevel logistic regression was used to assess
associations of the occurrence of dental caries and
untreated dental caries with individual and context
covariates. The multilevel analysis considered a fixed-
effect/random intercept. A multivariate analysis was also
running for the outcome 'untreated dental caries. The
first model ("empty model”) estimated the proportion
of variance arising from each level before the entry of
individual and context variables. The second model (“Model
2") included only first-level covariates; in the last model
("Model 3"), the association estimations were adjusted for
individual and contextual level characteristics. In all models,
Deviance (-2loglikelihood) was used to assess the quality of
adjustment; significant changes in the adjustment quality
of the models were analyzed using the likelihood ratio test
(likelihoodratio).

Ethics

The Ethics in Research Committee of the Federal
University of Santa Maria approved this study protocol.
All participants were informed verbally and by letter
about the aims of the study. The participant's parents or
legal guardians signed a free and informed consent form.
Furthermore, all schools received information about the
study and agreed to participate.

Results
Atotal of 1,134 children comprised the final sample.
The response rate was 93%. Caries prevalence (DMF-T=1)
was 49.9% (95%Cl: 45.05% - 54.77%), and mean DMF-T
was 1.15(95%Cl: 1.01-1.29); the prevalence of untreated
dental caries was 42.3% (95%Cl: 36.75%-47.80%).
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Unequal distribution of dental caries was observed, with
a Gini coeficient of 0.66 (Fig. 1) and a SiC index of 2.95.

Table 1 shows the sample description and the g 075
prevalence of dental caries, untreated dental caries and §
mean DMF-T according to clinical, sociodemographic, 2 05
individual and context characteristics. Most of the §
participants were white and 45.88% were male. In 5 0.25

addition, when considering family income, a gradient

in the occurrence of dental caries was observed. Poorer 0
children presented a higher prevalence of dental caries

and a higher mean of DMF-T when compared to those at

the intermediate and richest tertiles.

The unadjusted analysis of potential individual and Figure 1. Lorenz curve for the DMF-T distribution (12-year-old
children) in Santa Maria, RS, Brazil. Gini coefficient=0.66.

0 0.25 0.5 0.75 1

cumulative population

context covariates for the occurrence of dental caries

Table 1. Percentage of dental caries (DMFT=1), untreated dental caries (‘D’ component of DMFT-index >1) and mean DMFT according to clinical
and demographic characteristics of the sample. Santa Maria, RS, Brazil

Variables N (%) DMFT Mean (SE) DMFT=1 n (%) r?(ZO/i)
Child covariates (15 level)
Sex
Male 523 (45.88) 1.16 (0.11) 247 (47.04) 218 (41.74)
Female 611 (54.12) 1.14 (0.78) 321 (52.35) 262 (42.73)
Skin color
White 851 (77.93) 1.13 (0.06) 431 (50.53) 361 (42.49)
Black 245 (22.07) 1.30 (0.13) 127 (51.78) 110 (44.70)
Household Income
Richest (3™ tertile) 288 (28.43) 0.82 (0.11) 119 (41.06) 96 (33.12)
Intermediate (2" tertile) 402 (38.63) 1.13 (0.06) 196 (49.09) 157 (39.61)
Poorest (1%tertile) 346 (32.94) 1.47 (0.10) 202 (57.65) 184 (52.48)
Father’s educational level
With primary education 628 (61.44) 0.99 (0.08) 284 (45.88) 233 (37.72)
Without primary education 406 (38.56) 1.40 (0.08) 238 (57.67) 208 (50.68)
Mother’s educational level
With primary education 702 (65.55) 1.03 (0.08) 325 (46.70) 268 (38.60)
Without primary education 382 (34.45) 1.41 (0.07) 227 (58.48) 198 (51.24)
Dental Plaque
Yes 582 (51.53) 0.93 (0.07) 261 (44.71) 217 (37.21)
No 552 (48.47) 1.38 (0.10) 307 (55.45) 263 (47.66)
School level (214 Jevel)
Neighborhood mean income*
>75Mquartile 342 (30.15) 0.86 (0.06) 139 (40.42) 107 (9.34)
<75%quartile 792 (69.85) 1.27 (0.05) 429 (54.01) 373 (32.94)

