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ABSTRACT 

Aim: To investigate the relationship of contextual and individual factors with periodontal 

disease in dentate adults and older people using the Andersen’s behavioural model. 

Methods: Secondary individual data from 6011 adults and 2369 older people from the 

Brazilian Oral Health Survey (2010) were combined with contextual data for 27 cities. 

Attachment loss (AL) categories for each sextant were coded and summed to obtain the 

periodontal disease measure. The association of predisposing, enabling and need 

characteristics at city and individual-level with periodontal disease was assessed using an 

adapted version of the Andersen’s behavioural model. Multilevel Poisson regression was 

used to estimate rate ratios (RR) and 95% CIs. 

Results: Periodontal disease was associated with contextual predisposing (RR 0.93; 95% 

CI=0.87-0.99) and enabling factors (RR 0.99; 95% CI=0.98-0.99) in adults. Contextual 

predisposing was also associated with periodontal disease in older people (RR 0.82; 95% 

CI=0.73-0.92). Individual predisposing (age, sex and schooling) and need characteristics 

(perceived treatment need) were common predictors of periodontal disease in adults and 

older people. Periodontal disease was also associated with behaviours in the latter age 

group. 

Conclusion: Contextual predisposing factors and individual characteristics influenced 

periodontal disease experience in adults and older people. Contextual enabling factors were 

also meaningful determinants of periodontal disease in the former age group. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Introduction 

Periodontitis is considered the sixth-most prevalent disease in the world, with an estimated 

global prevalence of 11.2% in the adult population1. Previous studies on risk for periodontal 

diseases have been focused on individual sociodemographic characteristics, behaviours, 

psychosocial factors, systemic conditions, and microbiological and genetic factors2,3. However, 

the individual risk approach to the aetiology of periodontal diseases ignores the role of social 

and political contexts in people’s health, and these are strongly associated with oral health 

inequalities4. Living and social conditions, wealth distribution and health policies are important 

aspects of the distribution of diseases, suggesting investigating the determinants of periodontal 

diseases should not be limited to individual factors5 

 Evidence suggests that periodontal diseases are unevenly distributed across population 

groups, and living in unequal societies may be associated with a higher likelihood of 

periodontal disease experience6-9. To date, investigations of the possible contextual 

determinants of periodontal disease are scarce, and previous studies on this topic have 

addressed specific contextual factors and were not guided by a robust theoretical 

framework2,6,8,10. 

 The adoption of a theoretical model in social oral epidemiology facilitates the 

understanding of the study’s rationale and the interpretation of the findings. In the present 

research, a theoretical framework was adapted from Andersen’s behavioural model to test the 

relationship of contextual and individual determinants with periodontal disease, as proposed by 

Thomson and coworkers11. According to this model, complex contextual and health-system 

factors influence periodontal status through personal characteristics12. The model is comprises 

contextual and individual-level predisposing, enabling and need components that influence 

health.12 

Brazil is the largest South-American country, characterised by historic and remarkable 

social inequalities and marked by regional inequalities in the distribution of periodontal 

diseases. The aim of this study was to investigate the association of contextual and individual 

factors with periodontal disease in adults and older people using an adapted version of 

Andersen’s behavioural model 

 

 



 

 

  

Methods 

The present study combined individual-level secondary data from the Brazilian Oral Health 

Survey (SBBrasil Project)13 and city-level contextual characteristics. The SBBrasil Project was 

a nationwide survey conducted in 2010 in the urban areas in Brazil. The sample was obtained 

through multiple-stage probabilistic sampling and was representative of the 27 cities (domains)  

referring to the state capitals and the Federal District. First, the census tracts were selected in 

the cities (primary sampling units). Individuals were selected from the census tracts in the 

second sampling stage process. The sample was considered to be representative of oral health 

conditions for state capitals and the Federal District. Detailed information on the sampling can 

be found in Silvia and Roncalli14.  

 The studied population included adults aged 35-44 years and older people aged 65-74 

years from the state Capitals and the Federal District. Edentulous (missing all natural teeth) 

participants, those living in the interior municipalities and those without complete data were 

excluded. 

 Individual characteristics were obtained using a structured questionnaire through 

individual interviews. Dental examinations were carried out in accordance with the World 

Health Organization protocol of oral health surveys15. The interviews and dental examinations 

were performed by trained assistants and calibrated dentists, respectively, from the Brazilian 

Health Care System (Sistema Único de Saúde) at the participants’ home.  

 Before data collection, inter-examiner reliability for dental examinations was evaluated 

following the consensus technique involving 10 dentists in each state capital and the Federal 

District. The minimum weighted kappa coefficient of 0.65 was required. Dentists who did not 

reach this value were excluded or replaced15. 

 Periodontal examinations were conducted using a ball-end CPI probe to determine 

attachment loss (AL) for each sextant according to the following categories: 0-3mm, 4-5mm, 6-

8mm, 9-11mm and ≥12mm (and excluded)15. AL represents the cumulative experience of 

periodontal disease over time and is considered the most appropriate periodontal measure16. 

The original categories of AL were coded as follows: excluded sextant = 0, 0-3mm = 1.5mm, 4-

5mm = 4.5mm, 6-8mm = 7mm, 9-11mm = 10mm and ≥12mm = 12mm. The codes were then 

summed to obtain a final AL score, namely Accumulated Attachment Loss (AAL) for each 

person. The AAL score ranges from 1.5 to 72. Additional information on the AAL score is 



available in the online Appendix 1. The number of teeth was assessed according to the number 

of sound, decayed and filled natural teeth (including third molars). 

 Individual predisposing variables included age, sex, skin colour and educational level. 

