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ABSTRACT    

This thesis describes the oral health of New South Wales (NSW) children aged 5-12 years 

by socioeconomic (SES) characteristics utilising the individual-, school- and area-level 

socioeconomic indicators. It also quantifies the usefulness of SES indicators for targeting 

of dental services.  

Methods 

A cross-sectional study of NSW 5–12 year-olds was conducted in 2007 using a multi-

stage, stratified, cluster sample approach. Explanatory SES variables were explored at 

three levels: individual, school and area. Caries prevalence, caries severity and significant 

caries were calculated. Bivariate analysis was undertaken. Prevalence ratios (PR) of caries 

prevalence and SiC10 were modelled by Poisson regression (PROC LOGLINK, SUDAAN 

10.0). Rate ratios (RR) of caries severity were modelled using Poisson regression (PROC 

GENMOD, SAS 9.2). Multi-level analysis (SAS PROC GLIMMIX) was undertaken 

accounting for the nested structure.  Use of SES variables to target dental services was 

examined using number of cases, relative risk and population attributable fraction (PAF%).  

Results  

Just under 40% of NSW children had a prevalence of deciduous caries with mean dmfs of 

3.18 surfaces and just over 22% had experienced permanent caries with mean DMFS of 

0.61 surfaces.  

Variation in oral health by SES indicators 

There was significant variation in caries prevalence, caries severity and SiC10 by 

socioeconomic characteristics; children from the lowest SES category had significantly 

higher caries prevalence and severity compared to the highest SES category for all SES 

indicators in both the deciduous and permanent dentition. Membership of the SiC10 group 

showed lower SES groups had a higher proportion of children who formed part of the 

SiC10 group. 

Associations across individual, school and area-level SES indicators 

In the final models, income was significant for all three caries measures for both dentitions. 

The children from the lowest income category had significantly higher odds of caries, more 

severe caries and membership of the SiC10 group. School type as an explanatory factor was 

not significant for caries prevalence and SiC10 in the multi-level model, although the 
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children attending a disadvantaged public school had significantly higher odds of 

permanent caries severity.  

Effectiveness of targeting by SES indicators 

In both the deciduous and permanent dentition there were fewer cases of caries and SiC10 

cases in the designated SES target group, the lowest SES group, than outside the 

designated target group.  SES demonstrated a low population attributable fraction for 

deciduous and permanent caries prevalence, caries severity and significant caries.  

Conclusions  

The study demonstrated that caries was higher among lower SES groups whether measured 

by individual, school or area characteristics. In many instances there were three and five-

fold differences among those in the lowest SES categories providing a consistent 

association with poor oral health. Income was independently associated with variation in 

child oral health when adjusting for the nested structure. Low SES categories did not 

identify the majority of those with caries or the highest levels of caries and would therefore 

be limited as a basis for a targeted oral health strategy and a population health focus that 

uses a social determinants approach would be more appropriate. 
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THESIS FORMAT 

This thesis presents an introductory chapter that provides background information on child 

oral health in Australia, literature on social gradients in oral health and the various 

indicators of SES and the association of socioeconomic factors with oral health. It 

highlights the provision of dental services for children and the variation across Australian 

states and territories. It also introduces the rationale and conceptual framework, aims, 

study objectives, hypotheses and rationale. The second chapter describes the study design, 

sampling procedures and requirements, data collection methods, including details of mail 

questionnaire SES indicators and oral epidemiological examinations. Data management 

incorporates data linkage, data weighting, analysis plan and the conceptual model. The 

third chapter includes responses from the schools in the sampling frame, including the 

examination and questionnaire phase. The results are described using three caries measures 

in relation to individual-, school- and area-level characteristics. The fourth chapter 

discusses the major findings of the study on the associations of SES indicators at an 

individual-, school- and area-level with caries measures and compares those findings with 

the available literature. It also includes limitations of the data and further research. The 

final chapter concludes with the major themes, implications of the findings and principal 

conclusions. 

Tables and figures are presented together with their corresponding text where possible. 

References to published work are in the text with the author name(s) and the year of 

publication in parenthesis. Where there were three or more authors, the first author is 

listed, followed by et. al., in the text. The complete list of authors is listed in the reference 

list at the end. Where there were multiple references for an author, references are listed in 

the bibliography in alphabetical order of authors and then by year of publication. The 

appendices include: consent form; primary approach letter to study participants with the 

enclosed questionnaire; reminder card and follow-up letters; oral epidemiological 

examination form; letters for ethical approval of the study; Diagrammatic Acyclical 

Graphs; and, model selection tables (Appendices 1-8). 
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CHAPTER 1 INTRODUCTION 

This thesis describes the oral health of New South Wales (NSW) children aged 5-12 years. 

It examines the social gradient in oral health with a focus on individual-, school- and area-

level socioeconomic indicators associated with caries. The examination of pairs of SES 

indicators at each of the three levels was undertaken to determine if one had a stronger 

association with variation in child oral health. The identification of independent 

associations of socioeconomic indicators at different levels is of particular interest for an 

understanding of the social determinants of child oral health and the potential use of 

socioeconomic factors to target care to those supposedly in greatest need. Therefore the 

usefulness of targeting dental services is explored. 

The research for this thesis is a supplementary study of the ‘NSW Child Dental Health 

Survey’ (NSW CDHS) conducted in 2007 (COHS, 2009). There are two components to 

this thesis. The first component of this thesis involved using the oral epidemiological data 

collection from the 2007 NSW CDHS to describe the dental caries outcomes of NSW 

children aged 5-12 years. The second component of this thesis involved using data 

collected from a parent-complete questionnaire to describe sociodemographic and 

socioeconomic characteristics of NSW children aged 5-12 years. Then individual-level 

data were enhanced to include school and area socioeconomic rankings accessed from the 

‘MySchools’ database (ACARA) and Australian Bureau of Statistics (ABS) Census data 

(ABS, 2008) and all data from both components were linked. 

This chapter provides an overview of the oral health of children, inequalities in oral health, 

population health policy and service provision, a description of the problem(s) to be 

investigated, the rationale for studying the problem(s), an outline of the framework to 

explain socioeconomic differences utilising individual-, school- and area-level indicators 

and specific objectives and the conceptual model.  

1.1 CHILD ORAL HEALTH  

Dental caries is one of the most common chronic diseases (Daly, 2002, Selwitz et al., 

2007) and can have a significant impact on an individual’s health and well-being. Although 

seen as a largely preventable disease, decay, new and recurrent, continues to be one of the 

most prevalent health conditions.  Dental caries can be categorised into pit and fissure 

caries, smooth surface caries, root caries and secondary caries (Featherstone, 2004, Kidd, 

2005) and occurs at varying rates in both the deciduous and permanent dentitions (Slade et 

al., 1996). The basic mechanism of caries is similar.  However, the management of caries 
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on different surfaces of different teeth in the two dentitions may vary. Dental caries is a 

multifactoral disease that is characterised by a biological process and influenced by a range 

of behavioural, psychological and social factors that in turn are influenced by broader 

social, economic and cultural factors (Selwitz et al., 2007). Individuals remain susceptible 

to caries throughout their lifetime (Selwitz et al., 2007). Research has shown that dental 

caries can result in a range of health impacts, including pain, infection and tooth loss, as 

well as psychosocial impacts such as poor or lowered self-esteem. Although there has 

generally been a decline in the prevalence and severity of caries in children over the last 30 

years in western countries, some of these countries have found a slight increase in caries 

prevalence in the last decade (Bagramian et al., 2009) which may be due to increased 

consumption of dietary carbohydrates (AIHW, 2002) and decreased exposure to 

fluoridated water or fluoridated toothpaste (Armfield and Spencer, 2004b).  

1.1.1 Basic mechanism of caries 

The basic mechanism of caries is characterised by mineral loss from the tooth as a result of 

acid-induced challenges in the presence of bacteria and host factors (Mount and Hume, 

2005, Selwitz et al., 2007). A key element of the process is the dynamic equilibrium 

between cycles of demineralisation and remineralisation that occurs many times daily 

(Mount and Hume, 2005). Dental caries occurs when the demineralisation outweighs the 

remineralisation and there is a net loss of minerals from the tooth structure (Kidd, 2005). 

As demineralisation proceeds, the loss of minerals leads to cavitation and the invasion of 

bacteria where the tooth structure is progressively destroyed. The demineralisation can be 

halted or reversed in the early stages as part of the remineralisation phase. 

Demineralisation can be moderated by the presence of fluoride and improvements in diet 

or enhanced by acidogenic bacteria, inhibition of saliva function or frequent consumption 

of fermentable carbohydrates (Featherstone, 2004). If demineralisation progresses to the 

stage of a cavitated lesion involving dentine or the pulp then discomfort or pain may occur.  

The direct consequences of dental caries have been well documented. Individuals can 

experience significant loss of tooth structure with associated discomfort and pain. Such 

lesions require restoration, ongoing maintenance and in some cases tooth extraction 

(Fejerskov and Kidd, 2008). In addition, as tooth extraction has decreased in frequency, 

there is an increased burden of disease to treat by the provision of ‘conservative’ services 

(Selwitz et al., 2007). Slade et. al. (2005) highlights the oral health impacts, including 

psychosocial and functional status. These oral health impacts include, eating, sleeping, 
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communicating, social embarrassment and impact on work or lifestyle (Brennan et al., 

2008). The biological factors explain the caries process but do not explain the occurrence 

of caries in a population (Holst, 2005). 

1.1.2 Social determinants 

Traditionally proximal risk factors and biological markers have been the focus of research 

on oral diseases. Differences in oral health are often seen as material, behavioural or 

lifestyle factors. More recently, social determinants have been investigated; the upstream, 

distal determinants of those risk factors and biological markers (Marmot and Wilkinson, 

2006). For example, what are the social determinants of risk factors such as smoking or a 

diet high in carbohydrates? It is known that smoking rates and consumption of foods high 

in saturated fats are higher in those groups whose social position or employment is of 

lower status or position in society. 

Social determinants can be defined as ‘the conditions in which people are born, live, work 

and age’ (WHO, 2012).  These have often been termed the ‘causes of the causes’. Research 

has demonstrated the relationship between social factors and health (Reisine and Psoter, 

2001) and oral health, including socioeconomic status, social support, social environment, 

social and health policies (Holst, 2005). Conditions in which people live and work can be 

shaped by circumstances of money, education, resources, power as well as the health 

system and political environment (WHO, 2012).  ‘Social, environmental and political 

factors greatly determine behaviour’ (Watt, 2002) where biological risk interacts with 

social and economic factors to influence oral health status. Factors such as, living 

conditions, childhood environment, areas where people live and work, all influence 

behaviours and attitudes and subsequently oral health (Holst, 2005). For example, a person 

who has low income is likely to live in an area with fewer services and poorer access to 

healthy foods. Life chances, social power and distribution of resources all have an effect on 

health (Newton and Bower, 2005) where individual practices may be shaped by social 

norms and culture.  

Psychosocial factors have also been linked to levels of ‘control’ at work, home or in the 

life environment. Coronary heart disease and depression have been linked to activities in 

the work place or in the home environment that have lower levels of control or low status 

(Marmot and Wilkinson, 2006). This can be extended to the life environment where 

communities may have limited access to services or amenities, poor access to healthy 

foods at a reasonable cost, limited access to social support and increased levels of crime 
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(Marmot, 2001). Thus it can be seen that there are a number of factors that influence the 

prevalence and distribution of disease within the community.  

1.1.3 Distribution  

It is important to understand the distribution of child oral health, including the 

socioeconomic variation that in turn provides vital information for oral health services 

planning and funding. In the United States, caries is one of the most common chronic 

conditions where 42% of 2-11 year old children have experienced deciduous caries and 

59% of 12-19 year old children have experienced permanent caries (Bramlett et al., 2010). 

In Australia, dental caries in children has reduced significantly since the 1970’s with 

Australia ranked 8th lowest in caries experience for 12 year old children across 35 

countries (Armfield et al., 2009).   The substantial decline in permanent caries has resulted 

in a positively skewed distribution with a high proportion of children recorded as without 

clinical caries experience (Davies et al., 1997). In 1978 the mean dmft for six year-old 

children was 3.2 with a reduction to 1.58 by 1996. For the permanent dentition a decline in 

caries experience has been observed with a mean DMFT of 4.51 in 1978 reducing to 1.58 

by 1989 (Armfield and Spencer, 2008). Through the later 1990s there has been an absence 

of decline and in more recent years a slight increase in caries experience in Australian 

children (Armfield and Spencer, 2004a). However, there still remains a proportion of the 

child population who experience a significant level of dental caries or a higher proportion 

of untreated disease. The deciduous caries experience for 6 year olds has also declined 

since 1977 and demonstrated a skewed distribution.  However, the proportion of children 

with deciduous caries has remained at higher levels than the permanent caries experience. 

In the deciduous dentition 61.4% of 6 year old children attending school dental services 

had experienced caries with a mean dmft of 2.47 (Ha  et al., 2011). The majority of 

children are still caries free at 6 years of age but this has levelled out at 60% (Ha  et al., 

2011, Armfield and Spencer, 2004a).  In 2006, 9.9% of 6 year olds who attended school 

dental services had experienced caries in the permanent dentition while the mean caries 

experience was 0.14 for 6 year old children, and 47.6% of 12 year olds had experienced 

caries in the permanent dentition while the mean caries experience was 1.24 for 12 year old 

children. It is clear that decay experience is still relatively common in children and 

adolescents in Australia with a minority of children experiencing high levels of dental 

caries. 
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New South Wales, which comprises one third of the Australian population, had been 

excluded from Australian CDHS data since 2001 due to changes in service provision 

which saw limited data on dental caries collected from only those children screened as 

needing treatment and selecting to receive that treatment from public dental service. The 

2007 NSW CDHS was the first random sample survey of children in NSW since the 

1987/88 and provided an opportunity to explore the distribution of dental caries across the 

NSW child population. Results showed that there was high proportion of children who had 

never experienced caries (40% 5-6 year old children in the deciduous dentition; 35% 11-12 

year old children in permanent dentition). The children more likely to have experienced 

caries or significant levels of caries were; those from lowest socioeconomic area, rural and 

remote areas, Aboriginal children; dependents of Centrelink concession cardholders, 

children whose mothers were born in a country with an official language other than 

English, and children who resided in a non-fluoridated area (COHS, 2009). 

The 2007 NSW CDHS delivered an accurate description of the oral health of children aged 

5-12 years and provided an opportunity to utilise the data to inform strategies for health 

promotion, intervention and prevention. However, research has shown a significant 

variation between sub-groups of the population (Thomson and Mackay, 2004, Locker and 

Ford, 1994). There is an uneven distribution in oral health across sociodemographic and 

socioeconomic subgroups where these sub-groups of the population may experience 

significantly higher prevalence of caries and severity. For example, there is a three-fold 

difference in decayed teeth and a two-fold difference in mean caries experience between 

high area and low socioeconomic areas in NSW (COHS, 2009). A two-fold difference can 

be seen in the prevalence of untreated decay between Indigenous and non-Indigenous 

Australians  (Endean et al., 2004, Jamieson et al., 2006) and NSW children (COHS, 2009). 

In addition, caries levels among Indigenous children have increased (Davies et al., 1997). 

Identification of sub-groups with higher prevalence and greater severity of caries may 

better inform health service planning and policy development. 

1.2 INEQUALITIES IN ORAL HEALTH 

Health inequalities result from social inequalities (Marmot and Bell, 2010) where the 

social inequalities relate to the health differences that are caused by social, economic and 

political factors that may affect some subgroups of the population more than others (Daly, 

2002). These health inequalities are unjust and unacceptable and affect people’s quality of 

life. Numerous studies in the United States and United Kingdom highlight the health 
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inequalities between the wealthy and the poor with health differences in mortality, 

morbidity, infectious diseases, rating of health and cardiovascular disease (Deaton, 2002). 

The literature also provides evidence that there is a social gradient in oral health with an 

‘inverse relationship’ between socioeconomic status and oral health (Locker and Ford, 

1996, Reisine and Psoter, 2001, Polk et al., 2010, Sanders et al., 2006a) where lower 

income groups have poorer oral health (Locker, 1993, Reisine and Psoter, 2001, Polk et al., 

2010), more irregular visiting patterns  (Locker and Ford, 1996, Reisine and Psoter, 2001, 

Polk et al., 2010, Sanders et al., 2006a) and lower self-rated oral health (Locker and Ford, 

1994, Sanders et al., 2006b) than the higher income groups.  

Similar SES differences exist in both adults and children. When considering adults it has 

been found that the prevalence of periodontitis is highest in the lowest income groups 

while the lowest prevalence is in the highest income group. The lowest income group 

recorded a rate nearly twice that of the highest income group (AIHW, 2010). In relation to 

children, previous studies have found social inequalities in unmet needs (Vargas and 

Ronzio, 2006), prevalence of caries (Polk et al., 2010, Locker, 1993), severity of caries and 

visiting patterns (Donaldson et al., 2008). Defining and understanding the role of the social 

factors that contribute to oral health differences is challenging, with a complex context 

where the social environment may influence individuals differently (Reisine and Psoter, 

2001). 

A range of factors have been proposed to explain the inequalities in oral health including 

material deprivation, individual lifestyle choices, behavioural and psychosocial factors 

(Nicolau et al., 2007, Marmot and Wilkinson, 2006, Sisson, 2007). The materialist view 

holds that factors related to position in social strata are important rather than the direct 

influence of income or education. Life satisfaction is determined and influenced by social 

comparisons of work, income and the material standards of living.  The behavioural 

explanation incorporates an individual’s lifestyle choices and proposes that the 

socioeconomic status will influence the risky or damaging behaviours. The psychosocial 

perspective argues that psychological stress varies across socioeconomic groups and leads 

to an increase in poor behavioural choices (Sisson, 2007). The lifecourse perspective 

combines the material, behavioural and psychosocial perspectives and proposes an 

accumulation of risk model where events throughout life influence health (Nicolau et al., 

2007, Marmot and Wilkinson, 2006, Sisson, 2007). 
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It has often been proposed that it is the health behaviours that are SES related (Nicolau et 

al., 2003) and therefore they explain the SES gradient rather than SES alone. However 

other authors (Polk et al., 2010, Slade et al., 2006, Sanders et al., 2006b) found that 

adjusting for behavioural risk factors did not attenuate the SES difference in oral health. 

Such findings do not belie the fact that health behaviours are a risk factor for dental caries, 

but support the concept that SES also has an independent relationship with oral health. 

Studies of oral health inequalities usually divide the population into subgroups on the basis 

of individual characteristics such as, income, occupation and education. However there is 

an increasing move to consider a more ecological or contextual approach using area-based 

indicators. The amenities and economic conditions of an area may influence the well-being 

of the area (Ratcliffe, 2012).  Factors such as local services and amenities, unemployment 

rates, community engagement, social cohesion and neighbourhood problems have been 

associated with poorer health, independent of the individual-level factors (Echeverria et al., 

2008, Neckerman et al., 2009). Quality of the schools in an area, transport options and 

level of crime have been linked to house prices and employment opportunities in an area 

(Gibbons and Machin, 2008). These contextual factors have been related to health 

outcomes, including; depression (Echeverria et al., 2008), mental health outcomes 

(Gibbons and Machin, 2008) and obesity (Lovasi et al., 2009).  The range of individual and 

contextual factors that have been associated with health outcomes highlight the different 

levels of influence on individuals, families, behaviours and choices.  The relative 

contributions of the determinants at an individual-, school- and area-level for child oral 

health have not been fully clarified. 

1.3 MEASURING THE SOCIAL GRADIENT IN ORAL HEALTH  

A range of different SES indicators has been used to assess the social gradient or 

inequalities in oral health at an individual-, school- and area- or neighbourhood-level. 

Individual indicators include income (Piovesan et al., 2010, Locker, 1993, Donaldson et 

al., 2008), education (Piovesan et al., 2010, Borrell et al., 2006b) and occupation (Kallestal 

and Wall, 2002, Zurriaga et al., 2004) while neighbourhood indicators generally use 

composite indicators. Composite indicators are a social classification that has been used to 

reflect multiple socioeconomic factors, and are based on a range of variables incorporating 

age structure, employment, education, family structure, and housing. The composite 

indicators have been shown to identify groups that differ in morbidity, mortality and 

service use. The UK uses ACORN, Canada uses the LIFESTYLE system (Locker, 2000) 
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and Australia uses the SEIFA index (Sanders et al., 2006a, Sanders et al., 2006b). Minimal 

research has explored a school SES indicator, although Enjary (2006) utilised school type. 

