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Abstract — Objectives: Although there are numerous reports on socioeconomic
inequalities in dental caries, few studies have focused on whether
improvements in dental status have been accompanied by changes in
socioeconomic inequalities in caries. The objective of this study was to assess
whether declines in caries between 2003 and 2010 were associated with
reductions in inequalities in dental caries in adolescents. Methods: Data on
dental caries in adolescents aged 15-19 were used from the Brazilian National
Oral Health surveys conducted in 2003 (1 = 16 833) and 2010 (n = 5445). The
dependent variables were Decayed, Missing and Filled Teeth (DMFT) index
and the percentage caries free. Household income and educational level were
independent variables. Differences between surveys for DMFT and caries free
were calculated, and measurement of inequality was performed using the Slope
Index of Inequality (SII) and Relative Index of Inequality (RII). Results: Both
DMEFT and percentage caries free showed significant differences in absolute

(SII) and relative (RII) inequalities between the two surveys for both education
and income. The SII for DMFT rose from 0.54 to 2.01 and from 1.44 to 3.67 for
income and education, respectively. For caries free, these values were 3.64—
19.40 and 5.06-22.93. Regarding to RII, a similar trend has been found.
Conclusions: Despite the overall reduction in DMFT and an increase in caries
free, there were increases in both income and education-related inequalities in
caries in Brazilian adolescents. The findings on caries differ from those for other
health conditions in Brazil, where there have been reductions in inequalities.
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Determinants of health inequalities are different
from determinants of health (1). The former are
about ‘the fundamental structures of social hierar-
chy and the socially determined conditions these
create in which people grow, live, work and age’
(2), whereas the latter are more related to proximal
causes, such as health-compromising behaviours.
Therefore, it is important to distinguish between
the overall level of health and the social distribu-
tion of health determinants, as there can be
improvements in overall levels of health but not in
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levels of inequality. To reduce inequality in health
‘requires a rate of health gain that is greatest for
the poorest, progressively lower for Dbetter-off
groups and lowest for those in the most advan-
taged circumstances’ (3).

A number of health conditions have improved in
Brazil in the past 30 years. However, the question
that needs addressing is, have overall improve-
ments in health been accompanied by reductions
in health inequalities? Infant mortality declined by
4.4% per year between 2000 and 2008 (4). Since
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1975, the overall reduction has been 86% and more
pronounced in the poor (5). Nutritional status of
children has also improved and there has been a
more pronounced decline amongst poorer popula-
tions (4). On the other hand, inequalities in the
prevalence of some noncommunicable diseases
(NCDs) such as diabetes have increased in the last
decade in Brazil (6).

Dental caries is a noncommunicable disease
(NCD) and its prevalence in children has declined
dramatically in most industrialized countries, as
well as in Brazil (7, 8). There has been a marked
decline in caries levels in Brazilian 12-year-olds
between 1986 and 2010. The overall decrease in
DMFT was almost 70% between 1986 and 2010,
and 25% between 2003 and 2010 (8). Findings from
the 2003 and 2010 national surveys indicate that
regional differences in the DMFT of 15- to 19-year-
olds persisted and did not appear to have changed;
the poorest areas of Brazil, namely the north and
north-east regions, have the highest DMFT, while
the wealthier regions, the Southeast and South,
have the lowest levels of caries (8). Regional differ-
ences and ethnic inequalities were also found in
Brazilian adolescents’” oral health (9, 10).

Although large socioeconomic and regional
inequalities in dental caries have been reported
internationally (11-14) and in Brazil (15, 16), few
studies have focused on whether the improve-
ments in dental status in children were accompa-
nied by changes in levels of inequalities (17, 18). As
there has been a marked decrease in DMFT in 15-
to 19-year-old adolescents in Brazil between 1986
and 2010, the objective of this study was to assess
whether declines in caries between 2003 and 2010
were associated with reductions in inequalities in
dental caries in adolescents. The hypothesis was
that there would be declines in inequalities as oral
health improved.

Methods

This study involved the secondary analysis of data
from the 2003 and 2010 National Oral Health Sur-
veys (General Coordination of Oral Health, Minis-
try of Health) (19). The SBBrasil Project 2003 and
2010 national surveys used similar methods. Both
surveys used the same sample strata in terms of
regions (north, north-east, south-east, south and
central west), state capitals and municipalities from
countryside in each region (250 in 2003 and 150 in
2010). The main oral diseases investigated were
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dental caries, periodontal condition, malocclusion,
prosthetics and fluorosis (20). Further details about
the sample design and other information have been
reported elsewhere (8, 21).

