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Abstract  
 
Background: While inequalities in oral health are documented, little is known about the 

extent to which they are attributable to potentially modifiable factors. We examined the role 

of behavioural and dental attendance pathways in explaining oral health inequalities among 

adults in England, Wales and Northern Ireland. 

 

Methods: Using nationally representative data, we analysed inequalities in self-rated oral 

health and number of natural teeth. Highest educational attainment, equivalised household 

income and occupational social class were used to derive a latent socioeconomic position 

(SEP) variable. Pathways were dental attendance and behaviours (smoking and oral hygiene). 

We used structural equation modelling to test the hypothesis that SEP influences oral health 

directly and also indirectly via dental attendance and behavioural pathways.  

 

Results: Lower SEP was directly associated with fewer natural teeth and worse self-rated oral 

health (standardized path coefficients, -0.21 (SE=0.01) and -0.10 (SE=0.01) respectively). We 

also found significant indirect effects via behavioural factors for both outcomes and via 

dental attendance primarily for self-rated oral health. While the standardized parameters of 

total effects were similar between the two outcomes, for number of teeth the estimated 

effect of SEP was mostly direct while for self-rated oral health it was almost equally split 

between direct and indirect effects.  

 

Conclusion: Reducing inequalities in dental attendance and health behaviours is necessary 

but not sufficient to tackle socioeconomic inequalities in oral health. 
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Introduction 
 
Inequalities in oral health exist in different countries with worse oral health for those in lower 

socioeconomic position (SEP). 1,2 These unfair and potentially avoidable differences are linked 

to systematic social disadvantage and poorer access to resources. 3 Socioeconomic 

inequalities in both general and oral health have persisted during the last decades and even 

increased for certain outcomes. 4,5 While there is ample evidence documenting oral health 

inequalities, less is known about the pathways explaining them, and this is essential to inform 

policy. 

 

Different interlinked pathways have been suggested to explain the socially patterned 

distribution of oral health. 6 Behaviours can potentially explain oral health inequalities as they 

differ according to SEP 7,8 and could be influenced by stressful living or working conditions 

and differential access to material resources such as dental services. 6 Studies show that 

dental attendance or oral health behaviours do not fully explain inequalities and their role 

might change according to the context and age. 9-11 Looking at general health, the role of 

behaviours in explaining the socioeconomic gradient in cardiometabolic disorders and 

mortality might vary according to population and setting. 12 Furthermore, a recent systematic 

review showed that material, psychosocial and behavioural factors contribute to explaining 

socioeconomic inequalities in self-rated health, with material factors (e.g., crowding, poor 

housing conditions or financial difficulties) being more important given their larger 

independent effects and their effects through psychosocial and behavioural factors. 13   

 

In the UK, a study using Adult Dental Health Survey (ADHS) 1998 data showed a significant 

role for dental attendance patterns and barriers alone in explaining inequalities in the number 

of sound teeth.14 However, no studies have used the most recent nationally representative 

data (ADHS 2009) and simultaneously analyse the extent to which oral health inequalities may 

be attributable to potentially modifiable factors such as behaviours and dental care, without 

viewing them in isolation, by employing a structural equation modelling (SEM) framework 

that allows comparisons between pathways by quantifying direct and indirect effects. 15 Given 

the persistent oral health inequalities 16,17 in this population, such knowledge has clear 

implications for the focus and balance of public health policies to address these inequalities. 
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Therefore, we examined the role of behavioural and dental attendance pathways in 

explaining socioeconomic inequalities in self-rated oral health and clinically assessed number 

of teeth, using nationally representative data and a SEM analytical approach.  

 
 

Methods 
 
Figure 1 presents the conceptual model that informed our analyses. We hypothesized that 

SEP would influence oral health directly and also indirectly via dental attendance and 

behaviours. 

