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Abstract

The objective of this study was to evaluate the as-
sociation between income inequality at a lagged
time of 2 and 11 years with two short latency out-
comes (untreated dental caries and gingivitis)
and two long latency outcomes (edentulism and
periodontal attachment loss > 8mm). We used
data from the Brazilian oral health survey in
2002-2003. Our analysis included 13,405 subjects
aged 35-44 years. Different lagged Gini at mu-
nicipal level were fitted using logistic and nega-
tive binomial multilevel analyses. Covariates in-
cluded municipal per capita income, equivalized
income, age, sex, time since last dental visit and
place of residence (rural versus urban). Crude es-
timates showed that only untreated dental caries
was associated with current and lagged Gini, but
in adjusted models only current Gini remained
significant with a ratio of 1.19 (95%CI: 1.09-1.30)
for every ten-point increase in the Gini coefficient.
We conclude that lagged Gini showed no associa-
tion with oral health; and current income Gini
was associated with current dental caries but not
with periodontal disease.
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Introduction

There has long been a debate on whether income
inequality has an effect on health 1.2. Despite
many reviews, some containing more than a
hundred studies, no consensus has been reached
3,456,7,8. It seems that if the specific mechanisms
by which income inequality works are not well
understood, this debate will remain unresolved.
Conflicting results may be due to differences of
aggregation at the geographical level and/or the
variables used to control for confounding 5. Of
course, different conclusions may also follow
from variations in the specific health outcome
studied. One approach that might be crucial,
but tends to be neglected, is the comparison of
the effects of income inequality at different time
lags 6.9. Moreover, due to differences in disease
latency, these time lags should vary for different
health outcomes.

Studies evaluating time lags between income
inequality and health have obtained different re-
sults. Blakely et al. 10 suggested that exposure to
income inequality 15 years before the outcome
— perhaps throughout this time if exposure lev-
els did not vary — could be more important than
contemporary income inequality for self-rated
health. A similar result was shown by Subrama-
nian et al. 11, who presented a gradual increase in
the odds ratio of having poor self-rated health as
the lag time increased. On the other hand, Mellor
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& Milyo 12 found weak evidence for the effect of a
15 year time lag when searching for lags between
5 and 29 years. In addition, another study put
together Gini coefficients for lags of 25, 15 and
5 years, but only the latter showed a significant
relationship 9. A European study provided further
evidence on time lags, associating the Theil Index
and the infant mortality rate among 16 wealthy
countries 13. In that study, all time lags showed
a significant relationship with infant mortality,
but the strongest relationship was with contem-
porary Theil, implying an immediate effect of
income inequality. Regarding neonatal death,
the current Gini effect was reported to be greater
than the effect for five years earlier 14.

Some unclear issues are present in previous
studies. For example, despite claims that it is im-
plausible for income inequality to act instanta-
neously 10,11, some outcomes associated with it,
like homicides 15 and infant mortality 13, do not
have long latency. Therefore, it seems plausible
that income inequality may have short and long
time (i.e. cumulative) effects. It has been argued
that the use of outcome-specific associations
should be more informative than the often-used
self-rated health, life expectancy or total mortal-
ity, as these mix different disease pathways 6. Fi-
nally, it has been suggested that income inequal-
ity may have lagged effects on oral health 16, an
issue not well explored.

Although there are some studies on the ef-
fect of income inequality on dental caries, to our
knowledge there are none on its effect on peri-
odontal diseases at individual level. At the con-
textual level, income inequality (measured by the
Gini coefficient) may be a proxy for individual
level comparisons across income strata. Regard-
ing periodontal disease, people at the lower
end of the income scale may suffer the effect of
comparisons through stress induced behaviour
(toothbrushing) and neuroendocrine pathways,
with higher levels of cortisol and deficient im-
mune response 3. Although the issue has not
been resolved, there seems to be strong evidence
linking stress and other psychosocial factors to
periodontal diseases 17,18, The relation between
dental caries and income inequality may be ex-
plained by oral health behaviours that change
under stressful situations, such as diet (sugar
consumption) and oral hygiene (with fluoridated
toothpaste). In addition, lack of coping abilities
have been associated with tooth loss 19. Anoth-
er pathway linking income inequality and oral
health in general points out that high income in-
equality is associated with under-investment in
public policy 3, including the delivery of (dental)
health services 13.
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Latency time of oral diseases - a priori
hypotheses