* Percentage, mean and standard error (SE) were calculated taken into account the sampling weight;* Neighborhood mean income: represents the
mean income from the neighborhood of the school.
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and untreated dental caries are in Table 2. The variables
income, mother and father educational level showed a
significant association with the occurrence of dental
caries and untreated dental caries. Considering the
family income, gradient in the occurrence of the disease
was observed. For example, children belonging to the 3t
tertile of the sample, representing the richest, and those
belonging to the 2" tertile, representing the middle level,
presented a 50% (OR 0.50: Cl95% 0.35-0.71) and 39%
(OR 0.61: CI95% 0.45-0.82) respectively lower chance to
have untreated dental caries when compared to the 1
tertile, which involved the poorest children. The same
gradient was observed for the occurrence of dental caries.
Moreover, children belonging to families where parents
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have not completed elementary school presented a 65%
(OR 1.65: Cl95% 1.26-2.16) and 55% (OR 1,55: CI95%
1,17-2,04) higher chance to have untreated dental caries.
In addition, children with dental plaque showed a higher
chance of having untreated dental caries (OR 1.52:95%
Cl 1.19 -1.93).

The context variable neighborhood's mean income was
also associated with the outcomes. Children belonging
to neighborhoods with a lower mean income presented
a higher chance of having untreated dental caries (OR
1.98:95% Cl 1.40-2.80) compared to those who lived the
richest areas (considering the 75 percentile of income
distribution as a threshold).

Table 3 shows the adjusted multilevel model, with

Table 2. Individual and contextual variables associated with dental caries and untreated dental caries - Unadjusted multilevel logistic regression.

Santa Maria, RS, Brazil

Variables DMFT=1 N (%) OR (95%CI)* D=1 N (%) OR (95%CI)*
Child covariates (1%t level)
Sex
Male 247 (47.04) 0.81 (0.64-1.02) 218 (41.74) 0.95 (0.75-1.21)
Female 321 (52.35) 1 262 (42.73) 1
Skin colour
White 431 (50.53) 1 361 (42.49) 1
Black 127 (51.78) 0.96 (0.71-1.29) 110 (44.70) 0.99 (0.73-1.33)
Household Income
Richest (3™ tertile) 119 (41.06) 0.55 (0.39-0.78) 96 (33.12) 0.50 (0.35-0.71)
Intermediate (2™ tertile) 196 (49.09) 0.72 ( 0.53-0.97) 157 (39.61) 0.61 (0.45-0.82)
Poorest (1stertile) 202 (57.65) 1 184 (52.48) 1
Father’s educational level
With primary education 284 (45.88) 1 233 (37.72) 1
Without primary education 238 (57.67) 1.64 (1.26-2.15) 208 (50.68) 1.65 (1.26-2.16)
Mother’s educational level
With primary education 325 (46.70) 1 268 (38.60) 1
Without primary education 227 (58.48) 1.59 (1.21-2.09) 198 (51.24) 1.55 (1.17-2.04)
Dental Plaque
Without 261 (44.71) 1 217 (37.21) 1
With 307 (55.45) 1.53 (1.20-1.94) 263 (47.66) 1.52 (1.19-1.93)
School level (274 level)
Neighborhood mean income*
>75Mquartile 139 (40.42) 1 107 (30.99) 1
<75Mquartile 429 (54.01) 1.73 (1.29-2.31) 373 (47.15) 1.98 (1.40-2.80)

* Unadjusted multilevel logistic regression. * Neighborhoods mean income: represent the mean income from the neighborhood of the school.
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the individual and context variables associated with the
outcome “occurrence of untreated caries”. All the variables
that presented association in the unadjusted analysis
remained significantly associated. Only maternal schooling
was not included in the model, because it presented a
strong correlation with the variable father schooling.

When the contextual variable neighborhood's mean
income wasincluded in the multilevel adjusted model (“Full
Model"), it also remained associated with the outcome.
The chance of occurring untreated dental caries was
70% higher for children from neighborhoods where the
mean income was less than the 75th percentile of income
distribution, compared to those from neighborhoods with
the mean income exceeding or equal to this value (95%
Cl 1.70 OR 1.19-2.43).

Discussion

This study assessed the association of dental caries
and untreated dental caries with individual and context
socioeconomic factors. The main result is that children
belonging to contexts with better socioeconomic profiles
had lower chances of presenting dental caries.

