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Abstract

Background

Inequalities in the utilisation of dental services in Brazil are remarkable. The aim of this
study was to evaluate the association of contextual and individual factors with the utilisation
of dental services by Brazilian adults using the Andersen’s behavioural model.

Methods

Individual-level data from 27,017 adults residents in the State capitals who were interviewed
in the 2013 Brazilian National Health Survey were pooled with contextual city-level data.
The outcomes were non-utilisation of dental services and last dental visit over 12 months
ago. Individual predisposing variables were age, sex, race/skin colour, schooling and social
network. Individual enabling variables included income, health insurance and registration in
primary health care. Individual need variables were self-perceived dental health and self-
reported missing teeth. Multilevel logistic regression models were performed to estimate
odds ratio (OR) and 95% confidence intervals (95% Cls) of the association of contextual
and individual predisposing, enabling and need-related variables with dental services
outcomes.

Results

Predisposing (OR = 0.89; 95% CI 0.81-0.97) and enabling (OR = 0.90; 95% CI 0.85-0.96)
contextual factors were associated with non-utilisation of dental services. Individual predis-
posing (sex, race/skin colour, schooling), enabling (income, health insurance) and need
(self-perceived oral health, missing teeth) were associated with non-utilisation of dental ser-
vices and last dental visit over 12 months ago. The latter was also associated with other indi-
vidual predisposing (age, social network) and need (eating difficulties due to oral problems)
characteristics.
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Abbreviations: SUS, Brazilian Unified Health
System; FHT, family health teams; NHS, national
health survey; IBGE, Brazilian Institute of
Geography and Statistics; PSU, primary sampling
unity; VPC, variance partition coefficient.

Conclusions

Individual and contextual determinants influenced dental services utilisation in Brazilian
adults. These factors should be on the policy agenda and considered in the organisation of
health services aiming to reduce oral health inequalities related to access and utilisation of
dental services.

Introduction

Public oral health care in Brazil has been historically restricted to a limited range of dental pro-
cedures offered in the large urban centres. In this context, curative dental procedures have
been predominating over preventive dental services and access to oral health care has been
restricted to few population groups [1]. However, over the recent years, the organisation of
public dental services has been improved with the implementation of the National Oral Health
Policy. The core principles of the policy focus on the reorganisation and expansion of primary
oral health care within the Brazilian Unified Health Care System (SUS). In addition, the policy
framework proposes the increase in the provision of universal dental care through combining
actions at individual and collective levels encompassing health promotion, prevention, diagno-
sis, treatment and rehabilitation [2].

Since 1998 primary care in the SUS has been reorganised around a priority strategy which
provides community-based primary health care through Family Health Teams (FHT), that are
responsible for the health of the population at a defined geographical area [3, 4]. The gradual
incorporation of oral health professionals in the teams occurred since 2000. The implementa-
tion of the National Oral Health Policy was accompanied by a significant increase in the fed-
eral public funding, resulting in the expansion of access and enhancing comprehensiveness of
health care [1, 5-7]. This propitiated the expansion of oral health teams in primary care and
the implementation of dental specialties centers for secondary care, offering procedures that
were previously exclusive to private services [1, 5].

However, despite the increase in access, large inequalities in dental health care utilisation
and in the oral health status of the Brazilian population remain noticeable. The most vulnera-
ble groups, such as rural, elderly, deprived and less educated populations, face more barriers in
using health services and present have worse oral health conditions. Furthermore, epidemio-
logical surveys also revealed marked oral health inequalities between the regions of the country
[6-16].

Utilisation of health services results from a complex interaction between users, availability
and access of services and is influenced by several factors, including individual characteristics
(e.g. perception of health status and health needs), contextual factors (e.g. social inequalities)
and organisation of health services (e.g. distribution of health care units) [17-19]. Previous
studies on the associated factors highlight that dental services utilisation results from the inter-
action between biological, sociocultural, family and community determinants, as well as from
the characteristics of health systems [20, 21]. The literature also suggests that reducing social
inequalities plays an important role in mitigating barriers to health services utilisation [7, 22—
24].

Dental care utilisation and frequency of dental services utilisation by Brazilian adults have
been associated with high schooling [7, 8, 10, 12, 22, 25-32] and better-off socioeconomic sta-
tus [8, 12, 26-29, 32]. Females [7, 8, 26-30], younger people [7, 8, 22, 26, 28, 33], white race/
skin colour [7, 34] and having a health insurance [7, 27, 30] have also been associated with a
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greater utilisation of dental care. Regular users have less dental treatment needs and better oral
health conditions [12, 22, 25, 26, 29, 31], and better general and oral health self-perception [26,
28,29, 31, 32]. Contextual factors, such as living in urban areas [8, 33] and in locations covered
by the FHT in primary care, have been linked with an increased likelihood of health services
utilisation [7].

Similar findings regarding inequities in the oral health conditions and utilisation of services
have been reported in other countries. Populations and countries with greater social inequali-
ties present higher burden of oral diseases and lower use of dental services [20, 23, 24, 35-42].
Investigating the associated factors of utilisation of dental services is relevant for planning real-
istic interventions to improve access and quality of health care, reorganisation of health ser-
vices, and ultimately to improve the use of available resources [21, 43]. The identification of
the determinants of non-utilisation dental services as a way of assessing barriers to access to
dental services can contribute to the improvement of equity in oral health care, but recent data
from Brazil have not yet been extensively explored for this purpose. Thus, the aim of the study
was to evaluate the association of contextual and individual factors with the utilisation of den-
tal services by Brazilian adults living in the State capitals.

Methods
Study design

This cross-sectional study used secondary data from the Brazilian National Health Survey
(NHS), a nationwide home-based survey conducted in 2013 by the Ministry of Health in part-
nership with the Brazilian Institute of Geography and Statistics (IBGE). The purpose of NHS
was to evaluate the health status and lifestyles of the Brazilian population, as well as health
care, including utilisation and access to health services, continuity of care and financing [44].
All data are fully available without restriction available through IBGE homepage (https://ww2.
ibge.gov.br/english) and database (ftp://ftp.ibge.gov.br/PNS/2013/microdados/pns_2013_
microdados_2017_03_23.zip).

Study population

The NHS sample was representative for Brazil, geopolitical macro-regions, States, metropoli-
tan regions and States capitals. Census tracts or a set of these with at least 60 households was
defined as the primary sampling unity (PSU). Sampling was performed in three stages. In the
first stage, census tracts were selected with probability proportional to size (given by the num-
ber of households in each unit) in each stratum. A simple random sampling of households was
selected in the second stage in each PSU selected in the first stage. The third stage was a simple
random sampling of one adult aged 18 years or older among all adults living in the household
to answer a comprehensive questionnaire. The present study analysed data from 27,017 adult
dwellers in the 27 State capitals.

Study variables

The two outcome variables related to utilisation of dental services were based on the following
question: “When was your last dental appointment?”, with the following response options: 1.
In the last 12 months; 2. From one year to less than two years; 3. From two years to less than
three years; 4. Three years or more; 5. Never had a dental appointment. The categories were
grouped in order to derive two outcomes: (i) non-utilisation of dental care, considering the
option “never had a dental appointment” as outcome (response option 5 vs 1-4); and (ii) last
dental visit over 12 months ago, assessed only among those who have already been to the
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dentist (response options 2-4 vs 1, those who answered option “5” were excluded from this
analysis).

The selection of independent variables was based on Andersen’s Behavioural Model of
Health Services Utilisation [43]. Individual predisposing characteristics included age, sex, self-
reported race/skin colour, according to the categories used in Brazil by the IBGE (white, black,
yellow/Asiatic, brown/“pardo” and indigenous) [45], schooling (years of study completed with
approval) and social network. Social network was assessed using the items proposed by Berk-
man and Syme [46], categorising individuals into four groups: I, being the more isolated cate-
gory, and IL, III or IV composing the other three categories of gradation in social relations.
Individual monthly income, health insurance and registration in primary care FHT were
selected as enabling factors. Perceived need included self-perception of oral health and self-
reported difficulty to eat due to oral problems and evaluated need was assessed through self-
reported number of missing teeth.