Latency can be defined as the time from the be-
ginning of a disease until its diagnosis 20. For oral,
and other chronic diseases to occur, the individ-
ual must be exposed to risk factors for a period of
time (induction time) up to a level that irrevers-
iblyleads to the disease. After this period, the pre-
clinical phase of the disease follows, when signs
or symptoms are not detectable (latent period).
The lag time includes the latency time along with
all or part of the induction duration. The latency
time varies from disease to disease and when the
timing of diagnosis changes (at an earlier or later
stage of the disease development), but the induc-
tion is a property of the exposure.

If income inequality is to influence oral dis-
eases, then the timing of the exposure (at the end
of the induction time) should match the disease
latency. For instance, it is implausible that cur-
rent exposure would be causally associated with
an outcome of long latency, since there is not
enough time for the disease development; the
exception to this is when exposure is constant
over time. On the other hand, if current income
inequality is associated with a disease of short
latency, cumulative exposure should be asso-
ciated with a cumulative measure of the same
disease.

In the present study, two short-latency oral
diseases, as well as their long-term counterparts,
were selected. The hypothesis is that if current
income inequality has an effect on current dis-
ease (untreated dental caries/gingivitis), then the
cumulative exposure will be associated with a
cumulative measure of the disease (edentulism/
periodontal attachment loss).

Regarding dental decay, if cavities due to den-
tal caries are left untreated, they can lead to tooth
loss and eventually edentulism. Dental caries
seems to be the direct reason for more than 70%
of tooth extraction, at least in one major Brazilian
capital 21. The incidence of dental caries appears
to be stable throughout a person’s lifespan if no
effort is made to control its progression 22. Clini-
cally detectable dentine lesions in children have
been estimated to take a median time of around
four to seven years to develop 23,24. In compari-
son, for an individual to lose all his/her teeth (i.e.
edentulism) it would normally take decades.

Concerning periodontal diseases, gingivitis
(i.e. gum bleeding due to bacterial dental plaque,
characterizing chronic inflammation) takes
around two to three weeks to develop if oral hy-
giene is refrained from 25. If the gingival chronic
inflammation isleft, some teeth sites may develop
periodontitis, characterized by irreversible alveo-



lar bone loss. Recent evidence of untreated sites
of periodontitis among adults showed that bone
loss progressed at 1mm per 8.4 months on aver-
age 26. The time it takes for gingivitis to progress
to periodontitis is unknown and could take years;
however, gingivitis is a necessary condition.

The aim of this study is to evaluate the as-
sociation of income inequality at lagged time of
2 and 11 years with two short-latency outcomes
(untreated dental caries and gingivitis) and with
two long-latency outcomes (edentulism and
periodontal attachment loss > 8mm).