Self-perceived skin colour was assessed according to the following categories: white, brown, 

black, yellow or indigenous. Participants of yellow and indigenous skin colour were grouped as 

others due to their low occurrence. Educational level was evaluated based on the number of 

concluded years of schooling. Enabling individual variables were per capita monthly income, 

type of dental services used (public or private). The original categories of monthly family 

income (≤ R$ 250; R$251-500; R$501-1500; R$1501-2500; R$ 2501-4500; R$4501-9500; > 

R$9500) was used to estimate the per capita monthly income according to the methodology 

described by Celeste and Bastos17. Perceived dental treatment needs (yes or no) and the Oral 

Impacts on Daily Performance (OIDP) were employed to assess individual needs18. The OIDP 

was developed to assess population dental needs along with dental indices and normative 

measures with respect to facilitate dental service planning18. OIDP scores were recorded based 

on the presence or absence of each impact, resulting in a final score from 0 to 8. Health 

behaviours were assessed according to the frequency and pattern of use of dental services, 

including time since the last dental visit (< 1 year; 1 to 2 years; > 2 years) and reason for last 

dental attendance (check-up for preventive purposes, such as fluoride application; dental 

treatment for non-emergency and no severe dental problems, such as dental filling; emergency 

dental care due to dental pain, such as pulpal inflammation; and dental extraction for severe 

dental problems, such as extensive dental caries).  

Contextual factors were based on the domains of Andersen’s model. Indicators of 

contextual predisposing characteristics were income inequality (Gini index), Human 

Development Index (HDI) and Life Expectancy index in 2010, obtained from the Brazilian 

agency of United Nations Development Program19. The Gini index evaluates income inequality 

where scores vary from 0 to 1. The higher the score, the greater the income inequality. HDI 

index is a composite index to assess social deprivation. The HDI score ranges from 0 to 1 and 

the higher the value the better the social development. The life expectancy index is the average 

number of years that persons are expected to live from birth, if the mortality pattern remains 

stable across all age groups throughout life. The contextual enabling characteristics indicators 

were dentists/population ratio (D/P Ratio)20, population coverage by primary health care (PHC 

coverage), integration of oral health care teams into primary care (OHT/PHC) in 201021. 

Contextual need characteristics used the proportion of adults with diabetes and proportion of 

adult smokers in 201022. Further details of the concepts and measures of Andersen’s 



behavioural model to test the relationship of contextual and individual determinants with 

periodontal disease are available in online Appendix 2. 

Substantial correlations were observed between the contextual variables of each 

dimension of Ansersen’s model. Spearman coefficients were used to highlight the direction and 

strength of the  correlations as follows: (i) Predisposing contextual variables: Gini index and 

HDI (rho = -0.248), Gini index and life expectancy index (rho = -0.182), HDI and life 

expectancy index (rho = 0.917); (ii) Enabling contextual variables: D/P Ratio and PHC 

coverage (rho = 0.403), D/P Ratio and OHT/PHC (rho = 0.160), PHC coverage and OHT/PHC 

(rho = 0.694); (iii) Contextual need variables: proportion of adults with diabetes and proportion 

of adult smokers (rho = 0.338). Principal Component Analysis (PCA) was performed to test the 

contextual variables of each theoretical dimension of the Andersen’s model. Two factors were 

obtained based on the following criteria: correlations between contextual indicators >0.4, 

eigenvalues >1, component loadings >0.65, Kaiser-Meyer-Olkin (KMO) value >0.700 and 

P<0.05 of Bartlett’s test of sphericity. The two factors explained 92% of the total variance and 

indicated contextual predisposing and enabling characteristics. The former was composed by 

HDI (loading coeff = 0.693) and life expectancy index (loading coeff = 0.692) while the latter 

included PHC coverage (loading coeff = 0.706) and OHT/PHC (loading coeff = 0.705). Both 

variables related to contextual needs were considered in separate in the analysis.   

Individual characteristics, periodontal AL measures and number of teeth were described 

through proportions and means with respective 95% confidence intervals (CIs), by age group. 

The multilevel structure of analysis included 6011 adults and 2369 older people (level 1) 

grouped into 27 cities (level 2). Multilevel Poisson regression was used to test the association 

of contextual and individual independent variables with AAL separately for adults and elderly 

people. Variables with P<0.05 were considered for the multivariable analysis. 

 The outcome variable (AAL) was not normally distributed as P-values of the Shapiro-

Wilk Test for adults and elderly people were 0.014 and <0.001, respectively. Thus, multilevel 

Poisson multivariable analysis was the technique employed to examine simultaneously the 

effect of different predictors including contextual effects of city-level variables by accounting 

for spatial clustering of participants within areas. A two-level random intercepts and fixed-

slopes model structure with individuals nested within cities was fitted to estimate the rate ratios 

(RR) and 95% CIs, indicating the likelihood of having a higher mean of AAL. The 

overdispersion of the data was handled through using a two-level random intercept model. 

 Stepwise forward selection of variables in five models was conducted to obtain a 

parcimonious final model for adults and elderly people, according to the theoretical framework 



(Figure 1). The first model consisted of contextual predisposing and enabling factors. The 

second and third models included individual predisposing and enabling variables. The final 

models included individual need and behaviours. Variables that remained statistically 

significant at 5% (P≤0.05) were retained in the analysis for adjustment in the next model. After 

estimating each model, statistically non-significant variables were removed to generate a 

statistically parsimonious model. Detailed explanation of multilevel analysis is available in the 

online Appendix 3. The statistical analyses were conducted using STATA 14.0 (College 

Station, TX USA) with sampling weights used in all analyses.  

 The SBBrasil 2010 Project was approved by the Brazilian National Council of Ethics in 

Research (Protocol No. 15498).  

 

 

Results 

Initially, 7333 adults and 6003 older people living in the state capitals and the Federal District 

were invited to participate in the SBBrasil Project. Of these, 7173 adults (response rate = 

97.8%) and 5915 older people (response rate = 95.8%) were examined and interviewed. First, 

edentulous adults (N = 162) and older people (N = 2651) were excluded. Then, adults (N = 

1000) and older people (N = 895) with missing data in one or more variables were excluded. 