Contextual variables included city-level predisposing, enabling and need indicators. Predis-
posing contextual characteristics included information about social vulnerability for the year
2010, including data on income, education and life expectancy from the Human Development
Index obtained from the Atlas of Human Development in Brazil, besides proportion of indi-
viduals living in extreme poverty (household per capita monthly income < R$70.00) and pro-
portion of individuals vulnerable to poverty (household per capita monthly income < R
$255.00) [47]. Enabling factors were per capita expenditure in primary health care, per capita
expenditure in oral health programs, and coverage of oral health teams in primary health care
obtained from health information systems for the year 2013 [48]. The contextual need vari-
ables were number of permanent decayed, missing and filled teeth (DMFT index), self-
reported dental pain in the last six months, need for dentures and impact of oral conditions on
daily activities (OIDP questionnaire) among adults who participated at the 2010 Brazilian oral
health survey. This information were collected at individual level and then aggregated at the
city level [49].

Data analysis

First, the independent variables were described according to the dental services outcomes
using proportions and 95% confidence intervals (95% CI), considering the complex sampling
design and the sample weights (svyset UPA_PNS [pw = v0029], strata(v0024) poststrata
(v00293) postweight(v00292)).

Second, factor analysis was used considering that contextual variables at city-level (n = 27
State capitals) are correlated and represent underlying dimensions related to utilisation of den-
tal services. The oblique rotation method was used considering the existence of a correlation
between the contextual variables. The predicted scores of the factors were used in subsequent
analyses.

Third, multilevel logistic regression analysis with robust variance was performed to esti-
mate the odds ratios (OR) and 95% ClIs of contextual and individual independent variables
(fixed effects with random intercept) and the two outcomes: (i) non-utilisation of dental ser-
vices and (ii) last dental visit over 12 months ago. Logistic regression models were used since
they provide more valid estimates of the incidence density ratio when cross-sectional data is
analysed [50]. Initially, associations between independent variables and the two outcomes
were tested in bivariate analysis. Variables that presented with p<0.10 in bivariate analysis
were considered for the multivariate hierarchical multilevel analysis. Stepforward non-auto-
matic selection of variables in four models was conducted to obtain a parsimonious model
according to Andersen’s theoretical model. The first model included only the contextual
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factors. The second and third models consisted of individual predisposing and enabling vari-
ables, respectively. The final model included individual need-related variables. Variable that
remained statistically significant at 10% (p<0.10) were retained in the analysis for adjustment
in the next model. The percentage of the variance explained by the contextual level (variance
partition coefficient) was calculated using the standard logistic distribution variance, 7*/3=3.29,
as the level 1 variance [51]. All analyses were performed in Stata 14.0 (College Station, TX
USA).

Ethical issues

This study was approved by the Ethics Committee in Research of the State University of Rio de
Janeiro, protocol CAAE number 64756517.0.0000.5260.

Results

The prevalence of non-utilisation of dental health services and last dental visit over 12 months
ago by Brazilian adults from the State capitals was 1.8% (95% CI 1.6%-2.1%) and 48.1% (95%
CI 47.0%-49.1%), respectively. Table 1 presents the individual characteristics according to den-
tal services utilisation outcomes. Most participants were females, had white race/skin colour,
had 9-11 years of schooling and individual family income between R$ 501 and R$ 1500.

Factor analysis evidenced four factors that explained 89% of the total variance. Table 2 pres-
ents the items loadings after oblique rotation. Bartlett’s test for sphericity was statistically sig-
nificant (p<0.001). The model adequacy analysis using the Kaiser-Meyer-Olkin statistic was
0.612. The contextual factors were named as following: 1. contextual predisposing; 2. contex-
tual enabling; 3. contextual perceived need; 4. contextual evaluated need.

In the unadjusted analyses, the predisposing contextual factor was associated with non-uti-
lisation of dental health services and last dental visit over 12 months ago. The enabling contex-
tual factor was also associated with non-utilisation of dental health services. In addition, all
individual predisposing, individual enabling (except enabling financing) and individual need
variables were associated with both outcomes (Table 3).

In the multilevel analyses, null logistic models were fitted in order to verify the presence of
contextual level effects. Null models showed statistical significant random effects for both out-
comes, demonstrating there were significant between-city differences. The percentage variance
explained by the contextual level was 8.9% for the non-utilisation of dental services and 3.6%
for last dental visit over 12 months ago. These proportions are reduced to 2.6% and 1.5% with
the inclusion of contextual variables. The average number of observations in each cluster on
the second level was 1,000.6, ranging from 520 to 2,568.

The multilevel logistic regression models for the outcome non-utilisation of services are
presented in Table 4. Predisposing and enabling contextual variables were inversely associated
with non-utilisation of dental services in model 1 and remained associated afterwards. Individ-
ual predisposing demographic and social variables in model 2, and individual enabling financ-
ing in model 3 were associated with non-utilisation of dental services. In the final model
(model 4), adults living in the cities with greater levels of contextual predisposing (OR = 0.77;
95% CI 0.64-0.94) and enabling factors (OR = 0.84; 95% CI 0.75-0.94) had significantly lower
odds of non-utilisation of dental services. Sex, race/skin colour, schooling, income, health
insurance, perceived oral health and missing teeth remained associated with non-utilisation of
dental services.

Table 5 presents the multilevel logistic regression analysis of the relationship between inde-
pendent variables and last dental visit over 12 months ago. Contextual predisposing variable
was associated with the outcome only in model 1. Individual predisposing and individual
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Table 1. Individual predisposing, enabling and need characteristics according to non-utilisation of dental services

and last dental visit over 12 months ago.

Variable Total Non-utilisation of dental Last dental visit > 12
services months
% % 95% CI % 95% CI
Predisposing demographic
Age
18-21 8.5 2.8 1.9-4.1 40.7 37.5-44.0
22-34 29.2 1.8 1.4-2.4 44.5 42.8-46.3
35-44 19.8 1.9 1.3-2.7 45.3 43.4-47.2
45-64 30.0 1.4 1.1-1.9 49.0 47.1-50.8
> 65 12.5 2.0 1.5-2.6 63.5 60.9-65.9
Sex
Male 45.0 2.4 2.0-2.9 51.8 50.2-53.4
Female 55.0 1.4 1.1-1.7 45.0 43.7-46.3
Predisposing social
Race/skin colour
White 47.2 1.0 0.7-1.3 43.5 42.0-45.0
Black 10.0 2.8 2.1-3.8 54.9 52.0-57.8
Yellow 1.5 1.1 0.3-4.0 39.3 31.0-48.3
Brown 40.8 2.6 2.1-3.0 52.0 50.5-53.5
Indigenous 0.5 7.9 3.2-18.0 47.8 37.4-58.4
Years of schooling
0-4 15.8 4.9 4.1-5.9 64.9 62.7-66.9
5-8 19.2 2.4 1.9-3.0 60.7 58.7-62.7
9-11 38.1 1.4 1.1-1.9 46.4 44.9-48.0
> 11 26.9 0.2 0.1-0.3 31.5 29.8-33.2
Social network
I (Low) 30.5 2.9 2.4-3.5 55.5 53.7-57.2
11 34.7 1.7 1.3-2.1 48.6 47.0-50.3
11T 26.6 1.3 0.9-1.8 42.3 40.1-44.2
IV (High) 8.2 0.4 0.2-0.6 36.6 33.9-39.4
Enabling financing
Income (R$)
<500 7.1 4.2 3.2-5.5 54.2 50.8-57.6
501 a 1500 43.6 2.3 1.9-2.9 54.5 53.1-55.8
1501 a 2500 12.1 0.8 0.5-1.2 45.3 42.8-47.9
>2500 20.1 0.1 0.1-0.4 32.9 30.9-35.0
Not available 17.1 2.3 1.7-3.0 49.1 46.8-51.4
Health insurance
No 57.4 3.0 2.6-3.5 56.9 55.6-58.1
Yes 42.6 0.2 0.1-0.3 36.2 34.8-37.7
Enabling organisation
Registered in FHT
No 38.3 1.9 1.5-2.4 51.2 49.7-52.7
Yes 50.0 1.7 1.4-2.1 46.0 44.5-47.6
Unknown 11.7 2.2 1.6-3.1 46.6 43.9-49.3
Need perceived
Perceived dental health
(Continued)
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Table 1. (Continued)