Methods
Data source

Data from a national oral health survey carried
out in 2002-2003 (SBBrasil) by the Brazilian Min-
istry of Health were used as the source of the
oral health outcomes and individual level cova-
riates. The original sample consisted of 108,921
individuals in seven different age groups, ran-
domly chosen in a multi-stage sampling frame
from 250 municipalities. A detailed description
of sampling techniques is available elsewhere 27.
Unfortunately, representativeness of the origi-
nal sample is not assured by design, as sampling
fractions are unknown 28. We believe that this is
not a problem for our purposes, as we are inter-
ested in associations. The present analysis in-
cluded only 35-44 year-olds because, although
dental caries date was available to all age groups,
the periodontal attachment loss was only mea-
sured among the adults and the elderly and
the high prevalence of edentulism in the latter
group poses concerns about bias in analysis of
periodontal outcomes. The sample size for the
chosen age bracket was 13,405 subjects clustered
in 250 municipalities. Among these individuals,
who answered the questionnaire, there were 27
with missing values in the dental exam and 426
in the periodontal exam. Due to missing values
in one or more covariates (Tables 1 and 2), mul-
tivariate analysis for edentulism included 13,179
subjects. Analyses of dental caries and periodon-
tal diseases (CAL) further excluded 1,224 edentu-
lous subjects who were not at risk of developing
such diseases. Analysis of bleeding and calculus
excluded subjects with more than 3mm of CAL
(n=4,085) and edentulous (n = 1,224), as they are
not at risk for gingivitis.

Around 2,000 examiners across the country
were trained according to World Health Organi-
zation (WHO) criteria 29 in groups of five den-
tists, and the training continued until examiners
reached acceptable values for intra- and inter-
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examiner agreement, measured by kappa coef-
ficient. Data collection included clinical oral ex-
ams and a questionnaire on socio-demographic
characteristics, access, and use of dental services.
Every person in the household who matched the
study’s age groups was interviewed.

Outcomes and covariates

Two outcomes were obtained from the DMFT
index, which measures the severity of dental
caries (number of Decayed, Missing or Filled
Teeth). The other two outcomes were derived
from the periodontal Clinical Attachment Loss
measure (CAL) and the Community Periodontal
Index (CPI). The first outcome was edentulism
(Number of missing teeth, MT = 32) and the sec-
ond was the number of untreated (cavitated)
dental caries (DT). The third outcome was hav-
ing at least one tooth with more than 8mm of
periodontal attachment loss (CPI probe score >
2). The fourth was defined using the CPI index;
we considered a case of gingivitis to be those
with at least one tooth with bleeding, with or
without dental calculus (CPI scores 1 and 2)
only among those with CAL < 3mm (score 0 in
CPI probe). Carrying out an analysis of gingivi-
tis among those with < 3mm of attachment loss
allowed us to avoid mixing periodontitis with
gingival bleeding.

The main exposures of interest were per
capita municipal income and municipal income
inequality (Gini coefficient). All ecological vari-
ables were obtained from the 1991 and 2000
census using specific software developed by the
Regional Office of the United Nations Develop-
ment Programme in Brazil. To assess cumulative
exposure to income inequality, we calculated the
mean Gini coefficient in 1991 and 2000. The Gini
varies from 0 to 1, but we multiplied its values by
100 in the present analysis.

We considered the following to be potential
confounding factors in the multivariate analysis:
sex, age, place of residence (rural/urban), time
since last dental visit (four categories), equival-
ized income and municipal per capita income.
Equivalized monthly household income was
calculated by dividing total monthly dispos-
able household income by the square root of the
number of residents in the house 30. Equivalized
income was introduced in the adjusted models,
as it is considered a compositional confounder.
We are aware that it may be overadjusted 5, if it is
believed to be one of the mechanisms by which
Gini may act, so crude and adjusted results were
presented.

Cad. Saude Publica, Rio de Janeiro, 27(6):1111-1120, jun, 2011

1113



1114 Celeste RKetal.

Table 1

Mean number of untreated dental caries per person with standard deviation (SD) and prevalence of edentulism according to the main variables in the study in

a sample of Brazilians, 2002.