The final sample was 6011 adults and 2369 older people nested in 27 cities. Descriptive 

characteristics of all adults and older people in the SBBrasil Project and the study sample are 

presented in online Appendix 4. Periodontal measures and number of teeth in adults, and  mean 

age, AAL and number of teeth in older people were significantly different between the study 

sample and the full sample.  

 Individual characteristics, periodontal measures and number of teeth are presented in 

Table 1 according to age groups. The mean age of the adults and older people was 39.3 and 

68.7 years, respectively. Most participants were females and had white skin colour. Adults were 

more schooled  but had lower per capita income than older people. Most participants reported 

dental treatment needs, visiting a dentist in the last year and visited a dentist for treatment 

reasons. The prevalence of sextants with CAL ≥ 4mm was 24% in adults and 48.1% in older 

people. The number of teeth in latter age group was much lower than in the former (Table 1). 

The mean of AAL according to the low, moderate and high levels of the contextual variables is 

presented in online Appendix 5.  

 Unadjusted analyses are presented in Table 2. Contextual predisposing factors were 

associated with AAL in adults and elderly people. All individual predisposing, enabling, needs 



and behaviours variables were associated with AAL in adults. Individual predisposing, per 

capita monthly income (enabling), dental treatment needs (needs) and behavioural variables 

were also associated with AAL in older people. 

 Table 3 presents the multilevel Poisson regression models for adults. In model 1, 

contextual predisposing and enabling factors were inversely associated with AAL. Individual 

predisposing characteristics including age, sex and schooling in Model 2 were associated with 

AAL and remained associated with AAL afterwards. The mean AAL was significantly higher 

for adults with higher levels of oral impacts and perceived dental treatment need in Model 4. In 

the final model (Model 5), adults living in the cities with greater levels of contextual 

predisposing (RR=0.93; 95% CI 0.87-0.99) and enabling factors (RR=0.99; 95% CI 0.98-0.99) 

were less likely to have a higher mean AAL. In addition, higher age, being males, lower 

schooling, higher OIDP, and dental treatment needs remained associated with AAL. 

 The association between contextual and individual variables with AAL in older people 

is summarised in Table 4. Older people in the cities with higher levels of predisposing factors 

were less likely to have a higher mean AAL in Model 1. All individual predisposing variables 

were associated with AAL in Model 2. Per capita monthly income in Model 3 and treatment 

needs in Model 4 was associated with a higher mean AAL. In the final model (Model 5), the 

mean AAL was lower among older people from cities with high levels of contextual 

predisposing factors (RR=0.82; 95% CI 0.73-0.92). Higher age, being female, or having a 

lower per capita monthly income were associated with lower mean AAL. Skin colour, 

treatment needs and behaviours remained associated with AAL. 

 

Discussion 

In this study, periodontal disease experience was associated with predisposing contextual 

factors in adults and older people. In addition, enabling contextual factors were associated with 

periodontal disease in the former age group. Individual predisposing characteristics were also 

associated with periodontal disease in adults and older people, and enabling factors were 

associated with periodontal disease in the latter age group. These findings highlight the 

importance of the contextual and individual factors in the occurrence of periodontal disease 

according to Andersen’s framework.  

 Our findings are in agreement with those from previous studies on the relationship 

between area-level social inequalities and poor oral health23. Contextual social determinants 

were associated with dental caries, tooth loss, dental treatment needs and oral health-related 

quality of life in adults and elderly people24-27. Furthermore, previous research reported the 



influence of contextual determinants on periodontal disease2,6,8-10. One study did not find an 

association between income inequality and periodontal disease in adults28. Previous research on 

social inequalities and periodontal disease among older people is scarce.  

 Most previous studies on the relationship between social inequalities and oral health 

have evaluated few contextual factors. However, broader determinants of oral diseases 

encompass a range of environmental causes, including social conditions, organisation of health 

care and public policies. To our knowledge, this is the first study using the adapted version of 

Andersen’s framework to investigate the association of environmental determinants and 

individual characteristics with periodontal disease11. The positive aspect of using Andersen’s 

model in the present study is the rationale to select the contextual and individual factors. 

However, the operationalisation of Andersen’s model was challenging because some of the 

components are broadly defined. In addition, it is always difficult to select independent 

variables to properly reflect a theoretical model when the study is based on secondary data 

analysis. The amount of collinearity between contextual variables in each dimension of 

Andersen’s model suggested that they were adequate. Nevertheless, a contextual factor for 

needs characteristic was not identified through principal component analysis, probably because 

of the inadequacy of the contextual variables selected. Overall, our findings partially support the 

use of Andersen’s behavioural model in the identification of contextual and individual 

predictors of periodontal disease12.  

 The association between contextual predisposing factors and AAL reinforces the role of 

social inequalities in periodontal disease6,8,9. This finding also highlights that contextual social 

factors are a multifaceted and historical phenomenon in population oral health. The current 

emphasis placed upon the behavioural factors of oral inequalities should be replaced by a more 

comprehensive approach encompassing the distal determinants of oral health29. Contextual 

enabling factors were also associated with AAL in adults. The relationship between lower 

integration of dentists into primary health care and periodontal disease has been shown8. The 

replacement of traditional dental services by oral health care models that integrate dentists and 

other health professionals has the potential to reduce oral health inequalities through health 

promotion strategies30. 