1.3.1 Social gradient in oral health using individual SES indicators 

Extensive studies have shown that lower SES individuals have poorer oral health compared 

to those of higher SES. This has often been attributed to differences in material standards 

of living (Locker, 2000). Traditionally SES indicators have been individually based, using 

individual household income, education or occupation of the individual or parent. Single 

item individual indicators such as these have demonstrated significant relationships with 

caries experience, untreated decay, and self-rated general and oral health (Enjary et al., 

2006). 

Associations between oral health status and individual SES have been documented in a 

range of international studies. Thomson et. al. (2004) explored the social gradient in dental 

caries for 9 year old children in New Zealand and found higher levels of dental caries in 

the lower socioeconomic groups based on highest parent occupation. This was evident in 

both the deciduous and permanent dentition. Borrell et. al. (2006) found that income and 

education were associated with severe periodontitis in adults. While in Sweden, Källestål 

and Wall (2002) used highest parent occupation to highlight that there was higher caries 

rates for those children who were from workers’ homes compared to those from affluent 

homes although this was only evident in urban areas. In a Danish study of 5 to 15 year 

olds, mothers education, family income, family structure were associated with caries 

prevalence and severity (Christensen et al., 2010), although mother’s educational 

attainment seemed to be the main determinant. Inequalities were evident in all age groups.  

However, the association of these factors was greater in younger children than in the 

teenagers.  In Australia, higher deciduous and permanent caries was evident for children 

from low SES when using both household income and parental education (Slade et al., 

1996). Overall, research has demonstrated there are significant differences in oral health 

status, whether it is deciduous or permanent caries prevalence or caries severity, and that it 

is correlated with a number of individual SES indicators. 

Although individual-level indicators have been associated with health outcomes there are 

also weaknesses in such an approach.  A single SES factor of an individual may not 

account for the multidimensional factors that influence an individual’s health in that it may 

measure the material deprivation or lack of access to services, without accounting for 

social participation or contextual effect or community characteristics (Locker, 2000). In 
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addition, the collection of information at an individual-level can be time consuming and 

difficult to collect: household-level rather than individual data may be required when 

classifying education, occupation and income; ‘mothers’ not in the workforce; individuals 

may be reluctant to disclose personal information or it may be precluded from collection 

(Enjary et al., 2006) with higher levels of missing data.  

1.3.2 Social gradient in oral health using school SES indicators 

School-based SES indicators have been used to measure the oral health status of children 

to overcome difficulties in collecting individual-level data such as income and education as 

well as to explore the contextual effect of a school. In some countries, school-based 

indicators can be relatively easy to collect using school type or academic level to attribute 

an SES classification. The school SES indicator may be easily classified and can then be 

useful for targeted programs to schools with the highest risk or need.  

Evidence has emerged exploring the association between school socioeconomic status and 

the oral health of children. Enjary, Tubert-Jeannin et. al.(2006) found that children who 

attended a deprived school had poorer oral health, more untreated decay and received less 

dental care, even though these children had access to insurance schemes. Sagheri, Hahn 

and Hellwig (2008) used both educational attainment of parents and enrolment in school 

type to compare oral health of adolescents where parent education had a moderate 

correlation with school strata (Spearman rank 0.54). The authors found a gradient in caries 

prevalence, mean caries, median caries scores and proportion of children in SiC10 group by 

educational attainment of parents. They also found differences in oral health of the children 

when analysed by school strata (high, medium and basic academic level) although there 

appeared to be a threshold effect where the highest academic school had the lowest 

proportion of children in the SiC10 group (25%) compared to the medium (41%) and basic 

(40%) academic schools. Gillcrist, Brumley et. al.(2001) utilised school lunch eligibility as 

a measure of the school community SES for examining socioeconomic differences in oral 

health of children. The study found that the school communities with higher proportion of 

school lunch eligibility had poorer oral health across both dentitions on a range of oral 

health measures including; caries severity, proportion of untreated dental caries, treatment 

needs, urgent treatment needs, sealant status and prevalence of incisal trauma. The 

association between school SES and oral health has supported the consideration of a 

targeted school population approach to tackle inequalities in the oral health of school 

children, in a ‘directed population approach’ as a re-orientation of the universal school-
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based approach. The aim would be to target ’at risk’ schools with preventive or service 

programs. However, potential misclassification of individuals in a school measure focuses 

attention on the difficulties in translating knowledge of social inequalities in oral health 

into effective strategies. 

1.3.3 Social gradient in oral health using area SES indicators 

Area-based SES indicators have also been used to measure the oral health status of the 

population. The use of an area-based measure has developed for two reasons: to reduce the 

limitations of individual indicators such as income and occupation; and to explore the 

contextual effect of an area or neighbourhood on an individual’s health (Locker and Ford, 

1996, Thomson and Mackay, 2004). Area-based indicators can be relatively easy to collect 

(Locker and Ford, 1996) using residential postcode and attributing census-collected data to 

attribute an SES classification. Area-based indicators are generally composite measures 

and are often derived from census data that incorporate a number of variables including: 

family structure; household type; economic indicators; and ethnic composition. Locker 

(2000) also proposed that area-based indicators may provide more variation in oral health 

than individual indicators. The area measure is readily classified and can then be useful for 

planning and delivering targeted programs to areas or communities with the highest risk or 

need.  

Since the 1990’s research has developed measuring the influence of area or neighbourhood 

SES on an individual’s oral health and found associations with health and health 

behaviours independent of the individual SES (Locker and Ford, 1996).  Area-based SES 

indicators measure the ‘broader social and material context’ where the area influences may 

relate to the physical, material and social environment (Locker, 2000, Sisson, 2007) as well 

as the availability and use of health services (Labonte, 1993, Donaldson et al., 2008). 

Studies exploring the area effects for adults found that there was an association between 

those from a deprived area in relation to oro-facial pain (Riley et al., 2003), edentulism 

(Jamieson and Thomson, 2006), self-reported oral health status (Sanders et al., 2006a, 

Locker and Ford, 1996, Jamieson and Thomson, 2006), social impact of oral conditions 

and dental visiting patterns (Jamieson and Thomson, 2006, Sanders et al., 2006a). 

However, Richards (2002) did not observe differences in oral health between area 

deprivation groups when oral health was measured by number of teeth and the Subjective 

Oral Health Status Indicators.  
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Area-based SES differences in oral health can also be found in children. Several studies 

have shown that composite indicators of small area SES have an association with poorer 

oral health in children. In Brazil, those living in lower SES areas are reported to have 

higher odds of untreated decay (Antunes et al., 2006) and higher caries prevalence 

(Pattussi et al., 2001).  In the United Kingdom, those in lower SES areas reported higher 

caries prevalence (Tickle et al., 2000, Monaghan et al., 2014) and more severe caries 

(Morgan and Treasure, 2001). Thomson et. al. (2004) explored the social variation in 

dental caries for 9 year old children from New Zealand using an area-based based measure, 

Index of Deprivation for a Census meshblock, which used nine variables including 

eligibility for benefits, unemployment, access to car and telephone, family composition and 

home ownership. Results showed that children from a lower area SES had poorer oral 

health in both the deciduous and permanent dentition. From an Australian perspective, 

Armfield et. al. (2007) explored the use of both discrete and composite area-based SES 

indicators to measure the variation in child oral health status and found that both the six 

discrete area SES indicators and the composite area SES indicators were able to account 

for a significant amount of the variation in caries prevalence and severity of caries. In 

addition, the discrete indicators were able to measure variation beyond that of the 

composite measure.  

1.3.4 Inter-relatedness of SES indicators 

It is clear that there are variations in oral health between ‘deprived’ and ‘non-deprived’ 

individuals, schools and communities. Over the last 30 years individual SES has been 

linked with health outcomes. More recently research has indicated associations between 

individual and area SES for both health and health behaviours (Kamphuis et al., 2008, 

Brennan and Turrell, 2012, Bramlett et al., 2010), self-reported oral health (Turrell et al., 

2007a) and periodontitis (Borrell et al., 2006a). Both Locker (2000) and Enjary (2006) 

highlight the fact that many studies explore the SES variation in oral health but do not 

compare the conventional indicators and their relative ability to identify the variation in 

oral health. Limited information is available to determine whether different level SES 

indicators measure similar oral health inequalities, or whether one may be superior to 

another, or if there is an inter-relatedness between the different SES indicators. Individual 

and area based indicators have often been used interchangeably with an assumption that 

areas are homogenous in relation to SES. In order to understand the factors that influence 
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the variation in oral health there is a need to go beyond a single dimension to include 

multi-dimensional aspects of health. 

Despite evidence that dental disease occurs in a social context, it is only more recently that 

studies have used multi-level analysis to explore independent effects at different levels. 

Recent contributions provide evidence of the impact of both individual and contextual 

factors on self-rated oral health of adults (Cremonese et al., 2010, Turrell et al., 2007b) and 

parent rating of oral health on children aged 1-5 years (Bramlett et al., 2010, Guedes et al., 

2014) exploring the independent effects using a multi-level approach. 

Turrell, Kavanagh et. al.(2007a) explored the possibility of an interaction between 

individual- and area-level SES for mortality and found independent effects but no 

significant effect for an interaction. Diez-Roux, Kiefe et. al. (2001) compared individual- 

and area-level SES indicators across three epidemiologic studies and found that there was 

moderate correlation between the three area-level indicators. In addition, these authors 

found associations between the individual-level and area-level indicators although there 

was evidence of heterogeneity in residential areas. Thomson et. al. (2004) also 

demonstrated lack of concordance between these two indicators and highlighted the fact 

that significant variation was found within areas. Bower, Gulliford et. al.(2007) explored 

the association between area deprivation and adult oral health in Scotland, using multi-

level modelling to account for both individual and contextual effects. The authors found 

that some of the area variation was associated with individual or household characteristics 

for the clinical outcomes: number of sound teeth, having one or more unsound teeth and 

odds of having periodontal pocketing of 4mm or more. No clear relationship was found 

between area-level deprivation and adult oral health.  

There is little evidence exploring the individual and contextual factors for the school-aged 

children for deciduous and permanent caries in a multi-level approach. It is important to 

note that debate continues on whether the school and area socioeconomic effects are 

independent of the individual socioeconomic characteristics. There remains an issue of 

correlation and the mechanism of association between individual and area-based indicators 

(Locker, 2000) where it is difficult to unravel the effects of different levels of SES 

influence (Greenland, 2001). Enjary (2006) used school and individual SES and found 

associations with oral health but also found that school SES influenced oral health even 

when individual SES factors were considered.  
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School-aged children have different contextual influences that include individual/family, 

school and area factors. It is a challenge to determine the impact and relative strength of 

the association of SES across three levels with variation in child oral health. However, it 

has implications for understanding health needs, policy and dental service delivery related 

to children, schools and areas. The different indicators of SES provide complementary 

information that may contribute to understanding of child oral health variation. If there are 

independent and interactive effects of individual-, school- and area-level SES on oral 

health status then different strategies to improve health may be required. 

The research has demonstrated an important relationship between disease and the structure 

of society, including income distribution, resource allocation and service provision. In 

addition the change in distribution of caries over time has implications for health services 

planning where there may be considerations for both whole population approaches and 

targeted interventions for those vulnerable groups who have the majority of the disease 

(Davies et al., 1997).  

1.4 POPULATION HEALTH POLICY AND HEALTH SERVICE PROVISION  

Given the prevalence and chronic nature of dental caries in adults and children, caries 

continues to be a public health issue. As outlined in the research, there is considerable 

impact on individuals and families, as a result of pain, impairment and reduced quality of 

life.  

 “Oral diseases qualify as major public health problems owing to their high prevalence and 

incidence in all regions of the world, as for all diseases, the greatest burden of oral diseases is 

on disadvantaged and socially marginalized populations.” (Petersen, 2004 p 329) 

It is important to match health services to the needs of the population. Factors such as, 

community expectations, government priorities, increasing demands on the public health 

system, age profile, diversity of the population, disease prevalence, preventive and 

treatment options, all influence the type of service that would be deemed most appropriate. 

In addition, oral health services can be an expensive process for both the individual and 

society (Daly, 2002). However it must be recognised that resources are limited, either with 

funding or infrastructure, and therefore resources often should be prioritised and directed 

to the areas or groups of greatest need (Green, 2007).  

Public health has been described as publicly funded health services, or a set of programs, 

focusing on disease prevention (Lin et al., 2007).  However, a more accurate definition of 

dental public health would be the ‘science and practice of preventing oral diseases, 
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promoting oral health, and improving quality of life through the organised efforts of 

society’ (Daly, 2002 p 5). It encompasses legislation, guidelines, public policies, health 

services and health activities (Lin et al., 2007). Public health philosophies should drive 

public health policies, which will in turn impact on health services. Health service planning 

is an important element in the alignment of health service delivery with disease prevalence, 

distribution and proposed health targets (Eagar et al., 2001). Health service planning enacts 

policy development and directions that are designed to meet needs and aim to improve 

population health. Public health research has established the health impact of poverty, poor 

living conditions, unemployment and social isolation (Daly, 2002, Marmot and Wilkinson, 

2006). Addressing the determinants of health is an important aspect of public health and 

should be a focus for health policy development. 

Key aspects of dental public health are, to identify oral health problems, establish causes, 

risk factors and associations with oral health problems at a population level, and plan and 

evaluate effective interventions. It is essential to understand the disease and management 

options in order to determine the best approach to improve oral health. It is important to 

seek answers to a range of questions. What is the disease prevalence and severity? What 

are the factors associated with poor health?  Who has the greatest burden of ill-health? 

Can those people be easily identified? Are there effective preventive or health promotion 

options available? Are there service options available that optimise the effectiveness and 

efficiency of delivery of care? Health service provision should be based on strong evidence 

that makes efficient and effective use of resources. Lin et. al. (2007) draw attention to the 

organisational framework of public health that should ‘encompass both activities 

undertaken within the formal structure of government and the associated efforts of private 

and voluntary organisations and individuals’. In addition the full continuum of health 

should be considered, not just treatment of disease, therefore considering health promotion, 

different service settings and the range of health providers, reorienting services towards 

preventive rather than therapeutic and exploring partnerships.  

As highlighted, a public health problem relates to prevalence of the condition, the impact at 

the individual and community level, as well as the availability of effective treatments. In 

oral health, many assume that clinically based treatment and prevention would achieve 

better oral health and that sufficient resources are available to meet the needs of the 

community. However it is important to be aware that prevention can occur at the 

population-level as well as the individual-level. Public health is focussed on the health of 
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populations (Pine and Harris, 2007) where the challenge for the healthcare system is to 

meet health needs of the population with the available resources. An element in improving 

the health of the population is to identify and prioritise the health service needs then 

determine benchmarks and establish approaches and strategies to achieve those targets. 

The foundation for developing policies, determining health needs and establishing 

strategies and benchmarks, is the epidemiological, behavioural and social knowledge base. 

1.4.1 Epidemiology and surveillance data in oral health 

Epidemiology could be considered the ‘science’ of public health. A principle aim of 

epidemiology is to ensure valid, reliable and unbiased data that explores patterns of disease 

and determinants of health in the population. Changes and trends over time can be 

identified and differences examined. This enables researchers to make comparisons 

between the oral health of subgroups of the population linked with social characteristics 

and their positive influences and effects. The increased emphasis on evidenced-based 

dentistry also requires an increasing need for epidemiological data to support health service 

management and planning. Epidemiology in dentistry incorporates three key principles 

related to:  

1. The measurement of dental disease among groups within the population in order to 

understand factors that are associated with the distribution     

2. Evaluation of effectiveness of new materials and treatment in clinical trials and 

assessment of needs and requirements for dental services within the community       

3. Facilitation of informed decision-making on the application of research evidence 

and to explore, understand and evaluate population-level interventions.  (Daly, 

2002, O'Connor-Fleming and Parker, 2009) 

Improved knowledge can be achieved by studying oral health patterns in sub-groups 

describing whether different sections of the community have different disease patterns and 

determine what their impact is on the individual and the community. Knowledge of the 

epidemiology of disease facilitates understanding of the extent and impacts of dental 

diseases. The focus is on communities and populations (O'Connor-Fleming and Parker, 

2009), investigating differences between subgroups and associated factors that can identify 

disease indicators and assist in the development of preventive and treatment programs. 

Findings can then inform decision-makers, including health policy-makers, and subsequent 

action. The practice of dentistry has been influenced by changing patterns of disease and 
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emergence of evidence of oral health inequalities, ageing population and oral health 

services policies (Daly, 2002). 

Ongoing surveillance of oral disease and patterns of disease indicators is important in 

planning and evaluating health service delivery, prevention and oral health promotion 

(Petersen, 2005). A lack of ongoing, reliable and representative data, may contribute to 

marginalisation of sub-groups of the population. Epidemiology plays a key role in 

providing evidence that underpins health practice and health service delivery that will 

ultimately contribute to the reduction of the ‘burden of a health problem in a population’ 

and the prevention of oral disease and the resultant health and life impacts (O'Connor-

Fleming and Parker, 2009). Epidemiology can evaluate public health interventions and 

strategies to determine if they have been effective at reducing occurrence of the disease at 

both a local and a global level. Locker (2000) believed that it is unnecessary to further 

explore the social inequalities in oral health but to consider research that identifies factors 

involved in maintaining inequalities or SES indicators that can better predict those with a 

high burden of disease and may play an important role in health policy with implications 

for service provision (Enjary et al., 2006). 

1.4.2 Public health approaches  

The translation of the science into public health practice, strategies and approaches could 

be considered the practice of public health. The World Health Organisation (WHO) aims to 

promote oral health research on the burden of oral disease that will ultimately improve oral 

health systems and community programs (Petersen, 2005). The WHO has established 

strategic directions to build healthy populations: 

1. Reducing the burden of oral disease and disability, especially in poor and 

marginalized populations 

2. Promoting healthy lifestyles and reducing risk factors to oral health that arise 

from environmental, economic, social and behavioural causes 

3. Developing oral health systems that equitably improve oral health outcomes, 

respond to people's legitimate demands, and are financially fair 

4. Framing policies in oral health, based on integration of oral health into national 

and community health programs, and promoting oral health as an effective 

dimension for development of society.       

 (WHO, 2011) 
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A major challenge is to translate the knowledge of oral disease and prevention into oral 

health programs in an environment of an increasing cost of healthcare. How should ‘public 

resources be allocated to most effectively improve the health of the population as a whole’ 

(Schneider, 2006 p550). Social, economic and cultural factors all impact the planning and 

delivery of oral health services. Bramlett et. al. (2010) highlight the fact that with 

decreased and skewed caries experience there is a diminished return from individual-level 

approaches to improving oral health. Public health and population health approaches 

emphasise population health improvement rather than individual improvement. Therefore a 

focus on population prevention and health promotion with comprehensive primary 

healthcare strategies is essential.  A health system should be structured around a fair 

distribution of resources, with equitable access that aims to achieve health for the majority 

of the population (Lin et al., 2007).  There is a need to translate research and knowledge 

into contemporary practice, health service planning and delivery, and health policy to 

improve population health.  

The seminal paper ‘Sick individuals and sick populations’ (Rose, 1985) outlined two key 

strategies. The first was a high-risk approach that focuses on the identification and 

management of the individual. The second was the population approach that aims to 

prevent disease for the population as a whole. Public health should focus on the population 

as a whole, or sub-groups within it, as well as the management of risk factors and their 

social determinants associated with health and illness (Lin et al., 2007). Approaches to 

populations should consider the following public health principles: 

 A commitment to social justice and fair distribution 

 Equity of access to health resources 

 Equity in health outcomes 

 Focus on improving the health of vulnerable population groups 

 A focus on prevention 

 An understanding of the need to balance science and society.  

      (Lin et al., 2007) 

Three key population health approaches have been identified and incorporate many of 

these principles. They are a whole population approach, common risk factor approach and 

the high-risk (targeted) population approach (Daly, 2002). The approach selected will 

depend on the identified health needs, identification of risk factors, available interventions 

or mix of interventions, program goals and appropriateness for population groups. Health 
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systems and methods of delivery are also an element within these three approaches – the 

health system and the health policy that informs the approach are integral to the concept 

and the way the services are organised (Lin et al., 2007, Naidoo and Wills, 2005, 

O'Connor-Fleming and Parker, 2009). It is important to consider equity of access, 

population health gain and cost effectiveness when determining the most appropriate 

approach to adopt.  