Variable Total Non-utilisation of dental Last dental visit > 12
services months
% % 95% CI % 95% CI
Very good / good 70.6 1.5 1.2-1.8 43.2 42.1-44.5
Regular 24.6 2.3 1.8-2.8 58.4 56.6-60.3
Poor / very poor 4.8 5.0 3.6-6.9 65.9 61.4-70.1
Eating difficulties due to oral problems
No 92.1 1.6 1.4-1.9 47.2 46.1-48.3
Yes 7.9 4.1 3.1-5.5 58.3 55.3-61.1
Need evaluated
Missing teeth
No 33.2 2.1 1.7-2.7 43.0 41.3-44.8
One or more 58.6 1.5 1.3-1.9 46.4 45.1-47.7
All 8.2 2.8 2.0-3.8 80.6 78.0-82.9

https://doi.org/10.1371/journal.pone.0192771.t001

enabling variables were inserted in models 2 and 3, respectively. In the final model (model 4),
the odds of visiting a dentist over 12 months ago was significantly higher for older adults, male
sex, brown race/skin colour, low schooling, low social networks, low income, absence of health
insurance, poor perceived dental needs and higher number of missing teeth (Table 5).

Discussion

This study showed the influence of contextual characteristics of social vulnerability and health

services organisation in the non-utilisation of dental health services in Brazilian adults. How-
ever, these associations were not identified for last dental visit over 12 months ago. Individual
predisposing, enabling and the need characteristics were associated with both outcomes of
dental services utilisation. Sex, race/skin colour, schooling, income, health insurance, per-
ceived dental health and tooth loss were associated with both outcomes. Age, social network

Table 2. Rotated component matrix presenting factor loadings for the contextual variables included in the factor analysis at city-level.

Variables Component Unexplained
Predisposing Enabling Perceived need Evaluated need

HDI—income 0.947 0.088

HDI—life expectancy 0.897 0.125

HDI—education 0.807 0.281

Percentage of extremely poor -0.972 0.067

Percentage of vulnerable to poverty -0.978 0.047

Per capita expenditure in primary care 0.944 0.093

Per capita expenditure in oral programs 0.956 0.078

Family oral health teams coverage 0.976 0.054

Oral Impacts on Daily Performances 0.914 0.122

Dental pain 0.940 0.116

DFMT index 0.876 0.175

Need for denture 0.707 0.362

HDI: Human Development Index

Rotation method was oblique with Kaiser normalisation.

https://doi.org/10.1371/journal.pone.0192771.t002
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Table 3. Bivariate analyses between independent variables and non-utilisation of dental services and last dental visit over 12 months ago, Brazil, State capitals,

2013.
Variables Non-utilisation Last dental visit > 12 months
OR 95% CI p-value OR 95% CI p-value
Contextual (city-level)
Predisposing (greater scores indicate better conditions) 0.63 0.52-0.76 <0.001 0.87 0.77-0.99 0.029
Enabling (greater scores indicate better conditions) 0.82 0.71-0.96 0.011 0.94 0.77-1.14 0.536
Perceived need (greater scores indicate worse perceived oral health) 0.94 0.80-1.11 0.469 0.98 0.93-1.03 0.408
Evaluated need (greater scores indicate worse oral health) 0.86 0.67-1.12 0.266 1.09 0.97-1.23 0.148
Individual level
Predisposing demographic
Age (ref.: 18-21)
22-34 0.64 0.50-0.84 0.001 1.15 1.04-1.26 0.007
35-44 0.51 0.35-0.74 <0.001 1.22 1.09-1.36 <0.001
45-64 0.64 0.48-0.87 0.004 1.53 1.36-1.73 <0.001
65+ 1.07 0.69-1.67 0.759 291 2.49-3.39 <0.001
Sex (ref.: female)
Male 1.67 1.46-1.91 <0.001 1.30 1.24-1.37 <0.001
Predisposing social
Race/skin colour (ref.: white)
Black 2.71 2.23-3.30 <0.001 1.44 1.31-1.58 <0.001
Yellow 1.01 0.36-2.84 0.983 0.98 0.73-1.30 0.867
Brown 2.05 1.74-2.41 <0.001 1.38 1.28-1.49 <0.001
Indigenous 5.04 2.18-11.68 <0.001 1.10 0.78-1.56 0.596
Years of schooling (ref.: > 11)
0-4 24.30 13.67-43.20 <0.001 4.79 4.30-5.33 <0.001
5-8 12.04 7.01-20.67 <0.001 3.35 3.02-3.72 <0.001
9-11 5.11 2.92-8.95 <0.001 1.78 1.62-1.96 <0.001
Social network (ref.: IV, High)
I (Low) 4.20 2.20-8.01 <0.001 2.34 2.06-2.65 <0.001
1I 2.53 1.36-4.70 0.003 1.64 1.47-1.84 <0.001
11T 2.06 1.13-3.75 0.019 1.27 1.12-1.43 <0.001
Enabling financing
Income (ref.: > R$2500)
< 500 18.02 9.15-35.50 <0.001 2.60 2.34-2.88 <0.001
501 a 1500 10.88 6.23-19.00 <0.001 2.54 2.34-2.76 <0.001
1501 a 2500 4.41 2.39-8.15 <0.001 1.66 1.50-2.20 <0.001
Health insurance (ref.: yes)
No 8.71 5.77-13.16 <0.001 2.57 2.40-2.75 <0.001
Enabling organisation
Registered in FHT (ref.: yes)
No 0.96 0.79-1.16 0.643 0.79 0.71-0.89 <0.001
Unknown 0.99 0.72-1.38 0.970 0.81 0.69-0.95 0.011
Need perceived
Perceived dental health
(ref.: very good / good)
Regular 1.46 1.20-1.78 <0.001 1.74 1.63-1.85 <0.001
Poor / very poor 3.52 2.55-4.85 <0.001 2.63 2.31-3.00 <0.001
Eating difficulties due to oral problems (ref.: no)
Yes 2.24 1.69-2.98 <0.001 1.55 1.41-1.71 <0.001
(Continued)
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Table 3. (Continued)

Variables

Need evaluated
Missing teeth (ref.: no)
One or more
All

https://doi.org/10.1371/journal.pone.0192771.t1003

Non-utilisation Last dental visit > 12 months
OR 95% CI p-value OR 95% CI p-value
0.62 0.48-0.81 <0.001 1.09 1.02-1.16 0.015
1.54 1.13-2.09 0.006 6.55 5.56-7.71 <0.001

and limitation due to oral problems were only associated with utilisation of dental services
over 12 months ago.

Our findings suggest the role of the broader social determinants as barriers to access to den-
tal services for the population even when individual social vulnerability conditions are consid-
ered [24]. On the other hand, individual socioeconomic characteristics, including schooling
and income, which are byproducts of the social context where people live were meaningful
determinants of both dental services outcomes [52]. Previous studies reported that people with
high oral health needs were also concentrated in the cities with poor contextual social indica-
tors [13, 15], which suggests an inverse care law-individuals with greater oral health needs are
those who face greater difficulties in accessing services.

Similar to previous studies, adults who reported poor oral health showed greater difficulties
in the dental services utilisation [26, 29, 31]. With regards to tooth loss, the relationship with
dental services utilisation was ambiguous. The odd of non-utilisation of dental services was
higher for individuals with no missing teeth. This inverse finding is probably due to the con-
tact with dental services for tooth extraction. Thus, the difficulties in accessing dental services
concerning tooth loss are better expressed in the other outcome, since edentulous people were
more likely to have visited a dentist over 12 months ago, as expected.