 Some limitations of this study should be addressed. The cross-sectional data restrict 

causal inferences and a substantial proportion of adults and older people were excluded from the 

analyses due to missing data. In addition, the studied sample is from urban areas of the Brazilian 

state capitals and the findings should not be generalised to other populations. The occurrence of 

periodontal disease was possibly underestimated in the study because of the use of a partial 



recording protocol to measure AL31. The exclusion of edentulous participants may have affected 

the representativeness of the different socioeconomic groups, since tooth loss and edentulism 

are strongly associated with to socioeconomic status28. The association of contextual and 

individual characteristics with periodontal disease are not adjusted for individual smoking, 

diabetes and oral hygiene since this information were not available. Thus confounding bias 

might have overestimated some of the reported associations.  

There is no consensus in measuring periodontal disease in epidemiological studies, 

since different periodontal clinical parameters and cut-offs of periodontal measures have been 

proposed32-34. In this study, periodontal disease was assessed according to the experience of 

destructive periodontal disease throughout life since the theoretical model involved long-term 

determinants. The advantage of this approach is to capture the lifetime accumulated 

destruction of the periodontal disease represented by attachment loss. Nevertheless, the use of 

additional periodontal measures would provide a more comprehensive assessment of the 

periodontal status16. The severity of AL may be sustained by complex interaction between 

individual and contextual-level predisposing, enabling and need characteristics, which 

operational pathways may vary according to age, cohort effect and developmental 

trajectory35.   

The older population in Brazil has been increasing between 2 and 4% per year. This will 

result in approximately 19% of the population in 2050 being at least 65 years old36. Monitoring 

trends in socioeconomic inequality in periodontal disease in adults and older people is essential 

to underpin the public policies to tackle the oral health care needs of different population 

groups. The social determinants of oral health inequalities and the common risk factor approach 

should be on the agenda of policy makers and health care workers. The strategies should not be 

only addressed to individual factors. Health promoting strategies and inter-sectoral public 

policies focusing on social development through improvements in education standards and 

reduction of income inequality, as well as the expansion of primary health care and greater 

integration of oral health care professionals into primary care, are essential to reduce social 

inequalities in periodontal disease. The understanding of the specific pathways on the influence 

of contextual and individual factors on periodontal disease remains unclear. Further longitudinal 

studies using Andersen’s behavioural model are needed to clarify the behavioural and other 

individual mechanisms by which contextual and individual social determinants influence 

periodontal disease. Future research should also evaluate the role of social inequalities on 

periodontal disease in rural populations. 

 



Conclusions 

Andersen’s behavioural model was a useful framework to evaluate the contextual and individual 

influences on periodontal disease in adults and older people. Predisposing contextual factors and 

individual characteristics were of greater relevance for periodontal disease in both age groups. 

Enabling contextual factors were also important for periodontal disease occurrence among 

adults. 
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Table 1. Individual predisposing, enabling and need characteristics, health behaviours, 
periodontal measures and number of teeth in adults and elderly people. 
 

Variable Adults Elderly people 
 (N = 6011) (N =2369) 

  Mean/% (95% CI) Mean/% (95% CI) 
Predisposing 

  Age, mean 39.3 (39.2-39.4) 68.7 (68.4-68.8) 
Sex, % 

  Male  28.6 (25.4-32.1) 37.2 (34.2-40.4) 
Female 71.4 (67.9-74.6) 62.8 (59.6-65.8) 

Skin colour, % 
  White 47.2 (43.6-50.8) 53.4 (48.8-58.0) 

Brown 39.6 (35.7-43.6) 28.5 (23.1-34.4) 
Black 11.4 (9.7-13.4) 16.5 (10.5-24.8) 
Others 1.8 (1.1-2.9) 1.7 (0.9-3.0) 

Years of schooling, mean 8.9 (8.4-9.6) 6.6 (6.1-7.2) 
Enabling   
Per capita monthly income (R$), mean 596.8 (528.0-665.5) 989.9 (834.6-1143.3) 
Type of dental services, %   

Public 33.0 (29.0-37.3) 25.7 (22.3-29.5) 
Private 67.0 (62.7-71.0) 74.3 (70.5-77.7) 

Needs   
OIDP, mean 1.7 (1.4-2.0) 1.3 (1.2-1.4) 
Dental treatment needs, %   

Yes 79.5 (75.2-83.2) 65.7 (60.8-70.2) 
No 20.5 (16.8-24.8) 34.3 (29.8-39.2) 

Behaviours   
Time since last dental visit, %   

< 1 year 50.5 (46.1-54.9) 43.9 (39.3-48.5) 
1-2 years 25.7 (23.0-28.5) 24.7 (20.8-29.1) 
> 2 years 23.8 (20.1-28.0) 31.4 (24.9-38.7) 

Reason for last dental visit, % 
  Maintenance 23.9 (21.7-26.3) 16.5 (13.1-20.5) 

Treatment 45.3 (42.4-48.2) 47.8 (42.4-53.4) 
Pain 15.7 (12.8-19.1) 13.3 (9.4-18.5) 
Extraction 15.1 (13.3-17.2) 22.3 (18.1-27.2) 

Periodontal measures and number of teeth   
Accumulated attachment loss, mean 8.7 (8.4-9.1) 6.9 (5.8-8.0) 
CAL number of sextants, % 

  0-3mm 76.0 (72.4-79.3) 51.9 (42.2-61.5) 
4-5mm 17.4 (15.0-20.0) 34.1 (25.3-44.2) 
6-8mm 4.8 (3.4-6.6) 11.3 (7.8-16.1) 
9-11mm 1.2 (0.7-2.2) 1.1 (0.5-2.2) 
>12 0.6 (0.3-1.3) 1.6 (0.5-5.0) 

Number of teeth, mean 24.0 (23.6-24.2) 13.2 (12.3-14.1) 
   

 
 
 



Table 2. Unadjusted association of contextual and individual characteristics with accumulated 
attachment loss, according to age group. 
 