1.4.2.1 Whole population approach 

The population approach attempts to change the incidence of disease in the whole 

population by removing or modifying the underlying causes or providing protective 

interventions to the whole population (Pine and Harris, 2007). Traditionally this has 

included clean water and food, immunisation and water fluoridation. Effective prevention 

requires change for the whole population using ‘contemporary concepts of health 

promotion’ where there is a change in the environment in which people live. Public health 

has ‘highlighted the significance of social, economic and environmental factors in 

determining health status’ (Daly, 2002 p 14). A population approach can change the social 

norms, for example making smoking less acceptable, moving toward widespread seatbelt 

usage and adoption of regular toothbrushing. When social campaigning and the 

environment, policies and legislation support health promotion strategies, it makes the 

healthy choices the more acceptable and easier choices, and the unhealthy choices more 

difficult (Naidoo and Wills, 2005). Such an approach often means a small reduction for an 

individual but a large effect on the overall incidence of disease in the population (Rose, 

2001). 

The whole population approach includes health promotion, prevention and service 

organisation. Dental services that provide universal coverage, incorporating access, 

prevention and management, result in a population oral health status that is likely to be 

more equal. Furthermore, Tickle and Milsom (2008), propose a whole population strategy 

where all children receive ‘active preventive care’ such as fluoride varnish and fluoride 

toothpaste based on the premise that caries risk assessment is not sufficiently accurate or 

reliable and is primarily based on past caries. The principle of a universal health system, 

where government and health policies aim to uniformly distribute resources and services, 

has the potential to influence health status of the population and reduce health inequalities.  
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1.4.2.2 Common risk factor approach 

The common risk factor approach incorporates a multisectoral approach where oral health 

does not occur in isolation from general health, but with an integrated and consistent 

purpose. This should also occur at the population level by tackling causes that are common 

to a range of chronic health conditions. Lifestyle influences, such as nutrition, smoking, 

hygiene, alcohol and stress, are common to a range of chronic health conditions, including 

oral health (Petersen, 2009). A collaborative common risk factor approach has the potential 

to improve cost-effectiveness, reduce duplication and increase acceptance by the general 

population and the policy-makers (Pine and Harris, 2007, Sheiham and Watt, 2000). 

Strategies that link oral and general health risk factors can be incorporated into a health 

promotion approach that can operate in a range of settings outside the dental practice. This 

then expands the concept of oral health into the context of general health, thereby 

improving the opportunities for a range of interventions and the adoption of changes within 

the population. 

The lifestyle factors that influence oral and general health occur in a person’s life, work, 

social or school environment (Sheiham and Watt, 2000). Traditionally a behaviour change 

approach is adopted.  However, these individual approaches generally make only small 

changes. Specific dental programs are also less likely to attract funding and achieve 

sustainable outcomes without a multisectoral model. The integrated approach aims to 

promote health, create supportive environments and facilitate behaviour change that will 

cover a range on chronic conditions for both the whole population as well as those that are 

high-risk (Sheiham and Watt, 2000). In addition, it is noted that many of the common risk 

factors such as alcohol, smoking, nutrition and exercise, cluster in the same individuals and 

therefore a common risk factor approach can have a high impact (Sanders et al., 2006a, 

Selwitz et al., 2007). 

Health promotion strategies that are comprehensive, sustainable and incorporate multiple 

stakeholders have more opportunity for funding and positive outcomes. Examples include 

the smoking cessation programs, health promoting schools, health promoting hospitals and 

food policy approaches. Each of these incorporates aspects of health policy, supportive 

environment, community involvement and intersectoral collaboration, and provides 

consistent and sustainable strategies and messages (Naidoo and Wills, 2005, Naidoo and 

Wills, 2000). In addition, they operate in both dental and general health environments as 

well as the places that people live, work and socialise. 
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1.4.2.3 Targeted care approach 

A targeted high-risk group approach can be considered as an alternative or an adjunct to a 

whole population approach. It has been suggested that targeting high-risk groups may be 

an effective modified population approach for reducing inequalities and maximising 

effective use of resources for oral health programs (Locker et al., 2004, Enjary et al., 2006, 

Pine and Harris, 2007). Some authors advocate targeted sealant use for high-risk groups or 

communities while others recommend community interventions such as fluoride varnish 

(Weintraub et al., 2006, Reisine and Psoter, 2001, Sagheri et al., 2008). Siegal and Detty 

(2010) conducted a study that explored oral health benefits when prevention was targeted 

at a high-risk sub-group based on SES as determined by school lunch enrolment and access 

indicators and found that targeted sealant programs based on school SES criteria was 

effective in reaching children at higher risk of caries. School based screening has been 

suggested as an approach to identify children in need of treatment, where the screening 

may be targeted at high-risk schools or areas. Sagheri and Hahn (2007) support a targeted 

high-risk school approach with a combination of annual screening for all schools and 

fluoride varnish application at schools that are considered high risk. 

School dental screening aims to select the ‘right’ individuals or schools and to encourage 

attendance for those with treatment requirements and to improve oral health (Donaldson 

and Kinirons, 2001, Milsom, 2007). A screening approach is based on a population-based 

philosophy to identify a specific condition in targeted groups before they appear (Lin et al., 

2007). Unfortunately the best predictor of future disease is the presence of existing disease 

and where disease is absent the ability to detect future disease is poor (Beck et al., 1992, 

Ha et al., 2014, Pine and Harris, 2007). The uneven distribution of caries also means that 

identifying or targeting high-risk groups or areas means that high-risk individuals in low-

risk areas are missed. In 1997/98 in the Canadian province of Ontario, a mandatory 

universal screening approach changed to a targeted approach with the aim to reduce 

resource requirements and focus screening on those schools most likely to contain high-

risk children. Schools were classified by risk based on screening at kindergarten years, 

where high-risk schools (≥ 14% had 2 or more decayed teeth) were then targeted for 

screening in grade 2, 4, 6, 8 (Locker et al., 2004). Children who were screened and 

identified with selected dental care needs and urgent dental care needs were provided with 

appropriate clinical and preventive care. An evaluation was conducted where the aim was 

to assess the effectiveness of the targeted screening program based on school risk status 
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(Locker et al., 2004). The key outcome was the proportion of children that were identified 

utilising this approach. Less than half of the children with dental care needs were identified 

by the targeted approach, and 42% of those with urgent dental care needs would not have 

been identified. In addition those children who were from lower SES background were 

least likely to seek regular dental care. The effectiveness of the screening approach has 

been questioned (Pine and Harris, 2007) as it often fails to identify the majority of the high 

risk group (Batchelor and Sheiham, 2002, Batchelor and Sheiham, 2006), does not improve 

attendance (Milsom, 2007), results in misclassifications of risk (Pine and Harris, 2007) and 

therefore does not improve population oral health (Milsom, 2007).  

Although risk groups have been targeted for prevention, screening and management, it is 

important that surveillance and care should be available for all patients as all risk groups 

experience dental caries (Batchelor and Sheiham, 2002, Batchelor and Sheiham, 2006) and 

caries continues to occur throughout an individual’s lifetime. Targeting groups of the 

population has been utilised as a health services approach that may maximise the cost-

effectiveness of dental services.  However, the difficulty in correctly identifying high-risk 

children and the misclassification of individuals within an area-level measure raises 

questions on the viability of such an approach.  

1.4.2.4 Health care organisation 

Population and public health face a challenge to match the needs of the population with 

equitable resource allocation that will impact on health. Public health policymakers and 

service organisations are often required to prioritise and allocate effectively, including the 

type and extent of services, based on the resources within the oral healthcare system (Pine 

and Harris, 2007). Reducing the inequalities in oral health is a matter of social justice that 

addresses the determinants of health, but also includes access to appropriate, affordable 

and effective services (Pine and Harris, 2007). Furthermore services should be oriented to 

disease prevention and health promotion rather than curative interventions. 

“Quantification and comparison of the costs and health consequences of 

alternative programmes are critical elements to ensure that individuals and 

communities are receiving appropriate, effective and cost-effective health 

services.” (White and Antczak-Bouckoms in  Pine, 1997 p163) 

This is of great importance for oral health professionals and policy-makers who make 

decisions on the allocation of limited funds for services and strategies for improving the 
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oral health of the population. It is clear that the organisation of dental services influences 

access, oral health related quality of life and oral health outcomes for the population.  

1.5 PROBLEM TO BE INVESTIGATED 

Having highlighted the oral health status of children, the inter-relationships between 

individual and contextual factors and provided an overview of population oral health 

approaches, this section focuses on the child oral health services in Australia, as well as the 

specific New South Wales (NSW) programs that incorporate a targeting approach.  

1.5.1 School dental services in Australia 

In Australia, dental care for adults has largely been provided by general dentists working in 

private practices, with supplementary care for eligible adults through the public oral health 

services. Children and adolescents have a separate system with public health programs that 

are funded by state and territory governments and vary across the states and territories; that 

is an example of a social policy that aims to protect the dental welfare of children through 

equal access to oral healthcare (Lin et al., 2007). The school dental programs originally 

offered free preventive and clinical services with universal coverage, on the premise of no 

financial barriers. However, some states later introduced co-payments as funding pressures 

increased. This then undermines the social policy principle where there may be incapacity 

to pay and reduced access for vulnerable population groups. There are also differences in 

service provision between children and adolescents, where most children are covered by 

school dental services at primary school while adolescents are generally not covered, or 

have considerably reduced coverage, by school dental services in secondary school 

(Armfield et al., 2009). 

It is important to note that more recently the Commonwealth Government introduced a 

new child oral health initiative. From January 2014, the Medicare Child Dental Benefits 

Schedule (CDBS) provides financial support for basic dental services for children aged 

between 2 and 17 years who meet eligibility requirements. CDBS focuses on basic services 

and targeting expenditure on dental services for children in greater financial need 

Eligibility includes children who receive, or their family, guardian or carer receives, 

certain government benefits such as Family Tax Benefit Part A (AustGovernment, 2014).  

Dental care can be accessed through either private dental providers or school dental 

services.  Those children who are not eligible for CDBS but who are under 18 and who are 

eligible for Medicare, can access the public dental service (COHS, 2014). Public dental 

programs continue to incorporate policies and guidelines on the types and range of services 
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that would be offered to children; prioritising patients based on SES and risk as well as 

dental assessment and treatment needs as an approach to reduce inequalities and provide 

equitable access to services. 

At the time the supplementary study was undertaken, the dental division of the Australian 

state of NSW was divided into 8 Area Health Service Regions who would provide the 

child oral health programs. Since the supplementary study was undertaken, NSW public 

oral health care to eligible clients is delivered across 15 Local Health Districts 

(LHDs).These programs were delivered to children aged 5 to 12 years and include 

screening, referral, preventive and clinical care. Historically, NSW offered universal 

coverage for primary school children that provided check-ups for children and subsequent 

treatment every other year.  However, there were low rates of coverage (AIHW, 2006). In 

1996, NSW implemented a program entitled ‘Save Our Kids Smiles’ (SOKS) which 

offered school dental screening at primary schools. The  ‘School Assessment Program’ 

(SAP) was then introduced in 2001 as a method of targeting screening for children at 

higher risk of dental disease, as SOKS was not seen as cost-effective due to high 

proportion of children who were caries-free.  

1.5.2 NSW ‘Save Our Kids Smiles’ Program (SOKS)  

The SOKS program was based on a whole population screening approach which 

incorporated three elements; oral health education, risk assessment and clinical care. The 

aims of the SOKS program were to: find and treat children with decay, and facilitate care 

for those children who required dental treatment (NSWHealth, 2001). All NSW schools 

were approached to participate in the education and risk assessment sessions, although the 

higher fee-paying private schools did not generally participate. A key aspect of the 

program was the school-based screening to determine risk status in the schools and to 

identify those children who had dental treatment needs. 

Usually one 30-minute oral health education (OHE) session was provided to children in the 

grades K, 2, 4, 6 and 8 in either class or whole grade groups. The NSW Oral Health Branch 

provided oral health promotion packages including a range of resources that were available 

for the sessions. The OHE sessions were generally conducted 2 weeks prior to the 

scheduled risk screening at the school. At this session children were provided with 

information and consent letters to provide to parents. 

SOKS screenings were based on a biennial cycle where consenting children in grades K, 2, 

4, 6 and 8 were provided with a brief oral assessment of approximately 1-minute duration.  
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These assessments were undertaken in either a classroom or school hall using portable 

chair and lighting. The children were classified into 3 categories: immediate care required, 

routine care, or no treatment required; and then provided with letters outlining the 

treatment needs to the parents. 

Clinical care was available for those coded as immediate care and routine care, although 

this was prioritised based on need.  Generally children with immediate care were seen 

within a month or followed up if they had not contacted the clinic.  Children with routine 

care needs required parents to make appointment and were placed on a waiting list until 

appointments were available. Once the child had an appointment a full dental examination 

was undertaken and a managed care program developed based on need. Relief of pain and 

emergency care was still available for all children although only the cause of the 

emergency was treated and then the child was put on a waiting list. 

In 1999 NSW Health reviewed the SOKS program, incorporating an assessment of the 

reliability and validity of the SOKS oral health risk assessment compared to clinical dental 

examination. The review (NSWHealth, 2001) found that the SOKS program was not cost 

effective due to the high number of caries free children. The SAP program was then 

implemented. 

1.5.3 NSW ‘School Assessment Program’ (SAP) 

In 2001, NSW moved to the School Assessment Program (SAP), which provided a 

targeted screening check for children attending disadvantaged public schools based on a 

high-risk approach. The aim of the SAP program was to identify those children who were 

more likely to require dental services, facilitate dental care for high-risk children and 

eliminate the costs associated with screening children who were at low risk of needing care 

(NSWHealth, 2001). The targeted screening at potentially high-risk, disadvantaged schools 

identified those children requiring care and facilitated the process of delivering clinical and 

preventive care. The school dental service then provided clinical and preventive care to all 

referred children free of charge. Area Health Service regions continued to provide oral 

health promotion or education programs based on the needs of the specific population. 

Under the terms of the targeted SAP program, public schools were classified as an eligible 

‘disadvantaged’ school if they were registered for the Priority Schools Program (PSP) or 

the Priority Action School (PAS) funding through the NSW Department of Education and 

Training. Independent schools and Catholic Schools were not included in the classification 

of disadvantage. Screening in disadvantaged schools occurred every year for children from 
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years K, 2, 4 and 6. Children were provided with a screening check-up within the school 

using a standard chair, light, mirror and periodontal probe (Chong et al., 2011). The 

parents of children identified as requiring care were informed, and clinical care was offered 

at local public school dental clinics (Armfield et al., 2006). The SAP program represented 

a step toward establishing different oral health opportunities for different social groups, 

where the goal was to reduce socioeconomic inequalities by health promotion, primary 

prevention and timely care. Although child oral data have shown social inequalities in oral 

health, the effectiveness of using school disadvantage as a tool for determining screening 

and service provision has yet to be evaluated in Australia. 

The research problem therefore was to investigate the variation in child oral health across 

three SES indicators and whether these can be used to predict those who are more likely to 

have poorer oral health and/or greater dental treatment needs and ultimately assist in oral 

health services planning. 

1.6 RATIONALE FOR STUDYING THE PROBLEM 

Since 1975 school dental services have provided free or subsidised dental care for children 

of primary school age. The provision of care has changed over time as funding and 

subsequent policy changes have influenced availability of services and changes 

implemented to attempt to cater more effectively for those most disadvantaged. Such 

policy changes have been most acute in states with low percentage coverage of the target 

population. NSW has consistently been at the lower end of the ranking of states by 

coverage. For instance in 2001, NSW school dental services were used by 38% of children 

aged 5-11 years old. This compared unfavourably with NT (87%), WA (78%), QLD 

(72%), SA (69%) and VIC (45%) (AIHW, 2006). 

One result of low coverage has been the introduction of policies aiming at targeting only a 

sub-group of the child population. In principle the targeted group consists of those in 

poorest oral health. In practice, the targeted group consists of those children attending 

‘disadvantaged’ schools. While indices of the level of socioeconomic disadvantage of 

schools are well developed for educational support, there has been little attention to the 

question of how well the aggregate summary indices for a school predict the oral health of 

children.  

The rationale for studying the problem was based on the need to understand how 

socioeconomic characteristics predict child oral health. Locker and Ford (1994) nearly 20 

years ago reported on the association of area-based indicators and individual indicators of 
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socioeconomic status and adult oral health. Thomson and Mackay (2004) examined such 

relationships among New Zealand children. Despite the application of socioeconomic 

indicators at the level of school for targeting of school dental services, no recent research 

has tested the significant association of these indicators in terms of poor child oral health. 

Research was needed to better understand the social gradient in child oral health described 

by socioeconomic characteristics of the household, school and area where these could be 

used to underpin targeting of dental services.   

While there is some research evidence on the relationship of SES indicators and child oral 

health, particularly individual indicators, there is little evidence on the comparison of 

different individual, school or area indicators to identify children at risk of disease in order 

to target services. Thus, understanding the effectiveness of each level of SES indicator to 

predict children in poor oral health is important. Comparison of the indicators would 

provide a more detailed understanding of the social gradient in dental caries and a more in 

depth analysis for oral health service planning purposes. 

In this thesis data are presented for dental caries in primary teeth in children aged 5-8 years 

and in permanent teeth in children aged 6-12 years. This study explores the socioeconomic 

distribution of the extent and severity of oral disease in children using three measures of 

oral disease; caries prevalence, caries experience and high disease experience (SiC10 

group) for both deciduous and permanent dentition. This research will focus on three 

different levels of SES indicators, at the individual-, school- and area-level. Pairs of SES 

indicators at each level will be investigated to determine correlations between pairs at each 

level and determine whether one of the pairs has stronger associations with caries and 

severity of caries. The research will explore each SES indicators contribution to explaining 

social inequalities using multi-level analysis to assess the independent associations after 

adjusting for the hierarchical structure of children within schools and schools within areas.  

In addition, the study will examine the use of these SES indicators as a tool for targeting 

oral health services. 

1.7 RESEARCH FRAMEWORK 

This thesis addresses the hypothesis that the social gradient in child oral health varies by 

individual-, school- and area-level socioeconomic characteristics. In addressing this 

hypothesis, this research examined 1) the variation in oral health across the three SES 

indicators, 2) the association of the SES indicators across different levels, and 3) the 

usefulness of the SES indicators in targeting dental services. 
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 Traditionally the caries process was described at the biological level incorporating 

components that include host characteristics, dietary substrate and biofilm. Over the last 20 

years the role of ecological variables in the caries process has been acknowledged 

(Elderton and Mjor, 1992, Locker and Ford, 1996, Sisson, 2007). Ecological factors can 

include; individual socioeconomic factors, school community and neighbourhood 

deprivation and social cohesion, social support, attitudes and beliefs. 

More recently Fisher-Owens and Gansky et. al. (2007) have developed a conceptual model 

that illustrates three levels of influence on the biological caries process for children that 

include individual, family and community levels. These three levels account for the 

‘complex and interactive causes’ of child dental caries. The model also integrates 5 key 

domains of determinants of health from social epidemiology: genetic and biological 

factors, the social environment, the physical environment, health behaviours, and dental 

and medical care. These domains, embedded in a multi-level approach, acknowledge the 

multiple pathways and interactions, as well as the variety of protective/destructive factors 

and dental services policies that have been related to oral health outcomes of children. 

Table 1 categorises the various influential factors for the different levels of SES, as well as 

the screening policy and oral health outcomes. Thus the framework comprises five 

components:  

(1) Individual and family characteristics – a range of sociodemographic 

characteristics and two key SES factors, income and education, which have been 

widely researched and influence oral health through a range of pathways that 

include affordability, access, knowledge, beliefs, attitudes and health behaviours; 

(2) School characteristics – two school SES factors, a school SES ranking and school 

education type, which may influence social norms, supportive environment, access, 

knowledge, attitudes and beliefs;  

(3) Area characteristics – incorporate aspects of neighbourhood deprivation, access to 

services and social support;  

(4) Dental visiting  – government health policy that influences availability and access 

to services, a supportive environment and affordability; 

(5) Oral health – three different indicators of disease experience that explore different 

aspects of child oral health. 
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Table 1: Research framework in relation to NSW survey 

Individual and family 
characteristics 

School 
characteristics 

Area 
characteristics 

Dental visiting Oral Health  

Age 

ATSI 

Aust  born 

Country of birth  

Household 
arrangements 

Parents’ Education 

Work status 

Occupation 

Income 

Dental insurance 

School SES – ICSEA 
ranking 

School type 

 

Area SES – SEIFA 
IRSAD 

 

Government 
screening availability 

Caries 
prevalence – 
deciduous and 
permanent 

Caries severity – 
deciduous and 
permanent 

Significant Caries 
Index – 
deciduous and 
permanent 

 

Adapted from Fisher-Owens et al. 2007  Domains of determinants of oral health according to level of influence. 