Recent utilisation of dental services was inversely associated with higher age. The literature
suggests the decrease in the regular utilisation of services with increasing age [22, 26].
Although our findings may be partly attributed to a cohort and period effects, there is a need
to implement effective actions aiming to improve access to dental care among older adults
[53]. The difficulties imposed by aging, the decrease in the perception of need due to edentu-
lism and the low availability of public service might make this situation even worse [8]. Beha-
vioural and occupational factors have been suggested to explain why male adults use less the
health services [54]. However, some studies have demonstrated that gender differences occur
in the intermediate age groups, but not among the youngest [27, 28].

Comparing with other countries [55, 56], few studies in Brazil have reported the association
between race/skin colour and utilisation of dental health services. Populational and telephone
surveys revealed that adults with white race/skin colour had increased access to dental services
than other ethnic groups [7] and the disadvantage of health services utilisation among black
and brown comparing with white race/skin colour [10]. This study showed that individuals
with black, brown or indigenous race/skin colour had more difficulties in accessing dental ser-
vices. These findings remained significant after adjustment for schooling and income, which
in turn corroborate for the role of racial inequities in the access and utilisation of health ser-
vices, as previously suggested [10]. Besides access to goods and services, racism is also related
to health inequities [57, 58].

The association of education and income with dental services utilisation found in the study
has been reported in the literature. Besides, a clear social gradient was observed between lower
education and poorer utilisation of dental services [8, 12, 28, 29]. The variable health insurance
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Table 4. Hierarchical multilevel analysis for non-utilisation of dental services, Brazil, State capitals, 2013 (n = 27,015).

Variables

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Contextual (city-level)

Predisposing (greater scores indicate better conditions)

0.62 (0.52-0.76)***

0.74 (0.61-0.90)**

0.80 (0.65-0.98)*

0.77 (0.64-0.94)"

Enabling (greater scores indicate better conditions)

0.84 (0.76-0.93)**

0.84 (0.76-0.94)**

0.84 (0.75-0.94)**

0.84 (0.75-0.94)**

Individual level

Predisposing demographic

Age (ref.: 18-21)

22-34 0.75 (0.56-0.99)* 0.80 (0.58-1.10) 1.02 (0.73-1.42)

35-44 0.47 (0.31-0.71)*** 0.56 (0.35-0.90)" 0.85 (0.52-1.39)

45-64 0.43 (0.31-0.62)**** 0.53 (0.36-0.79)** 0.86 (0.57-1.29)

65+ 0.53 (0.34-0.84)"* 0.80 (0.48-1.32) 1.18 (0.73-1.92)
Sex (ref.: female)

Male 1.71 (1.46-2.01)*** 1.95 (1.67-2.28)*** 1.90 (1.63-2.22)***
Predisposing social

Race/skin colour (ref.: white)

Black 1.89 (1.60-2.23)*** 1.69 (1.44-2.00)"** 1.69 (1.43-1.99)***
Yellow 0.96 (0.34-2.72) 0.90 (0.34-2.40) 0.87 (0.34-2.26)

Brown 1.49 (1.27-1.76)"** 1.36 (1.15-1.60)"** 1.35 (1.14-1.59)**
Indigenous 3.79 (1.72-8.35)** 3.51 (1.60-7.67)** 3.78 (1.68-8.51)**

Years of schooling (ref.: >11)

0-4 22.26 (13.03-38.01)*** 9.75 (6.05-15.71)"** 11.51 (7.06-18.76)***
5-8 10.10 (6.10-16.71)*** 4.84 (3.10-7.56)*** 5.97 (3.78-9.41)***
9-11 4.24 (2.49-7.22)"** 2.46 (1.50-4.04)*** 2.77 (1.69-4.56)***
Social network (ref.: IV, High)
I (Low) 2.40 (1.26-4.56)** 2.01 (1.06-3.82)" 1.86 (1.00-3.46)
1I 1.69 (0.91-3.16) 1.47 (0.79-2.74) 1.44 (0.79-2.62)
1II 1.66 (0.89-3.08) 1.51 (0.81-2.82) 1.52 (0.84-2.76)
Enabling financing
Income (ref.: > R$2500)
< 500 4.52 (2.20-9.27)*** 4.45 (2.20-9.03)***
501 a 1500 2.74 (1.54-4.89)** 2.71 (1.54-4.76)**
1501 a 2500 1.87 (0.98-3.58) 1.92 (1.00-3.68)*

Health insurance (ref.: yes)

No 3.38 (2.21-5.19)*** 3.36 (2.19-5.15)***
Need perceived
Perceived dental health
(ref.: very good / good)

Regular 1.10 (0.90-1.33)

Poor / very poor

2.02 (1.49-2.73)***

Eating difficulties due to oral problems (ref.: no)

Yes

1.32 (0.96-1.81)

Need evaluated

Missing teeth (ref.: no)

One or more

0.35 (0.26-0.48)***

All

0.47 (0.35-0.63)***

Variance at city level (SE)t

0.091 (0.047)

0.098 (0.051)

0.099 (0.054)

0.095 (0.054)

(Continued)
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Table 4. (Continued)

Variables

VPC

Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
0.027 0.029 0.029 0.028

Null model: fixed effect, exponentiated intercept = 0.018 (0.014-0.023); random effect, variance (SE) = 0.320 (0.127), p = 0.011, VPC = 0.089

*P < 0.05

** P <0.01

*** P <0.001

+ obtained through random effects

VPC, variance partition coefficient

https://doi.org/10.1371/journal.pone.0192771.t1004

was not able to discriminate those with and without specific dental coverage, and may be a
more general proxy of socioeconomic status. Since it is expected that not all participants that
hold health insurance have also dental services coverage, the conditions that led individuals to
have the insurance also induce them to use dental health services more easily and with more
regularity.

Individuals with small social network were more likely to have a last dental visit over 12
months ago. Although it is not expected that social networks eliminate the different types of
barriers related to dental services utilisation, social ties could provide a more frequent contact
among those who use the health services. Social connectedness and participation in social
groups provide material and emotional support that favours the adoption of healthy behav-
iours, including frequency of dental visits [59-61]. The effect of social networks on dental ser-
vices utilisation, however, was limited compared to other social determinants [59].

Despite the effect of the contextual characteristics that reflect the organisation of the oral
health services on the utilisation of dental services, associations with the individual variable
relating to the enrolment in FHT were not found. In the bivariate analysis, the latter was only
associated with recent utilisation, which did not remain in the multivariate analysis, differently
from that observed in another study [7]. As already stated, the development of oral health poli-
cies in Brazil led to an increase in access to services [1, 5]. Therefore, the assessed items of ser-
vice organisation in the State capitals seem to be important to deal with the social barriers that
preclude the utilisation of dental services, although they had no effect on the regular use of
dental services. The low presence of oral health teams in the FHT of large population munici-
palities may have contributed to this result at the individual level [62]. An ecological study
involving 63 countries of all six WHO regions also found no correlation between total health
expenditure and the utilisation of dental services in the last 12 months, although it found asso-
ciation of the outcome with dentist-to-population ratio [24], as also described in a multilevel
approach [20].

The present study did not assess whether the dental services outcomes were related to pub-
lic or private health services since our objective was to evaluate the general barriers of dental
service access. Another relevant aspect is that the information available from the Brazilian
National Health Survey was related to the last dental visit and not to the type of dental service
regularly used. Previous studies comparing private and public services have shown that the lat-
ter is more sought by individuals with lower schooling, low income and poor oral health con-
ditions [21, 63, 64]. Better infrastructure of oral health services was also associated with greater
utilisation of public health services [64]. Countries with public health systems, even if partial
coverage, tend to present lower socioeconomic inequalities related to the utilisation of dental
health services [65].
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Table 5. Hierarchical multilevel analysis for last dental visit over 12 months ago, Brazil, State capitals, 2013 (n = 26,480).