Contextual Variables Adults (N = 6011) Elderly people (N = 2369) 
 Variance† RR‡ 95% CI Variance† RR‡ 95% CI 
Predisposing  0.110 (0.016)* 0.93 0.87-0.99* 0.168 (0.024)* 0.85 0.76-0.95* 
Enabling 0.111 (0.016)* 0.99 0.99-1.00 0.190 (0.027)* 1.00 0.99-1.01 
Need       
% diabetics (2007)  0.118 (0.017)* 1.00 0.96-1.04 0.192 (0.027)* 1.02 0.96-1.09 
% smokers (2007) 0.117 (0.017)* 1.01 0.99-1.02 0.187 (0.027)* 1.02 0.99-1.05 
Individual Variables       
Predisposing       
Age  1.01 1.01-1.01*  0.99 0.98-0.99* 
Sex       

Male  1.00   1.00  
Female  0.92 0.90-0.93*  0.76 0.74-0.78* 

Skin colour       
White  1.00   1.00  
Brown  1.02 1.01-1.05*  1.04 1.01-1.08* 
Black  1.03 0.99-1.06  1.11 1.06-1.17* 
Others  1.00 0.94-1.06  1.04 0.94-1.16 

Years of schooling  0.99 0.98-0.99*  1.01 1.01-1.01* 
Enabling       
Per capita monthly income  0.99 0.99-0.99*  1.01 1.01-1.01* 
Type of dental services       

Private  1.00   1.00  
Public  1.03 1.01-1.05*  1.01 0.98-1.05 

Need       
OIDP  1.01 1.01-1.02*  1.01 0.99-1.01 
Dental treatment needs       

No  1.00   1.00  
Yes  1.11 1.09-1.14*  1.11 1.07-1.15* 

Behaviours       
Time since last dental visit       

< 1 year  1.00   1.00  
1-2 years  1.02 1.01-1.04*  1.01 0.98-1.05 
> 2 years  1.05 1.02-1.07*  1.04 1.01-1.08* 

Reason for last dental visit       
Check-up  1.00   1.00  
Treatment  1.04 1.02-1.07*  0.96 0.93-1.01 
Dental pain  1.07 1.04-1.10*  1.10 1.04-1.16* 
Extraction  1.04 1.02-1.08*  1.05 1.01-1.10* 

 
† Variance at the city level [ȍȝ (standard error)] was obtained through random effects 
‡ RR rate ratio 
* P ≤ 0.05 
 

 

 

 
 
 



Table 3. Adjusted association of contextual and individual variables with accumulated 
attachment loss in adults using multilevel Poisson regression. 
 

 Variables Model 1 Model 2 Model 3 Model 4 Model 5 
  RRa (95% CI) RRa (95% CI) RRa (95% CI) RRa (95% CI) RRa (95% CI) 
Contextual Variables      
Predisposing 0.94 (0.87-0.99)b 0.93 (0.87-0.99)b 0.93 (0.86-0.99)b 0.93 (0.86-0.99)b 0.93 (0.87-0.99)b 
Enabling 0.99 (0.99-0.99)b 0.99 (0.98-0.99)b 0.99 (0.98-0.99)b 0.99 (0.98-0.99)b 0.99 (0.98-0.99)b 
Individual Variables      
Predisposing      
Age  1.01 (1.01-1.01)c 1.01 (1.01-1.02)c 1.01 (1.01-1.01)c 1.01 (1.01-1.01)c 
Sex      

Male  1.00 1.00 1.00 1.00 
Female  0.92 (0.90-0.93)c 0.92 (0.90-0.93)c 0.91 (0.90-0.93)c 0.91 (0.90-0.93)c 

Skin colour      
White  1.00    
Brown  1.02 (0.99-1.04)    
Black  1.01 (0.98-1.05)    
Others  0.99 (0.94-1.06)    

Years of schooling  0.99 (0.98-0.99)c 0.99 (0.98-0.99)c 0.99 (0.99-0.99)c 0.99 (0.99-0.99)c 
Enabling      
Per capita monthly 
income 

  0.99 (0.99-0.99)c 0.99 (0.99-1.00) 
 

Type of service      
Private   1.00   
Public   1.01 (0.99-1.03)   

Need      
OIDP    1.01 (1.01-1.01)b 1.01 (1.01-1.01)b 
Treatment needs      

no    1.00 1.00 
yes    1.09 (1.06-1.11)c 1.08 (1.06-1.11)c 

Behaviours      
Last dental visit      

< 1 year     1.00 
1 to 2 years     1.01 (0.98-1.03) 
> 2 years     1.01 (0.98-1.02) 

Reason to dental visit      
maintenance     1.00 
treatment     1.01 (0.99-1.04) 
pain     1.02 (0.99-1.05) 
extraction     0.99 (0.96-1.02) 

Variance at the city level 
[Ωµ (se)]d 

0.101 (0.015)c 0.102 (0.015)c 0.101 (0.015)c 0.100 (0.015)c 0.100 (0.015)c 

 
Model 1: mutually adjusted for contextual  variables. 
Model 2: mutually adjusted for contextual  variables and individual predisposing variables. 
Model 3: mutually adjusted for contextual  variables, individual predisposing and enabling 
variables. 
Model 4: mutually adjusted for contextual  variables, individual predisposing, enabling and 
need variables. 
Model 5: mutually adjusted for contextual  variables, individual predisposing, enabling, need 
and behaviours variables. 
 
 
aRR rate ratio. 
bP≤0.05; cP≤0.01. 
dVariance at the city level (standard error) was obtained through random effects. 



Table 4. Adjusted association between contextual and individual variables and accumulated 
attachment loss in elderly people, determined using multilevel Poisson regression. 
 

