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The objectives of this study was to investigate the individual and contextual risk
indicators of periodontal disease in underprivileged adolescents, and the disparity
in distribution of the disease. Cross-sectional analytical study, conducted in the city
of Piracicaba, SP, Brazil, in 2012. The probabilistic sample was composed of 1,130
adolescents from 15-19 years of age, randomly selected from 21 state schools and 34
Primary Health Units – Family Health (PHU-FH). The dependent variable studied was
presence of periodontal disease (CPI). The independent variables were classified into
individual (clinical, sociodemographic, psychosocial, self-perception, impact on oral
health, access to services, pain reports and quality of life variables) and contextual
(social exclusion index, total number of residents in suburb, literacy rate, percentage
of home ownership residences, percentage of domestic sewerage, percentage of trash
collected, percentage with income of over 1 minimum wage per month and percentage
of families without monthly income). The multilevel regression model was estimated
by the PROC GLIMMIX (Generalized Linear Models-Mixed) procedure, considering
the individuals’ variables as Level 2 and the contextual variables of the suburbs as
Level 3. As regards the individual variables, the adolescents who never had toothache;
with a lower impact on oral health; and resided in homes with higher percentage
of domestic sewage presented less presence of periodontal disease. The individual
and contextual variables were associated with the presence of periodontal disease in
underprivileged adolescents, indicating that they must be taken into consideration in
the formulation of policies directed towards oral health promotion and prevention
activities in this group.
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Introduction
Periodontal disease is a destructive disease of the gingiva
and supporting structures of the teeth, which develops through
inflammatory processes induced by microbial biofilm.¹ It is considered
one of the main diseases affecting oral health, and is ranked as the
second main Public Health problem in Dentistry.² The World Health
Organization recently informed that severe periodontitis affects 5-20%
of the adult population, and the majority of children and adolescents
present signs of gingivitis,³ which may attain a prevalence of up to
80% in adolescents.4,5 According to the last national oral health survey
conducted in Brazil, over half the adolescents from 15 to 19 years of
age present signs of the disease, such as bleeding (9.7%), calculus
(28.6%) and periodontal pockets (10.8%).² To reduce the inequalities
in health has become a great priority of international public health,
while the types of intervention in health will be potential challenges
in the development of simulation models to investigate the health
of the population.6 A few studies have demonstrated the impact of
social determinants on oral health in adolescents,7–9 especially in
the deprived group. Periodontal conditions have been based on the
individual level.10–12 However, current studies have demonstrated the
importance of the inclusion of contextual variables in the evaluation
of oral health conditions in populations.13–16 Therefore, the use of

Submit Manuscript | http://medcraveonline.com

multilevel analysis to model individual and contextual variables
simultaneously, have provided broader perspectives about the
inter-relationships between the two different levels of effects, and
insights into how these relationships affect periodontal disease. This
technique provides better estimates of the substantive meanings for
group data in comparison with the traditional regression analysis.17,18
Adolescence is a stage of transition with psychic, physical, biologic
and social changes. This period has its own characteristics according
to the sociocultural environment in which the individual lives, and
constitutes a group under constant exposure to various situations
of physical, emotional and social risks. In view of the foregoing, it
has become important to view the approach to youngsters from a
psychosocial aspect19, demanding that health professionals analyze
the problems that may arise from damage and health problems20–22.
In adolescence, some habits are consolidated and others are molded,
and have a strong influence on the lifestyle adopted for the adult stage.
The habits acquired in childhood, such as infrequent tooth brushing,
may represent a risk factor for the development of diseases in this age
group.23 The concept of risk, initially associated with the biomedical
model and with the concept of mortality,24,25 has gradually ceded
space to the study of human development and its changes,26 adding
a series of risk factors, including the individual, social, behavioral
and psychosocial determinants24,27,28. When a child is exposed to risk
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factors within the family or community, it becomes vulnerable and
is more propense to develop deficient oral health29. These social and
material disadvantages experienced in childhood continue to have
adverse effects on the child’s physical and mental health throughout
life.30,31 Another important aspect of interest is the relationship
between periodontal health, perception and impact on daily activities.
In addition to the traditional clinical measures, other measures related
to self-perception of the child’s oral health and the impact that oral
diseases cause on its daily life have been studied.11,30,32–37 Considering
the relevance that the focus on psychological and social aspects will
bring to a new view of the relationship between oral health and quality
of life, it has become important to conduct studies that incorporate and
demonstrate this new form of evaluation of oral health conditions.
Thus, the use of socio-dental indicators may be a good alternative for
planning and providing dental services.33,38,39,40 In spite of an increase
in the number of studies on the impact of oral health con the quality
of life in adolescents, in general, these studies have been restricted to
specific populations such as adults and schoolchildren, and there have
been a lower number of studies with adolescents.8,9,41 In the face of
this scenario, and with a view to better qualification of public health
policies for this group in a stage of transition, the aim of this study was
to identify the individual and contextual risk indicators for periodontal
disease in underprivileged adolescents in the southeastern region of
Brazil, and to study the disparity of distribution of the disease.