Untreated dental caries Edentulism
n Mean SD p-value * n Cases % p-value **
Age (years) ***
35-36 3,485 3.22 3.86 <0.02 3,654 169 4.6 < 0.001
37-38 2,339 3.20 4.01 2,484 145 5.8
39-40 2,093 2.78 3.56 2,297 204 8.9
41-42 1,795 2.59 3.38 2,033 238 1.7
43-44 2,442 2.75 3.75 2,910 468 16.1
Sex
Male 4,097 3.45 4.05 < 0.001 4,333 236 55 < 0.001
Female 8,057 2.70 3.57 9,045 988 10.9
Place of residence
Urban 10,750 2.88 3.70 < 0.001 11,804 1,054 8.9 0.02
Rural 1,396 3.49 4.14 1,565 169 10.8
Missing 8 2.38 3.07 9 1 1.1
Last dental visit
Less than 1 year 4,836 214 2.98 < 0.001 5,017 181 3.6 < 0.001
1to 2 years 2,834 2.72 3.42 2,993 159 5.3
3or+ 4,028 3.78 4.19 4,886 858 17.6
Never 327 6.78 5.88 346 19 55
Missing 129 3.1 4.26 136 7 5.2
Household income (minimum wage)
Up to1/2 2,522 4.26 4.53 < 0.001 2,808 286 10.2 < 0.001
1/2to 1 3,275 3.39 3.94 3,677 402 10.9
1to02 3,426 2.57 3.32 3,784 358 9.5
2to3 1,352 2.07 2.83 1,453 101 7.0
+3 1,483 1.48 2.58 1,553 70 4.5
Missing 96 2.72 3.06 103 7 6.8
Municipal income 2000 ***
1 Quartil (cities = 62) 2,912 3.76 4.29 < 0.001 3,258 346 10.6 < 0.001
2 Quartil (cities = 62) 2,989 2.98 3.69 3,334 345 10.4
3 Quartil (cities = 62) 3,117 2.95 3.78 3,418 301 8.8
4 Quartil (cities = 63) 3,136 2.19 3.04 3,368 232 6.9
Gini 2000 ***
1 Quartil (cities = 71) 3,685 2.58 3.56 < 0.001 4,031 346 8.6 0.48
2 Quartil (cities = 62) 2,955 2.75 3.49 3,258 303 9.3
3 Quartil (cities = 61) 2,856 3.32 3.98 3,179 323 10.2
4 Quartil (cities = 55) 2,658 3.31 3.98 2,910 252 8.7
Gini 1991 ***
1 Quartil (cities = 68) 3,550 2.71 3.56 0.20 3,925 375 9.6 0.55
2 Quartil (cities = 67) 3,042 3.31 4.08 3,329 287 8.6
3 Quartil (cities = 64) 2,973 2.84 3.68 3,283 310 9.4
4 Quartil (cities = 50) 2,589 2.99 3.69 2,841 252 8.9
Total 12,154 2.95 3.76 13,378 1,224 9.2

* Test for trends in ordered variables obtained from multilevel negative binomial regression (excluding the missing category);
** Chi-square or chi-square for trends in ordered variables (excluding the missing category);
*** For the sake of presenting the data in a clear manner these variables were categorized; however, they were analysed as continuous. The groups are

distributed evenly in true quartiles because some cities had the same Gini value.
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Table 2
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Prevalence of periodontal attachment loss > 8mm (CAL) and gingivitis according to the main variables in the study in a sample of Brazilians, 2002.