 

Data Source and Study Sample 

We analysed ADHS 2009 data, which employed a two-stage cluster and probabilistic sample 

design to provide representative samples of individuals aged 16 years and over in England, 

Wales and Northern Ireland (Scotland did not participate). All adults within selected 

households were approached for an interview and those with at least one natural tooth were 

also invited to a clinical dental examination. Interview data were obtained from a sample of 

11,380 individuals, of which 6,469 completed the clinical examination. The household 

response rate was 60%, and the individual response rate within households was 84%. Ethical 

approval for the ADHS 2009 was granted by the Oxford B Research Ethics Committee. 18  

 

We included in the analyses participants aged 21 years and older to ensure accurate data on 

highest educational attainment. The sample was also limited to participants with complete 

data on the employed variables (85% of the initial sample). Since information on number of 

teeth was obtained from the clinical examination, only dentate adults who completed the 

examination were included in that analysis. This led to analytical samples of 8,030 for self-

rated oral health and 5,193 for number of teeth.  

 

Variables 

Outcomes 

We used one subjective and one clinical oral health outcome. Self-rated oral health was 

assessed via the question ‘would you say your dental health (mouth, teeth and/or dentures) 
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is...’ with response categories: very good, good, fair, bad, and very bad. This widely used 

subjective outcome reflects people’s current perception of their oral health and is associated 

with clinical measures and unmet treatment needs. 19-21 The variable was coded so that higher 

scores indicate better oral health perception. On the other hand, clinically assessed number 

of natural teeth is a measure of life-time oral health that captures the cumulative effect of 

oral diseases and experience of dental treatment. 1,22,23 It has been linked to important 

functions such as eating and socializing. 24  

 

Socioeconomic position (SEP) 

We employed three indicators to derive the latent SEP: highest educational attainment, 

equivalised household income, and occupational social class. Educational attainment was 

categorised into no qualifications, qualifications below degree level, and degree level. 

Household income was adjusted for household size and composition 25 and recoded to 

quintiles. For occupational social class, we used the UK three-category National Statistics 

Socio-Economic Classification scheme (NS-SEC) which allocates people to managerial and 

professional, intermediate, and routine-manual occupations. 26 We included an additional 

category of those who never worked or were long-term unemployed. All indicators were 

recoded such that higher values on the latent variable represent lower SEP. 

 

Mediators - explanatory pathways 

 

Dental attendance 

We used the dental attendance pattern (regular check-ups vs occasionally or only when 

having trouble), frequency of dental visits (longer than every 2 years, every 2 years, every 

year, or every 6 months), and time since last dental visit (over 12 months, within 7-12 months, 

or within 6 months) to define a latent dental attendance variable that captures access and 

use of oral health services. Higher scores on the dental attendance latent variable represent 

participants who visit the dentist more often and for regular check-ups. For the outcome of 

number of teeth, our conceptual model was not identified and therefore, based on the 

model’s empirical testing, we used the observable characteristic for the dental attendance 

pattern instead of the latent variable.  
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Oral health behaviours 

Two behavioural variables were considered: smoking (current smoker, past smoker, or never 

smoked) and oral hygiene (tooth brushing frequency: more than twice daily, twice daily, once 

daily, or less often). They were coded with lower values indicating healthier behaviours and 

were entered independently in analyses because their internal consistency when trying to 

create a latent variable was very low (Cronbach’s alpha=0.103). Sugar consumption was not 

included in analyses since diet related questions were not comprehensive to provide an 

accurate sugar consumption measure. 

 

Statistical analysis 

To test our model, we used structural equation modelling (SEM) with the asymptotic 

distribution free method, as our models included categorical variables. 27 In the first stage, 

the two latent variables (SEP and dental attendance) were specified separately using 

Confirmatory Factor Analytic models, where all standardized factor loadings were above the 

benchmark of 0.4 (from 0.60 to 0.95). The second stage involved fitting the path analytic 

models, which included the latent constructs, to jointly estimate the direct and indirect 

associations of SEP with the outcomes. We derived standardized model parameters so that 

their relative sizes can be compared. Age group (21-34, 35-49, 50-64, 65+ years) was also 

accounted for given its association with oral health and SEP. 