(Fisher-Owens et al., 2007) 

 

Such a framework attempts to explore the influence of different levels of SES on oral 

health, as well as the potential for an oral health screening policy to modify the social 

variation in oral health.  Figure 1 demonstrates the conceptual model incorporating the 

three levels of SES, sociodemographic characteristics, social, behavioural and biological 

variables and health policy that may influence oral health status. 
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Figure 1: Conceptual Model for NSW survey 
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1.8 OBJECTIVES 

The purpose of the research project was to examine the oral health status of children aged 

5-12 years in New South Wales and relate these to the socioeconomic characteristics of the 

individual-, school- and area-level and assess the effectiveness of targeting of dental 

services based on SES indicators. 

1.8.1 Specific Objectives 

The specific objectives were to: 

1. Describe the distribution of child oral health by individual-, school- and area-level 

socioeconomic characteristics;   

2. Explore the associations across individual-, school- and area-level SES indicators 

to variation in child oral health; and 

3. Quantify the effectiveness of targeting of dental services by socioeconomic 

characteristics.     

 

1.8.2 Hypotheses 

1. There is a social gradient in oral health status for 5-12 year old children in NSW 

measured by individual-, school- and area-characteristics. 

2. Individual-, school- and area-characteristics interact in explaining the social 

gradient of dental caries.  

3. SES indicators are an effective approach for targeting dental services. 
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CHAPTER 2 MATERIALS AND METHODS 

This chapter explains the methods used to conduct the research project. It describes the 

study design, sampling procedures and requirements, data collection methods, including 

details of a mailed questionnaire, SES indicators and oral examinations. It also outlines the 

data management process that incorporates data weighting and the analytic plan. 

2.1 STUDY DESIGN 

The study design was a cross-sectional representative survey of NSW children aged 5 – 12 

years. The study was designed to use socioeconomic and oral health data to establish the 

socioeconomic variation in oral health and explore a targeted approach to health care 

service provision. The study was undertaken in collaboration with the NSW Centre for 

Oral Health Strategy as a supplementary study to the NSW Child Dental Health Survey 

2007 (NSW CDHS 2007). The questionnaire data were collected was between July 2007 

and March 2008. 

The NSW CDHS 2007 used a cross-sectional multi-stage, stratified random sample. The 

sample was stratified according to school and area characteristics. The children and their 

parents from the selected schools were approached by staff of the NSW Centre for Oral 

Health Strategy for informed consent (Appendix 1). All children who consented were 

offered a screening examination. Sampling of the consenting children was undertaken to 

determine which children would participate in the study. Oral health status was obtained by 

dental examination. Participating children were examined by trained dental examiners and 

observations recorded onto a field optical mark reader form (OMR form).  

The present study, exploring socioeconomic variation in oral health, utilised hand 

distributed parental self-complete questionnaires entitled ‘The Oral Health Status and 

Access to Services Project’, to collect information on individual socioeconomic 

characteristics from parents/guardians (Appendix 2). School SES was based on the Index 

of Community Socio-Educational Advantage (ICSEA) obtained from the ‘My Schools’ 

website in February 2010 to create a school-level of SES ranking. School type data were 

obtained from the NSW Department of Education and Training, including those identified 

as disadvantaged. Area SES was based on the Australian Bureau of Statistics (ABS) 

socioeconomic advantage/disadvantage index (SEIFA IRSAD Census 2006) assigned on 

the basis of child’s residential postcode.  
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2.1.1 Sampling procedures 

2.1.1.1 Sampling: NSW CDHS 2007 

The NSW CHDS 2007 sampling approach was a 2-stage stratified clustered random 

sample. The strata were defined as the eight Area Health Service Regions in New South 

Wales. The NSW CHDS 2007 selected from public, Catholic, Independent and community 

schools (excluding special needs schools). Prior to selection, schools were sorted by the 

IRSAD Socioeconomic Index for areas (SEIFA) to ensure a range of schools from 

different socioeconomic areas were selected within each Area Health Service Region with 

a probability proportional to size. The target sample was approximately 8000 children aged 

between 5 and 12 years that were stratified by 8 Area Health Service regions in New South 

Wales. Primary schools (n=107) were selected across New South Wales with a fixed 

number of children per age group per school (n=76 per school). Nineteen schools (18%) 

selected across Area Health Service regions declined to participate so substitute schools 

with similar SEIFA index and school type were selected using the same method as the 

original selection. All children in the selected and consenting schools were given 

information packs and consent letters for both the NSW CDHS study and the 

supplementary study. 

To select the children in the schools, electronic lists of enrolled children were sorted by 

birth date and then divided into eight separate lists (one for each age year). Children were 

then selected from each list by selecting every nth child based on the number of eligible 

children in a particular age year and the number of children required to be selected based 

on the age year. The sample size for each year level was determined to provide state 

estimates for each year of age. Approximately 76 children aged 5 to 12 years were sampled 

from each selected school with a minimum of 8 children and a maximum of 12 children 

sampled from each age group per school. Oversampling, a deliberate selection of 

additional children from the 5-6 year old and 11-12 year old age groups, was carried out so 

as to provide reasonably precise and reliable regional estimates of dmft and DMFT for 5-6 

year olds and 11-12 year olds.  Only children with returned consent forms were eligible for 

selection within a school.  

2.1.1.2 Sampling: Supplementary study of the socioeconomic variation  

The NSW CHDS 2007 participants served as the population sample for this supplementary 

study. The aim was to approach all children who completed a dental examination as part of 



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 33 

 
   

NSW CHDS 2007. Once the child had a dental examination, the child’s parent was sent a 

package containing an information letter, with a brief description of the study, 

questionnaire and reply-paid envelope. Completed questionnaires were returned directly to 

the Australian Research Centre for Population Oral Health (ARCPOH) at The University 

of Adelaide. A reminder card and up to three follow-up mailings of replacement 

questionnaires were sent to non-respondents (Appendix 3). If a child’s parent/guardian 

contacted ARCPOH and declined participation, the child was recorded as a refusal. If the 

follow-up mailing was not delivered to the participating family and was returned to 

ARCPOH, the child was recorded as ‘undelivered’. 

2.2 DATA COLLECTION METHODS 

Data were collected from three sources, including the CDHS examinations that were 

conducted over an five month period for each AHS region, the questionnaire distributed 

upon completion of the examination and, the collection of the school and area 

socioeconomic scores using the ‘MySchools’ database and ABS SEIFA IRSAD Index. 

2.2.1 Examinations 

Staff employed by NSW Health, Centre for Oral Health Strategy and Area Health Service 

Regions, were responsible for the examination phase. Standardised oral examinations were 

conducted in schools by teams of trained examiners using standard portable dental 

equipment (chair, light and compressed air equipment). The examination consisted of a 

visual assessment using a mirror, a periodontal probe and compressed air based on protocol 

developed at the ARCPOH (Appendix 4). The protocol measured decayed, including non-

cavitated lesions, missing and filled surfaces of all primary and permanent teeth.  

Examiners and recorders from NSW Health undertook a two-day training and calibration 

workshop with staff from ARCPOH; the workshop included a designated NSW Health 

COHS ‘gold standard’ examiner. The training and calibration program included didactic 

information as well as supervised dental examinations for reliability testing. A manual was 

also provided to examiners and recorders.  

Data were recorded on optical mark recognition forms developed by ARCPOH (Appendix 

4). The forms were scanned and verified and data were then exported to Microsoft Access 

for cleaning and checked for missing, erroneous or duplicate data. Erroneous data and 

children who did not reside within NSW were eliminated from the dataset. 
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The calibrated staff examined participants using visual criteria to assess tooth status, and 

coronal caries experience. Tooth status was categorised as one of the following: present, 

sound, missing for reasons other than caries, missing due to caries. Surfaces were 

categorised as one of the following: sound, demineralised but not cavitated, cavitated or 

filled. Brief reports were given to the examined child. Examinations began in August 2007 

and were completed in December 2007. 

Results from the NSW CDHS 2007 have been separately analysed and reported elsewhere 

(COHS, 2009). 

2.2.2 Questionnaires  

The supplementary questionnaire was given to the child to take home on completion of the 

examination. An identification code was handwritten on the questionnaire to enable 

matching against the dental examinations data. Children’s names and addresses were 

entered on a Master register which was forwarded to ARCPOH for entering on a separate 

database. Non-respondents were sent a reminder card two-three weeks later. For those who 

had not responded, up to three packages containing a further approach letter, questionnaire 

and reply-paid envelope were sent during the study period. The data collection used the 

Dillman’s Total Design method (TDM) to maximise response rate (Dillman, 1978). 

 Questionnaires were completed by a family member or guardian. The 12-page 

questionnaire used close-ended questions to collect information concerning: 

sociodemographic information, household socioeconomic information, use of services and 

health behaviours. Sociodemographic information included: age, sex, Indigenous identity, 

household arrangements, country of birth, language spoken at home and dental insurance. 

Household socioeconomic information consisted of: household income, source of income, 

parent occupation, current work status and parent education level. The questionnaire used 

items from previous mail surveys developed by ARCPOH, including the Study into Child 

Use of Dental Health Services (SCUDS), Child Fluoride Study Mark One and Mark Two, 

and the study Dental Decay from Childhood to Adulthood. 
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2.2.3  School and area SES information 

School socioeconomic status was determined using two approaches; school type and 

school SES score (ICSEA). School type data were obtained from the NSW Department of 

Education and Training, including those schools identified as disadvantaged schools. 

School SES scores (ICSEA) were procured in February 2010 from the Australian 

Government ‘My Schools’ database for each selected school. 

The postcode of residence was used to determine two area socioeconomic status variables. 

Each individual’s residential postcode was allocated to a Local Health District (LHD). The 

LHDs were attributed an SES value using two approaches.  Firstly a compositional index 

was used, the Census 2006 Index of Relative Socioeconomic Advantage and Disadvantage 

(IRSAD), one of four Socioeconomic Indices for Areas (SEIFA) produced by the 

Australian Bureau of Statistics. The IRSAD was used as it includes variables (education, 

income, employment, family structure, housing and Internet) that relate to relative 

advantage and distinguishes between advantaged and disadvantaged areas (ABS, 2006). 

Secondly, a wealth metric of the area using median house prices for each area as a measure 

of contextual effect of neighbourhood wealth or deprivation (Moudon et al., 2011). The 

Wealth Metric SES measure used the residential postcode of the child and attributed an 

SES value using the median house price for each postcode.  Data for the assessed median 

house price for postcodes was based on house price statistics from Australian Property 

Monitors (APM, 2013).  

2.2.4 Examiner reliability 

Inter-examiner reliability tests of dental examinations were undertaken where replicate 

pairs of examinations were conducted. One hundred and thirty one children were examined 

by the NSW Health COHS ‘gold examiner’ and by one of 20 dental examiners. Test-retest 

examination data were examined for coding of sound, non-cavitated lesions, decayed, 

missing and filled tooth surfaces. Results of reliability tests have been reported elsewhere 

(COHS, 2009). 

2.3 DATA MANAGEMENT 

This section discusses the management of the data and the approach adopted for this 

research by identifying the oral health and explanatory variables to be used and an outline 

of the approach to the analyses. 
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2.3.1 Survey return and data entry 

Examination data were recorded on optical mark reader (OMR) forms developed by 

ARCPOH. OMR forms were returned to the NSW Centre for Oral Health Strategy who 

scanned the forms and verified the resulting dataset. Data were then exported to Microsoft 

Access 2007 for cleaning and checked for missing, erroneous or duplicate data. Children 

who did not reside within NSW were eliminated from the dataset. The dataset was then 

sent to ARCPOH.  

An Excel database was used to document the questionnaire dispatch and return and 

scheduled follow-up mail-outs. The database included the respondent’s unique ID, name, 

address, date of mail-outs, refusals, return to sender and date received. Returned 

questionnaires were date-stamped and the return date entered on the database. 

An Access database was established for data entry of the returned questionnaires. The 

database included respondent’s unique ID and variables for each of the questionnaire items 

but did not include any personal information that would identify the individual. All data 

entry was conducted at ARCPOH by two staff. A document outlining data entry guidelines 

was developed to clarify requirements for data entry. During data-entry look-up menus 

were utilised for occupation classifications and location/postcode information, and a height 

and weight converter was also used. During data cleaning, all written responses for the 

‘other, please specify’ categories were individually assessed and, where possible 

reassigned. Those that were unable to be assigned codes were marked as ‘missing’.  

2.3.2 Oral health items 

Dental caries data collected from the OMR sheets were managed to calculate three oral 

health variables for this study: caries prevalence; caries severity; and a Significant Caries 

Index 10. Each of these was calculated for the both deciduous and permanent dentition. 

Analysis of deciduous caries experience was limited to children aged 5 – 8 years, while the 

permanent caries experience included those children aged 6 – 12 years. Caries prevalence 

was the proportion of children who had experienced at least one decayed missing or filled 

tooth and was used to measure the disease burden of the NSW children. Caries severity 

was measured using the mean of the decayed, missing and filled number of teeth (dmft or 

DMFT) and surfaces (dmfs or DMFS). Caries severity showed the accumulation of dental 

caries in the past and present and included the treated and untreated decay. The SiC10 

assessed the caries severity of the top 10 per cent of children in each age group in the 

caries severity distribution. Caries severity is highly positively skewed. The SiC10 
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highlighted the minority of children who still have high levels of caries experience that was 

diluted in the mean caries severity score (Bratthall, 2000, Nishi et al., 2001).  

The three caries measures were selected to provide different perspectives on caries 

experience. The DMF/dmf index is a simple and versatile index that measures the disease 

in the population and can be used to compare different sub-groups. The decline in 

prevalence of dental caries means that one measure of dental caries is less informative 

(Pine and Harris, 2007) and provides an incomplete picture of the disease experience with 

positively skewed distribution (Antunes et al., 2004, Pitts et al., 2002). Caries prevalence 

provides a simple measure of those who have experienced caries and those who have not, 

but does not discriminate between degrees of intensity of disease experience. Mean 

DMF/dmf is useful to explore the variation in severity of caries between groups to provide 

comparison and describe the relative status of the SES groups.  The SiC10 accounts for the 

skewed distribution of caries experience, measures those that are most affected by caries, 

as well providing important information about the most vulnerable group (Bratthall, 2000). 

The three caries measures provide an opportunity to explore the variation across the SES 

groups and determine differences between groups and between caries measures and pattern 

of caries distribution in SES groups. The use of a range of caries measures seeks to 

measure prevalence as well as the polarisation of disease. 

2.3.3 Explanatory items 

The social gradient in oral health has been established for both children and adults using 

numerous socioeconomic indicators. Some studies have measured SES at both the 

individual- and area-level. This study explored three levels of SES: individual-, school- 

and area-level SES, investigating separate unadjusted associations as well as associations 

after adjusting for the nested structure in a multi-level model. A range of 

sociodemographic and socioeconomic items was collected to explore the relationship with 

oral health outcomes. 

2.3.4 Sociodemographic items 

A number of items were used to explore individual and family characteristics that may 

relate to both socioeconomic status and oral health, including age, sex, Indigenous identity, 

location of birth, household structure, work status and insurance. Age was calculated using 

the date of birth and the date of examination and then categorised into 2-year age groups. 
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Sex was marked as male or female. Indigenous identity was collected through five 

categories, ‘Aboriginal’, ‘Torres Strait Islander’, Aboriginal and Torres Strait Islander’, 

‘Not Aboriginal or Torres Strait Islander’ and ‘Not known’; these were then collapsed to 

three options, ‘Yes’, ‘No’ and ‘Not known’. The item related to location of birth generated 

a new item ‘Born in Australia’ and was classified as ‘Yes’ or ‘No’. Household structure 

related to the family composition, whether the child belonged to a two-parent or single-

parent family. The household work status item asked about the parent(s) current work 

status. This was then classified into ‘working’, ‘not working’, ‘never worked’. The 

questionnaire also collected household dental insurance status asking parents if they had 

private dental insurance.   

2.3.5 Socioeconomic status items 

Two items were used to explore individual SES, income and education. Household income 

was collected from the questionnaire where parents indicated the household income in one 

of ten categories ranging from less than $20 000 to more than $180 000. These categories 

were then collapsed into four categories, ‘up to $40 000’, ‘$40 001 to $80 000’, ‘$80 001 

to $120 000’ and ‘over $120 000’. The item related to education of the parents had eight 

options ranging from primary school through to postgraduate education. These were 

recoded to four categories for the parents’ highest education level: ‘some/completed 

secondary’; ‘some/completed trade’; ‘some/completed university’; and ‘postgraduate 

education’. 

School SES (ICSEA) was determined using the Australian Government ‘MySchools’ 2010 

database utilising the Index of Community Socio-Educational Advantage (ICSEA) score 

for each selected school. The ICSEA is a special measure created to allow comparison of 

schools. The ICSEA score comprises socioeconomic characteristics of the small areas in 

which students live, rural/remote location and the proportion of Indigenous students 

enrolled at the school. The average ICSEA score is 1000 with most schools ranging from 

900 to 1100. This has been described in more detail elsewhere (ACARA). Each school was 

allocated an ICSEA score and then these scores were categorised into the following 

quartiles ‘Lowest’ (≤ 977), ‘Mid-low’ (978-1008), ‘mid-high’ (1009-1061), ‘and highest’ 

(≥ 1062). 

School type data were obtained from NSW Department of Education that provided a list of 

all schools that were Independent, Catholic, public school and special school. Special 
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schools were excluded from the sample frame. A list of disadvantaged public schools 

(2007) was also obtained from the NSW Department of Education that identified 

disadvantaged public schools as those that were eligible for Priority Action Schools (PAS) 

or Public School Funding Program (PSP). School type was then categorised into 

‘Independent’, ‘Catholic’, ‘Public’ and ‘Disadvantaged public’. 

Two area-based indicators were used for each Local Health District (LHD), a Census based 

SES score and a wealth metric based on median house price. The area-based level of 

socioeconomic status used the residential postcode of the child and attributed an SES value 

using the ABS SEIFA Index of Relative Socioeconomic Advantage and Disadvantage 

(IRSAD) 2006. The SEIFA IRSAD was a composite value based on the characteristics of 

people and households within a small area collection district and represents the collective 

socioeconomic status of the people from that area. SEIFA aims to capture relative 

socioeconomic disadvantage in relation to material and social resources. The average 

IRSAD score is 1000 with approximately two-thirds of the areas ranging from 900 to 

1100.The areas were ranked in order of their score where a low IRSAD score indicates that 

an area has a larger proportion of disadvantaged households. Once the IRSAD scores were 

attributed to the residential postcodes of children in the study, the variable was then re-

categorised into five Local Health District categories ‘Lowest’, ‘Mid-low’, ‘Mid’, ‘Mid-

high’, ‘Highest ’. The Wealth Metric SES measure used the median house price for each 

postcode as a variable that reflects the SES of an area rather than a collective, aggregated 

measure.   House prices capture the contextual effect (Moudon et al., 2011) and may be 

associated with health due to the value placed on particular areas and the services that are 

available (Ratcliffe, 2012). Contextual factors such as services, amenities, and employment 

rates may change at the same time as house prices (Ratcliffe, 2012).    The LHD areas were 

ranked in order of their score where a low wealth metric score indicates that an area has a 

lower median house price. Once the wealth metric scores were attributed to the residential 

postcodes of children in the study, the variable was then re-categorised into five Local 

Health District categories ‘Lowest’, ‘Mid-low’, ‘Mid’, ‘Mid-high’, ‘Highest ’. 

2.3.6 Survey Weighting 

In order to provide population estimates for caries prevalence and experience, the data 

were weighted by a child’s probability of selection in the Survey. This was determined by 

a range of factors, including: for each Area Health Service region; each schools’ enrolment 
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size as designated in the sampling frame; and, the number of children of a particular age 

enrolled in the school. Weighting incorporated two stages, the first and initial weight 

calculated for each child to reflect their probability of selection in the NSW CDHS 2007, 

and second, an adjustment to ensure that estimates derived from the study were consistent 

with the Australian Bureau of Statistics Estimated Residential Population (ERP) counts for 

each NSW AHS region. The ERP counts were single year of age by sex population counts 

as at 30th June 2007. 