At least one site with CAL > 8mm

Bleeding or dental calculus

n Cases % p-value * n Cases % p-value **
Age (years) ***
35-36 3,381 89 2.6 < 0.001 2,460 1,588 64.6 0.03
37-38 2,266 81 3.6 1,533 1,026 66.9
39-40 2,034 75 3.7 1,325 894 67.5
41-42 1,723 77 4.5 1,083 734 67.8
43-44 2,351 130 5.5 1,365 924 67.7
Sex
Male 3,988 214 5.4 < 0.001 2,392 1,655 69.2 < 0.001
Female 7,767 238 3.1 5,374 3,511 65.3
Place of residence
Urban 10,399 386 3.7 0.05 6,981 4,578 65.6 < 0.001
Rural 1,348 66 4.9 780 584 74.9
Missing 8 - 0.0 5 4 80.0
Last dental visit
Less than 1 year 4,716 140 3.0 < 0.001 3,272 1,954 59.7 < 0.001
1to 2 years 2,746 110 4.0 1,856 1,253 67.5
3or+ 3,855 181 4.7 2,383 1,780 74.7
Never 319 18 5.6 178 129 72.5
Missing 119 3 2.5 77 50 64.9
Household income (minimum wage)
Up to1/2 2,400 (RN 4.6 < 0.001 1,466 1,099 75.0 < 0.001
1/2to 1 3,179 135 4.3 2,027 1,436 70.8
Tto2 3,304 125 3.8 2,211 1,434 64.9
2to3 1,316 43 3.3 904 548 60.6
+3 1,466 36 2.5 1,100 612 55.6
Missing 90 2 2.2 58 37 63.8
Municipal income 2000 ***
1 Quartil (cities = 62) 2,818 103 3.7 0.31 1,805 1,377 76.3 < 0.001
2 Quartil (cities = 62) 2,877 126 4.4 1,871 1,273 68.0
3 Quartil (cities = 62) 3,006 125 4.2 2,012 1,203 59.8
4 Quartil (cities = 63) 3,054 98 3.2 2,078 1,313 63.2
Gini 2000 ***
1 Quartil (cities = 71) 3,583 132 3.7 0.95 2,357 1,553 65.9 0.11
2 Quartil (cities = 62) 2,856 116 4.1 1,799 1,199 66.7
3 Quartil (cities = 61) 2,743 109 4.0 1,942 1,257 64.7
4 Quartil (cities = 55) 2,573 95 3.7 1,668 1,157 69.4
Gini 1991 ***
1 Quartil (cities = 68) 3,441 121 3.5 0.84 2,207 1,462 66.2 < 0.001
2 Quartil (cities = 67) 2,923 141 4.8 1,921 1,385 72.1
3 Quartil (cities = 64) 2,879 92 3.2 1,957 1,239 63.3
4 Quartil (cities = 50) 2,512 98 3.9 1,681 1,080 64.3
Total 11,755 452 3.9 7,766 5,166 66.5

* Test for trends in ordered variables obtained from multilevel negative binomial regression (excluding the missing category);

** Chi-square or chi-square for trends in ordered variables (excluding the missing category);

*** For the sake of presenting the data in a clear manner these variables were categorized; however, they were analysed as continuous.
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Statistical analysis

Multilevel regressions with random intercept
were performed using MLwiN 2.02 (Centre for
Multilevel Modelling; http://www.bristol.ac.uk/
cmm/software/mlwin/). Individuals were as-
signed as first-level units grouped into munici-
palities, the second-level units. For binary out-
comes such as edentulism, we fitted a multilevel
logistic regression. For the counting outcome,
such as number of untreated dental caries, we
fitted a Negative Binomial model with log link
using the natural log of the remaining teeth as
the offset variable. Negative Binomial is an al-
ternative for Poisson regression in the presence
of overdispersion of the mean and produce rate
ratios (or mean ratios) when coefficients are ex-
ponentiated. Coefficients were estimated using
Penalized Quasi-Likelihood (PQL) with the sec-
ond-order Taylor expansion procedure. Good-
ness of fit of estimated models was assessed us-
ing Akaike’s Information Criteria (AIC) corrected
for differences in sample size. The lower the AIC
value the better the fit of the model. Unadjusted
pseudo-R2 was calculated according to Snijders
& Bosker 31. We also calculated the Variance Parti-
tion Coefficient (VPC) according to method D as
described by Goldstein et al. 32. Other analyses
were performed in Stata 9.2 (Stata Corp., College
Station, USA).