Variables

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Contextual (city-level)

1 Predisposing (greater scores indicate better conditions)

0.87 (0.77-0.99)*

0.95 (0.89-1.03)

0.99 (0.91-1.07)

0.99 (0.92-1.07)

Individual level

Predisposing demographic

Age (ref.: 18-21)

22-34 1.31 (1.18-1.46)"** 1.39 (1.25-1.54)"** 1.37 (1.23-1.52)***

35-44 1.32 (1.18-1.48)*** 1.50 (1.35-1.68)*** 1.46 (1.31-1.64)"**

45-64 1.47 (1.29-1.68)*** 1.79 (1.56-2.06)*** 1.72 (1.48-1.99)***

65+ 2.39 (2.06-2.77)"** 3.26 (2.75-3.86)"** 3.17 (2.67-3.77)"**
Sex (ref.: female)

Male 1.42 (1.34-1.51)*** 1.52 (1.43-1.61)*** 1.50 (1.41-1.59)***
Predisposing social

Race/skin colour (ref.: white)

Black 1.18 (1.08-1.30)** 1.09 (0.99-1.20) 1.07 (0.98-1.18)
Yellow 0.95 (0.72-1.24) 0.90 (0.71-1.15) 0.88 (0.69-1.13)
Brown 1.19 (1.11-1.28)*** 1.11 (1.03-1.19)** 1.10 (1.03-1.18)**
Indigenous 0.94 (0.68-1.30) 0.86 (0.62-1.18) 0.83 (0.61-1.14)

Years of schooling (ref.: >11)

0-4

3.70 (3.26-4.19)***

2.25 (2.00-2.52)***

2.14 (1.91-2.40)***

5-8

2.90 (2.60-3.23)***

1.87 (1.70-2.07)***

1.80 (1.64-1.98)***

9-11

1.71 (1.55-1.88)"**

1.27 (1.16-1.38)***

1.24 (1.14-1.36)**

Social network (ref.: IV, High)

I (Low)

1.83 (1.61-2.07)***

1.60 (1.41-1.81)***

1.59 (1.40-1.81)***

1I

1.39 (1.24-1.57)***

1.25 (1.11-1.41)***

1.25 (1.11-1.41)***

1II

1.19 (1.05-1.36)**

1.11 (0.98-1.27)

1.11 (0.97-1.27)

Enabling financing

Income (ref.: > R$2500)

<500

1.61 (1.43-1.82)"*

1.55 (1.37-1.75)"**

501 a 1500

1.51 (1.39-1.64)"**

1.49 (1.37-1.62)***

1501 a 2500

1.26 (1.13-1.40)"**

1.25 (1.13-1.39)"**

Health insurance (ref.: yes)

No 1.81 (1.70-1.92)*** 1.76 (1.65-1.87)***
Enabling organisation
Registered in FHT (ref.: yes)

No 1.01 (0.93-1.10)

Unknown 1.04 (0.90-1.20)
Need perceived

Perceived dental health
(ref.: very good / good)

Regular

1.36 (1.27-1.47)***

Poor / very poor

1.76 (1.52-2.05)***

Eating difficulties due to oral problems (ref.: no)

Yes

0.88 (0.79-0.97)*

Need evaluated

Missing teeth (ref.: no)

One or more

0.75 (0.70-0.80)***

All

2.85 (2.44-3.34)"**

(Continued)
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Table 5. (Continued)

Variables

Variance at city level (SE)t
VPC

Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
0.050 (0.020)* 0.069 (0.020)*** 0.062 (0.019)** 0.063 (0.018)***

0.015 0.021 0.018 0.019

Null model: fixed effect, exponentiated intercept = 0.963 (0.863-1.074); random effect, variance (SE) = 0.123 (0.030), p<0.001, VPC = 0.036

*P < 0.05

P <0.01

*** P < 0.001

+ obtained through random effects

VPC, variance partition coefficient

https://doi.org/10.1371/journal.pone.0192771.t1005

The cross-sectional nature of this study suggests that any causal inferences must be made
with caution [50]. Despite the efforts of standardisation and training, information bias might
have occurred due to the large team of interviewers participating in the field work data collec-
tion of the survey [44]. On the other hand, the large sample size and its representativeness is a
strength of the study. The high number of participants in each city also counterpoises for the
low number of groups in the second level (<30) for multilevel logistic regression models [66].
The studied sample included adults from the State capitals. Although this approach allowed
the analysis of contextual variables in a multilevel model, the findings might not be generalised
to other population groups. In addition, this resulted in a high homogeneity that may explain
the low percentage variance explained by the contextual level. Nevertheless, it allowed ade-
quate interpretation and greater applicability of the findings, providing relevant information
to support the development of intersectoral public policies that can impact oral health and
reduce inequalities in the access and utilisation of dental services.

Conclusions

Interventions tackling contextual and individual characteristics can reduce barriers to dental
services utilisation and therefore contribute to the improvement of the oral health status of the
population, mainly among those individuals with the most need for dental services in the Bra-
zilian State capitals. Therefore, it is paramount to develop new strategies and to reinforce cur-
rent actions for the active inclusion of groups with less access to dental services, including
elderly people, males, those with black, brown and indigenous race/skin colour, as well as indi-
viduals with low schooling, low income and edentulous people. The implementation of evi-
dence-based intersectoral actions along with those specific to the health sector can provide a
more rational and effective use of available resources.

Author Contributions

Conceptualization: Fernando José Herkrath, Mario Vianna Vettore, Guilherme Loureiro
Werneck.

Data curation: Fernando José Herkrath.

Formal analysis: Fernando José Herkrath, Mario Vianna Vettore, Guilherme Loureiro
Werneck.

Investigation: Fernando José Herkrath.

Methodology: Fernando José Herkrath, Mario Vianna Vettore, Guilherme Loureiro Werneck.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192771 February 8, 2018 13/17


https://doi.org/10.1371/journal.pone.0192771.t005
https://doi.org/10.1371/journal.pone.0192771

@° PLOS | ONE

Contextual and individual factors associated with dental services utilisation by Brazilian adults

Supervision: Mario Vianna Vettore, Guilherme Loureiro Werneck.

Writing - original draft: Fernando José Herkrath.

Writing - review & editing: Fernando José Herkrath, Mario Vianna Vettore, Guilherme

Loureiro Werneck.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Pucca Junior GA, Lucena EH, Cawahisa PT. Financing national policy on oral health in Brazil in the con-
text of the Unified Health System. Braz Oral Res. 2010; 24 Suppl 1:26-32.

Brasil. Diretrizes da Politica Nacional de Saude Bucal. Brasilia: Ministério da Satde; 2004. Available
from: http://189.28.128.100/dab/docs/publicacoes/geral/diretrizes_da_politica_nacional_de_saude_
bucal.pdf

Paim J, Travassos C, Almeida C, Bahia L, Macinko J. The Brazilian health system: history, advances,
and challenges. Lancet. 2011; 377(9779):1778-97. https://doi.org/10.1016/S0140-6736(11)60054-8
PMID: 21561655

Macinko J, Harris MJ. Brazil’'s family health strategy—delivering community-based primary care in a
universal health system. The New England journal of medicine. 2015; 372(23):2177-81. https://doi.org/
10.1056/NEJMp 1501140 PMID: 26039598

Pucca Junior GA, Gabriel M, de Araujo ME, de Aimeida FC. Ten Years of a National Oral Health Policy
in Brazil: Innovation, Boldness, and Numerous Challenges. J Dent Res. 2015; 94(10):1333-7. https://
doi.org/10.1177/0022034515599979 PMID: 26316461

Boccolini CS, de Souza Junior PR. Inequities in Healthcare utilization: results of the Brazilian National
Health Survey, 2013. Int J Equity Health. 2016; 15(1):150. https://doi.org/10.1186/s12939-016-0444-3
PMID: 27852269

Mullachery P, Silver D, Macinko J. Changes in health care inequity in Brazil between 2008 and 2013. Int
J Equity Health. 2016; 15(1):140. https://doi.org/10.1186/s12939-016-0431-8 PMID: 27852309

Matos DL, Giatti L, Lima-Costa MF. Fatores sdcio-demograficos associados ao uso de servigos odonto-
I6gicos entre idosos brasileiros: um estudo baseado na Pesquisa Nacional por Amostra de Domicilios.
Cad Saude Publica. 2004; 20(5):1290-7. PMID: 15486672

Antunes JLF, Narvai PC. Dental health policies in Brazil and their impact on health inequalities. Rev
Saude Publica. 2010; 44(2):360-5. PMID: 20339637

Peres KG, Peres MA, Boing AF, Bertoldi AD, Bastos JL, Barros AJD. Reduction of social inequalities in
utilization of dental care in Brazil from 1998 to 2008. Rev Saude Publica. 2012; 46(2):250-8. PMID:
22437856

Soares CL. Constructing public oral health policies in Brazil: issues for reflection. Braz Oral Res. 2012;
26 Suppl 1:94-102.