A high dental caries rate has been reported by studies
in communities with poor socioeconomic profiles (9,10)
and this association is the source of health inequalities in
such populations (17). Nevertheless, there is evidence that
individuals from groups of greater risk are more likely to
develop oral diseases (11).

Furthermore, there are inequities in the distribution
of disease. It has been seen that a larger portion of the
population is free of dental caries and higher levels of

Table 3. Individual and contextual variables associated with dental caries and untreated caries - Adjusted multilevel logistic regression. Santa

Maria, Brazil

Model 1 (“empty”)*

Model 2* (*individual”) Model 3 (“full”)*

Fixed Component
OR (CI95%)

OR (CI95%)

OR (CI95%)

Intercept 0.78 (0.63 - 0.95)
Child covariates (1st level)
Skin color
White
Black
Household Income
Richest (3" tertile)
Intermediate (2" tertile)
Poorest (15 tertile)
Father’s educational level
With primary education
Without primary education
Dental plaque
No
Yes
School level (274 level)
Neighborhood’s mean income *
>75% quartile
<75% quartile
Random Component

Deviance (-2loglikelihood) 1529.205

0.46 (0.27-0.78)

1

0.73 (0.52-1.03)

0.54 (0.37-0.79)

0.63 (0.45-0.87)

1

1

1.44 (1.06-1.94)

1

1.68 (1.28-2.21)

1226.1596

0.29 (0.16-0.53)

1

0.72 (0.52-1.01)

0.58 (0.40-0.85)

0.65 (0.47-0.89)

1

1

1.41 (1.04-1.90)

1

1.72 (1.31-2.25)

1.70 (1.19-2.43)

1218.8879

Model 1 (‘null’) represents the unconditional model; Model 2 represents individual covariates; Model 3 (‘full’) represents subject and school level
covariates;  Neighborhood’s mean income: represent the mean income from the neighborhood of the school. ¥ Represents average income from

the neighborhood;
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disease are concentrated in a minority of them (2,18).
In the present study, the Gini Coefficient (15) was used
to verify the degree of inequality, resulting in a value
of 0.66 (Fig. 1). This value next to 1 represents uneven
distribution of dental caries in the sample. Other studies
used this coefficient, showing similar results with respect
to inequality (17). Similarly, the SiC Index (16) resulted in
2.95, higher than the 1.15 mean DMF-T observed in the
overall sample. This result also demonstrated that there
is a small part of the population with a higher rate of
disease. In the present data, both indicators confirmed the
occurrence of inequality in caries distribution. The same
pattern was found in another study (19).

An association between the presence of dental plaque
and the occurrence of dental caries and untreated caries
was observed. Therefore, the presence of bacterial biofilm
increases the chance of the outcome. Such finding suggests
that good habits and especially the quality of oral hygiene
can reduce the severity of the disease (20,21). However,
isolated plaque control measures and guidance directed
are admittedly inadequate, since socioeconomic conditions
were pointed out as distal determinants of the development
of caries, modulating the exposure to risk and protection
factors, in addition to the oral health services (22).

This study also verified influence of family income on
the occurrence of untreated dental caries. This variable
showed association with the outcome, even after adjusting
for other variables. Children belonging to richer portions
of the sample showed a lower chance to have untreated
caries when compared to the poorest one. These results
corroborate other studies that also evaluated the effect of
socioeconomic factors on dental caries (2,17) and showed
thatsocioeconomic inequalities remain asimportant factors
that influence oral health.

Regarding the father and mother educational level,
children from families whose parents have no primary
education had a greater chance to have untreated caries
and DMF-T21 compared with children whose parents had
primary education or more. These findings indicate that
the level parental education can influence the occurrence
of caries in children in the early years (7), as well as in
adolescence, which has been previously reported (2).

The influence of socioeconomic factors on the
occurrence of dental caries in children and adolescents
has been reported (7,17), although few have considered
the multilevel effect of context characteristics of the
children's schools.

When the contextual variable neighborhood mean
income was included in the model, it remained associated
with the outcome, even when adjusted for all other
variables. These results corroborate other studies (9,11)
confirming that socioeconomic inequalities concerning
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the context remain as important factors of influence on
the oral health of children.