2.3.7 Analysis plan 

Questionnaires, dental examination data and school and area socioeconomic indices were 

linked into a single dataset and analysed. Statistical analyses were conducted using SPSS® 

version 17.0 (IBM SPSS Inc), SAS ®version 9.2 (SAS Institute Inc) and SUDAAN® 

(Research Triangle Institute) to account for the complex sampling design. 

Descriptive analysis was employed to describe the prevalence, severity and Significant 

Caries Index, together with their 95% confidence interval (CI), among the study sample 

were reported. If the 95% confidence intervals were non-overlapping then the difference 

between the estimates was determined as statistically significant. Bivariate analyses were 

used to report and compare oral health by sociodemographic, individual-, school- and area-

level socioeconomic characteristics.  

Sequential and regression models were generated for each of the individual-, school- and 

area-level socioeconomic variables. Initially, the standard control variables age and sex 

were included together with sociodemographic factors (Indigenous identity, location of 

birth and household structure) based on the conceptual model. Each of these variables were 

assessed against the criteria for a confounder (Rothman et al., 2008) and included in the 

initial full multivariable models (Appendix 5 Diagrammatic Acyclical Graphs for each 

level). A backward deletion method (Rothman et al., 2008) was used to obtain the final 

model. The estimates for the SES-dental caries relationship were obtained, while 

controlling for all other covariates (variables that remain in the model as potential 

confounders) for the full model and for the reduced model. An impact measure of 

confounding [ln(Estimatecrude/Estimateadjusted)] with a cut point of 0.10 was used to assess 

the difference between the estimates obtained from each model. If the difference was 

greater than 10% then the reduced model does not control for confounding and the variable 

being assessed would be left in the model. If the estimate from the reduced model were not 
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substantially different from the full model (<10%) then the variable would be dropped 

permanently. The precision was also considered to have an estimate as precise as possible. 

If the variable that was dropped severely impacts the precision, the decision to remove the 

variable from the model was reconsidered. Ideally, the final model would be the one that 

gives essentially the same point estimate as the full model (the model controlling for the 

most variables) and gives the most meaningful gain in precision. The estimate variation 

tables are included in Appendix 6.  

Adjusted prevalence ratios (PR) and rate ratios (RR) between the SES groups were 

calculated using Poisson regression models (SUDAAN PROC LOGLINK, SAS PROC 

GENMOD) (Barros and Hirakata, 2003, Greenland, 2004), with the highest SES group 

allocated as the reference group. Each SES level (individual-, school- and area-) were 

analysed separately. The explanatory variables, related to the specific SES level, were 

added into a series of three sequential models reporting a prevalence ratio or rate ratio for 

each SES category in relation to the reference category. The pair of SES indicators for each 

level of SES were introduced individually and then in combination to determine which 

would better explain the disease experience. The extent to which these socioeconomic 

factors accounted for variation in oral health was evaluated by comparing the prevalence 

ratios or rate ratios and their 95% confidence intervals among these sequential models. In 

addition, the final model was examined to investigate the change in point estimates 

between the models. A direct method for comparison of SES indicators and confounder 

assessment was to ‘compare the estimates of effect obtained with and without controlling 

for each potential confounder’ (Rothman et al., 2008). The magnitude of confounding or 

association effect was determined by examining the point estimates obtained without 

adjusting for the alternate SES indicator (and potential confounder) compared to the point 

estimates obtained when adjusting for the alternate SES indicator. The change in estimate 

between the models was used to determine which SES indicator provided the most stable 

association.  A common difficulty in multivariable regression is multicollinearity where 

there is the potential for high levels of common variance across a set of explanatory 

variables. Each model was tested for multicollinearity amongst the explanatory variables 

using the Variance Inflation Factor (VIF) with results reported in Appendix 7.   A general 

rule is that that VIF values higher than 2.50, 4.00 and 10.00 are problematic (Tuohy and 

McVey, 2008) while others state that VIF values not ‘unusually’ larger than one are not a 

problem (Mansfield and Helms, 1982).  None of the explanatory variables exceeded the 

value of 2.00. 
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Multi-level analyses were conducted to account for the nested structure of individuals 

within schools and schools within areas. Given the structure of the survey and the aim to 

examine the effects of individual and contextual school and area-level variables, a multi-

level analytic approach was necessary to examine the role of context in explaining social 

gradient in oral health (Diez-Roux, 2000, Greenland, 2000). One measure was selected 

from each of the three levels, individual, school and area. The SES indicators that recorded 

stronger and more stable associations across bivariate and sequential analyses were used.  

SES variables were checked for concordance. Initially each socioeconomic indicator were 

tested alone and then in a full model to determine if schools and areas make a difference to 

socioeconomic differences in oral health (Diez-Roux et al., 2001).  Odds ratios (OR) and 

rate ratios (RR) between the SES groups were calculated using multi-level regression 

models (SAS PROC GLIMMIX) to test oral health variation among the explanatory 

variables. The GLIMMIX procedure models data that are not normally distributed for both 

binary and continuous distributions, using Loglink function and Residual PL estimation 

technique (Schabenberger, 2005). The school- and area-levels were set as random effects 

while the explanatory factors were included as fixed effects. Pseudo AIC was used to 

assess model fit and 95% CI for odds ratios and rate ratios to determine significance of the 

estimates. Model 1 is a Null model with school and area as random effects.  Model 2 

includes the Level 1 individual income as a fixed effect with ORs for SES categories. 

Model 3 shows Level 2 school type as a fixed effect.  LHD wealth is explored as a fixed 

effect in Model 4.  Model 5 is the full model with all three explanatory levels included as 

fixed effects. The estimates between the models were also compared. 

In this study a population perspective on oral health SES differences is explored. This 

reflects a need to highlight the total SES variation in the population burden in dental caries 

in children by considering the number of cases of caries prevalence and high caries 

severity (SiC10) that was attributed to the association with individual, school or area SES. 

The total numbers of cases attributed indicated the quantum of disease that could be 

reduced by the targeting of a highly successful dental program on the basis of each level of 

SES characteristic or their combination. This approach provided data to assist oral health 

policy decision making to reduce SES differences (Harper and Lynch, 2005, Harper and 

Lynch, 2007).  The contributions of the individual-, school- and area-level socioeconomic 

characteristics are quantified using the summary measure Population Attributable Fraction 

(PAF%), to estimate the population health impact of these SES differences (Rothman et al., 
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2008). PAF was used to compare the associations of SES indicators with child oral health 

and the population impact of those factors. The SES indicator for each level was included 

in separate models. The models were generated by Poisson distribution (SUDAAN PROC 

LOGLINK, SAS PROC GENMOD). Prevalence ratios (PR) and Rate ratios (RR) were 

estimated for each of the included indicators. The adjusted Population Attributable 

Fraction (PAF) of each SES indicator was estimated as a percentage for each SES indicator 

as a weighted average [Overall PAF=  PAF=[1-∑(population/PR)]/population] (Bruzzi et 

al., 1985, Rowe et al., 2004). Category specific attributable fraction was calculated [PAF 

each category= (proportion exposed cases)* (RR-1)/RR] to compare the population impact 

of each level of SES (Boyko, 2000, Rockhill et al., 1998). PAF estimates indicate the 

proportion of the disease in the population attributable to that particular factor or sub-

group.   

2.4 ETHICAL IMPLICATIONS AND APPROVALS 

The research study abided by the principles of ethical conduct (integrity, respect for 

persons, beneficence and justice) towards participants. The University of Adelaide Human 

Research and Ethics Committee, the New South Wales Population and Health Services 

Research Committee, the State Education Research Process of New South Wales 

Department of Education and Training and the Catholic Education Commission and 

Association of Independent Schools granted ethics approval for the NSW CDHS 2007. An 

information summary sheet on the survey and supplementary study was given to all 

schools, and a consent form was completed and signed by each parent/guardian before the 

examination and collection of questionnaire information.  

Written informed consent sought from participants covered two stages of this project. 

Firstly, all children who received an examination as part of the NSW CDHS 2007 were 

asked to sign a consent form that covered release of their examination data to ARCPOH, 

School of Dentistry, and The University of Adelaide. NSW Centre for Oral Health Strategy 

handled this consent. Copies of their information sheet and consent forms are attached 

(Appendix 1). Secondly, all children who attended for the NSW CDHS 2007 examination 

received a questionnaire that included an information summary sheet. This involved the 

exercising of voluntary choice to participate in the supplementary study. Individuals were 

able to refuse to participate without giving reasons or justification for that decision. They 

were assured that dental advice and treatment would be unaffected should they choose not 

to participate or withdraw consent at any stage. 
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Confidentiality was maintained in the field, and all paper and electronic documents stored 

securely. Datasets had personal information removed and children were identified using 

only a 9-digit identification number. Confidentiality of information supplied on children 

was maintained by the use of this identification number on all computer files. The personal 

details collected as part of the dental examination by NSW Child Dental Health Survey 

2007 have been stored securely by NSW Centre for Oral Health Strategy and only de-

identified examination data were made available for analysis. The information provided by 

children was only used for the purpose of the research for which it was collected. This 

information was treated as confidential and individual identity further protected through 

the reporting of results in aggregate form. 
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CHAPTER 3 RESULTS 

 

The results consist of eight major sections, which are further divided into sub-sections. 

Each section may contain descriptive, bivariate and multivariable statistics for that section. 

The major sections consist of: 

1. Response rates of the NSW Child Dental Health Study and this 

supplementary study  – subsection 3.1 

2. Descriptive findings of the explanatory variables including 

sociodemographic, and socioeconomic (individual-, school- and area-level) 

– subsection 3.2 

3. Correlation statistics for explanatory variables – subsection 3.3 

4. Descriptive, bivariate and sequential model analysis of caries prevalence – 

subsection 3.4 

5. Descriptive, bivariate and sequential model analysis of caries severity – 

subsection 3.5 

6. Descriptive, bivariate and sequential model analysis of SiC10 – subsection 

3.6 

7. Multi-level analysis to evaluate SES variation – subsection 3.7 

8. Population measures of association and impact – subsection 3.8 

The data presented in the following results relate to information collected from the dental 

examinations, questionnaire and socioeconomic indicators. Where indicated, the per cent 

or mean values shown in the tables are weighted data, whereas the numbers of individuals 

are unweighted. 
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3.1 PARTICIPATION 

3.1.1 Participation results of NSW examination phase 

Table 2 presents the enrolment rate, number of schools and respondents for the NSW Child 

Dental Health Survey and the response rate of the supplementary study questionnaire. The 

Table describes the consenting schools and children and participation elements for both the 

CDHS 2007 and the supplementary study. 

A total of 126 schools were selected to achieve the required 107 schools. A total of 8,002 

children were selected from the pool of children who had consented to participate in the 

NSW CDHS and were present of the day of the examination, with 7,975 children with 

complete dental examinations for an overall response rate of 64.8% for the NSW CDHS 

2007. All children who were examined for the NSW CDHS 2007 received a supplementary 

questionnaire on the day of the examination of which 5,264 responded. The completed 

questionnaires were then matched with the examination data and resulted in an adjusted 

total of 5,243 linked respondents at a response rate of 66% for the supplementary study and 

an overall response rate of 43% of the children approached. 

Table 2: Enrolment rate for the CDHS and supplementary study 

Element Numbers  Percent 

NSW CDHS 2007    

Schools approached 126   

Schools participated 107  85% 

    

Children approached 40,833   

Children consented 26,150  65% 

Children selected for examination for 
study 

8002   

Children examined for the study 7975  99.7% 

Children not participating in the study 
but offered screening examination 

18,148    

 

Supplementary Study 

   

Children given questionnaires 7975   

Completed questionnaires returned 5264  66% 

Matched exams and questionnaires 5243  66% 

 

  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 47 

 
   

3.1.2 Participation results of supplementary questionnaire phase 

The following tables (Table 3 and 4) report the participation in the questionnaire stage of 

the study where questionnaires were distributed to those children attending for the 

examinations. A response rate of 66% was achieved after a reminder card and up to three 

follow-up letters. 

 

Table 3:   Returns for supplementary questionnaire 

Response   

Exams/questionnaires distributed  7975 

Returned to sender  143  

Refusals  41  

Returned completed questionnaires  5264  

Matched exams and questionnaires  5243  

 

Table 4 describes the response rate for each of the Area Health Service (AHS) regions. The 

response rate was higher among the metropolitan AHS regions (67.5%) compared with the 

rural AHS regions (63.4%). North Sydney Central Coast AHS exhibited the highest 

response rate (71%) in contrast to Greater Southern and Greater Western AHS (60%), a 

difference of nearly 20%. 

 

Table 4:   Participation results across Area Health Service Regions 

Area Health Service   Surveys sent  Surveys returned 

and matched  

Response rate  

Greater Southern  Rural  901 543  60%  

Greater Western  Rural  726 436  60%  

Hunter New England  Rural  985 660  67%  

North Coast  Rural  820 537  66%  

Nth Sydney Central Coast  Metro  1162 828  71%  

S-Eastern Sydney Illawarra  Metro  987 674  68%  

Sydney South West  Metro  1180 803  68%  

Sydney West  Metro  1214 762  63%  

TOTAL  7975 5243  66%  
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3.2 DESCRIPTIVE FINDINGS – EXPLANATORY VARIABLES 

3.2.1 Sociodemographic data from the sample 

Table 5 presents the sample characteristics by age, age-group and sex. Proportions for 

unweighted including those with missing data, unweighted excluding those with missing 

data and weighted data are presented. There were slightly more children of 11-years 

(17.6%) with fewer from the 7-9 year olds. This was to ensure adequate numbers in the 5-6 

and 11-12 age groups to allow for deciduous and permanent caries experience comparisons 

across Area Health Service regions. There were slightly more boys than girls. The majority 

of participants were born in Australia with only 7.5% born overseas. Nearly 80% children 

lived in a household with two parents. The greatest proportion of children was in a 

household where two parents were working. Families who had private dental insurance 

comprised 44.5% of the sample. There were some missing data for household structure 

(7.3%), work status (1.6%) and dental insurance (1.7%).  
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Table 5:   Sociodemographic characteristics of participants 

 

Variable  

 

Category  

 

Frequency  

Unweighted  
Missing incl.  

% 

Unweighted  
Missing excl. 

% 

Weighted  

 

% 

All  5243     

Age                    5 yrs 644  12.3 12.3 12.3  

 6 yrs 742 14.2 14.2 12.5 

 7 yrs 604 11.5 11.5 12.3 

 8 yrs 569 10.9 10.9 12.3 

 9 yrs 546 10.4 10.4 12.5 

 10 yrs 587 11.2 11.2 12.5 

 11 yrs 920 17.6 17.6 12.8 

 12 yrs 631 12.0 12.0 12.8 

      

Age gps 5-6 yrs 1386  26.4 26.4 24.7  

 7-8 yrs 1173  22.4 22.4 24.6  

 9-10 yrs 1133  21.6 21.6 25.0  

 11-12 yrs 1551  29.6 29.6 25.6  

      

Sex Male  2637  50.3 50.3 51.2  

 Female  2606  49.7 49.7 48.8  

      

Indigenous identity Yes 213 4.1 4.1 3.6 

 No  4465 85.2 85.2 85.4 

 Not known 565 10.8 10.8 11.0 

      

Child born Australia Yes 4853 92.6 92.8 92.5 

 No 378 7.2 7.2 7.5 

 Missing 12 0.2   

      

Household structure Two parent family 4100 78.2 84.3 84.5 

 Single parent family 762 14.5 15.7 15.5 

 Missing 381 7.3   

      

Household work status Two parents working 2919 55.7 56.6 55.6 

 One parent working 1736 33.1 33.7 34.3 

 No parent working 503 9.6 9.8 10.1 

 Missing 85 1.6   

      

Dental Insurance Insured 2300 43.9 44.6 44.5 

 Uninsured 2855 54.5 55.4 55.5 

 Missing 88 1.7   
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3.2.1.1    Population benchmarking 

This section compared proportions derived from the NSW Child Oral Health 

supplementary study with the known distribution of selected demographic characteristics 

within the NSW child population based on NSW population census data. Table 6 compares 

the distributions for the NSW supplementary study against the ABS Census 2006 for the 

following variables: sex, Indigenous identity, location of birth, household structure, 

household income and area SES. The demographic characteristics were population 

benchmarks reported in the 2006 Australian Census of Population and Housing for NSW. 

Area SES was re-categorised to match the cut-points used for ABS Census 2006. The 

benchmarking demonstrated whether there were demographic groups who were less likely 

to participate in the NSW CDHS and the supplementary study. If the census statistic fell 

within the 95% CI for the variable then it was determined that there was not a statistically 

significant difference.  

There were no differences for sex. The proportion of children who were identified as 

Indigenous was similar to census data. However, those who did not identify as Indigenous 

or marked ‘not known’ did differ. Those that were not born in Australia, were children in 

single parent families, had higher household income and lived in a lower SES area were 

less likely to participate in the NSW CDHS and supplementary study. 
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Table 6:  Comparison of characteristics of participants of supplementary study and the NSW ABS Census 2006 

Variable  Supplementary 
study 

% 

NSW  
Census 2006 

Sex Male  51.2 51.3 

  49.3-53.0  

 Female 48.8 48.7 

  47.0-50.7  

    

Indigenous Yes 3.6 4.1 

  2.7-4.4  

 No 85.4 90.2 

  83.9-86.9  

 Not known 11.0 5.7 

  9.8-12.3  

    

Australian born(a) Yes 92.5 87.1 

  90.9-94.1  

 No 7.5 12.9 

  5.9-9.1  

    

Household structure(a) Two parent 84.5 78.3 

  82.6-86.3  

 One parent 15.5 21.7 

  13.7-17.4  

    

Household income(a) Up to $40,000 26.5 26.1 

  22.9-30.2  

 $40,001-$80,000  31.7 31.4 

  29.5-33.9  

 $80,001-$120,000 24.1 15.0 

  21.8-26.4  

 $120,000 +  17.6 27.5 

  14.4-20.8  

    

Area SEIFA(a) High 26.8 25 

(using ABS cut-off 
scores) 

 20.2-34.8  

Mod-high 32.5 25 

  25.1-40.9  

 Mod –low 26.9 25 

  21.0-33.7  

 Low 13.8 25 

  8.9-20.6  

Notes: 
(a) Excludes missing data: Child born in Australia (12); Household structure (381); Household income (333); Area SEIFA (4) 
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3.2.1.2    Child Dental Health Survey comparison 

This section compared proportions derived from the NSW Child Oral Health 

supplementary study with the proportions from the parent study, the NSW Child Dental 

Health Survey (Table 7). The demographic characteristics age, sex, and Indigenous identity 

were compared. This will demonstrate if there are demographic groups who were less 

likely to participate in the questionnaire phase of the study. There were no differences for 

age and sex. The proportion of children for each category of Indigenous identity was 

similar with slightly higher proportions of those who did not identify as Indigenous 

participating in the supplementary study.  

 

Table 7:   Comparison of sociodemographic characteristics of NSW CDHS 2007 and supplementary study 

 

Variable  

 

Category  

NSW CDHS  
n=7975  

Supplementary study 
n=5243 

All    

Age                    5 yrs 12.3 12.3 

 6 yrs 14.0 14.2 

 7 yrs 10.8 11.5 

 8 yrs 11.0 10.9 

 9 yrs 10.8 10.4 

 10 yrs 10.8 11.2 

 11 yrs 17.7 17.6 

 12 yrs 12.6 12.0 

    

Sex Male  49.2 50.3 

 Female  50.8 49.7 

    

Indigenous No 82.7 85.7 

 Yes 5.8 3.5 

 Unknown  11.6 10.8 
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3.2.2 Individual socioeconomic indicators 

Table 8 presents the socioeconomic characteristics of the sample respondents. There was a 

spread of respondents across the household income groups though the lowest proportion 

was the group earning over $120,000. Just over a quarter of the participants had highest 

parent qualification that was primary or secondary school-level only.  

 

Table 8:   Sample socioeconomic characteristics 

Variable  Category  Frequency  %   

Household Income(a) Over $120,000 846 17.6 

 $80,001 to $120,000 1198 24.1 

 $40,001 to $80,000 1570 31.7 

 Up to $40,000 1296 26.6 

    

Highest parent education(a) Postgraduate 947 18.4 

 Some or completed university 1891 38.0 

 Completed trade 887 17.1 

 Primary or secondary 1308 26.5 

Notes: 
(a) Excludes missing data: household income (333); highest parent education (210) 
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3.2.3  School socioeconomic indicators 

The socioeconomic status of the children, using school indicators, is presented in Table 9. 