Materials and methods
Ethical aspects
This study was approved by the Research Ethics Committee of
FOP-UNICAMP in accordance with the Resolution 196/96 of the
National Health Council, Ministry of Health, Protocol No. 027/2011.

Type of study
Analytical, cross-sectional, observational study.
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teams. On an average, 320 adolescents between the ages of 15 and
19 years were enrolled in each one of the PHU-FH unit, totaling
approximately 11,000 individuals. According to the Secretary for
Education, the municipality had 43 high schools and a total number
of 9,356 schoolchildren in this age-range enrolled. It is important
to emphasize that the PHC units are distributed in the less favored
socioeconomic regions of the municipality. All public high schools
(n=21) in the territorial areas covered by the PHC were enrolled. In
the 34 PHC units, the Free and Informed Consent Forms to participate
in the Study were handed to the Community Health Agents during
home visits. These agents also previously made the appointments for
the time and day for participants to appear at the units. At the schools,
the Forms were handed to the teachers who distributed them to the
selected schoolchildren, in order to obtain the parents’ or guardians’
authorization afterwards.

Sample
The sample size was calculated in the software program epi info7
considering the level of confidence of 95%, test power of 80%, non
exposed/exposed rate=1, % response in the non exposed group of
31.5% and OR=1.4, admitting a sampling error of 5%, sample loss of
20%, thereby obtaining a sample of 1428 individuals from 15 to 19
years of age. Of these 1,428 adolescents initially selected, 298 failed
to appear on the day of the exam or did not wish to participate. Thus,
221 individuals were examined at the 34 FHUs and 909 at the 21 state
high schools, totaling 1,130 adolescents examined.

Inclusion and exclusion criteria
The inclusion criteria were absence of: systemic diseases,
difficulties with communication, or neuromotor problems, absence of
severe hypoplasia and absence of orthodontic appliance. Individuals
who did not agree to participate in the study and those absent in the
day of the exam were excluded from the sample.

Study location

Clinical examination

This study was developed in the Municipality of Piracicaba, SP,
Brazil, in the period from January to December, 2012, with adolescents from 15 to 19 years old, who were under the care of Primary
Health Care- Health Family teams (PHC-HF), which provide primary
health care for all family members residing in a circumscribed area
(about 4000 persons).42 They were enrolled in public schools (located
in the territories covered by these PHC-HF units) and in the PHC-FC
units. The greatest extent of social exclusion in the municipality occurs in these regions. The city has an estimated population of 368,843
inhabitants, a Human Development Index (HDI) of 0.84 and has had a
fluoridated public water supply since 1971 (0.7 ppmF).