In this study, data from adolescents aged 15-19
were used. There were 16 833 adolescents exam-
ined in 2003 and 5445 in 2010. There are two rea-
sons for using this age group. First, adolescence is
a critical period in terms of oral disease develop-
ment and oral health care and there is a rapid
increase in dental caries in the first years of adoles-
cence; the DMFT usually doubles between 12 and
15-19 years (8, 22). Second, socioeconomic infor-
mation was available at individual level. Further-
more, the outcomes (prevalence and severity of
dental caries) have less intragroup variation, which
are therefore suitable for performing multiple
analyses.

Variables

The dependent clinical variables were the Decayed,
Missing and Filled Teeth (DMFT) index and the
percentage caries free (DMFT = 0). The indepen-
dent variables were related to socioeconomic status
(income and educational level) obtained by ques-
tionnaire in both surveys. Income was measured as
total income received by all family members in the
month preceding the survey. In 2003, the variable
was recorded as the specific value in Brazilian cur-
rency (reais = R$) and in 2010 in seven classes
(from “up to R$250" to “R$9500 and more’). To stan-
dardize the measures, the monthly household
income was converted into minimum wages, based
on the current value at the time of each survey.
According to information from the Brazilian gov-
ernment, the minimum wage in 2003 was equiva-
lent to R$210, and in 2010, it was R$510 (23).
Therefore, it was possible to establish equivalence
between the indexes, through classifying them into
four classes of minimum wage (up to 1; 1-2.9; 3-4.9
and 5 and more). For the educational level, the ori-
ginal variable in both surveys was number of years
of schooling. It varied from 0 (illiterate) to 16
(undergraduate). However, this variable is affected
by age, as it refers to adolescents from 15 to
19 years. For example, if there are proportionally
more 18-year-old subjects than 15 years old, the
schooling years could be overestimated. Therefore,
it was necessary to create a new variable account-
ing for the age of the participant by calculating the
delay in relation to the ideal number of years of
schooling in a specific age, known as ‘age-grade
level’ (24). This procedure was based on the recom-



mendation of Brazilian government, which state
that the ideal age for starting primary school is
7 years old (24). At age 15, for example, the ideal
number of years of schooling is 8 (15-7). Conse-
quently, at age 16, the ideal number is 9 and so
forth. If an individual is 17 years old and has only
6 years of schooling, he will be recorded as having
a delay of 4 years, because it would be expected he
had 10 years of schooling. Then, the greater the
number of delayed years, the worse the situation is
in relation to educational level. Based on this new
variable, the sample was classified into four groups
(above, ideal level, 1-2 years of delay and three or
more years of delay).

Statistical analysis

The descriptive analysis was based on the average
DMFT and the percentage caries free and their
respective 95% confidence intervals by socioeco-
nomic groups. They were calculated without con-
sidering the design effect as well as the sampling
weight, as that information was not available in the
2003 survey. To evaluate inequality in dental car-
ies, we calculated the Slope Index of Inequality
(SII) and the Relative Index of Inequality (RII) (25),
for each of the outcomes. We also calculated the
interaction effect between the two surveys to iden-
tify whether there was a change in inequalities
between 2003 and 2010 (26).

To calculate the SII and RII, the explanatory vari-
ables (income and education) were transformed in
ridit scores based on the proportion of sample in
each class (25). The coefficients and respective
exponential values were calculated using general-
ized linear models (GLM) with Poisson distribu-
tion. In general, the SII is the overall rate difference
and the RII could be interpreted as the overall rate
ratio between the lower and the higher groups in
the socioeconomic hierarchy (26).

To evaluate whether there was a significant
change in inequalities between 2003 and 2010, the
values of RII and SII over time were assessed by
inclusion of the two-way interaction term ‘ridit-
survey’ for each explanatory variable (26).

Results

Data relating to 15- to 19-year-olds were extracted
from the 2003 and 2010 databases. In 2003, 310
(1.8%) and 810 (4.8%) adolescents were excluded
because of missing data on income and education,
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respectively. In 2010, these numbers were 310
(5.6%) and 412 (7.5%), respectively.