Results

The mean number of untreated dental caries
was 2.9 (min = 0, median = 2, max = 29, inter-
quartile rage from 2 to 4) and the prevalence of
edentulism, severe periodontal attachment loss
and gingival bleeding was 9.2%, 3.9% and 66.5%,
respectively (Tables 1 and 2). Bivariate analysis
showed that these outcomes were associated
with socioeconomic variables at an individual
level, but only untreated dental caries was as-
sociated with income inequality. Evaluation of
possible sampling bias due to response rate was
performed in a sensitivity analysis (data not pre-
sented), which showed that this is an unlikely
cause of bias in our associations. Other descrip-
tive data on this sample can be found elsewhere.
As a sensitivity analysis, we used as alternative
outcomes: the presence of 20 teeth (instead of
edentulism); clinical attachment loss > 5mm (in-
stead of > 8mm). Results remained unchanged
(not shown); therefore we maintained the use of
our previous outcomes.

The correlation between municipal per cap-
ita income in 1991 and 2000 was over r = +0.95,
so we excluded the 1991 municipal income from
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the analyses to avoid collinearity. Between 1991
and 2000 the Gini coefficient changed less than
+1 point in 16.9% of Brazilian municipalities,
increased more than 10 points in 8.5% and de-
creased more than 10 points in 3%. Municipal per
capita income was higher in 2000 than in 1991
by more than R$50 in 52.2% of the municipali-
ties, while in 6.4% income had decreased. Results
for the whole country and for the survey sample
were similar.

In the multiple regression models, equival-
ized income was the variable that changed the
Gini effect most. For example, it reduced the Gini
rate ratio for decayed caries from 1.21 to 1.14.
However, all potential confounding variables
were kept in the model regardless of their p-value
or whether they changed the Gini effect.

Edentulism showed a weak relation to income
inequality, and all confidence intervals included
the null value (Table 3). In the empty model, the
proportion of variance attributable to the second
level (VPC) was 10.5%. Among the models tested,
the adjusted model without any Gini coefficient
yielded the lowest AIC (-0.293) with an unadjust-
ed pseudo-R? of 25.2% and a VPC of 11.3%.

Every increase of ten points in Gini in 2000
was associated with an increase of 1.21 times
(95%CI: 1.09-1.33) the mean number of untreat-
ed dental caries. This association remained sta-
tistically significant after controlling for covari-
ates and for Gini in 1991 (Table 3). Among the
models presented, the best fit was found in the
adjusted model of mean Gini (1991+2000) and
Gini 2000, with AIC of 5.076 and pseudo-R2 of
6.7%. In the empty model the VPC was 9.75%, and
it decreased to 3.6% in the model with best fit.

None of the Gini coefficients was associated
with periodontal disease, either in crude or ad-
justed models (Table 4). In the empty model,
the variance among cities (VPC) accounted for
32.1% of the total variance of CAL and 22.4% of
the variance of gingivitis. Models with income
inequality performed only slightly better than al-
ternative models without them. Concerning CAL,
the model with best fit was the adjusted model
with Gini 2000 and Mean 1991+2000 Gini (AIC =
-1.3569). Concerning gingivitis, the adjusted
model without any Gini coefficient was the best
fit (AIC = 1.1135). The models with best fit did
not explain much of the variance: the unadjusted
pseudo-R2 was 5.6% and 3.8% for CAL and bleed-
ing, respectively, while the respective VPC was
33% and 21.9%.



Table 3

INCOME INEQUALITY AND LAG TIME

Association of cumulative (mean Gini 1991 and 2000), lagged (Gini 1991) and current (Gini 2000) income inequality with

dental decay and with edentulism in 35-44 year-old Brazilians, 2002.

Models Rate ratio (95% confidence interval) of untreated decayed teeth

Gini 2000 Gini 1991 Mean (1991+2000)
Crude 1.21 (1.09-1.33) 1.04 (0.94-1.16) 1.16 (1.03-1.30)
Adjusted * 1.16 (1.07-1.26) 1.13(1.03-1.23) 1.19 (1.08-1.30)
Model 1 ** 1.13 (1.07-1.26) 1.05 (0.94-1.16)
Model 2 ** 1.08 (0.90-1.30) 1.10 (0.89-1.35)
Models Odds ratio (95% confidence interval) of edentulism