The exams were performed at the PHC-HF and at the schools by
two examiners (previously calibrated, assisted by two note-takers),
using the standardized clinical record chart, under artificial light, and
with previous tooth brushing performed under supervision by an Oral
Health Technician (OHT). For each exam, a CPI periodontal probe
and a plane dental mirror No.544 were used. Data were collected
relative to the following clinical characteristics: periodontal disease
by the Community Periodontal Index (CPI) and use and need for a
prosthesis, in accordance with the codes and criteria of the World
Health Organization.44

Setting

A Gold Standard examiner conducted the process of calibrating
the two examiners for the clinical conditions. The theoretical-practical
activities of the training and calibration exercises consisted of a total of
7 periods - 1 theoretical lasting 4 hours, 4 clinical training sessions of
4 hours each (total of 16h) and 2 calibration exercises lasting 4 hours
(total of 8h). The training stage consisted of a theoretical discussion,
afterwards followed by a practical stage, in which the examiners
evaluated 12 adolescents per period, with differentiated prevalence
of periodontal disease. Discussions between the examiners and the
Gold Standard examiners were held with the purpose of obtaining an
estimate of the extension and diagnostic nature, up to which point the

The city is composed of 68 suburbs distributed throughout 5
administrative regions (North, South, East, West and Center) and
there are a total number of 12,539 adolescents in the age-range from
15 to 19 years. The Northern Region consists of 14 suburbs with 2460
adolescents; Southern Region, 14 suburbs and 2510 adolescents;
Eastern Region, 16 suburbs and 2491 adolescents; Western Region,
13 suburbs and 3330 adolescents; Downtown Region, 11 suburbs and
1748 adolescents.43 According to data from the Municipal Secretary
for Health, in 2012 there were a total number of 34 PHC-FH units,
and among them there were 12 units with Primary Dental Care (PDC)

Training and calibration
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acceptable consistency remained above 0.91, measured by KAPPA
statistics for all the clinical conditions.45 The final calibration exercise
consisted of 2 periods (total of 8h) with mean inter-examiner Kappa
values of 0.95. In order to verify maintenance of the diagnostic criteria
and intra-examiner error, 10% of the sample were re-examined, with
mean Kappa values of 0.96.

Study variables and instruments
The individual and contextual variables analyzed are described in
Table 1.

Social Exclusion Index
Total number of residents per suburb
Literacy Rate
% of home ownership
% domestic sewage facilities
Contextual
variables

Information about
suburbs

% with income up to 1 minimum wage

Periodontal Disease

% with income over 1 minimum wage

Use and need for dental prosthesis

% without monthly income

Age
Sex

Individual variables

Monthly Family Income

A questionnaire was applied to collect the sociodemographic
variables46 and another to obtain information on psychosocial, selfperception of health, access to health services and report of pain
variables.47 The instruments used for evaluating quality of life and
socio-dental impact were the WHOQOL-bref and OIDP (Oral Impacts
on Daily Performances) respectively. The WHOQOL-bref refers to
an index of a transcultural nature, which appreciates the individual
perception of the person with regard to his/her quality of life. It consists
of 26 questions, with 2 general questions being about the quality of life
and the other 24 questions representing the four domains: physical;
psychological; social relationships and environment. Each domain is
composed of questions with responses ranging from 1 to 5, so that
the closer the score is to 5, the better the quality of life.48 Developed
by Adulyanon et al.,32 the OIDP is a sociodental indicator, with
focus on the measure of impact that interferes in people’s ability to
perform their daily activities. It measures the oral impacts that affect
8 daily performances, classified as physical (eating and appreciating
food, speaking and clearly pronouncing words, cleaning the teeth),
psychological (sleeping and relaxing, smiling, laughing and showing
the teeth without embarrassment, maintaining a normal emotional
state without becoming irritated) and social (working, playing a
social role and finding satisfaction in social encounters). It uses a
logical approach to quantify the impact, evaluating the frequency and
severity distributed on a scale of 5 points. The score of the severity
measures gives the relative importance of the informant’s perception
of the impact on daily performance. The Basic Care Information
System (SIAB) is an instrument used by the Brazilian Primary
Healthcare System to enroll the families in the territory covered by
the PHC-HF units and records socio-sanitary data and those relative
to the living conditions of these persons, with the aim of planning
the interventions and health care.49 By means SIAB it was possible
to obtain information with reference to the adolescent’s family
belonging to an income transfer program (Family Grant Program)50
and whether there was any family member serving a prison sentence.
Brazil instituted the Family Grant Program (FGP) in 2004, with the
purpose of transferring income directly to families in a situation of
poverty and extreme poverty, and guarantee the right to basic social
services, making it possible to benefit 16 million Brazilians (8.5 % of
the population).51