Ferreira CO, Antunes JL, Andrade FB. Factors associated with the use of dental services by elderly Bra-
zilians. Rev Saude Publica. 2013; 47 Suppl 3:90-7.

Roncalli AG, Tsakos G, Sheiham A, de Souza GC, Watt RG. Social determinants of dental treatment
needs in Brazilian adults. BMC Public Health. 2014; 14:1097. https://doi.org/10.1186/1471-2458-14-
1097 PMID: 25339315

Viacava F, Bellido JG. Health, access to services and sources of payment, according to household sur-
veys. Cien Saude Colet. 2016; 21(2):351-70. https://doi.org/10.1590/1413-81232015212.19422015
PMID: 26910144

Goulart MA, Vettore MV. Is the relative increase in income inequality related to tooth loss in middle-
aged adults? J Public Health Dent. 2016; 76(1):65—75. https://doi.org/10.1111/jphd. 12113 PMID:
26228934

Vettore MV, Ageeli A. The roles of contextual and individual social determinants of oral health-related
quality of life in Brazilian adults. Qual Life Res. 2016; 25(4):1029-42. https://doi.org/10.1007/s11136-
015-1118-0 PMID: 26342929

Hulka BS, Wheat JR. Patterns of utilization: the patient perspective. Med Care. 1985; 23(5):438-60.
PMID: 4010347

Pavéo ALB, Coeli CM, Lopes CS, Faerstein E, Werneck GL, Chor D. Social determinants of the use of
health services among public university workers. Rev Saude Publica. 2012; 46:98-103. PMID:
22218759

Garcia-Subirats |, Vargas Lorenzo |, Mogollon-Perez AS, De Paepe P, da Silva MR, Unger JP, et al.
Determinants of the use of different healthcare levels in the General System of Social Security in Health

PLOS ONE | https://doi.org/10.1371/journal.pone.0192771 February 8, 2018 14/17


http://189.28.128.100/dab/docs/publicacoes/geral/diretrizes_da_politica_nacional_de_saude_bucal.pdf
http://189.28.128.100/dab/docs/publicacoes/geral/diretrizes_da_politica_nacional_de_saude_bucal.pdf
https://doi.org/10.1016/S0140-6736(11)60054-8
http://www.ncbi.nlm.nih.gov/pubmed/21561655
https://doi.org/10.1056/NEJMp1501140
https://doi.org/10.1056/NEJMp1501140
http://www.ncbi.nlm.nih.gov/pubmed/26039598
https://doi.org/10.1177/0022034515599979
https://doi.org/10.1177/0022034515599979
http://www.ncbi.nlm.nih.gov/pubmed/26316461
https://doi.org/10.1186/s12939-016-0444-3
http://www.ncbi.nlm.nih.gov/pubmed/27852269
https://doi.org/10.1186/s12939-016-0431-8
http://www.ncbi.nlm.nih.gov/pubmed/27852309
http://www.ncbi.nlm.nih.gov/pubmed/15486672
http://www.ncbi.nlm.nih.gov/pubmed/20339637
http://www.ncbi.nlm.nih.gov/pubmed/22437856
https://doi.org/10.1186/1471-2458-14-1097
https://doi.org/10.1186/1471-2458-14-1097
http://www.ncbi.nlm.nih.gov/pubmed/25339315
https://doi.org/10.1590/1413-81232015212.19422015
http://www.ncbi.nlm.nih.gov/pubmed/26910144
https://doi.org/10.1111/jphd.12113
http://www.ncbi.nlm.nih.gov/pubmed/26228934
https://doi.org/10.1007/s11136-015-1118-0
https://doi.org/10.1007/s11136-015-1118-0
http://www.ncbi.nlm.nih.gov/pubmed/26342929
http://www.ncbi.nlm.nih.gov/pubmed/4010347
http://www.ncbi.nlm.nih.gov/pubmed/22218759
https://doi.org/10.1371/journal.pone.0192771

@° PLOS | ONE

Contextual and individual factors associated with dental services utilisation by Brazilian adults

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

in Colombia and the Unified Health System in Brazil. Gac Sanit. 2014; 28(6):480-8. https://doi.org/10.
1016/j.gaceta.2014.05.010 PMID: 25048392

Lee W, Kim SJ, Albert JM, Nelson S. Community factors predicting dental care utilization among older
adults. J Am Dent Assoc. 2014; 145(2):150-8. https://doi.org/10.14219/jada.2013.22 PMID: 24487606

Pinto RS, Abreu MHNG, Vargas AMD. Comparing adult users of public and private dental services in
the state of Minas Gerais, Brazil. BMC Oral Health. 2014; 14:100. https://doi.org/10.1186/1472-6831-
14-100 PMID: 25099268

Baldani MH, Brito WH, Lawder JAC, Mendes YBE, Silva FFM, Antunes JLF. Determinantes individuais
da utilizagao de servigos odontoldgicos por adultos e idosos de baixa renda. Rev Bras Epidemiol. 2010;
13:150-62. PMID: 20683563

Tchicaya A, Lorentz N. Socioeconomic inequalities in the non-use of dental care in Europe. Int J Equity
Health. 2014; 13:7. https://doi.org/10.1186/1475-9276-13-7 PMID: 24476233

Bhandari B, Newton JT, Bernabé E. Income inequality, disinvestment in health care and use of dental
services. J Public Health Dent. 2015; 75(1):58-63. https://doi.org/10.1111/jphd.12071 PMID: 25176508

Matos DL, Lima-Costa MFF, Guerra HL, Marcenes W. Projeto Bambui: estudo de base populacional
dos fatores associados com o uso regular de servigos odontoldgicos em adultos. Cad Saude Publica.
2001; 17:661-8. PMID: 11395802

Afonso-Souza G, Nadanovsky P, Chor D, Faerstein E, Werneck GL, Lopes CS. Association between
routine visits for dental checkup and self-perceived oral health in an adult population in Rio de Janeiro:
the Pro-Saude Study. Community Dent Oral Epidemiol. 2007; 35(5):393—400. https://doi.org/10.1111/j.
1600-0528.2006.00343.x PMID: 17822488

Manhaes ALD, Costa AJL. Acesso a e utilizacdo de servigos odontolégicos no Estado do Rio de
Janeiro, Brasil, em 1998: um estudo exploratdrio a partir da Pesquisa Nacional por Amostra de Domici-
lios. Cad Saude Publica. 2008; 24(1):207—18. PMID: 18209849

Camargo MBJ, Dumith SC, Barros AJD. Uso regular de servigos odontolégicos entre adultos: padroes
de utilizagao e tipos de servicos. Cad Saude Publica. 2009; 25(9):1894-906. PMID: 19750377

Machado LP, Camargo MBJ, Jeronymo JCM, Bastos GAN. Regular use of dental services among
adults and older adults in a vulnerable region in Southern Brazil. Rev Saude Publica. 2012; 46(3):526—
33. PMID: 22635038

Miranda CD, Peres MA. Determinantes da utilizagao de servicos odontoldgicos entre adultos: um
estudo de base populacional em Floriandpolis, Santa Catarina, Brasil. Cad Saude Publica. 2013; 29
(11):2319-32. PMID: 24233046

Silva AE, Langlois CO, Feldens CA. Use of dental services and associated factors among elderly in
southern Brazil. Rev Bras Epidemiol. 2013; 16(4):1005-16. PMID: 24896605

Gomes AM, Thomaz EB, Alves MT, Silva AA, Silva RA. Fatores associados ao uso dos servicos de
saude bucal: estudo de base populacional em municipios do Maranhao, Brasil. Cien Saude Colet.
2014; 19(2):629-40. PMID: 24863839

Travassos C, Viacava F. Acesso e uso de servigos de salde em idosos residentes em areas rurais,
Brasil, 1998 e 2003. Cad Saude Publica. 2007; 23:2490-502. PMID: 17891308

Peres MA, Iser BPM, Boing AF, Yokota RTC, Malta DC, Peres KG. Desigualdades no acesso e na utili-
zag&o de servigos odontolégicos no Brasil: anélise do Sistema de Vigilancia de Fatores de Risco e Pro-
tegao para Doengas Cronicas por Inquérito Telefonico (VIGITEL 2009). Cad Saude Publica. 2012; 28
Suppl:s90-s100.