Different mechanisms have been proposed to describe
the possible effects of socioeconomic status on health
outcomes (23). Material deprivation or psychosocial
pathways have been described as possible theoretical
explanations regarding the connection between
socioeconomic status and oral health (17). They might have
important effectson the individual's lifestyle decisions. One
possible explanation is that the lack of economic resources
and empowerment of deprived individuals do not allow
them to make healthy choices, which make them more
likely to engage in deleterious behaviors affecting their
oral health (24). Otherwise, the influence of socioeconomic
factors on oral health may explain their psychosocial effects,
as for example stress and coping styles across different
social groups (25).

Disparities in the distribution of caries have been
demonstrated even with the evidence of a decrease in
the prevalence of the disease in recent decades (5). This
phenomenon has been regarded as one of the biggest
challenges on the oral health promotion agenda (3).
Studies that take into account individual and context
determinants to explain the distribution of dental caries
have been suggested (10,11). These results may be used as
a basis for planning public health strategies and health
promotion actions aimed at reducing health inequalities
across population groups.

Therefore, multilevel models allow identifying context
factors that may have an influence on the occurrence of
dental caries (8). Studies using such analytical approach are
important to identify the underlying factors or population
groups that require greater attention from health sectors.

The present study presents some limitations. It evaluated
only schoolchildren from public schools, and did not
consider private schools. However, the sample may be
considered heterogeneous with regards to socioeconomic
characteristics, because it included children belonging to
different levels of education and socioeconomic classes.
Additionally, it must be considered that 80% of the children
are enrolled in public schools of the city (26).

The cross-sectional design's limitation in determining
causal relationships is well known, because of its inability
to establish temporal relations between causes and effects.
Even so, this study highlights that the most employed
socioeconomic indicators in studies present little variation
through life (22).

Despites these limitations, it is believed that the present
results bring important contribution for the population.
The study identified socioeconomic inequalities at both
individual and context level as a determinant for the
occurrence of dental caries. Such association may be used
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asimportantinformation to plan community activities and
oral health promotion. These strategies should consider the
individual and context socioeconomic factors to reduce the
levels of dental caries and inequalities in its distribution
in disadvantaged groups.

Resumo

Esta pesquisa teve como objetivo avaliar a associacdo entre carie dental
e fatores socioecondmicos individuais e contextuais em criancas de 12
anos de idade. Uma amostra representativa de 1.134 criancas matriculadas
em escolas publicas de Santa Maria, RS, foi obtida a partir de uma
amostragem aleatoria em duplo estdgio. Quatro dentistas calibrados
examinaram os participantes nas escolas. Foram avaliados dados sobre
carie dentaria (indice CPO-D) e placa dentaria (presente ou ausente). Os
pais ou responsaveis pelos adolescentes responderam questionarios sobre
status socioecondmico e sociodemograficos. Variaveis contextuais também
foram coletadas através de publicacdes oficiais do municipio. Os dados
foram analisados utilizando-se modelos multiniveis de regressdo logistica.
A prevaléncia de carie da amostra (CPO-D=1) foi 49.9% (95%IC: 45.05%
- 54.77), e a média de CPO-D foi de 1.15 (95%IC: 1.01-1.29) com 0.068
de erro padrao. As criancas do 3° e 2° tercil de renda representado pelas
categorias ricas e intermediarias apresentaram respectivamente 50% (OR
0,50: 1C95% 0,35-0,71) € 39% (OR 0,61: 1C95% 0,45-0,82) menor chance
de apresentarem carie ndo tratada em comparacao com a por¢éo mais
pobre da amostra representada pelo 1° tercil de renda. Em relacdo a variavel
contextual “renda média do bairro”, criancas que viviam em bairros com
menor renda apresentaram uma chance 70% (OR 1,70: 1C95% 1,19-2,43)
maior de ter carie dentaria ndo tratada, quando comparadas com aquelas
que viviam em bairros de maior renda. Desigualdades na distribuicdo da
carie dentaria continuam afetando as criancas dos perfis socioecondmicos
mais pobres. Os resultados mostram a necessidade de planejamento de
intervencées publicas que visem a promocéo da saude bucal que levem
em conta as caracteristicas socioecondmicas individuais e contextuais.
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