Number of persons in the family
Fathers’ and Mothers’ Educational Level
Sociodemographic
and psychosocial
variables of the
adolescent and
family

Type of housing
Family Grant Program family
Prison inmate in the family
Has lived in a city other than Piracicaba
Number of siblings
Failure to pass end of year school tests
Adolescent works
Father and mother work

Individual
variables

Self-perception
and Impact on
Oral Health

How do you classify the health of your
teeth and mouth?
Are you satisfied with the appearance
of your teeth
OIDP
Have you ever been to the dentist?
What type of dental service do you
generally use?
When was the last time you went to
the dentist?

Access to Services
And pain report

Why did you go to the dentist the last
time?
What is your most frequent reason for
going to the dentist?
Have you ever had toothache?
Have you had toothache in the last 6
months

Quality of Life

% garbage collected
% with income up to 0.5 minimum
wage

Table 1 Individual and contextual variables
Clinical variables
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Contextual variables

3

154

13.76

The Social Exclusion Index (SEI) of the 36 suburb where
the adolescents resided was collected at the Piracicaba Research
and Planning Institute and the Municipal Secretary for Social
Development.52 The purpose was the quantitative dimensioning of
some of the attributes of social inequalities between the suburbs,
ranging from -1 (suburbs with the worst indices – most vulnerable)
to 1 (suburbs with the best indices – least vulnerable). Of the 1,130
study subjects, 1,087 (96.1%) resided in suburbs with the worst social
exclusion indices (negative indices). Other information with reference
to suburbs where the adolescents resided (total number of residents
per suburb, literacy rate, % of home ownership, % domestic sewage
available, % garbage collected, % with income of up to 0.5 minimum
wage, % with income from 0.5 to 1 minimum wage, % with income
higher than 1 minimum wage and % without monthly income) were
obtained from the Brazilian Institute of Geography and Statistics.53

4

332

29.67

5

283

25.29

6

169

15.1

Over 6

153

13.67

Data analysis
In the present study, the CPI was considered a response variable.
The multilevel regression models were estimated by the PROC
GLIMMIX procedures; that is “Generalized Linear Models-Mixed”
of the SAS statistical program.54 In the analysis, the individual
variables were considered Level 1 and those of the suburbs, Level 2;
and adjustment of the model was evaluated by -2 Res Log Likelihood
(the lower, the better fit the model). Initially, a model was estimated
with the intercept only, in order to study the proportion of variance
due to the suburbs in relation to the individuals. This model served
as the basis for evaluating the reduction in the variance of the other
models studied (Model 1). After this, the individual variables (Model
2) were tested, and later those of the suburbs were included (Model 3).

Results
In this study, the final sample was composed of 1,130 adolescents
with a mean age of 15.3 years (standard deviation=1.05), thus attaining
a response rate of 79.13%. Of these, 632 (55.93%) were female and
498 (44.07%) were male. The majority of the adolescents related that
they had experienced toothache at least once in their lives (74.17%),
39.96% classified the health of their teeth and mouth as good, and
39.91% related impact of oral health on their day to day life. As
regards monthly family income, the larger portion of the volunteers
came from families with an income of between 2 and 5 minimum
wages. The prevalence of periodontal disease was 58% Table 2.
Table 2 Sample description
Variables

n

%

Sex

Have you ever had toothache during your life?
Yes

827

74.17

No

235

21.08

Don’t know/Don’t remember

53

4.75

Does not require

1127

99.73

Need for a single-element dental
prosthesis

2

0.18

Need for multiple-element dental
prosthesis.