Gini 2000 Gini 1991 Mean (1991+2000)
Crude 0.96 (0.80-1.15) 0.89 (0.74-1.06) 0.90 (0.73-1.10)
Adjusted * 0.91 (0.76-1.11) 0.96 (0.79-1.16) 0.92 (0.74-1.14)
Model 1 ** 0.91(0.72-1.15) 1.01 (0.80-1.27)
Model 2 ** 0.90 (0.60-1.35) 1.02 (0.64-1.62)

Note: odds ratio (or rate ratio) for ten-point increase in Gini coefficient. Gini was set to vary from 0 to 100.

* Each coefficient was independently adjusted by sex, age, place of residence (urban/rural), municipal per capita income in

2000, equivalized household income in 2002/2003, and time since last dental visit;

** Coefficients in the row adjusted by variables in the “Adjusted Model” and by each other.

Table 4

Association of cumulative (mean Gini 1991 and 2000), lagged (Gini 1991) and current (Gini 2000) income inequality with

bleeding and with periodontal attachment loss > 8mm in 35-44 year-old Brazilians, 2002.

Models Odds ratio (95% confidence interval) of bleeding or dental calculus

Gini 2000 Gini 1991 Mean (1991+2000)
Crude 1.08 (0.85-1.36) 0.94 (0.75-1.18) 1.01(0.78-1.31)
Adjusted * 1.03(0.81-1.29) 0.99 (0.78-1.25) 1.01(0.78-1.32)
Model 1 ** 1.05(0.79-1.39) 0.96 (0.72-1.29)
Model 2 ** 1.09 (0.65-1.82) 0.93 (0.52-1.65)
Models Odds ratio (95% confidence interval) of clinical attachment loss > 8mm

Gini 2000 Gini 1991 Mean (1991+2000)
Crude 1.05 (0.74-1.51) 0.93 (0.65-1.33) 0.99 (0.66-1.48)
Adjusted * 0.99 (0.69-1.44) 0.88 (0.60-1.29) 0.92 (0.60-1.40)
Model 1 ** 1.10 (0.70-1.74) 0.83(0.52-1.32)
Model 2 ** 1.33(0.59-3.04) 0.69 (0.27-1.76)

Note: odds ratio for ten-point increase in Gini coefficient. Gini was set to vary from 0 to 100.

* Each coefficient was independently adjusted by sex, age, place of residence (urban/rural), municipal per capita income

in 2000, equivalized household income in 2002/2003, and time since last dental visit;
** Coefficients in the row adjusted by variables in the “Adjusted Model” and by each other.
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Discussion

In this study we confirmed the association be-
tween dental caries and income inequality re-
ported elsewhere 33343536, No previous studies
explored lagged associations, and all used only
contemporary inequality. Concerning periodon-
tal disease, we did not confirm the findings from
one ecological study that showed that more in-
come inequality was associated with more peri-
odontal disease 37. Furthermore, it should be
emphasized that the variance attributable to the
municipal level was high for periodontal disease.
Although itis said that between-group variance is
usually small 38, most other studies analysed in-
tra-city neighbourhoods whereas in the present
study we evaluated much larger areas. Therefore,
there are systematic differences among munici-
palities to be explained.

The main hypothesis of this study was that if
current income inequality had an effect on cur-
rent disease (untreated dental caries/gingivitis),
then the cumulative exposure would be associ-
ated with a cumulative measure of the disease
(edentulism/periodontal attachment loss). Fur-
thermore, it would be unlikely to find a lagged
effect without a short-term effect. In line with our
hypothesis, 1991 Gini was not associated with
current dental caries while contemporary Gini
(in 2000) was. However, the cumulative exposure
to income inequality (mean Gini 1991+2000) was
not associated with cumulative dental caries
(edentulism). Income inequality (current, lagged
or cumulative) was not associated with any peri-
odontal outcome. One possible explanation for
these non-significant findings is related to the
area size; it has been postulated that such an as-
sociation is more likely to be found in large areas
5,39, However, the association between income
inequality and dental caries has been reported
in other Brazilian studies in areas smaller than
those in the present study 33,34,35,36,37,