 

The Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA) and 

Standardized Root Mean Square Residual (SRMR) were used to assess goodness of fit, with 

CFI>0.95 and RMSEA and SRMR <0.05 indicating good model fit. 28,29 Dental attendance and 

behavioural variables error terms were allowed to correlate as that improved the model fit, 

possibly reflecting the presence of unobserved factors associated with both pathways. All 

analyses were conducted in Stata 15. We estimated un-weighted models since the asymptotic 

distribution free method with the sem function in Stata does not allow for use of weights. In 

sensitivity analysis, we specified sem with a maximum likelihood method which allowed 

considering the appropriate survey weights, and estimates were almost identical with the 

main findings (Appendix Figure 1) indicating that our results were robust to complex sampling 

design and survey weights. In other sensitivity analysis, models were run separately by gender 
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and two age groups (21-49 and 50+ years). As most excluded participants from our complete-

case analyses had missing data on income, we also estimated the models with missing income 

data imputed using two approaches: Bayesian multiple imputation and simple regression 

techniques. 

 

 

Results 

Descriptive statistics are presented in Appendix Table 1. Over two thirds of adults rated their 

oral health as good or very good, while dentate participants had on average 25.6 (SD=5.7) 

natural teeth. 

 

The path analytic models (Figures 2 and 3 for self-rated oral health and number of teeth 

respectively) had satisfactory goodness of fit; the SRMR was 0.022 for the self-rated oral 

health model and 0.027 for the number of teeth model. The respective CFIs were 0.972  and 

0.961 and the RMSEAs were 0.040 and 0.049.  

 

In both models, lower SEP was associated with higher levels of unhealthy behaviours 

(smoking, oral hygiene) and less favourable dental attendance pattern. The mediating 

variables were also associated with the outcomes in the expected direction.  

 

SEP was associated with both outcomes (Table 1). The direct associations of SEP on both 

outcomes were significant, with standardized path coefficients of -0.10 (SE=0.01) for self-

rated oral health and -0.21 (SE=0.01) for number of teeth. Since these are standardized 

regression coefficients, they can be compared, showing that the direct influence of SEP was 

twice as large on number of teeth than on self-rated oral health. In practical terms, the -0.21 

coefficient for number of teeth means that for one SD lower SEP according to the latent 

variable, there would be around 1.15 fewer teeth on average, i.e. a decrease in the mean 

number of teeth from 25.6 to 24.45. Putting this in context, and considering that 32 teeth 

constitutes the full natural dentition, on average, adults had lost 6.4 teeth, and therefore an 

additional loss of 1.15 teeth reflects approximately a further 18% tooth loss (in relative terms) 

that would be due to SEP alone (as these estimates refer to direct effects only).  
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We also found significant indirect associations between SEP and the outcomes via behavioural 

factors and dental attendance. The indirect association was more modest for number of teeth 

where 84% of the estimated total effect of SEP was direct and 16% indirect. For self-rated oral 

health, 52% of the estimated total effect of SEP was direct and 48% indirect. The main 

difference between the two outcomes was in the dental attendance pathway which played a 

stronger role in explaining inequalities in self-rated oral health (indirect effect: -0.054; 95% 

CI: -0.062, -0.045) than in number of teeth (indirect effect: -0.013; 95% CI: -0.019, -0.007) 

(Table 1).  

 

Estimating the models after imputing the missing income data led to almost identical results 

as for complete case analysis (Appendix Figure 2). We also ran the model for self-rated oral 

health only among dentate participants who completed the clinical examination and found 

almost identical estimates with the aforementioned results (Appendix Figure 3). When 

models were run separately for 21-49-year-olds and 50+ year-olds, the indirect association 

between SEP and number of teeth via smoking was larger among younger compared to older 

adults (Appendix Figure 4). The only model showing a predominant indirect effect of SEP on 

oral health was for self-rated oral health among older adults (57% indirect effect) and this 

was primarily via dental attendance (Appendix Figure 4). Models stratified by gender showed 

similar estimates for men and women (Appendix Figure 5). We also included gender in the 

main models and results were virtually identical to those reported above. 

 

 

Discussion 

This analysis showed that SEP had a predominant direct effect on oral health, with lower SEP 

associated with worse self-rated oral health and fewer natural teeth. The overall explanation 

of inequalities was comparable between the two outcomes (standardized parameters for 

total effects of SEP on outcomes: -0.19 and -0.25); however, SEP affected the number of teeth 

mostly directly (i.e. not operating through health behaviours or dental attendance), while for 

self-rated oral health it was almost equally split between direct and indirect effects. The 

behavioural pathways (smoking and oral hygiene) had an overall modest role in explaining 

socioeconomic inequalities in both outcomes, although these indirect associations were 
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relatively larger for self-rated oral health. The dental attendance pathway also played a 

minimal role for number of teeth, but a much stronger role for inequalities in self-rated oral 

health. Overall, the indirect effects of SEP through behaviours and dental attendance were 

stronger for self-rated oral health, a subjective measure of current oral health.  