1

0.09

Need for Dentures

How would you classify the health of your teeth
Excellent

59

5.24

Very good

216

19.18

Good

450

39.96

More or Less

356

31.62

Poor

45

4

When was the last time you went to the dentist?
I am undergoing treatment at
233
22.11
present
Less than 6 months ago
326
30.93
7-12 months ago

156

14.8

13-24 months ago

52

4.93

Over 24 months ago

83

7.87

Don’t know/Don’t remember

204

19.35

Up to 1 minimum wage

103

9.3

Over 1 up to 2 minimum wages

289

26.08

Over 2 up to 3 minimum wages

269

24.28

Over 3 up to 5 minimum wages

267

24.1

Over 5 up to 7 minimum wages

97

8.75

Over 7 up to 10 minimum wages

62

5.6

21

1.9

Monthly Family Income

Female

632

55.93

Higher than 10 minimum wages

Male

498

44.07

Community Periodontal Index (CPI)
No bleeding

476

42.12

15

776

68.67

Bleeding on probing

392

34.69

16

222

19.65

Dental calculus

243

21.5

17

81

7.17

Periodontal pocket 4-5 mm

18

1.59

18

29

2.57

Periodontal pocket 6mm or more

1

0.09

19

22

1.95

Oral Impacts on Daily Performances (OIDP)

28

2.5

Age (years)

Number of persons in the family
Up to 2

232

Yes

679

60.09

No

451

39.91
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Table 3 shows the multilevel model for the response variable CPI.
From Model 1 the intra class correlation coefficient could be calculated r=0.0037/(0.0037+0.6755)=0.0054. That is, the variation between
the suburbs represents approximately 0.5% of the total variation.
When the individual variables were included in Model 2, there was a
reduction of approximately 10% in the 2 Res Log Likelihood. When
the significant variable of suburb was included in Model 3, the reduction in comparison with the previous model was 0.04%, confirming
that the variation in CPI due to the variables related to the individu-
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als is more important than those related to the suburbs. Considering
the level of significance of 5%, by Model 2 it may be affirmed that
the volunteers who declared that they had never had any toothache in
their lives presented a lower CPI index (p=0.0008) and lower OIDP
(p<0.0001). In addition to these variables relative to the individuals,
in Model 3 one observes that the CPI was slightly reduced, but significantly (coefficient=-0.0239, p=0.0010) with an increase in the percentage of domestic sewage in the volunteers’ place of residence. The
other variables had no significant influence on the CPI (p>0.05).

Tabel 3 Multilevel model for community periodontal index (CPI)
Variable

Model 1

Model 2

Model 3

Estimate

SE

p-value

Estimate

SE

p-value

Estimate

SE

p-value

0.8311

0.0283

<0.0001

0.08018

0.1097

<0.0001

3.1326

0.7148

<0.0001

Toothache (Ref=No)

0.2074

0.0612

0.0007

0.2049

0.0609

0.0008

Socio-dental Impact (OIDP)