The highest levels of caries were in adoles-
cents with the worst socioeconomic conditions.
In 2003, the mean DMFT was 6.2 (6.1-6.3) for
those with lowest level of income and 5.5 (5.2—
5.7) for those with highest level (Table 1). In
2010, although an overall reduction in DMFT
had occurred, the differences between socioeco-
nomic classes remained. For the poorest adoles-
cents, whose parents earned up to five minimum
wages (MW) and who were potentially depen-
dent on the public health system, the reduction
in DMFT was 18%, whereas for the richest, the
decline in dental caries was 34%.

In relation to education status, the results in
terms of the gap between classes were similar, as
the mean DMFT ranged from 7.0 (6.8-7.1) to 5.7
(5.5-5.8) in 2003 and from 7.0 (6.5-7.4) to 3.6 (3.3
3.7) in 2010.

Figures 1 and 2 show the gradients in DMFT in
both surveys according to the two socioeconomic
variables: educational level and household income.
There were significant differences in the trend lines
for both DMFT and caries free between the two
surveys. The Slope Index of Inequality and the RII
for DMFT showed significant differences between
2003 and 2010 (Table 2).

The SII value related to income in 2003 was 0.54,
which means that the overall difference between
the social classes is about a half a DMF tooth. There
was a threefold increase in the gap by 2010. In rela-
tion to education, the difference was larger. The SII
increased from 1.25 in 2003 to 3.47 in 2010. The
finding for RII was similar to the SII; the value for
income increased by almost 50% (from 1.09 to
1.50), and for education, it almost doubled (from
1.23 to 2.20) indicating that in 2010 those with the
lowest educational level had twice the DMFT than
those in highest educational level.

The results were similar for the percentage of
caries free as for the DMFT. There was a fivefold
increase in the SII between 2003 and 2010 for both
education and income. There were also significant
differences relating to both variables between the
two surveys in relative inequality (RII) in DMFT.
All the differences showed statistically significant
differences between surveys (P-value for trend
<0.001), indicating that there were significant
increases in inequalities in dental caries related to
socioeconomic conditions in Brazilian adolescents
between 2003 and 2010.
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Table 1. DMFT and prevalence of caries free in adolescents (15-19 years) according to socioeconomic variables and year

of survey
DMFT Caries free
n Mean CI (95%) % CI (95%)
Household income (minimum wage)
2003
Up to 0.9 MW 5796 6.25 6.1-6.3 10.2 9.4-10.9
1-2.9 MW 7156 6.28 6.1-6.3 10.4 9.6-11.1
3-4.9 MW 2278 6.01 5.8-6.2 11.9 10.5-13.2
5and + 1293 5.51 5.2-5.7 15.5 13.5-17.4
2010
Up to 0.9 MW 860 5.59 5.2-5.9 15.6 13.1-18.0
1-2.9 MW 2653 5.04 4852 19.4 17.8-20.9
3-4.9 MW 928 4.64 4.3-49 25.2 22.4-27.9
5and + 694 3.65 3.3-3.9 34.9 31.3-38.4
Education (age-grade level)
2003
3 or + years 4008 6.98 6.8-7.1 9.0 8.1-9.8
1-2 years 3509 6.04 5.8-6.1 9.7 8.7-10.6
Ideal level 5452 5.99 5.8-6.1 11.6 10.7-12.4
Above 3054 5.74 5.5-5.8 12.8 11.6-13.9
2010
3 or + years 710 6.99 6.5-7.4 11.0 8.6-13.3
1-2 years 873 5.37 5.0-5.7 18.7 16.1-21.2
Ideal level 1973 4.63 4448 20.7 18.9-22.4
Above 1477 3.59 3.3-37 31.0 28.6-33.3

MW, minimum wage; CI, confidence interval.
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Fig. 1. DMFT in adolescents (15-19 years), by socioeconomic status and year of survey in Brazil. Household income on
the left and education on the right. Bars indicate the confidence interval (95%).