Cruz GD, Chen Y, Salazar CR, Karloopia R, LeGeros RZ. Determinants of oral health care utilization
among diverse groups of immigrants in New York City. J Am Dent Assoc. 2010; 141(7):871-8. https://
doi.org/10.14219/jada.archive.2010.0286 PMID: 20592408

Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global burden of oral diseases
and risks to oral health. Bulletin of the World Health Organization. 2005; 83(9):661-9. Epub 2005/10/08.
PMID: 16211157

Finlayson TL, Gansky SA, Shain SG, Weintraub JA. Dental utilization among Hispanic adults in agricul-
tural worker families in California’s Central Valley. J Public Health Dent. 2010; 70(4):292-9. https://doi.
org/10.1111/j.1752-7325.2010.00184.x PMID: 20545826

Kengne Talla P, Gagnon MP, Dramaix M, Leveque A. Barriers to dental visits in Belgium: a secondary
analysis of the 2004 National Health Interview Survey. J Public Health Dent. 2013; 73(1):32—40. https://
doi.org/10.1111/jphd.12003 PMID: 23215822

Teusner DN, Brennan DS, Spencer AJ. Dental insurance, attitudes to dental care, and dental visiting. J
Public Health Dent. 2013; 73(2):103—11. https://doi.org/10.1111/.1752-7325.2012.00345.x PMID:
22747628

PLOS ONE | https://doi.org/10.1371/journal.pone.0192771 February 8, 2018 15/17


https://doi.org/10.1016/j.gaceta.2014.05.010
https://doi.org/10.1016/j.gaceta.2014.05.010
http://www.ncbi.nlm.nih.gov/pubmed/25048392
https://doi.org/10.14219/jada.2013.22
http://www.ncbi.nlm.nih.gov/pubmed/24487606
https://doi.org/10.1186/1472-6831-14-100
https://doi.org/10.1186/1472-6831-14-100
http://www.ncbi.nlm.nih.gov/pubmed/25099268
http://www.ncbi.nlm.nih.gov/pubmed/20683563
https://doi.org/10.1186/1475-9276-13-7
http://www.ncbi.nlm.nih.gov/pubmed/24476233
https://doi.org/10.1111/jphd.12071
http://www.ncbi.nlm.nih.gov/pubmed/25176508
http://www.ncbi.nlm.nih.gov/pubmed/11395802
https://doi.org/10.1111/j.1600-0528.2006.00343.x
https://doi.org/10.1111/j.1600-0528.2006.00343.x
http://www.ncbi.nlm.nih.gov/pubmed/17822488
http://www.ncbi.nlm.nih.gov/pubmed/18209849
http://www.ncbi.nlm.nih.gov/pubmed/19750377
http://www.ncbi.nlm.nih.gov/pubmed/22635038
http://www.ncbi.nlm.nih.gov/pubmed/24233046
http://www.ncbi.nlm.nih.gov/pubmed/24896605
http://www.ncbi.nlm.nih.gov/pubmed/24863839
http://www.ncbi.nlm.nih.gov/pubmed/17891308
https://doi.org/10.14219/jada.archive.2010.0286
https://doi.org/10.14219/jada.archive.2010.0286
http://www.ncbi.nlm.nih.gov/pubmed/20592408
http://www.ncbi.nlm.nih.gov/pubmed/16211157
https://doi.org/10.1111/j.1752-7325.2010.00184.x
https://doi.org/10.1111/j.1752-7325.2010.00184.x
http://www.ncbi.nlm.nih.gov/pubmed/20545826
https://doi.org/10.1111/jphd.12003
https://doi.org/10.1111/jphd.12003
http://www.ncbi.nlm.nih.gov/pubmed/23215822
https://doi.org/10.1111/j.1752-7325.2012.00345.x
http://www.ncbi.nlm.nih.gov/pubmed/22747628
https://doi.org/10.1371/journal.pone.0192771

@° PLOS | ONE

Contextual and individual factors associated with dental services utilisation by Brazilian adults

40.

M.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Okunseri C, Garcia RI, Okunseri E, Visotcky A, Szabo A. Dental service utilization and neighborhood
characteristics in young adults in the United States: a multilevel approach. J Public Health Dent. 2015;
75(4):282-90. https://doi.org/10.1111/jphd.12097 PMID: 25929275

Bhandari B, Newton JT, Bernabe E. Income Inequality and Use of Dental Services in 66 Countries. J
Dent Res. 2015; 94(8):1048-54. https://doi.org/10.1177/0022034515586960 PMID: 25994178

Kassebaum NJ, Smith AGC, Bernabe E, Fleming TD, Reynolds AE, Vos T, et al. Global, Regional, and
National Prevalence, Incidence, and Disability-Adjusted Life Years for Oral Conditions for 195 Coun-
tries, 1990-2015: A Systematic Analysis for the Global Burden of Diseases, Injuries, and Risk Factors.
Journal of dental research. 2017; 96(4):380—7. Epub 2017/08/10. https://doi.org/10.1177/
0022034517693566 PMID: 28792274

Andersen RM, Davidson PL. Improving access to care in America: individual and contextual indicators.
In: Kominski GF, editor. Changing the US Health Care System: Key Issues in Health Services Policy
and Management 4th ed. San Francisco: Jossey-Bass; 2014. p. 3-31.

Szwarcwald CL, Malta DC, Pereira CA, Vieira ML, Conde WL, Souza Junior PR, et al. Pesquisa Nacio-
nal de Saude no Brasil: concepgéo e metodologia de aplicagdo. Cien Saude Colet. 2014; 19(2):333—42.
PMID: 24863810

Travassos C, Williams DR. The concept and measurement of race and their relationship to public
health: a review focused on Brazil and the United States. Cad Saude Publica. 2004; 20(3):660-78.
PMID: 15263977

Berkman LF, Syme SL. Social networks, host resistance, and mortality: a nine-year follow-up study of
Alameda County residents. Am J Epidemiol. 1979; 109(2):186-204. PMID: 425958

United Nations Development Programme. Human Development Atlas in Brazil 2013 [cited 2017]. Avail-
able from: http://www.atlasbrasil.org.br/2013/en/home/.

Ministério da Saude. Datasus—Departamento de Informatica do SUS [cited 2017]. Available from:
http://datasus.saude.gov.br/.

Ministério da Saude. Secretaria de Atengdo a Saude. Secretaria de Vigilancia em Saude. Departa-
mento de Atengdo Bésica. Coordenagdo Nacional de Saude Bucal. SBBrasil 2010: Pesquisa Nacional
de Saude Bucal: Ministério da Saude; 2012 [cited 2017]. Available from: http://bvsms.saude.gov.br/
bvs/publicacoes/pesquisa_nacional_saude_bucal.pdf.