 

In this analysis, the direct path from SEP to dental attendance indicates that adults in lower 

SEP visit the dentist less often and are less likely to go for regular check-ups, despite having 

poorer self-rated oral health. Potential reasons for this pattern include financial barriers, 

geographical barriers, dental anxiety and perceptions and beliefs about oral health and dental 

care. 30,31 Understanding and addressing these issues could shed more light on the complex 

pathways leading to inequalities in perceived oral health. 

 

Our results corroborate those from Australia 32 in showing a limited role for dental attendance 

in explaining inequalities in number of teeth. This implies that other mechanisms may play a 

greater role for these inequalities, even under different dental care systems. This, however, 

is also influenced by the context, as considerable proportions of socioeconomic inequality in 

number of teeth were attributable to dental attendance in certain European countries, but 

not others. 9 Considering the UK context and current analyses, dental attendance seems to 

have a generally modest influence on socioeconomic inequalities in number of teeth among 

dentate adults.  

 

The overall larger direct effects of SEP on number of teeth, compared to self-rated oral health, 

could be partly due to the nature of exposure and outcomes employed in this study. The SEP 

indicators were either acquired early in life (highest educational attainment) or a result of 

accumulating years of affluence (income and occupational class), therefore better suited to a 

cumulative measure of disease and treatment over the life course (number of teeth) than on 

a current oral health rating. Moreover, the predominantly direct effects indicate the potential 

importance of the unequal distribution of wealth and broader social structures for addressing 

inequalities.  

 

Our findings also agree with evidence showing that behaviours alone have an overall limited 

role in explaining inequalities in oral health, 11,33 and general health. 13,34,35 This highlights the 
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need for direct action on more upstream structural determinants of health. Among the 

examined behaviours, smoking showed relatively larger effects, in line with its role in partially 

explaining inequalities in other non-communicable diseases, therefore being a potentially 

relevant intervention point. 36,37 Health promotion strategies addressing the underlying social 

and commercial determinants of smoking could make a considerable contribution to both 

population health and reducing inequalities. 

  

We could not explore how the pathways to oral health inequalities operate across the life 

course as we analysed cross-sectional data. However, age stratified models suggest that 

behaviours, particularly smoking, could have a larger role earlier in adulthood, while dental 

attendance seems to be more relevant among older adults. The variation in these associations 

by different age groups suggests that pathways to oral health inequalities may be dynamic 

across adulthood or vary across generations.  

 

This study has limitations related to variable selection and data availability. First, the 

potentialy important psychosocial pathway could not be assessed due to lack of relevant 

information. Second, limited information on material factors and other relevant behaviours 

such as sugar consumption did not allow us to assess their role in explaining oral health 

inequalities. Third, the incomplete household income data led to some higher income 

households being placed in lower income brackets. This means that our results provide, if 

anything, an underestimation of the actual associations. Fourth, behaviours and dental 

attendance data were self-reported which could introduce response bias, particularly social 

desirability bias. This could underestimate the role of these factors in explaining oral health 

inequalities. Finally, the use of cross-sectional data makes it impossible to establish a 

temporal sequence, an important issue when analysing potential mediators, or to rule out a 

potential cohort effect when comparing age groups. This issue might be particularly relevant 

when analysing number of teeth, a cumulative measure of oral health. Nevertheless, oral 

health behaviours and dental attendance patterns seem relatively stable over time, 38 

somewhat partly mitigating the impact of this limitation on the study findings.  

 

Thinking about the strengths, we used nationally representative data and a SEM analytical 

approach to test a theoretical model of pathways to socioeconomic inequalities in oral health 
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of adults in England, Wales and Northern Ireland. The SEM method allowed quantification of 

the direct and indirect effects of SEP on oral health and comparisons between different 

mediating pathways. To our knowledge, this is one of very few studies that quantified such 

effects using data from a national survey and employing two oral health outcomes and 

different but related SEP indicators. 