0.0075

0.0017

<0.0001

0.0042

0.0075

<0.0001

-0.0239

0.0072

0.001

Intercept
Individual level

Suburb level % of domestic sewage
Variances
Between suburbs

0.0037

0.0283

0.0057

0.006

0.0004

0.0035

Between individuals

0.6755

0.0287

0.6429

0.0286

0.6418

0.0285

2 Res Log Likelihood

2773.21

Discussion
This study obtained two important results, which must be better
contextualized in this section. Periodontal disease was associated with
individual variables (toothache during the course of life and sociodental
indicator- OIDP) and a contextual variable (% of domestic sewage in
the suburb). Over the last few decades, the World Health Organization
(WHO) has made an effort to emphasize the importance of oral
health conditions as an important and in dissociable part of general
health and the quality of life of people.55 Therefore, it has become
necessary to understand and identify the determinant and modifying
factors of the epidemiological situation found, which may influence
the occurrence of periodontal disease. The development of a disease
is related to the individual’s behavior and his/her perception with
regard to health habits.56 Self-perception of health has been associated
with the oral health and quality of life indicators.57,58 Self-evaluation
of oral health has also been directly and indirectly related to the
factors of material inequalities, being stronger than the behavioral and
psychosocial factors.21,22 A study about the theory of self-determination
(SDT) of the oral health process has pointed out that the perception
of these competencies was significantly positive and related to oral
health and quality of life.59,60 The evaluation of health by means of
subjective indicators is an important component for measuring oral
health status and must be taken into consideration when preparing
the approaches to diminishing inequities in health.21,61 Moreover, it
makes it possible to hear from individuals which of the areas of their
lives are being affected, and thus evaluate the impact of oral health on
daily activities.62 The results of this study showed evidence that the
adolescents with greatest impact on their daily activities presented the
worst periodontal conditions.63,64 The impact of periodontal disease
on an individual is generally characterized by clinical parameters,
such as probing, pocket depth, and bone attachment level. However,
periodontal disease is an infectious-inflammatory process that causes
destruction of the periodontium, and produces a vast variety of clinical
signs and symptoms that may have a considerable impact on day-to-