 Variables Model 1 Model 2 Model 3 Model 4 Model 5 
  RRa (95% CI) RRa (95% CI) RRa (95% CI) RRa (95% CI) RRa (95% CI) 
Contextual Variables      
Predisposing 0.85 (0.76-0.95)b 0.83 (0.74-0.93)c 0.83 (0.74-0.93)b 0.83 (0.74-0.92)b 0.82 (0.73-0.92)b 
Individual Variables      
Predisposing      
Age  0.99 (0.98-0.99)c 0.99 (0.98-0.99)c 0.99 (0.98-0.99)c 0.99 (0.98-0.99)c 
Sex      

Male  1.00 1.00 1.00 1.00 
Female  0.76 (0.73-0.78)c 0.76 (0.7-0.78)c 0.76 (0.73-0.78)c 0.77 (0.74-0.78)c 

Skin colour      
White  1.00    
Brown  1.05 (1.01-1.09)b 1.04 (1.01-1.08)b 1.04 (1.01-1.08)b 1.04 (1.01-1.08)b 
Black  1.12 (1.06-1.18)c 1.12 (1.06-1.17)c 1.12 (1.06-1.17)c 1.12 (1.06-1.17)c 
Others  1.04 (0.95-1.16) 1.04 (0.94-1.16) 1.04 (0.94-1.16) 1.04 (0.93-1.15) 

Years of schooling  1.01 (1.01-1.01)c 1.01 (1.01-1.01)b 1.01 (1.01-1.01)b 1.01 (1.01-1.01)c 
Enabling      
Per capita monthly income   1.00 (1.01-1.01)c 1.00 (1.01-1.01)c 1.00 (1.01-1.01)c 
Type of service      

Private   1.00   
Public   1.03 (0.99-1.06)   

Need      
OIDP    1.00 (0.99-1.01)  
Treatment needs      

no    1.00 1.00 
yes    1.12 (1.08-1.15)c 1.12 (1.08-1.15)c 

Behaviours      
Last dental visit      

< 1 year     1.00 
1 to 2 years     1.01 (0.97-1.05) 
> 2 years     1.05 (1.01-1.09)b 

Reason to dental visit      
maintenance     1.00 
treatment     0.96 (0.92-1.00) 
pain     1.07 (1.01-1.14)b 
extraction     1.03 (0.98-1.08) 

Variance at the city level 
[Ωµ (se)]d 

0.169 (0.024)c 0.172 (0.025)c 0.170 (0.024)c 0.170 (0.025)c 0.174 (0.025)c 

 
Model 1: contextual predisposing variable. 
Model 2: mutually adjusted for contextual predisposing variable and individual predisposing 
variables. 
Model 3: mutually adjusted for contextual predisposing variable, individual predisposing and 
enabling variables. 
Model 4: mutually adjusted for contextual predisposing variable, individual predisposing, 
enabling and need variables. 
Model 5: mutually adjusted for contextual predisposing variable, individual predisposing, 
enabling, need and behaviours variables. 
 
aRR rate ratio. 
bP≤0.05; cP≤0.01. 
dVariance at the city level (standard error) was obtained through random effects. 

 
 



Appendix 1. Accumulated Attachment Loss score  

The criteria adopted to define periodontitis in epidemiologic studies have not been consistent.37 

There is a consensus that attachment loss (AL) should be the diagnostic standard for measuring 

periodontitis and the primary outcome variable used in studies of risk factors for periodontitis 

as it indicates the extent and severity of past disease activity.16,38 Most definitions of 

periodontitis use distinct thresholds of pocket depth and/or AL (ie. ≥ one site with AL ≥ 2mm). 

However, they do not take into account the number of affected sites while continuous 

definitions are attractive options for reporting periodontitis in epidemiologic studies.37  

The Accumulated Attachment Loss (AAL) was estimated using Attachment Loss (AL) 

measures for each sextant using a ball end CPI probe, according to the following categories: 0-3 

mm, 4-5 mm, 6-8 mm, 9-11 mm and ≥12 mm and excluded sextant.15 The original categories of 

AL were coded and summed to obtain the final AAL score. Excluded sextant = 0, 0-3 mm = 

1.5mm, 4-5mm = 4.5mm, 6-8mm = 7mm, 9-11mm = 10mm and ≥12 mm = 12mm.  

The AAL measure used in the present study was developed according to the following reasons: 

(i) AL measurements indicate the extent and severity of past disease activity, (ii) AL remains a 

diagnostic standard for measuring periodontitis and (iii) AL is considered as the primary 

outcome variable used in studies of risk factors for periodontitis.16,38 The use of AAL as a 

continuous outcome measure instead of a definition of periodontitis using an arbitrary threshold 

of AL results in a greater capacity to discriminate groups with different levels of periodontitis.37 

In this study, the validity of the AAL final score was assessed through comparing the 

score against previous definitions of periodontal disease as follows: “Moderate to severe” 

periodontal disease -presence of at least one sextant with pocket depth ≥ 4 mm (CPI > 2) and at 

least one sextant with CAL ≥ 4 mm (CAL > 0); and “Severe” periodontal disease - presence of 

at least one sextant with pocket depth ≥ 4 mm (CPI > 2) and at least one sextant with CAL ≥ 6 

mm (CAL > 1).8 The mean and median of AAL were statistically different between groups with 

and without periodontal disease (both definitions), using t-test and Kruskal-Wallis test, 

respectively, P < 0.001.  

In addition, AAL score was statistically correlated with AL original scores and CPI scores in 

adults (AL scores, rho = 0.742,  P < 0.001; CPI scores, rho = 0.303, P < 0.001) and elderly 

people (AL scores, rho = 0.727,  P < 0.001; CPI scores, rho = 0.341, P < 0.001). 
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Table Appendix 1. Accumulated Attachment Loss measures of adults and elderly people 

distributed within the two groups of periodontal disease. 