The distribution across the school SES (ICSEA) ranking are categorised into quartiles. The 

highest proportion of children for school type are those who attended public schools that 

were not considered disadvantaged with similar proportions for the Catholic and 

disadvantaged schools with the smallest proportion of children attending Independent 

schools. 

 

Table 9:   School socioeconomic characteristics 

Variable  Category  Frequency  % 

School type  Independent 623 12.3 

 Catholic 1165 20.8 

 Public other 2392 47.1 

 Public PAS/PSP 1063 19.7 

    

School SES (ICSEA) Highest SES quartile  1302 25.9 

 Mid-high quartile  1297 25.0 

 Mid-low quartile  1332 26.3 

 Lowest SES quartile 1312 22.8 

Notes: 
No missing data for school variables 
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3.2.4 Area socioeconomic indicators 

The socioeconomic status of the study sample, using two area indicators, is presented in 

Table 10. The highest proportion of children was from LHDs with a mid-range SEIFA 

score.  When comparing LHD by the wealth metric, the highest proportion of children was 

in the mid-range category with the lowest proportion in the highest wealth metric category. 

Table 10:   Area socioeconomic characteristics 

Variable  Category  Frequency  % 

LHD SEIFA SES (a) Highest SES category 975 18.6 

 Mid-high category 1043 19.9 

 Mid category 1285 24.5 

 Mid-low category 964 18.4 

 Lowest SES category 972 18.6 

    

LHD Wealth SES (a)  Highest SES category 806 15.4 

 Mid-high category 938 17.9 

 Mid category 1308 25.0 

 Mid-low category 1173 22.4 

 Lowest SES category 1014 19.4 

Notes: 
(a) Excludes missing data: LHD SEIFA (4); LHD wealth (4) 
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3.3 CORRELATION AND CONCORDANCE STATISTICS FOR 

EXPLANATORY VARIABLES 

Spearman’s Rho correlation and concordance analysis was undertaken to determine 

whether and how strongly the pairs of sociodemographic and socioeconomic variables 

were related and if multicollinearity was an issue (Table 11-12). Collinearity may be an 

issue if sociodemographic and socioeconomic factors at an individual or environmental or 

contextual level are highly correlated with each other where it can be difficult to separate 

the effects at the statistical level where estimates may have large variances (Rothman et al., 

2008). The large sample size should reduce the impact on the estimates and confidence 

intervals. Collinearity needs to be considered when including variables in the regression 

models and when considering the contribution of explanatory variables on the oral health 

outcomes. Multicollinearity was assessed for each model using the Variation Inflation 

Factor (VIF).  There were no statistically significant results; all variables recorded VIF less 

than two (Appendix 7). 

3.3.1 Correlation statistics  

The majority of the sociodemographic and individual SES paired variables recorded only a 

weak correlation while none showed a strong correlation. Four paired variables reported a 

moderate correlation; income and household structure (0.435), parent education and 

income (0.475) and parent work status, household structure (0.519) and parent work status 

and income (0.515). Income showed a moderate correlation with all except ‘Born in 

Australia’. 
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Table 11:   Correlation statistics for individual demographic and socioeconomic characteristics 

    

Child born in 

Australia(a) 
Household 

structure Income 
Parent work 

status 
Parent 

education 

Household structure(a) 
Spearman Rho 

coefficient  -0.037     

 n 4852     

Income(a) 
Spearman Rho 

coefficient  0.013 -0.435    

 n 4900 4580    

Parent work status(a) 
Spearman Rho 

coefficient  -0.062 0.519 0.515   

 n 5148 4820 4863   

Parent education(a) 
Spearman Rho 

coefficient 0.138 -0.242 0.475 0.294  

 n 5023 4713 4741 4997  

Dental Insurance(a) 
Spearman Rho 

coefficient  0.025 0.202 -0.472 -0.296 -0.331 

  n 5145 4800 4869 5088 4966 

Notes: (a) Excludes missing data 

 

Table 12 reports the correlation statistics for the individual-, school- and area-level SES 

variables. Income and education showed only a weak-moderate correlation with the school 

and area SES indicators. School type SES showed only a weak correlation with the two 

LHD area SES variables, while the school ICSEA SES variable and the two LHD area SES 

variables showed a moderate-strong correlation. The two school SES variables recorded a 

moderate correlation (0.435). However, there was a stronger correlation between the two 

area SES variables (0.690).  

Table 12:   Correlation statistics for the individual-, school- and area-level socioeconomic characteristics 

    Income(a) 
Parent 

education 
School SES 

(ICSEA) School type  LHD SEIFA 

Parent education(a) 
Spearman Rho 

coefficient  0.475    

 

 n 4741    
 

School SES (ICSEA) 
Spearman Rho 

coefficient  0.383 0.380   

 

 n 4910 5033   
 

School type  
Spearman Rho 

coefficient  0.314 0.302 0.435  

 

 n 4910 5033 5243  
 

LHD SEIFA(a) 
Spearman Rho 

coefficient 0.227 0.206 0.561 0.057 

 

 n 4909 5029 5239 5239 
 

LHD Wealth(a) 
Spearman Rho 

coefficient 0.237 0.245 0.622 0.194 0.690 

 n 4909 5029 5239 5239 5239 

Notes:  (a) Excludes missing data 
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3.3.2 Concordance analysis 

Concordance analysis (Tables 13-18) was undertaken to provide a descriptive measure of 

concordance between individual-, school- and area-level SES indicators to: complement 

the correlation analysis; to evaluate and understand the strength of the relationship; to 

ensure that the different levels of SES indicators were not measuring the same SES 

relationship; and, to ensure that there were adequate numbers in cells (Thomson and 

Mackay, 2004). Each cell contains the number and proportion of the total number of 

children. The cross tabulation distribution of children across the categories using different 

SES indicators was reviewed to evaluate similarities and differences between the 

distributions. The concordance assessed whether the categories coincided (both variables 

recorded the same category) or differed (higher by one variable but lower by another).  

The different concordance analyses for the variables are outlined in the summary below. 

Table 13 Individual SES (income; education) and School SES (ICSEA) 

Table 14 Individual SES (income; education) and School SES (type) 

Table 15 Individual SES (income; education) and Area SES (LHD SEIFA) 

Table 16    Individual SES (income; education) and Area SES (LHD wealth) 

Table 17    School SES (type; ICSEA) and Area SES (LHD SEIFA) 

Table 18    School SES (type; ICSEA) and Area SES (LHD wealth) 
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Table 13 demonstrates the concordance distribution of the individual and school ICSEA 

SES indicators. There was variation in the distribution across the categories when 

comparing income and parent education with school ICSEA ranking. The comparison 

showed lack of concordance between the SES indicators where income and school ICSEA 

coincided for 2185 children (42%) where both variables recorded the same category 

(shown in the diagonal shaded sections). There were 1806 children (34%) below the 

diagonal where they recorded lower on income than on the school ICSEA; and 1279 

children (24%) that were above the diagonal where they reported higher on income than on 

the school ICSEA.  

Highest parent education and school ICSEA SES coincided for 1769 children (35%). A 

third of the children (1610) were below the diagonal where they recorded lower on parent 

education than on the school ICSEA; and 1554 children (31%) that were above the 

diagonal where they reported higher on parent education than on the school ICSEA.     

Table 13:   Concordance statistics for individual and school ICEA SES characteristics 

  School ICSEA     

Individual Highest quartile Mid-high quartile Mid-low quartile Lowest quartile 

 n           % n           % n           % n           % 

Household Income         

Over $120,000 846 9.9 191 3.9 108 2.2 61 1.2 

$80,001 to $120,000 347 7.1 348 7.1 279 5.7 224 4.6 

$40,001 to $80,000 258 5.3 428 8.7 468 9.5 416 8.5 

Up to $40,000 131 2.7 261 5.3 381 7.8 523 10.7 

Highest parent education          

Postgraduate 430 8.5 249 4.9 160 3.2 108 2.1 

Some/completed uni 610 12.1 508 10.1 446 8.9 327 6.5 

Some/completed trade 119 2.4 235 4.7 269 5.3 264 5.2 

Primary/secondary 103 2.0 238 4.7 405 8.0 562 11.2 

Notes: 
Excludes missing data 

 

 
  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 60 

 
   

Table 14 shows the concordance distribution of the individual SES indicators and school 

type. Income and school type coincided for 1818 children (37%) where both variables 

recorded the same category (shown in the diagonal shaded sections). There were 1440 

children (29%) below the diagonal where they recorded lower on income than on the 

school type, and a third of the children (1652) that were above the diagonal where they 

reported higher on income than on the school type.  

The highest parent education and school type variables coincided for 1576 that related to 

31% of the children. There were 1344 children (27%) below the diagonal where they 

recorded lower on parent education than on the school type, and 2113 children (42%) that 

were above the diagonal where they reported higher on parent education than on the school 

type. 

Table 14:   Concordance statistics for individual and school type characteristics 

 School type        

Individual 
Independent Catholic Public 

Public 
disadvantaged 

                    n        %                    n           %         n           %  n         % 

Household Income         

Over $120,000 211 4.3 198 4.0 391 8.0 46 0.9 

$80,001 to $120,000 146 3.0 347 7.1 588 12.0 117 2.4 

$40,001 to $80,000 142 2.9 368 7.5 748 15.2 312 6.4 

Up to $40,000 84 1.7 165 3.4 535 10.9 512 10.4 

Highest parent education          

Postgraduate 207 4.1 225 4.5 450 8.9 65 1.3 

Some/completed uni 262 5.2 450 8.9 937 18.6 242 4.8 

Some/completed trade 52 1.0 239 4.7 402 8.0 194 3.9 

Primary/secondary 43 0.9 206 4.1 542 10.8 517 10.3 

Notes: 
Excludes missing data 
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Tables 15-18 show the concordance distribution between individual and school SES 

indicators, and the area SES indicators.  The individual and school SES indicators were 

categorised into four categories while the area indicators were categorised into five 

categories. As a result, the concordance distribution is mapped differently. A broader 

diagonal approach for concordance has been adopted. The mid-high and mid-low 

categories for the area SES indicators were matched to the mid-high and mid-low 

categories for the individual and school SES indicators. In addition, the middle category of 

the area indicator was also matched to the two mid-categories of the individual and school 

variables. 

Table 15 shows the concordance distribution between individual SES indicators and area 

SES (LHD SEIFA). The comparison showed concordance for 1945 children (49%) across 

the diagonal (shown in the shaded sections). There were 1747 children (35%) below the 

diagonal where they recorded lower on income than on the LHD SEIFA; and 1214 children 

(25%) that were above the diagonal where they reported higher on income than on the 

LHD SEIFA.  

Highest parent education and LHD SEIFA SES coincided across the diagonal for 1843 

children (37%). There were a third of the children (1723) who were below the diagonal 

where they recorded lower on parent education than on the LHD SEIFA; and 1463 children 

(29%) that were above the diagonal where they reported higher on parent education than 

on the LHD SEIFA.



 

 

 

 

Table 15:   Concordance statistics for individual and area SES (LHD SEIFA) 

 Area SES  (LHD SEIFA)         

Individual Highest category Mid-high category Mid category Mid-low quartile Lowest category  

 N       % N      % N      % N       %      N % 

Household Income            

Over $120,000 392 8.0 130 2.7 130 2.7 107 2.2 87 1.8  

$80,001 to $120,000 256 5.2 205 4.2 307 6.3 233 4.8 197 4.0  

$40,001 to $80,000 170 3.5 330 6.7 396 8.1 341 7.0 333 6.8  

Up to $40,000 95 1.9 311 6.3 356 7.3 229 4.7 304 6.2 

Highest parent education             

Postgraduate 322 6.4 155 3.1 197 3.9 140 2.8 132 2.6  

Some/completed uni 462 9.2 393 7.8 397 7.9 342 6.8 296 5.9  

Some/completed 
trade 

94 1.9 157 3.1 
231 4.6 

203 4.0 201 4.0  

Primary/secondary 70 1.4 294 5.9 408 8.1 238 4.7 297 5.9  

Notes: 
Excludes missing data 



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 63 

 
   

Table 16 shows the concordance distribution of the individual SES indicators and area SES 

(LHD wealth). The comparison showed 1973 children (40%) across the diagonal (shown in 

the shaded sections). There were 1557 children (32%) below the diagonal where they 

recorded lower on income than on the LHD wealth; and 1379 children (28%) that were 

above the diagonal where they reported higher on income than on the LHD wealth.  

Highest parent education and area SES (LHD wealth) coincided for 1897 children (38%). 

There were 1529 children (30%) below the diagonal where they recorded lower on parent 

education than on the LHD wealth; and a third of the children (1603) that were above the 

diagonal where they reported higher on parent education than on the LHD wealth. 



 

 

 

Table 16:   Concordance statistics for individual and area SES (LHD wealth) 

 Area SES  (LHD wealth)         

Individual Highest category Mid-high category Mid category Mid-low category Lowest category  

             n         %     n       % n       %       n      %        n      % 

Household Income            

Over $120,000 331 6.7 176 3.6 146 3.0 125 2.6 68 1.4  

$80,001 to $120,000 183 3.7 228 4.6 289 5.9 292 6.0 206 4.2  

$40,001 to $80,000 160 3.3 234 4.8 416 8.5 394 8.0 366 7.5  

Up to $40,000 80 1.6 240 4.9 378 7.7 282 5.7 315 6.4 

Highest parent education             

Postgraduate 266 5.3 178 3.5 208 4.1 175 3.5 119 2.4  

Some/completed uni 390 7.8 404 8.0 409 8.1 426 8.5 261 5.2  

Some/completed trade 68 1.4 115 2.3 235 4.7 232 4.6 236 4.7  

Primary/secondary 53 1.1 216 4.3 392 7.8 295 5.9 351 7.0  

Notes: 
Excludes missing data 
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The concordance analysis for school type and ICSEA measured against area SES (LHD 

SEIFA) is reported in Table 17. The comparison showed 1960 children (37%) across the 

diagonal (shown in the shaded sections). There were 1996 children (38%) below the 

diagonal where they recorded lower on school type than on the LHD SEIFA, and a quarter 

of the children (1283) that were above the diagonal where they reported higher on school 

type than on the LHD SEIFA.  

School ICSEA and area SES (LHD SEIFA) coincided for showed half the children (2559) 

coincided across the diagonal. There were 1312 children (25%) below the diagonal where 

they recorded lower on school type than on the LHD SEIFA, and 1358 children (26%) that 

were above the diagonal where they reported higher on school type than on the LHD 

SEIFA. 

 



 

 

 

Table 17:  Concordance statistics for school SES and area SES (LHD SEIFA) 

 Area SES  (LHD SEIFA)        

School  
Highest category 

Mid-high 
category 

Mid category Mid-low category Lowest category 

   n      %   n       %     n     %     n      %   n       %         

School type           

Independent 125 2.4 186 3.6 88 1.7 123 2.4 101 1.9 

Catholic 168 3.2 110 2.1 323 6.2 295 5.6 267 5.1 

Public  682 13.0 465 8.9 594 11.4 427 8.2 223 4.3 

Public - 
disadvantaged 

0 0.0 282 5.4 280 5.3 119 2.3 381 7.3 

School ICSEA SES           

Highest SES quartile  797 15.2 273 5.2 230 4.4 1 0.0 0 0.0 

Mid-high quartile  178 3.4 273 5.2 280 5.3 355 6.8 209 4.0 

Mid-low quartile 0 0.0 296 5.7 363 6.9 383 7.3 290 5.5 

Lowest SES quartile 0 0.0 201 3.8 412 7.9 225 4.3 473 9.0 

Notes: 
Excludes missing data 
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The concordance analysis for school type and ICSEA measured against area SES (LHD 

wealth) is reported in Table 18. The comparison showed 1941 children (37%) coincided 

across the diagonal (shown in the shaded sections). There were 1876 children (36%) below 

the diagonal where they recorded lower on school type than on the LHD wealth, and 1422 

children (27%) that were above the diagonal where they reported higher on school type 

than on the LHD wealth.  

School ICSEA and area SES (LHD wealth) showed the highest concordance with 3053 

children (58%) coinciding across the diagonal. There were 979 children (19%) below the 

diagonal where they recorded lower on school ICSEA than on the LHD wealth, and a 

quarter of the children (1207) that were above the diagonal where they reported higher on 

school ICSEA than on the LHD wealth. 



 

 

 

Table 18:   Concordance statistics for school SES and area SES (LHD wealth)  

 Area SES  (LHD Wealth)        
School  

Highest category 
Mid-high 
category 

Mid category Mid-low category Lowest category 

 N       % N      % N      % N       %      N % 

School type           

Independent 98 1.9 213 4.1 184 3.5 64 1.2 64 1.2 

Catholic 211 4.0 67 1.3 337 6.4 374 7.1 174 3.3 

Public  496 9.5 534 10.2 444 8.5 568 10.8 349 6.7 

Public - 
disadvantaged 

1 0.0 124 2.4 343 6.6 167 3.2 427 8.2 

School ICSEA SES           

Highest SES quartile  731 14.0 303 5.8 134 2.6 97 1.9 36 0.7 

Mid-high quartile  71 1.4 380 7.3 381 7.3 277 5.3 186 3.6 

Mid-low quartile 4 0.1 211 4.0 499 9.5 444 8.5 174 3.3 

Lowest SES quartile 0 0.0 44 0.8 294 5.6 355 6.8 618 11.8 

Notes: 
Excludes missing data 
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3.4 CARIES PREVALENCE 

This subsection outlining results for caries experience will present descriptive, bivariate 

and multivariable statistics that will consist of: 

1. Caries prevalence in deciduous dentition - by sociodemographic and 

socioeconomic (individual-, school- and area-level)  [3.4.1] 

2. Caries prevalence in permanent dentition - by sociodemographic and 

socioeconomic (individual-, school- and area-level)  [3.4.2] 

 

3.4.1 Caries prevalence in deciduous dentition 

The prevalence of caries of the children in the supplementary study is reported in Tables 

19 – 22. Almost 40% of the participants had evidence of some caries experience with 

variation evident across the age groups. Overall there was a general trend for the deciduous 

caries prevalence to increase across the older age groups though the differences were only 

significant between those aged six and those aged eight years. There was virtually no 

difference between girls and boys. There were significant differences in deciduous caries 

prevalence for those children that identified as Indigenous (1.8 times), were born outside 

Australia (1.5 times), had no parent working and were uninsured (1.4 times) between the 

highest and lowest estimates. Differences were apparent between the one and two parent 

families.  However, these were not significant. 
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Table 19: Caries prevalence in deciduous dentition by sociodemographic characteristics  

  % Caries prevalence 
Age at time of survey  n=2559 95% CI(a) 

Age 5-8 yrs  39.1 36.3-42.0 
    

Age(b)    
5 yrs  37.5 33.2-41.8 

    

6 yrs  33.6 29.5-37.7 
    

7 yrs  41.7 36.6-46.8 
    

8 yrs  43.8 39.3-48.4 
    

Sex(5-8 yrs)    
Male  39.1 36.5-42.7 
    

Female  39.2 35.9-42.4 
    

Indigenous identity    

Yes  68.9 57.6-80.2 

    

No  38.2 35.4-40.9 

    

Not known  38.4 30.3-46.5 

    

Child born Australia    

Yes   37.8 35.0-40.5 

    

No   56.1 47.8-64.4 

    

Household structure    

Two parent family  37.4 34.4-40.4 

    

One parent family  45.4 39.6-51.3 

    

Household work status    

Both parents working   35.4 32.5-38.3 

    

One parent working   40.4 36.2-44.6 

    

No parent working   51.7 45.1-58.2 

    

Dental Insurance    
Insured  31.1 27.8-34.5 
    

Uninsured  45.2 41.9-48.5 

    

Notes: 
(a) 95%CI = 95% confidence interval for estimated prevalence  
(b) Rows are arranged by age at time of survey.  
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To determine whether caries prevalence was associated with study participants’ 

socioeconomic characteristics, bivariate analysis was conducted. If the 95% confidence 

intervals were non-overlapping then the difference between the estimates was determined 

as statistically significant. Significant associations were noted between the individual 

socioeconomic variables and deciduous caries prevalence (Table 20). Deciduous caries 

prevalence was significantly associated with both level of household income and parent 

education. A social gradient was evident across all of the socioeconomic variables with the 

higher socioeconomic groups experiencing significantly lower prevalence of caries.   