Discussion

Despite the overall recent marked reduction in
caries, there was a significant increase in inequal-
ity in dental caries status related to socioeco-
nomic position in Brazilian adolescents between
2003 and 2010. The indices for absolute and rela-
tive inequality indicated significant differences
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between these two periods for both socioeco-
nomic variables, income and education, and for
both outcomes, DMFT and caries free. The abso-
lute inequality for education, for example,
showed that the overall difference increased from
a little more than a DMF tooth to about 3.5 DMF
teeth between 2003 and 2010. This means that in
2010, there were 3.5 more teeth affected by caries
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Table 2. Slope Index of Inequality (SII) and Relative Index of Inequality (RII) for DMFT and prevalence of caries free.
The P-value for trend indicates the significance between surveys

SII (CI 95%) RII (CI1 95%)
2003 2010 P for trend 2003 2010 P for trend
DMFT
Household income  0.54 (0.39-0.68)  2.01 (1.79-2.24) <0.001 1.09 (1.04-1.14) 1.50(1.35-1.67) <0.001
(minimum wage)
Education 1.44 (1.31-1.58)  3.67 (3.45-3.88) <0.001 1.27 (1.21-1.32) 2.20(1.99-2.45) <0.001
(age-grade level)
Caries free (%)
Household income  3.64 (1.92-5.36) 19.40 (15.38-23.42) <0.001 1.43(1.20-1.69) 2.56 (2.13-3.13) <0.001
(minimum wage)
Education 5.06 (3.35-6.77) 22.93(18.98-26.88) <0.001 1.61(1.37-1.89) 2.94 (2.44-3.57) <0.001

(age-grade level)
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Fig. 2. Prevalence of caries free in adolescents (15-19 years), by socioeconomic status and year of survey in Brazil.
Household income on the left and education on the right. Bars indicate the confidence interval (95%).

in the worst educational level, about three times
the 2003 value. In terms of the ratio between the
extreme socioeconomic groups, in 2003, the worst
educational level had a DMFT 23% higher than
the better-off group. This value almost doubled
in 2010, meaning that the worst educational level
had more than twice as likely of developing tooth
decay. The reasons for this increase in inequali-
ties are not clear, as the general health of children
had improved in Brazil during the study period
4,5, 8).

Although there are numerous publications
reporting inequalities in oral health, studies on
inequalities over time are rare. Moreover, the
results varied by the outcome evaluated, the age
group, the period and the country studied. Do
et al. (17) reported that there was an increase in
inequalities in caries in the primary teeth, but not
in permanent teeth of Australian children between

1993 and 2003. In older people, Jagger et al. (27)
reported an increase in economic-related inequali-
ties in edentulism in Scottish adults. Different
results were reported by Cunha-Cruz et al. (28)
when analysing data from United States; differ-
ences in prevalence of edentulism remained stable
between high and low socioeconomic groups.
Updating these results and including data from
Canada, Elani et al. (29) found that oral health out-
comes had improved in both countries and the
improvement was accompanied by a decline in
absolute socioeconomic inequality. Similar results
using the same outcome were reported by Holst in
Norway (30). However, when considering func-
tional dentition as an outcome amongst elderly
people, there was more inequality in 2002. In Ger-
man adults despite an overall improvement mea-
sured by the increase in functioning teeth, oral
health was less equally distributed in 2005
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compared with previous surveys, in terms of edu-
cational level (31).

The reasons for the above-mentioned findings
have not been explained. To aid interpretation of
our results, we took into account the particular sit-
uation in Brazil, and from a theoretical perspective,
the conceptual framework proposed by the Com-
mission on Social Determinants of Health (CSDH)
(32). According to the CSDH framework, the inter-
action amongst social determinants occurs through
three hierarchically distributed levels: the socioeco-
nomic and political context, the social position and
the material circumstances. In this study, our
explanatory variables (education and income) are
in the second level and have some important deter-
minants related to the material circumstances and
to the healthcare system.

The Brazilian socioeconomic and health indica-
tors have significantly improved in the last two
decades. The minimum wage has steadily
increased in terms of real purchasing value in the
last 10 years, with a more egalitarian distribution,
as this increase was higher in the poorest quintile.
This situation had an important effect in some
inequality indicators such as Gini index, which has
decreased since 2003 (23).

With regard to the public health services, there
was a significant expansion in the public health
services in the last decade. At the same period, the
population covered by oral health teams in pri-
mary care increased in the whole country with a
positive discrimination towards the poorest. In
terms of the behavioural risk factors, the average
consumption of sugars, candies and other confec-
tionery and soft drinks was higher in high-income
families (33) and there has been an increase in the
consumption of oral hygiene products in the last
decade. However, there were inequalities in the
purchasing capacity for those products (34). The
average expenditure on hygiene and personal care
products that included toothpaste, mouthrinses
and toothbrushes showed a typical gradient in
relation to household income (34). Thus, except for
the consumption of oral hygiene products, the
aforementioned data reveal a presumed paradox:
Why was there an increase in inequalities if poli-
cies and income trends favoured a reduction in
inequalities?