 

In conclusion, this study showed that the pathways to oral health inequalities are complex. 

Socioeconomic position had mostly a direct effect on the oral health of adults in England, 

Wales and Northern Ireland, with the indirect effects varying according to the outcome 

analysed. Behavioural and dental attendance factors accounted for about half of the 

inequalities in self-rated oral health, whereas a stronger direct effect of SEP was observed on 

number of teeth. Policy makers should bear in mind that, improving access and use of dental 

care services and promoting healthy behaviours (e.g. smoking cessation) among those in 

lower socioeconomic groups may reduce oral health inequalities to some extent, but those 

interventions alone will not successfully eliminate inequalities. While behavioural 

interventions are still relevant, mostly in terms of inequalities in perceived oral health, their 

potential impact -if applied in isolation- on inequalities in clinical oral health is much less 

profound. This shifts the public health emphasis towards the structural determinants of 

health and points to policies that address the unequal distribution of wealth and privilege as 

being necessary to improve the unequal distribution of oral health across socioeconomic 

groups. A public health approach that looks at inequalities impact assessment in all policies 

may be a good step forward.  
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What is already known on this subject? 

- While there is substantial evidence documenting socioeconomic inequalities in oral health, 

less is known about the pathways explaining these inequalities. 

- Understanding the mechanisms behind socioeconomic inequalities in oral health is essential 

to inform policy development.  

- However, no study has simultaneously assessed the role of dental attendance and 

behavioural mechanisms by employing a structural equation modelling framework in a 

nationally representative sample. 

 

 

What this study adds? 

- Lower socioeconomic position (SEP) was associated with fewer natural teeth through a 

predominantly direct effect, while dental attendance and behaviours accounted for a very 

small part of this association. 

- Lower SEP was also associated with worse self-rated oral health, with almost equal direct 

and indirect (through behaviours and dental attendance) effects. 

- The pathways to oral health inequalities are complex and vary across different outcomes. 

Improving access to and use of dental care services and promoting healthy behaviours among 

those in lower socioeconomic groups may reduce oral health inequalities to some extent, 

primarily in relation to self-rated oral health though not equally so for number of teeth. 

However, those interventions alone will not successfully eliminate inequalities. 
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Table 1 - Standardized parameters with their 95% confidence intervals for direct, indirect, and total effects 
of SEP on oral health 

 

 Outcome 

Good self-rated oral health Number of teeth 

 Standardized parameter 
(95% CI) 

% 
Standardized parameter 

(95% CI) 
% 

Direct -0.099 (-0.123, -0.075) 51.8% -0.209 (-0.238, -0.181) 83.8% 
     

Indirect via smoking -0.026 (-0.032, -0.020)  -0.019 (-0.024, -0.014)  

Indirect via cleaning -0.013 (-0.017, -0.009)  -0.009 (-0.014, -0.004)  

Indirect via dental 
attendance a -0.054 (-0.062, -0.045)  -0.013 (-0.019, -0.007)  

Overall indirect  48.2%  16.2% 
     

Total -0.191 (-0.214, -0.168)  -0.250 (-0.279, -0.221)  

Note: negative coefficients indicate that lower SEP is associated with poorer self-rated oral health. Confidence 
intervals were obtained using bootstrapping procedure via 1000 iterations. 39  
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Figure 1 - Path diagram for the conceptual model that guided our analyses. 
Latent constructs are conventionally depicted by oval shapes.
Note: The model was also adjusted for age

Figure 2 - Path diagram with standardized parameters of the model on self-rated oral health. Model fit 
statistics: CFI=0.972, RMSEA=0.040, SRMR=0.022. Variables are coded so that high values indicate low 

SEP, unhealthy behaviours, good dental attendance, good self-rated oral health. **p< 0.01; ***p<0.001
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Figure 3 - Path diagram with standardized parameters of the model on number of teeth. Model fit statistics: 
CFI=0.961, RMSEA=0.049 SRMR=0.027. Variables are coded so that high values indicate low SEP, unhealthy 

behaviours, good dental attendance, number of natural teeth. **p< 0.01; ***p<0.001
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