Income exhibited differences between those in the highest and those in the lowest SES 

group with nearly twice as high caries prevalence in the lowest income groups. The 

parents’ highest education was significantly associated with caries prevalence where more 

children whose parents had only primary or secondary education were likely to have 

experienced caries. When comparing the change in estimate across the SES categories, 

income recorded a greater variation (1.9 times) in caries prevalence across the SES 

categories compared to highest parent education (1.5 times).  

 

Table 20: Caries prevalence in deciduous dentition by individual socioeconomic characteristics     

All 5-8 yrs(n=2559) % 95% CI 
 39.1 36.3-42. 0 

Household Income   
Over $120,000 27.9 23.3-32.4 
   

$80,001 to $120,000 30.7 26.4-35.0 
   

$40,001 to $80,000 41.5 37.5-45.5 
   

Up to $40,000 51.6 47.0-56.2 
   

Highest parent education    

Postgraduate 34.1 29.4-38.8 
   

Some/completed uni 34.9 31.1-38.8 
   

Some/completed trade 39.5 34.1-44.9 
   

Completed secondary 48.8 43.8-53.9 
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Table 21 presents deciduous caries prevalence for school socioeconomic characteristics. 

There was variation in deciduous caries prevalence between the children who attended 

different types of schools.  However, only those children who attended a disadvantaged 

public school recorded statistically significant differences to all other school types. When 

categorising participants by school SES (ICSEA) there were significant differences 

between SES groups and a social gradient; with the highest SES group reporting 

significantly lower deciduous caries prevalence than both the lower quartile groups. When 

comparing the change in estimate across the highest and the lowest SES categories, school 

type recorded a greater variation (1.8 times) in caries prevalence across the SES categories 

compared to school ICSEA (1.6 times).  

Table 21: Caries prevalence in deciduous dentition – school socioeconomic characteristics     

All 5-8 yrs(n=2559)  % 95% CI 
  39.1 36.3-42.0 

School (school type)   

Independent 29.3 21.0-37.6 

   

Catholic 34.2 28.3-40.0 

   

Public other 38.3 34.2-42.4 

   

Public PAS/PSP 51.8 47.6-56.0 
   

School SES (ICSEA)   

Highest SES quartile  29.5 24.3-34.7 

   

Mid-high quartile  38.2 32.9-43.5 

   

Mid-low quartile 41.5 35.7-47.3 

   

Lowest SES quartile 48.2 42.7-53.7 
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Significant associations were apparent for the area socioeconomic variables (Table 22). 

The lowest area SES group using the LHD SEIFA score showed significantly higher caries 

prevalence compared with the other SES categories. There was lower deciduous caries 

prevalence in the highest area SES category when using the LHD wealth factor.   There 

was no clear gradient across the middle SES categories for both area SES variables. 

Table 22: Caries prevalence in deciduous dentition – area socioeconomic characteristics  

All 5-8 yrs % 95% CI 
 (n=2559)  39.1 36.3-42.0 

LHD SEIFA SES   

Highest SES category 30.1 23.6-37.6 

Mid-high category 42.7 36.3-49.3 

Mid category 36.8 31.8-42.2 

Mid-low category 40.3 34.0-47.0 

Lowest SES category 52.6 47.3-57.7 

   

LHD Wealth SES   

Highest SES category 29.3 23.7-35.6  

Mid-high category 40.7 33.3-43.1 

Mid category 40.8 35.1-46.7 

Mid-low category 38.1 33.3-48.5 

Lowest SES category 47.7 40.1-54.8 
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Sequential and regression modelling was used to assess the impact of each of the pairs of 

SES indicators at the individual-, school- and area-level factors on caries prevalence for the 

deciduous dentition (Tables 23 – 25). This analysis assisted in understanding the 

independent association of each SES indicator with caries prevalence. Table 23 presents 

sequential models for deciduous caries prevalence for household income (Model 1) and 

highest parent education (Model 2), and a regression model with both indicators in Model 

3. The strength of the association was determined by examining the point estimates 

obtained without adjusting for the alternate SES indicator compared to the point estimates 

obtained when adjusting for the alternate SES indicator. The change in estimate between 

the models was used to determine which SES indicator provided the most stable or 

stronger association. Similar sequential and regression modelling was explored in Table 24 

for the two school SES variables, and Table 25 with area SES. 

Table 23 demonstrated that household income and education were both significant factors 

in Model 1 and 2 when introduced separately. An increasing prevalence ratio was evident 

for both income and education with the lower two categories statistically significant 

compared to the highest SES category. In Model 1 it was evident that children from a 

household with a lower income had a significantly higher likelihood of having deciduous 

caries compared to the highest household income group with the lowest group having a 

prevalence ratio of nearly two. Model 2 substituted highest parent education and 

demonstrated a statistically significant increase in the likelihood of caries for the two 

lowest education categories compared to those children whose parents had the highest 

education level. Children whose parents reported a highest education level of primary or 

secondary school had a 40% higher prevalence ratio for deciduous caries than those 

children whose parents had a postgraduate education. The final model included both 

income and education. Only income showed a social gradient with prevalence ratios that 

remained statistically significant for the two lowest income groups compared to the highest 

income group. The reduction in the prevalence ratio estimates for the lowest category for 

household income was 0.1 while for the lowest parent education it was 0.3. While the 

prevalence ratio for the lowest household remained significant, the prevalence ratio for the 

lowest parent education was no longer significant compared to the respective reference 

group. 
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Table 23: Sequential and regression models for deciduous caries prevalence for individual-level SES      

 
Model 1 
n =2277 

 Model 2 
n =2329 

 Model 3 
n =2230 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 1.1 0.8-1.4   1.1 0.9-1.4 

$40,001 to $80,000 ***1.5 1.2-1.8   ***1.5 1.2-1.8 

Up to $40,000 ***1.9 1.5-2.2   ***1.8 1.4-2.2 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   1.0 0.9-1.2 0.9 0.8-1.1 

Some/completed trade   1.2 1.0-1.4 1.0 0.8-1.2 

Primary/secondary   ***1.4 1.2-1.7 1.1 0.9-1.3 

Notes: 
 95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Table 24 reports on the association of school ICSEA SES and school type with deciduous 

caries prevalence. Model 1 demonstrated a social gradient by school type although only the 

children who attended a disadvantaged public school had statistically significant 

prevalence ratio for deciduous caries compared to the children who attended an 

Independent school (PR 1.8, p<0.001). In Model 2, children who attended a school of 

lower ICSEA score were associated with a significantly higher prevalence of deciduous 

caries, 60% higher, compared to those children who attended the highest ICSEA ranked 

school. Model 3 included both school SES variables in a regression model. School type 

showed a social gradient with a prevalence ratio that remained statistically significant for 

those children who attended disadvantaged schools recording a higher prevalence of caries 

(PR 1.6, p<0.05) compared to those children who attended Independent schools.  In Model 

3 the prevalence ratios were reduced compared to those in Model 1 and 2. The change in 

prevalence ratio estimates between the models was smaller for school type compared to 

school ICSEA, where the disadvantaged schools group demonstrated a 0.2 reduction while 

for the lowest SES school ICSEA it was 0.3. Both remained significant compared to the 

respective reference group.  

Table 24: Sequential and regression models for deciduous caries prevalence for school-level SES      

 
Model 1 
n =2559 

 Model 2 
n = 2559 

 Model 3 
n = 2559 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.2 0.8-1.6   1.1 0.8-1.5 

Public other 1.3 0.9-1.8   1.3 0.9-1.7 

Public PAS/PSP ***1.8 1.3-2.4   **1.6 1.2-2.2 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   **1.3 1.0-1.6 **1.3 1.1-1.6 

Mid-low quartile   **1.4 1.1-1.8 **1.4 1.1-1.7 

Lowest SES quartile   ***1.6 1.3-2.0 **1.3 1.0-1.7 

Notes: 
95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Table 25 reports on the association of area SES with deciduous caries prevalence. In 

Model 1 it was evident that children who lived in the LHD with the lowest SEIFA score 

had a significantly higher likelihood of having deciduous caries compared to the highest 

LHD SEIFA area. Model 2 substituted the LHD Wealth metric and demonstrated a 

statistically significant prevalence ratio for the all categories against the reference group, 

children who lived in the highest wealth metric area. The final model included both LHD 

area SES variables. The reduction in the prevalence ratio estimates for the lowest category 

for LHD SEIFA was 0.2 while for the lowest LHD Wealth it was 0.4. While the prevalence 

ratio for the lowest LHD SEIFA remained significant, the prevalence ratio for the lowest 

LHD Wealth was no longer significant compared to the respective reference group. 

Table 25: Sequential and regression models for deciduous caries prevalence for area-level SES     

 Model 1 
n = 4369 

 Model 2 
n = 4369 

           Model 3 
           n = 4369 

 Prev Ratio 95% CI  Prev Ratio 95% CI  Prev Ratio 95% CI 

LHD SEIFA SES         

Highest SES category Ref      Ref  

Mid-high category **1.4 1.1-1.9     1.3 0.9-1.8 

Mid category 1.2 0.9-1.6     1.2 0.7-2.0 

Mid-low category **1.3 1.0-1.8     1.3 0.8-2.1 

Lowest SES category ***1.8 1.4-2.3     **1.6 1.0-2.6 

         

LHD Wealth SES         

Highest SES category    Ref   Ref  

Mid-high category    **1.4 1.1-1.8  1.3 0.9-1.7 

Mid category    ***1.4 1.1-1.8  1.2 0.7-1.8 

Mid-low category    **1.3 1.0-1.7  1.1 0.7-1.9 

Lowest SES category    ***1.6 1.3-2.1  1.2 0.8-1.9 

 Notes: 
 95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 78 

 
   

3.4.2 Caries prevalence in permanent dentition 

The prevalence of permanent caries of the children in the supplementary study is reported 

in Tables 26 – 29. Over 20% of the participants had experienced permanent caries (Table 

26). Overall there was an increase in the caries prevalence across older age groups with 

some significant differences. There was a minor difference between girls and boys that was 

not significant. There were significant differences between those children who identified as 

Indigenous compared to those who did not, with those who did not know the Indigenous 

identity showing a slightly higher caries prevalence than those who did not identify as 

Indigenous, although this was not significant. Those children who were not born in 

Australia, were in a single parent family, or were uninsured, reported significantly higher 

prevalence of permanent caries. Children who had one or two parents working had a lower 

caries prevalence compared to those who had no parents working. 
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Table 26: Caries prevalence in permanent dentition – sociodemographic characteristics 

 % Caries prevalence   
Age at time of survey  n= 4461 95% CI(a) 

Age 6-12 yrs  21.6 20.1-23.2 

Age(b)    

6 yrs  5.2 3.5-6.7 

7 yrs  14.1 10.8-17.4 

8 yrs  14.1 11.0-17.3 

9 yrs  20.3 16.6-24.1 

10 yrs  29.3 25.4-32.3 

11 yrs  32.3 29.1-35.5 

12 yrs  32.0 27.3-36.6 

Sex(6-12 yrs)    

Male  20.3 18.3-22.4 

Female  22.9 20.9-25.0 

Indigenous identity    

Yes  30.6 25.1-36.8 

No  20.9 19.4-22.5 

Not known  23.6 19.4-28.5 

    

Child born Australia    

Yes   20.8 19.3-22.3 

No   30.9 24.7-37.0 

Household structure    

Two parent family  20.6 19.0-22.2 

One parent family  26.7 22.7-30.6 

Household work status    

Both parents working   19.1 17.3-20.9 

One parent working   22.3 19.7-24.9 

No parent working   31.6 25.5-37.7 

Dental Insurance    

Insured  17.6 15.8-19.4 

Uninsured  24.7 22.6-26.8 

 
Notes: 
(a) 95%CI = 95% confidence interval for estimated prevalence 
(b) Rows are arranged by age at time of survey.  
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Significant associations were noted between both individual socioeconomic variables and 

permanent caries prevalence (Table 27). Variation was evident across all of the 

socioeconomic variables where children from the higher socioeconomic groups 

experienced a significantly lower prevalence of permanent caries. The income SES 

indicator did not demonstrate a clear gradient. Those children whose parents had only 

primary or secondary education had the highest permanent caries prevalence. Similarly to 

income there appeared to be almost a threshold effect for the lowest category of primary or 

secondary education only. When comparing the caries prevalence estimate across the SES 

categories, income recorded a greater variation (1.7 times) in caries prevalence across the 

SES categories compared to highest parent education (1.4 times). 

 

Table 27: Caries prevalence in permanent dentition – socioeconomic characteristics     

All 6-12 yrs(n=4461) % 95%CI 
 22.1 20.6-23.7 

Household Income   
Over $120,000 17.3 13.9-20.6 
   

$80,001 to $120,000 15.9 13.6-18.3 
   

$40,001 to $80,000 21.7 19.3-24.1 
   

Up to $40,000 28.6 24.9-32.3 
   

Highest parent education    
Postgraduate 18.5 15.6-21.4 
   

Some/completed uni 18.4 16.3-20.6 
   

Some/completed trade 21.3 18.0-24.6 
   

Primary/secondary 27.4 23.7-31.1 
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Table 28 presents permanent caries prevalence by school socioeconomic characteristics. 

When utilising the school type categorisation, those children who attended a disadvantaged 

public school had a significantly higher caries prevalence than those who attended each of 

the other school types. A social gradient was evident across the school SES (ICSEA) 

groups with significant differences between the lowest ICSEA group and the highest 

ICSEA groups. When comparing the change in permanent caries prevalence estimate 

across the SES categories, school type recorded a greater variation in caries prevalence 

across the SES categories (1.7 times) compared to school ICSEA (1.5 times). 

Table 28: Caries prevalence in permanent dentition – school socioeconomic characteristics     

 % 95% CI 

All 6-12 yrs(n=4461) 22.1 20.6-23.7 

School (type)   

Independent 17.5 14.2-20.8 

   

Catholic 19.5 16.4-22.5 

   

Public other 20.6 18.5-22.7 

   

Public PAS/PSP 28.8 24.2-33.4 
   

School SES (ICSEA)   

Highest SES quartile  18.3 16.1-20.6 

   

Mid-high quartile  19.7 16.9-22.6 

   

Mid-low quartile 22.1 19.0-25.1 

   

Lowest SES quartile 26.9 22.5-31.2 
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Table 29 presents permanent caries prevalence by area socioeconomic characteristics. 

When utilising the LHD SEIFA variable some differences were noted between the highest 

and lowest SES categories. When examining the permanent caries prevalence using the 

LHD Wealth metric there was also a significant difference between the highest and lowest 

SES categories. Those children who lived in a LHD that had a lower wealth score had 1.6 

times the caries prevalence of those lived in a LHD with the highest wealth score. The 

variation in the middle three categories of both area SES indicators was inconsistent.   

 

Table 29: Caries prevalence in permanent dentition –area socioeconomic characteristics  

 % 95% CI 

All 6-12 yrs (n=4461) 22.1 20.6-23.7 

LHD SEIFA SES   

Highest category 18.7 15.8-22.0 

Mid-high category 23.4 19.2-28.2 

Mid category 22.7 19.8-26.0 

Mid-low category 16.2 13.4-19.4 

Lowest category 28.0 24.6-31.5 

   

LHD Wealth SES   

Highest category 16.6 13.4-20.5 

Mid-high category 23.1 19.2-27.5 

Mid category 22.9 19.9-26.2 

Mid-low category 19.0 16.0-22.5 

Lowest category 26.8 23.8-29.9 
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Table 30 presents the sequential and regression models for the prevalence of caries in the 

permanent dentition by the two individual socioeconomic indicators. Model 1 

demonstrated the income effect on caries prevalence with statistically significant increased 

prevalence ratios for the children from the two lowest income groups compared to the 

reference highest income group. The lowest income group reported a 66% higher 

prevalence than those in the highest income group. Model 2 highlights the impact of parent 

education where children from a household with parents that had highest education at 

primary or secondary level had a significantly higher likelihood of permanent caries 

prevalence compared to children whose parents had a postgraduate education (PR 1.5, 

p<0.001). Model 3 included both income and highest parent education. Parent education 

showed a higher reduction in prevalence ratio estimate where the lowest education group 

recorded 0.4 change compared to the lowest household income that recorded 0.2 change. 

While the prevalence ratio for the lowest household income remained significant, the 

prevalence ratio for the lowest parent education was no longer significant compared to the 

respective reference group. 

 

Table 30: Sequential and regression models for permanent caries prevalence for individual-level SES      

 
Model 1 
n = 4105 

Model 2 
n = 4231 

Model 3 
n = 3984 

 Prevalence 
Ratio 

 
95% CI(a) 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 0.9 0.7-1.2   0.9 0.7-1.2 

$40,001 to $80,000 ***1.3 1.0-1.6   1.2 0.9-1.5 

Up to $40,000 ***1.7 1.2-2.1   ***1.5 1.2-2.0 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   1.0 0.8-1.2 0.9 0.8-1.1 

Some/completed trade   1.2 0.9-1.5 1.0 0.8-1.3 

Primary/secondary   ***1.5 1.2-1.8 1.1 0.9-1.5 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001 
 

  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 84 

 
   

Table 31 presents the sequential and regression modelling using both school type and 

school ICSEA SES indicators. Table 31 demonstrates that children who attended a 

disadvantaged public school had a significantly higher prevalence ratio (PR1.6 p<0.001) 

and children who attended Catholic and the remaining public schools showing a non-

significant slightly higher prevalence rate than children who attended Independent schools. 

Children who attended schools with lower ICSEA SES ranking had a higher prevalence 

ratio of permanent caries compared to those children who attended a school with the 

highest ICSEA rankings (Model 2). Model 3 included both school type and school ICSEA 

SES in the model where only the school type remained significant for the children who 

attended a disadvantaged public school (PR1.5 p<0.05) with a significantly higher 

prevalence than those children attending Independent schools. In the final model there 

were only small changes in the prevalence ratio estimate for the middle categories of both 

school variables. The reduction in the prevalence ratio estimates for the children from the 

disadvantaged schools was 0.1 while for the lowest school ICSEA SES it was 0.3. While 

the prevalence ratio for the disadvantaged schools remained significant, the prevalence 

ratio for the lowest SES ICSEA schools was no longer significant compared to the 

respective reference group. 

 

Table 31: Sequential and regression models for permanent caries prevalence for school-level SES      

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.1 0.9-1.4   1.1 0.8-1.4 

Public other 1.2 0.9-1.5   1.2 0.9-1.4 

Public PAS/PSP ***1.6 1.3-2.1   **1.5 1.1-2.0 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   1.1 0.9-1.3 1.1 0.9-1.3 

Mid-low quartile   **1.2 1.0-1.5 1.2 0.9-1.4 

Lowest SES quartile   ***1.5 1.2-1.8 1.2 0.9-1.5 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001  
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Sequential and regression modelling was undertaken to analyse the effect of the two area 

SES variables for the prevalence of permanent caries (Table 32). Model 1 demonstrated the 

LHD SEIFA effect on caries prevalence with a statistically significant higher prevalence 

ratio for the children from the lowest SEIFA LHD compared to those in the highest SEIFA 

LHD. Model 2 highlights the impact of the LHD Wealth metric where children from a 

LHD with the lowest wealth score had a significantly higher likelihood of having 

permanent caries compared to the LHD with the highest wealth score group (PR 1.6, 

p<0.001). Model 3 included both LHD SEIFA and LHD Wealth. There was no significant 

difference for the LHD SEIFA, but two LHD Wealth categories, including the lowest SES 

category had a significantly higher prevalence than the reference category, the highest 

LHD Wealth category.  The reduction in the prevalence ratio estimates for the lowest SES 

category for LHD SEIFA was 0.2 while for the lowest SES category for LHD Wealth there 

was no change. While the prevalence ratio for the lowest LHD Wealth remained 

significant, the prevalence ratio for the lowest LHD SEIFA was no longer significant 

compared to the respective reference group. 