 Moderate to severe periodontal diseasea Severe periodontal diseaseb 

 Yes No Yes No 

Adults N = 903 N = 5108 N = 146 N = 5865 

AAL Median 13.5 7.5 13.0 7.5 

AAL Mean,SE 15.0 (0.4) 7.6 (0.9) 15.6 (1.1) 8.6 (0.2) 

Elderly people N = 522 N = 1874 N = 110 N = 2286 

AAL Median 11.5 4.5  11.7 6.0 

AAL Mean, SE 12.0 (0.6) 6.0 (0.3) 14.0 (1.2) 6.6 (0.3) 

 

AAL: Accumulated Attachment Loss 
a  Presence of at least one sextant with pocket depth ≥ 4 mm (CPI > 2) and at least one sextant 

with CAL ≥ 4 mm (CAL > 0) 
b Presence of at least one sextant with pocket depth ≥ 4 mm (CPI > 2) and at least one sextant 

with CAL ≥ 6 mm (CAL > 1) 

 

 

 
 
 
 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Savage%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19508246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eaton%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=19508246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moles%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=19508246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Needleman%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19508246
https://www.ncbi.nlm.nih.gov/pubmed/19508246


Appendix 2 

Andersen’s behavioural model 

The present research used the Andersen’s behavioural model to assess the influence of 

contextual and individual determinants on periodontal disease as proposed by Thomson and 

coworkers.11 The multilevel explanatory framework involves contextual and individual 

predisposing, enabling and need factors as determinants of health services use. In addition, 

according to the most recent version of Andersen’s behavioural model  health care process 

should be considered, including use of health services and personal health practices.12  

Predisposing characteristics 

Refer to demographic and social composition of communities that influence knowledge and 

demand for health care services. Organizational values, beliefs and political perspectives are 

also predisposing factors.39 Thus, predisposing contextual characteristics included income 

inequality (Gini index), Human Development Index (HDI) and life expectancy index. Gini 

index is a “measure of the deviation of the distribution of income among individuals or 

households within a country of a perfectly equal distribution”.40 The HDI is a composite 

measure encompassing information on income, education and longevity, revealing social 

characteristics of communities. Life expectancy is a demographic measure indicating the 

number of years that a person at a given age can expect to live taking into account age-

specific mortality.41 Individual predisposing factors included demographic characteristics 

(age and sex) and social factors such as years of schooling and skin colour.  

Enabling characteristics 

Healthy Policy, financing and organizational factors are considered enabling characteristics 

that favour services utilization. Organization at contextual level refers to health care 

coverage, including structures and distribution of health services.39 Therefore, this research 

included populational coverage by primary health care (PHC coverage), integration of oral 

health care teams into primary care (OHT/PHC) and dentists/population ratio (D/P Ratio). 

Individual financing and organizational factors refer to individual’s capacity to access health 

services from economic perspective, considering whether an individual has a regular source 

of care. Monthly family income, type of dental services used (public or private) and the 

number of durable goods in the household were conisderd as enabling individual factors.  

Need characteristics 

At contextual level, need characteristics include environmental factors and population health 

indices, including epidemiological indicators of mortality, morbidity and disability. In this 

study, contextual need characteristics were assessed according to the proportion of adults 



with diabetes and proportion of adult smokers. At individual level, there are two different 

approaches. The first is defined by the individual's perception of the treatment needs and the 

second refers to evaluated need by a health professional or health service.39 Since disease 

experiences lead to demand for health services, perceived dental treatment needs and Oral 

Impacts on Daily Performance (OIDP) were employed to assess individual needs.18  

Health behaviours  

Health behaviour refers to individual attributes that influence personal health practices as 

well as personal use of health services, partially explaining individual variation in quality of 

health. Here on, the frequency and pattern of dental services use, including time since the last 

dental visit (< 1 year; 1 to 2 years; > 2 years) and reason for last dental attendance (check-up, 

dental treatment, pain, dental extraction) were assessed as health behaviours. 
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Appendix 3 

Detailed explanation concerning the use of multilevel analysis  

The normal distribution of the outcome variable (AAL) was tested through Shapiro-Wilk test 

and Normal Q-Q plots. P-values of the Shapiro-Wilk Test for adults and elderly people were 

0.014 and <0.001, respectively, suggesting non-normal distribution. Normal Q-Q plots 

confirmed the data was not normally distributed. The overdispersion of the data was handled 

through using a two-level random intercept model42. 

The association of contextual characteristics (2nd level), individual variables (1st level) with 

periodontal disease adjusted for confounders was tested using multilevel multivariable 

Poisson analysis. This statistical technique considers the hierarchy of the observations. 

Studies that ignore the correlation of observations in a cluster when it exists are substantially 

more prone to obtain underestimated standard errors resulting in narrow confidence intervals 

and, therefore, higher Type 1 error.43 

The two-level data structure used in this study considered the individuals as the first level and 

the cities as the second level assuming the participants in the same city are not independent of 

each other and are clustered within cities. This assumption was assessed through the 

likelihood ratio test according to the following steps. First, the -2log likelihood of the null 

model was obtained from the maximum likelihood estimation procedure of the standard 

Poisson regression analysis (STATA Command: xi: poisson). Second, the null model 

including a random intercept which reflects the variance in the intercepts of the different 

cities was estimated (STATA Command: xtmepoisson) to obtain the -2log likelihood of the 

model.42 The likelihood ratio test was used to compare the -2log likelihood of the model with 

a random intercept and the -2log likelihood of the model without the random intercept. The 

difference between the -2log likelihood of the model follows a Chi-square distribution with 

one degree of freedom.42 In adults, the difference between the two -2log likelihood was 

34363.718-34959.676 = 595.958 (P < 0.001) while in elderly people the difference between 

the two -2log likelihood was 18422.5206-17753.8556 = 668.665 (P < 0.001) which suggests 

the need to correct the analysis for city-level data. A two-level random intercepts and fixed-

slopes model structure with individuals nested within cities was fitted. 