2491.42

2490.28

day or quality of life.37,63 In countries with recognized low prevalence
of oral diseases, the psychological domain, represented by difficulty
with smiling, appeared as one having the greatest impact on the
performance of daily activities.37,65 Another variable that influenced
the CPI was “toothache”. Adolescents with the highest CPI values
related having had a larger number of toothache episodes during
their lives. According to Santiago et al.66 & Bastos et al., 67 a lower
percentage of adolescents with toothache was found in a Brazilian
suburb with higher social capital. In spite of the body of evidence that
the inequalities in health are related to the social context, the large
majority of studies about toothache contain information collected only
at individual level, such as age, educational level, income, type of
residence, participation in government aid programs, self-perception
of oral health, access, among others.
As far as we know, there is no other epidemiologic study about the
relationship of periodontal disease with toothache, adopting a multilevel approach. Toothache continues to be one of the main problems
that lead to people seeking treatment, because it is of sufficiently great
magnitude to have a negative impact on the daily life of the individual
and community.68 The relationship between toothache and periodontal disease is very intimate, however, the majority of epidemiological
studies have associated the pain in a tooth with the pain of oral lesions
(severe periodontal pocket or pulp lesion) or temporomandibular disorders. This may occur, because toothache itself is rarely defined in
the literature and pain may be result of an odontogenic or non-odontogenic phenomenon.69 Although it was not our intention to infer that
an episode of toothache, the identification of patients with past history
of toothache allows one to identify patients at risk for various oral disease, and specifically, periodontal disease. Therefore, this helps in the
sense of preventing this problem that is related to systemic diseases,
such as diabetes70,71 and cardiopathies,72 which may eventually lead to
the patient’s death. It seems that the findings of our study provide new
insights into the influence of toothache and socio-dental impact on
periodontal status. Future studies should be conducted on this issue,
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specially within the national context. Greater importance has been attributed to the association between social structure and oral health,
and this has been incorporated into economic, social and behavioral
aspects for understanding the diseases of the mouth.66 Therefore, it is
necessary to identify those who are most vulnerable, as they are the
ones that must be protected until such time that they come out of this
situation, nevertheless respecting their cultural and moral differences
and establishing communication between the health’s of this population.73 This is particularly important when a deprived group is selected, and it reveals more specific information about how the variables
of individual and contextual risks are modeled in a population previously defined as vulnerable. This study points out that the relationship
between periodontal disease and domestic sewage in the suburb was
statistically significant. The CPI diminished slightly, but significantly,
with the increase in the percentage of domestic sewage in the volunteers’ place of residence.
Another study has related basic sanitation to oral health, pointing
out the role of sanitation and the supply of fluoridated water, specifically with regard to toothache.66 However, as far as periodontal disease
is concerned, there are no reports in the literature with the inclusion
of this contextual variable in the analyses, although there is a tendency to perceive that in regions that present better sanitary conditions,
there are better conditions of health.74 In reality, as the majority of the
suburbs in the city of Piracicaba present 100% sewage treatment and
water supply, small variations in a few suburbs of the city signify the
full state of vulnerability, forming areas of social risk. These suburbs
would present a low level of schooling, employment and education, in
addition to normally being suburbs of occupation (established by unauthorized occupation) with a low percentage of basic services of life
and health provided by the municipality. Adolescents who live in similar unfavorable social and economic situations may present different
perceptions of periodontal disease. Possible explanations for this fact
may be related to elements such as social capital, training and social
support, which in turn translate into empowerment of individuals for
coping with, and perception of adverse situations.65,75 Furthermore, it
is possible that social capital presents positive interference, since it
has been found that suburbs that generate high levels of social capital produce fewer risk behaviors, better mental health, more health
promotion behaviors and better general perceptions of health.76 There
has been a growth in social capital as a result of recognizing that behaviors related to health are molded and coerced by a variety of social
and community contexts, and that the manners in which an individual
relates to social and community networks has important effects on his/
her health and wellbeing.77,78 Possibly, the negative effects of stress
can be greater for residents in disadvantaged neighborhoods with the
least social support and fewest network resources,17,79 resulting worst
level of health status. Given the complex inequalities there are in the
adolescent’s health, both nationally and internationally, when social
capital acts as a factor of protection, it may help to reduce the damage.
Therefore, measuring and evaluating the relative importance of a series of social indicators that represent the different domains of social
capital in health, may be related to the behaviors of youngsters.80
Thus, to us, it appears to be important to encourage discussion
about the determinants of oral health from a population health perspective based on conceptual multidimensional and multilevel models. The models supply a framework for research, policy-making, and
for more effective resource allocation to improve oral health.81
In this sense, the present study meets the premises of such con-
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ceptual models, as biologic, social, environmental, health behavior
variables and dental care outcomes are used, thereby influencing the
oral health outcomes at individual, family, and community levels. One
of the differentials of this study was the use of a multilevel model in
the analysis of factors related to periodontal conditions in adolescents.
Multilevel models are appropriate for analyzing hierarchical data, considering the influence of the community context on individual health
behaviors,18,82–85 seeing that it is essential to analyze the data of health,
disease and their determinant factors in order to consider the intricate process occurring between the individual and the environment,
and considering the various interactions between the different levels
studied.86 In addition we used a recent technique (PROC GLINMIX),
which presents better estimates and gives substantive meanings to
grouping data in comparison with the traditional regression analysis,
allowing one to analyze contextual factors separately.17 The modeling
of oral health data is rather complex, since these data generally do
not present normal distribution. With the development of generalized
linear models (an extension of linear models for data not normally distributed) this type of problem has been considerably reduced. Whereas mixed generalized linear models incorporate the random effects
into the predictor are very useful when there is over dispersion of data.
The application of mixed generalized linear models has been satisfactorily used in multilevel analysis.17,87 This study may possibly be one
of the first to use this technique for studying the relations of individual
and contextual variables with regard to periodontal disease, especially in adolescents. However, most of the variance in CPI occurred at
the individual level with low impact of the contextual variables on
the statistical model, similar to other studies.88,89 The evidence of an
association between periodontal health individual and socioeconomic
status level is equivocal,90 and it has been argued that periodontitis has
a predominantly biological rather than a social etiology.89,91
Lastly, our study has some limitations. This was a cross-sectional study and sought inferences with regard to causal factors, without
however, establishing a temporal relationship. The contextual data
were obtained from government sources, which are subject to problems of under- or over-notification, processing errors, not updating indicators, and others. Furthermore, the contextual variables could have
been complemented with the data with reference to social capital,
social cohesion, social support, and social network, and could have
reduced the unexplained community-level variance.79,92 Self perception questionnaire may have been influenced by social acceptance and
social desirability.92,93 Moreover, the obtainment of data about income
is very sensitive, and the respondents may not have provided accurate information.93 It was concluded that Individual and contextual
variables were related to the periodontal disease in underprivileged
Brazilian adolescents.
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