Some limitations of this study may help un-
derstand why cumulative Gini did not show the
expected results with long-term outcomes, such
as edentulism. Firstly, changes in city of residence
from 1991 to 2000 could have led to a misclassi-
fication of exposure in relation to the long-term
outcomes. Unfortunately, we do not have data
on time of residence to confirm this assumption,
and in the 2000 census around 10% of adults had
been living in their current city for less than five
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years (Data available from http://www.sidra.
ibge.gov.br). Secondly, as this is a cross-section-
al study, with no individual level baseline data,
temporal relationships between exposures and
outcomes are based on lag time. For example, a
longlatency outcome cannot be temporally asso-
ciated with a short-time exposure. Finally, causal-
ity is problematic not only in relation to the tem-
porality of these relationships but also because
plausible pathways from contextual variables to
individual-level diseases are controversial 40. If
the association of current Gini with dental caries
is not causal (Gini may be a marker of a current
risk factor), then the long-term association may
not appear.

Socioeconomic factors, like income inequal-
ity, are considered distal determinants of oral
health 41,42, and are thought to influence proxi-
mal determinants such as behaviours related to
sugar consumption and oral hygiene (with fluo-
ridated toothpaste) 41.42. Periodontal disease and
dental caries share a common risk factor: tooth
brushing. Hence, if income inequality affected
them through this factor, then an association
would be expected with both outcomes. One
possible explanation for such a difference is that
dental caries may be more prone to prevention
through non-behavioural measures (e.g. water
fluoridation) than periodontal disease is. Popu-
lation strategies to prevent gingivitis and adult
periodontitis rely on health education and indi-
vidual behaviour changes 434445, On the other
hand, population strategies to prevent dental
caries include factors that can be a target of pub-
lic policy, broad socioeconomic development
has been show to explain much of dental caries
decline, including fluoridation 46. Indeed, public
policy is one of the pathways that have been pro-
posed to explain the effects of income inequality
3,78 and it has been shown that public policy ex-
plains most of the Gini effect on untreated den-
tal caries 47, Although public policy may have a
slow implementation process, people living in
municipalities with an established strong public
policy commitment can benefit with no delay.

We conclude that our hypotheses were par-
tially confirmed, as contemporary Gini was as-
sociated with current dental caries. The fact that
the hypothesis was not confirmed regarding
periodontal disease suggests that the postulated
mechanism may need to be reviewed in future
studies.



Resumo

Avaliar a associagdo entre desigualdade de renda (Gini
municipal) defasada em 2 e 11 anos com dois desfe-
chos de curta laténcia (cdrie dentdria ndo tratada e
gengivite) e dois de longa laténcia (edentulismo e per-
da de inser¢do periodontal > 8mm). Foram utilizados
dados do inquérito brasileiro de satide bucal em 2002-
2003. A andlise incluiu 13.405 individuos com idades
entre 35-44 anos. Foram usados modelos de regressdo
multinivel. Covaridveis incluidas: renda municipal
per capita, renda domiciliar equivalente, idade, sexo,
tempo decorrido desde a tiltima consulta odontoldgica
e local de residéncia (rural versus urbano). Estimati-
vas brutas mostraram que apenas cdrie dental nao
tratada estava associada ao Gini (atual e defasado no
tempo), mas em modelos ajustados apenas Gini atual
manteve uma relagdo significativa com razdo de 1,19
(IC95%: 1,09-1,30) para cada dez pontos de aumento
no coeficiente de Gini. Concluimos que o Gini defasa-
do no tempo néao mostrou associagdo com satide bucal
e o Gini atual esteve associado com cdrie dentdria, mas
nao com doenga periodontal.

Doengas Periodontais; Cdrie Dentdria; Iniquidade So-
cial
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