Reichenheim ME, Coutinho ES. Measures and models for causal inference in cross-sectional studies:
arguments for the appropriateness of the prevalence odds ratio and related logistic regression. BMC
Med Res Methodol. 2010; 10:66. https://doi.org/10.1186/1471-2288-10-66 PMID: 20633293

Snijders TAB, Bosker RJ. Multilevel analysis: An introduction to basic and advanced multilevel modeling
(2nd ed.). Los Angeles/London/New Delhi/Singapore/Washington D.C.: SAGE Publications Inc.;
2012.

Andrew MK, Keefe JM. Social vulnerability from a social ecology perspective: a cohort study of older
adults from the National Population Health Survey of Canada. BMC Geriatr. 2014; 14:90. https://doi.
0rg/10.1186/1471-2318-14-90 PMID: 25129548

Astrom AN, Ekback G, Nasir E, Ordell S, Unell L. Use of dental services throughout middle and early
old ages: a prospective cohort study. Community Dent Oral Epidemiol. 2013; 41(1):30-9. https://doi.
org/10.1111/.1600-0528.2012.00709.x PMID: 22937755

Muirhead VE, Quinonez C, Figueiredo R, Locker D. Predictors of dental care utilization among working
poor Canadians. Community Dent Oral Epidemiol. 2009; 37(3):199-208. https://doi.org/10.1111/].
1600-0528.2009.00471.x PMID: 19508268

Flores G, Lin H. Trends in racial/ethnic disparities in medical and oral health, access to care, and use of
services in US children: has anything changed over the years? Int J Equity Health. 2013; 12:10. https://
doi.org/10.1186/1475-9276-12-10 PMID: 23339566

Horner-dohnson W, Dobbertin K, Beilstein-Wedel E. Disparities in dental care associated with disability
and race and ethnicity. J Am Dent Assoc. 2015; 146(6):366—74. https://doi.org/10.1016/j.adaj.2015.01.
024 PMID: 26025823

Gee GC, Ford CL. STRUCTURAL RACISM AND HEALTH INEQUITIES: Old Issues, New Directions.
Du Bois Rev. 2011; 8(1):115-32. Epub 2011/04/01. https://doi.org/10.1017/S1742058X11000130
PMID: 25632292

Williams DR. Miles to go before we sleep: racial inequities in health. J Health Soc Behav. 2012; 53
(3):279-95. https://doi.org/10.1177/0022146512455804 PMID: 22940811

Sabbah W, Tsakos G, Chandola T, Newton T, Kawachi |, Sheiham A, et al. The relationship between
social network, social support and periodontal disease among older Americans. J Clin Periodontol.
2011; 38(6):547-52. https://doi.org/10.1111/j.1600-051X.2011.01713.x PMID: 21362014

PLOS ONE | https://doi.org/10.1371/journal.pone.0192771 February 8, 2018 16/17


https://doi.org/10.1111/jphd.12097
http://www.ncbi.nlm.nih.gov/pubmed/25929275
https://doi.org/10.1177/0022034515586960
http://www.ncbi.nlm.nih.gov/pubmed/25994178
https://doi.org/10.1177/0022034517693566
https://doi.org/10.1177/0022034517693566
http://www.ncbi.nlm.nih.gov/pubmed/28792274
http://www.ncbi.nlm.nih.gov/pubmed/24863810
http://www.ncbi.nlm.nih.gov/pubmed/15263977
http://www.ncbi.nlm.nih.gov/pubmed/425958
http://www.atlasbrasil.org.br/2013/en/home/
http://datasus.saude.gov.br/
http://bvsms.saude.gov.br/bvs/publicacoes/pesquisa_nacional_saude_bucal.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/pesquisa_nacional_saude_bucal.pdf
https://doi.org/10.1186/1471-2288-10-66
http://www.ncbi.nlm.nih.gov/pubmed/20633293
https://doi.org/10.1186/1471-2318-14-90
https://doi.org/10.1186/1471-2318-14-90
http://www.ncbi.nlm.nih.gov/pubmed/25129548
https://doi.org/10.1111/j.1600-0528.2012.00709.x
https://doi.org/10.1111/j.1600-0528.2012.00709.x
http://www.ncbi.nlm.nih.gov/pubmed/22937755
https://doi.org/10.1111/j.1600-0528.2009.00471.x
https://doi.org/10.1111/j.1600-0528.2009.00471.x
http://www.ncbi.nlm.nih.gov/pubmed/19508268
https://doi.org/10.1186/1475-9276-12-10
https://doi.org/10.1186/1475-9276-12-10
http://www.ncbi.nlm.nih.gov/pubmed/23339566
https://doi.org/10.1016/j.adaj.2015.01.024
https://doi.org/10.1016/j.adaj.2015.01.024
http://www.ncbi.nlm.nih.gov/pubmed/26025823
https://doi.org/10.1017/S1742058X11000130
http://www.ncbi.nlm.nih.gov/pubmed/25632292
https://doi.org/10.1177/0022146512455804
http://www.ncbi.nlm.nih.gov/pubmed/22940811
https://doi.org/10.1111/j.1600-051X.2011.01713.x
http://www.ncbi.nlm.nih.gov/pubmed/21362014
https://doi.org/10.1371/journal.pone.0192771

@° PLOS | ONE

Contextual and individual factors associated with dental services utilisation by Brazilian adults

60.

61.

62.

63.

64.

65.

66.

Watt RG, Heilmann A, Sabbah W, Newton T, Chandola T, Aida J, et al. Social relationships and health
related behaviors among older US adults. BMC Public Health. 2014; 14:533. https://doi.org/10.1186/
1471-2458-14-533 PMID: 24885507

Gulcan F, Ekback G, Ordell S, Lie SA, Astrom AN. Social predictors of less frequent dental attendance
over time among older people: population-averaged and person-specific estimates. Community Dent
Oral Epidemiol. 2016; 44(3):263—73. https://doi.org/10.1111/cdoe.12214 PMID: 26854281

Lucena EHG, Pucca Junior GA, Sousa MF. A politica nacional de satide bucal no Brasil no contexto do
Sistema Unico de Saude. Tempus: Actas de Saude Coletiva. 2011; 5(3):53-63.

Pinto RS, Matos DL, Loyola Filho Al. Caracteristicas associadas ao uso de servigos odontoldgicos pub-
licos pela populagdo adulta brasileira. Cien Saude Colet. 2012; 17(2):531—44. PMID: 22267047

Pinto RS, Roncalli AG, Abreu MH, Vargas AM. Use of Public Oral Health Services by the Adult Popula-
tion: A Multilevel Analysis. PLoS One. 2016; 11(1):e0145149. https://doi.org/10.1371/journal.pone.
0145149 PMID: 26730714

Palencia L, Espelt A, Cornejo-Ovalle M, Borrell C. Socioeconomic inequalities in the use of dental care
services in Europe: what is the role of public coverage? Community Dent Oral Epidemiol. 2014; 42
(2):97-105. https://doi.org/10.1111/cdoe.12056 PMID: 23786417

Moineddin R, Matheson FI, Glazier RH. A simulation study of sample size for multilevel logistic regres-
sion models. BMC Med Res Methodol. 2007; 7:34. https://doi.org/10.1186/1471-2288-7-34 PMID:
17634107

PLOS ONE | https://doi.org/10.1371/journal.pone.0192771 February 8, 2018 17/17


https://doi.org/10.1186/1471-2458-14-533
https://doi.org/10.1186/1471-2458-14-533
http://www.ncbi.nlm.nih.gov/pubmed/24885507
https://doi.org/10.1111/cdoe.12214
http://www.ncbi.nlm.nih.gov/pubmed/26854281
http://www.ncbi.nlm.nih.gov/pubmed/22267047
https://doi.org/10.1371/journal.pone.0145149
https://doi.org/10.1371/journal.pone.0145149
http://www.ncbi.nlm.nih.gov/pubmed/26730714
https://doi.org/10.1111/cdoe.12056
http://www.ncbi.nlm.nih.gov/pubmed/23786417
https://doi.org/10.1186/1471-2288-7-34
http://www.ncbi.nlm.nih.gov/pubmed/17634107
https://doi.org/10.1371/journal.pone.0192771