The association between independent variables and AAL was initially assessed through 

unadjusted multilevel Poisson regression. Independent variables with a P value <0.05 were 

considered in the multivariable analysis. 

The multivariable analysis was carried out according to the proposed theoretical framework 

presented in Fig. 1. Contextual predisposing characteristics composed the first model. 



Contextual enabling and need characteristics were inserted in the second and third models, 

respectively. Individual predisposing and enabling variables composed the subsequent 

models. Independent variables of each model were adjusted for each other. Variables that 

presented P value < 0.05 were retained in the statistical modeling analysis for adjustment. 

Rate ratios (RR) estimated in these models indicated the likelihood of having a higher mean 

of AAL.  

The variation of AAL  at city-level in the unadjusted and multivariable analyses was assessed 

using the variance and standard error for AAL  at city-level (random effects). The ratio of the 

variance and the standard error was used to evaluate the statistical significance of the 

variance at city-level in each model. The significance of the variance at city-level was 

obtained from Wald statistic, i.e. the variance divided by its standard error squared.43 

Although ICC/VPC provides a more straightforward interpretation of the correlatedness in a 

hierarchical data set, ICC following a Poisson multilevel model cannot be estimated from the 

variance of the residuals at individual level. 
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Appendix 4. Demographic characteristics, periodontal measures and number of teeth between 
all participants and those with full data according to age groups. 
 

 
aP-values refer to t-test  
bP-values refer to Chi-square test  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Variable 
Adults 

 
 Elderly people  

 
Full sample 
N = 7173 

Study sample 
N = 6011 

P Full sample 
N = 5915 

Study sample 
N = 2369 

P 

 Mean/%  
(95% CI) 

Mean/%  
(95% CI) 

 Mean/%  
(95% CI) 

Mean/%  
(95% CI) 

 

Demographic 
characteristics 

      

Age, mean 39.3 (39.2-39.4) 39.3 (39.2-39.4) 1.000a 69.1 (68.9-69.4) 68.7 (68.4-68.8) <0.001a 
Sex, %       

Female 69.9 (67.5-72.2) 71.4 (67.9-74.6) 0.060b 63.9 (62.1-65.7) 62.8 (59.6-65.8) 0.350b 
Male 30.1 (27.8-32.5) 28.6 (25.4-32.1)  36.1 (34.3-37.9) 37.2 (34.2-40.4)  

Skin colour, %   0.311b   0.226b 
White 46.1 (42.7-49.6) 47.2 (43.6-50.8)  53.4 (49.7-56.9) 53.4 (48.8-58.0)  
Brown 39.7 (36.3-43.3) 39.6 (35.7-43.6)  30.0 (25.9-34.5) 28.5 (23.1-34.4)  
Black 12.4 (10.5-14.6) 11.4 (9.7-13.4)  14.8 (10.9-19.8) 16.4 (10.5-24.8)  
Others 1.8 (1.2-2.9) 1.8 (1.1-2.9)  1.8 (1.2-2.9) 1.7 (0.9-3.0)  

Periodontal measures       
Accumulated 
attachment loss, mean 

 
6.9 (6.6-7.3) 8.7 (8.4-9.1) 

 
<0.001a 

 
6.3 (5.5-7.0) 6.9 (5.8-8.0) 

 
<0.001a 

CAL number of 
sextants, % 

 
 

 
<0.001b 

 
 

 
0.210b 

0-3mm 76.5 (73.0-79.6) 76.0 (72.4-79.3)  55.5 (45.9-64.6) 51.9 (42.2-61.5)  
4-5mm 17.1 (14.6-19.9) 17.4 (15.0-20.0)  31.1 (23.6-39.9) 34.1 (25.3-44.2)  
6-8mm 4.8 (3.6-6.3) 4.8 (3.4-6.6)  11.1 (7.6-15.8) 11.3 (7.8-16.1)  
9-11mm 0.9 (0.4-1.7) 1.2 (0.7-2.2)  0.9 (0.4-1.7) 1.1 (0.5-2.2)  
>12 1.4 (0.5-4.0) 0.6 (0.3-1.3)  1.4 (0.5-4.0) 1.6 (0.5-5.0)  

Number of teeth, 
mean 23.3 (22.9-23.6) 24.0 (23.6-24.2) 

 
<0.001a 6.8 (5.9-7.6) 13.2 (12.3-14.1) 

 
<0.001a 



Appendix 5. Mean Accumulated Attachment Loss (in millimeters) according to low, moderate 

and high levels of the contextual variables 

 

Contextual variables Adults Older people 
Predisposing characteristics   
Gini Index   

Low 5.2 6.3 
Moderate 10.2 8.4 
High 8.0 8.0 

HDI   
Low 7.2 7.0 
Moderate 6.0 6.9 
High 5.7 6.3 

Life expectancy index   
Low 7.2 7.1 
Moderate 5.9 6.3 
High 5.9 6.3 

Enabling characteristics   
D/P Ratio   

Low 11.8 8.1 
Moderate 6.5 7.9 
High 3.8 5.0 

PHC coverage   
Low 8.2 8.0 
Moderate 10.5 8.4 
High 5.4 5.3 

OHT/PHC   
Low 14.0 7.6 
Moderate 7.8 7.7 
High 2.8 6.7 

Need characteristics   
% of adults with diabetes   

Low 5.0 6.3 
Moderate 11.3 8.9 
High 6.5 6.9 

% of adults smokers   
Low 4.4 6.4 
Moderate 5.1 5.2 
High 8.7 8.6 

 
HDI: Human Development Index  
D/P Ratio: dentists/population ratio 
PHC coverage: population coverage by primary health care 
OHT/PHC: integration of oral health care teams into primary care 
 
 
 
 



 