A possible explanation for the increase in
inequalities is the length of time between the
two surveys. Although for some socioeconomic
conditions and even for some health indicators,
the period studied was sufficient for a reduction
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in inequalities (35), this probably does not
equally apply to oral disease, particularly taking
into account the nonreversible and cumulative
nature of the relevant outcome measures — den-
tal caries. Alternatively, it has been argued that
some effective population-based interventions,
which focus on the improvement of overall
population health, may also increase health
inequalities. This uneven effect occurs because
the frequency distribution of disease, despite the
reduction in the mean effect, does not shift the
frequency distribution to the left (36). Hence,
there is an increase in the variability and a con-
centration at the ends of the distribution.
Amongst those at low risk, there is a greater
positive effect, resulting in a concentration of
benefits in that group, whereas in populations
at high risk, there is a concentration of risks
(36).

That explanation has already been proposed for
oral health by Batchelor and Sheiham (37). Roberts-
Thompson (38) also showed how some oral health
interventions, even those using a population
approach, may increase inequalities, despite sub-
stantial overall improvements in oral health. The
author highlights that this cannot be applied for all
population interventions, as some of them such as
water fluoridation and immunization both
improve health and reduce inequalities. More vul-
nerable people are less able to move towards the
healthier state because their level of caries at a
young age was already high and caries levels track
as children grow older (39).

In the present study, it is important to also
consider the potential effect of the age group
under consideration and the time period,
7 years, between the surveys. For example, a
15-year-old teenager in 2010 was aged 8 years
in 2003. The caries level in 2003 was already set
and that caries level will track into adolescence
(39). As it was higher in those in lower socio-
economic positions, the socioeconomic gap is
unlikely to decrease. In addition, the concentra-
tion of risk in the lower socioeconomic groups
also precludes a significant reduction when
compared to those in high socioeconomic posi-
tion. In the higher socioeconomic children, the
risks are less and the harmful effects on oral
health would be less severe. Additionally, the
concentration of benefits permits a more signifi-
cant reduction. In other words, the initial effect
of an overall reduction in oral disease could
result in different levels of reduction amongst



socioeconomic groups, leading to an increase of
inequality. For example, in the case of DMFT
related to educational level (Fig. 1), people in
the worst socioeconomic position had no
improvement in their oral health between 2003
and 2010.

All aspects discussed so far have important impli-
cations for the implementation of public health poli-
cies, especially for Brazil and other developing
countries. As stressed by Watt (11), future strategies
to tackle the social gradient and reduce inequalities
in oral health may be very different from previous
strategies that have improved overall oral health.
These strategies require integrated interventions,
such as structural changes in the environment, legis-
lative and regulatory controls, improving accessibil-
ity of services, reorientation of health services and
fundamental in the case of Brazil, to prioritize disad-
vantaged groups. All these changes need sufficient
time to manifest their effects (11).

This study has some strengths and limitations.
The comprehensiveness of both surveys enabled
the use of representative data, an important aspect
considering the regional disparities in Brazil. The
sample size and the number of primary sample
units are a further strength. On the other hand,
although income and education might be consid-
ered as proxy of socioeconomic position, in our
data they were self-reported, so that some bias
may occur. As the income information was
obtained for the entire family, it was not possible
to evaluate the effect of the difference in family size
and composition. The DMFT and the prevalence of
caries free were calculated without considering the
design effect, as this information was not available
in 2003 data set. This could affect the results for the
population estimates, especially in terms of the
confidence intervals. However, this study is
focused on the comparison between socioeconomic
groups, in such manner that the overall difference
and the ratio between them were not affected.

In conclusion, despite a significant reduction in
the overall prevalence and severity of dental caries
in Brazilian adolescents, income and education-
related inequalities persist and have worsened in the
last decade. These results differ from the trends in
other socioeconomic and health indicators in Brazil.

In public health terms, it is necessary to ensure
that the decline in adolescents’ dental caries is
more equitable. To implement the principle of
equity, it is crucial to tackle these inequalities by
considering both the socioeconomic and political
contexts of dental public health policies.

Oral health inequalities in Brazilian adolescents
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