 

Table 32: Sequential and regression models for permanent caries prevalence for area-level SES     

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Prev Ratio 95% CI Prev Ratio 95% CI Prev Ratio 95% CI 

LHD SEIFA SES       

Highest SES category Ref    Ref  

Mid-high category 1.3 1.0-1.6   1.1 0.8-1.5 

Mid category 1.2 1.0-1.5   1.2 0.8-1.9 

Mid-low category 0.9 0.7-1.1   0.8 0.5-1.2 

Lowest SES category ***1.5 1.2-1.8   1.3 0.9-2.0 

       

LHD Wealth SES       

Highest SES category   Ref  Ref  

Mid-high category   **1.4 1.1-1.8 **1.4 1.0-1.8 

Mid category   **1.4 1.1-1.8 1.2 0.7-1.8 

Mid-low category   1.2 0.9-1.5 1.2 0.8-1.9 

Lowest SES category   ***1.6 1.3-2.1 **1.6 1.1-2.3 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence 
*: p<0.1; **: p<0.05; ***: p<0.001  
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Table 33 presents the summary of findings for the prevalence of caries in both the 

deciduous and permanent dentition exploring the variation by individual-, school- and 

area-level socioeconomic factors. Prevalence of caries was 39.1% in the deciduous 

dentition for 5-8 year olds and 21.6 % in the permanent dentition for 6-12 year olds. A 

consistent association and variation in caries prevalence for each of the socioeconomic 

indicators was evident where the lowest SES category had significantly higher caries 

prevalence compared to the highest SES category for all SES indicators in both the 

deciduous and permanent dentition. Using results from the multivariable model (Model 3) 

including both indicators in the pair at each level (individual, school and area), there was a 

reasonably consistent finding that the lowest SES category for one or other indicator would 

be significant. This indicates that the pair of indicators have a level of correlation. The 

pattern of significant findings was similar for the deciduous and permanent caries 

prevalence.  
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Table 33: Summary of findings related to caries prevalence   

  Caries prevalence 

  Deciduous Permanent 

Household Income Ref=Over $120,000   
 $80,001 to $120,000 ~ ~ 
 $40,001 to $80,000  ~ 
 Up to $40,000   

Highest parent education  Ref=Postgraduate   
 Some/completed uni ~ ~ 

 Some/completed trade ~ ~ 

 Completed secondary ~ ~ 

School (school type) Ref=Independent   

 Catholic ~ ~ 
 Public other ~ ~ 

 Public PAS/PSP   
School SES (ICSEA) Ref=Highest SES quartile    

 Mid-high quartile   ~ 

 Mid-low quartile  ~ 
 Lowest SES quartile  ~ 

LHD SEIFA SES Ref=Highest SES category   
 Mid-high category ~ ~ 

 Mid category ~ ~ 
 Mid-low category ~ ~ 

 Lowest SES category  ~ 
LHD Wealth SES Ref=Highest SES category   

 Mid-high category ~  
 Mid category ~ ~ 

 Mid-low category ~ ~ 

 Lowest SES category ~  
Notes: 
Ref: reference group; : markedly lower; : lower; ~: not sig. different; : higher; : markedly higher 
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3.5 CARIES SEVERITY 

This subsection outlining results for caries experience will present descriptive, bivariate 

and multivariable statistics that will consist of: 

1. Caries severity in deciduous dentition - by sociodemographic and 

socioeconomic (individual-, school- and area-level)  [3.5.1] 

2. Caries severity in permanent dentition - by sociodemographic and 

socioeconomic (individual-, school- and area-level)  [3.5.2] 

3.5.1 Caries severity in deciduous dentition 

The caries severity in NSW is reported in Tables 34 – 37.   Overall the mean dmfs for 

children aged 5-8 years was 3.18 (CI 2.76-3.60). Six year olds had a lower caries rate than 

all other ages although there was a general trend for increased caries across the older age 

categories, this was not significant. Girls had higher dmfs than boys but this was not 

significant. Children that identified as Indigenous, not born in Australia, had no parent 

working or were uninsured had significantly higher mean caries experience. Those children 

who identified as Indigenous had twice the caries experience of those that did not. Children 

not born in Australia had over twice the caries of those that were born in Australia. 

Children of single parent families had higher mean caries although this was not significant. 

A social gradient in caries experience was observed for the household work status. 

Household dental insurance was associated with lower mean caries experience. 
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Table 34: Caries severity in deciduous dentition – sociodemographic characteristics 

  Caries severity  
Age at time of survey  mean dmfs 95% CI(b) 

Age 5-8 yrs(a)  3.18 2.76-3.60 
    

Age    
5 yrs  3.22 2.46-3.99 

    

6 yrs  2.70 2.15-3.24 
    

7 yrs  3.32 2.64-4.01 
    

8 yrs  3.47 2.93-4.01 
    

Sex(5-8 yrs)    
Male  3.06 2.59-3.53 
    

Female  3.30 2.77-3.83 
    

Indigenous identity    

Yes  6.40 4.81-8.00 

    

No  2.97 2.57-3.38 

    

Not known  3.89 2.55-5.22 

    

Child born Australia    

Yes   2.92 2.53-3.32 

    

No   6.29 4.62-7.97 

    

Household structure    

Two parent family  3.01 2.57-3.44 

    

One parent family  3.59 2.81-4.37 

    

Household work status    

Both parents working   2.76 2.35-3.17 

    

One parent working   3.17 2.54-3.80 

    

No parent working   4.99 4.03-5.95 

    

Dental Insurance    

Insured  2.19 1.77-2.62 

    

Uninsured  3.96 3.41-4.50 

Notes: 
(a) Columns are arranged by age at time of survey. 
(b) 95%CI = 95% confidence interval for estimated mean dmfs 
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Bivariate analysis was conducted to determine whether caries severity was associated with 

study participants’ individual socioeconomic characteristics. Caries severity was 

significantly associated with household income and highest parent education (Table 35). A 

social gradient was evident for both socioeconomic variables with the higher 

socioeconomic groups experiencing significantly lower caries experience. Income 

exhibited statistically significant variation across the SES categories with a steep gradient 

where children from the lowest income group experienced over three times the caries than 

those children from the highest income group. Parent education was significantly 

associated with caries experience where children whose parents had only primary or 

secondary education exhibited higher levels of caries. When comparing the change in 

estimate across the SES categories, income recorded a greater variation (3.4 times) in 

caries experience across the SES categories compared to highest parent education (1.8 

times). 

Table 35: Caries severity in deciduous dentition – individual socioeconomic characteristics 

All 5-8 yrs(n=2559) mean 95% CI 
 3.18 2.75-3.60 

Household Income   
Over $120,000 1.51 1.13-1.89 
   

$80,001 to $120,000 2.43 1.81-3.04 
   

$40,001 to $80,000 3.19 2.63-3.76 
   

Up to $40,000 5.00 4.16-5.83 
   

Highest parent education    
Postgraduate 2.54 1.86-3.22 
   

Some/completed uni 2.57 2.13-3.02 
   

Some/completed trade 3.16 2.33-3.99 
   

Primary/secondary 4.46 3.70-5.23 
   

Notes: 
95%CI = 95% confidence interval for estimated mean 
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Table 36 presents mean dmfs for school socioeconomic characteristics. School type was 

associated with caries severity with a social gradient across the SES categories. Those 

children who attended a disadvantaged public school had significantly higher mean caries 

than the other school groups, with over twice the caries rate of those children who attended 

an Independent school. When participants were categorised by school SES (ICSEA) a 

social gradient was observed with significant differences between the lower two SES 

groups compared to the highest SES group. When comparing the change in estimate across 

the SES categories for each variable, all three variables recorded a similar variation in 

caries severity across the SES categories (school type 2.6 times, school ICSEA 2.6 times). 

Table 36: Caries severity in deciduous dentition – school socioeconomic characteristics 

All 5-8 yrs(n=2559) mean 95% CI 
 3.18 2.75-3.60 

School (school type)   

Independent 2.10 1.21-2.98 

   

Catholic 2.25 1.64-2.86 

   

Public other 2.87 2.24-3.50 

   

Public PAS/PSP 5.47 4.58-6.35 
   

School SES (ICSEA)   

Highest SES quartile  1.84 1.25-2.44 

   

Mid-high quartile  2.58 1.89-3.26 

   

Mid-low quartile 3.56 2.58-4.54 

   

Lowest SES quartile 4.87 3.98-5.75 

   
Notes: 
95%CI = 95% confidence interval for estimated mean 
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Table 37 presents mean dmfs for area socioeconomic characteristics. Significant 

associations were also apparent for the area socioeconomic variables. The children who 

resided in the highest SES LHDs showed significantly lower mean caries compared to the 

children who resided in the lowest SES areas for both the composite (LHD SEIFA) and 

contextual (LHD Wealth) area variables. There was no clear gradient across the middle 

SES categories. When comparing the change in estimate across the SES categories for each 

variable, the two variables recorded a similar variation in caries severity across the SES 

categories (LHD SEIFA 2.9 times, LHD Wealth 2.7 times). 

Table 37: Caries severity in deciduous dentition – area socioeconomic characteristics 

All 5-8 yrs mean 95% CI 
 (n=2559)  3.18 2.75-3.60 

LHD SEIFA SES   

Highest SES category 1.72 1.01-2.42 

Mid-high category 3.86 2.58-5.13 

Mid category 3.19 2.47-3.91 

Mid-low category 2.81 1.95-3.66 

Lowest SES category 4.95 3.78-6.12 

LHD Wealth SES   

Highest SES category 1.77 1.26-2.28 

Mid-high category 3.40 2.09-4.71 

Mid category 3.52 2.66-4.37 

Mid-low category 2.73 2.13-3.32 

Lowest SES category 4.73 3.35-6.12 

Notes: 
95%CI = 95% confidence interval for estimated mean 
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Sequential and regression modelling was used to assess the impact of each of the pairs of 

SES indicators at the individual-, school- and area-level on caries severity for the 

deciduous dentition (Tables 38 – 40). Table 38 presents mean deciduous caries for 

household income and highest parent education, individually and in combination. Similar 

analysis for school SES is shown in Table 39 adding the two school SES variables, ICSEA 

SES and school type. Table 40 presents analysis of caries severity for area SES.  

Individual-level variables were added into a series of three sequential models reporting a 

rate ratio for each category in relation to the reference category. In Model 1 household 

income was entered and recorded significant variation in rate ratios across the three income 

categories when compared to the highest income group. Children from the lowest income 

families had a higher mean deciduous dmfs score that was more than 3 times that of the 

children from the highest income families. Model 2 reported the effect of highest parent 

education and demonstrated a statistically significant increase in the likelihood of more 

severe caries for the two lowest education groups compared to those children whose 

parent/s had postgraduate education. In Model 3, both household income and highest 

parent education variables were included. Only household income showed a social gradient 

and remained statistically significant. Parent education showed a higher reduction in rate 

ratio estimate (lowest category 0.8) compared to income (lowest category 0.1) when both 

individual SES factors were included in the final model. While the rate ratio for the lowest 

household remained significant, the rate ratio for the lowest parent education was no longer 

significant compared to the respective reference group. 
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Table 38: Sequential and regression models for deciduous caries severity caries for individual-level SES      

 
Model 1 
n = 2275 

 
 

Model 2 
n = 2327 

 
 

Model 3 
n = 2228 

 
 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 ***1.6 1.2-2.1   ***1.6 1.2-2.1 

$40,001 to $80,000 ***2.1 1.6-2.7   ***2.1 1.6-2.7 

Up to $40,000 ***3.3 2.6-4.2   ***3.2 2.5-4.2 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   1.0 0.8-1.2 0.8 0.7-1.0 

Some/completed trade   ***1.2 1.0-1.6 0.9 0.7-1.2 

Primary/secondary   ***1.8 1.4-2.1 1.0 0.8-1.3 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Sequential and regression models were generated for deciduous dmfs scores for the school 

SES variables (Table 39).  School type was included in Model 1 where a social gradient 

was evident with increasing rate ratios as SES decreased. This was significant for the two 

lowest SES groups: both disadvantaged public and remaining public schools. Children who 

attended a disadvantaged public school were associated with a significantly higher 

likelihood of having higher mean deciduous caries compared to the children who attended 

an Independent school (RR = 2.6, p<0.001). Model 2 examined the effect of school ICSEA 

SES. A statistically significant gradient was apparent with those children who attended 

schools with lower ICSEA SES scores recording a higher rate of caries compared with 

those who attended schools with higher ICSEA SES ranking. In the final model both 

school variables were included. The disadvantaged public school category remained 

significant compared to children who attend Independent schools with nearly twice the 

caries severity.  School ICSEA remained significant and showed a social gradient. 

However, for the lowest category the rate ratio estimate for school type demonstrated 

smaller reduction (0.7) compared to school ICSEA (0.8). 

Table 39: Sequential and regression models for deciduous caries severity caries for school-level SES      

 
Model 1 
n = 2380 

 
 

Model 2 
n = 2380 

 
 

Model 3 
n = 2380 

 
 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.1 0.8-1.4   0.9 0.7-1.2 

Public other **1.4 1.1-1.8   1.3 1.0-1.6 

Public PAS/PSP ***2.6 2.0-3.4   ***1.9 1.4-2.6 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   **1.4 1.1-1.7 **1.4 1.1-1.8 

Mid-low quartile   ***1.9 1.6-2.4 ***1.8 1.5-2.2 

Lowest SES quartile   ***2.6 2.2-3.2 ***1.8 1.4-2.4 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Table 40 presents the sequential and regression models for deciduous dmfs score for area 

SES. Model 1 and 2 shows the rate ratios for the area SES indicators separately. For both 

LHD SES indicators, children who lived in lower SES areas were significantly associated 

with having a higher mean dmfs score compared to those children who lived in the highest 

SES areas. However when both LHD indicators were included in the model then only the 

LHD categorised by SEIFA remained significant across all of the categories compared to 

the respective reference group. The lowest LHD Wealth category showed a reduction in 

the rate ratio estimate (1.3) while the lowest LHD SEIFA showed an increase in rate ratio 

estimate (0.2). 

 

Table 40: Sequential and regression models for deciduous caries severity caries for area-level SES      

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

LHD SEIFA SES       

Highest SES category Ref    Ref  

Mid-high category ***2.2 1.8-2.8   ***2.0 1.5-2.5 

Mid category ***1.9 1.5-2.3   ***2.5 1.6-3.9 

Mid-low category ***1.6 1.3-2.1   ***2.0  1.3-3.1 

Lowest SES category ***2.9 2.3-3.7   ***3.1 2.0-4.8 

LHD Wealth SES       

Highest SES category   Ref  Ref  

Mid-high category   ***1.9 1.5-2.5 ***1.5 1.2-2.0 

Mid category   ***2.0 1.6-2.5 1.0 0.6-1.5 

Mid-low category   ***1.5 1.2-2.0 0.9 0.6-1.4 

Lowest SES category   ***2.7 2.1-3.5 1.4 1.0-2.1 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001 
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3.5.2 Caries severity in permanent dentition  

The permanent caries severity experience of the children in the supplementary study is 

reported in Tables 41 – 44.   The mean DMFS for children aged 6-12 years was 0.61. 

Caries severity increased across the age groups with some significant differences between 

the younger children and the older children. Girls had higher DMFS than boys but this was 

not significant. Those children who were identified as Indigenous had over twice the mean 

permanent caries of those who did not. Children born overseas had significantly higher 

mean DMFS when compared to those children who were Australian born. Non-significant 

differences were noted for household structure where those children from a single parent 

family recorded higher mean DMFS. Significant differences and a social gradient were 

observed for household work status.  Children with no parents working showed twice the 

mean caries compared to children with two parents working. There was a significant 

association between dental insurance and caries severity where children from families who 

had dental insurance reported lower caries experience. 
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Table 41: Caries severity in permanent dentition – sociodemographic characteristics 

Age at time of survey  DMFS 
N=4461 

 
95% CI(b) 

Age 6-12 yrs(a)  0.61 0.55-067 

Age    

6 yrs  0.11 0.06-0.15 

7 yrs  0.32 0.23-0.41 

8 yrs  0.38 0.26-0.50 

9 yrs  0.50 0.38-0.62 

10 yrs  0.87 0.70-1.04 

11 yrs  0.99 0.85-1.13 

12 yrs  0.99 0.78-1.19 

Sex(6-12 yrs)    

Male  0.59 0.52-0.66 

Female  0.63 0.55-0.71 

Indigenous identity    

Yes  1.15 0.77-1.53 

No  0.55 0.50-0.61 

Not known  0.86 0.61-1.11 

Child born Australia    

Yes   0.58 0.52-0.63 

No   1.02 0.72-1.32 

Household structure    

Two parent family  0.58 0.52-0.65 

One parent family  0.73 0.59-0.88 

Household work status    

Both parents working   0.50 0.44-0.57 

One parent working   0.62 0.51-0.72 

No parent working   1.10 0.82-1.39 

Dental Insurance    

Insured  0.45 0.39-0.51 

Uninsured  0.74 0.65-0.82 

 
Notes: 
(a) Columns are arranged by age at time of survey. 
(b) 95%CI = 95% confidence interval for estimated prevalence 

  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 99 

 
   

Analysis was undertaken to establish whether permanent caries severity was associated 

with individual socioeconomic characteristics (Table 42). A social gradient was evident 

across all of the socioeconomic variables with the children from higher socioeconomic 

groups recording a significantly lower caries experience. The income category rankings 

reported significant differences where those children from the lowest SES income group 

varied significantly from all other income groups with twice the mean DMFS than children 

from the highest income group. Highest parent education showed variation in caries 

experience across the education categories. Children whose parents had only primary or 

secondary education had significantly higher experience of caries compared to children 

whose parents had postgraduate education. When comparing the change in estimate across 

the SES categories for each SES indicator, highest parent education recorded a slightly 

larger variation in caries experience (2.3 times) across the SES categories compared to 

income (2.2 times). 

 

Table 42: Caries severity in permanent dentition – individual socioeconomic characteristics 

All 6-12 yrs(n=4461) mean 95% CI 
 0.61 0.55-0.67 

Household Income   
Over $120,000 0.44 0.33-0.54 
   

$80,001 to $120,000 0.43 0.34-0.52 
   

$40,001 to $80,000 0.59 0.50-0.67 
   

Up to $40,000 0.89 0.75-1.03 
   

Highest parent education    
Postgraduate 0.38 0.30-0.47 
   

Some/completed uni 0.50 0.43-0.58 
   

Some/completed trade 0.60 0.48-0.72 
   

Primary/secondary 0.87 0.73-1.01 
   

Notes: 
95%CI = 95% confidence interval for estimated mean 
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Table 43 presents permanent caries severity by school socioeconomic characteristics. 

When participants were categorised by school type, the children from the disadvantaged 

public schools had a significantly higher experience of caries than those children who 

attended each of the other school types. The children who attended a disadvantaged public 

school (DMFS 0.92) recorded twice the mean caries than Independent school children 

(DMFS 0.43). A social gradient was evident across the school SES (ICSEA) group, though 

this was significant only for the children from the lowest ICSEA ranked schools. When 

comparing the change in estimate across the SES categories, school type recorded a greater 

variation (2.3 times) in caries severity across the SES categories compared to school 

ICSEA (1.9 times). 

Table 43: Caries severity in permanent dentition – school socioeconomic characteristics 

 mean 95% CI 

All 6-12yrs (n=4461) 0.61 0.55-0.67 

School (school type)   

Independent 0.43 0.30-0.57 

   

Catholic 0.51 0.43-0.60 

   

Public other 0.57 0.50-0.64 

   

Public PAS/PSP 0.92 0.75-1.10 
   

School SES (ICSEA)   

Highest SES quartile  0.46 0.38-0.54 

   

Mid-high quartile  0.52 0.43-0.60 

   

Mid-low quartile 0.64 0.52-0.76 

   

Lowest SES quartile 0.84 0.68-1.01 

   
Notes: 
95%CI = 95% confidence interval for estimated mean 
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Table 44 presents permanent caries severity by area socioeconomic characteristics. 

Significant associations were apparent for the area socioeconomic variables, where the 

children who reside in the lowest SES LHD categorised by the SEIFA composite score 

recorded twice the mean caries compared to those children who resided in the highest SES 

LHD by SEIFA.  When the contextual wealth metric for LHD was used there was nearly 

half the caries for those children in the wealthiest LHD compared to those children in the 

poorest LHD. The variation in the middle three categories of both area SES indicators was 

inconsistent. 

 

Table 44: Caries severity in permanent dentition – area socioeconomic characteristics 

 mean 95% CI 
All 6-12 yrs (n=4461)  0.61 0.55-0.67 

LHD SEIFA SES   

Highest SES category 0.46 0.37-0.54 

Mid-high category 0.69 0.51-0.88 

Mid category 0.64 0.54-0.74 

Mid-low category 0.46 0.34-0.57 

Lowest SES category 0.85 0.69-1.01 

   

LHD Wealth SES   

Highest SES category 0.40 0.29-0.50 

Mid-high category 0.67 0.51-0.83 

Mid category 0.64 0.54-0.74 

Mid-low category 0.56 0.45-0.68 

Lowest SES category 0.77 0.60-0.95 

Notes: 
95%CI = 95% confidence interval for estimated mean 
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Sequential and regression modelling was undertaken to explore the individual-, school- and 

area-level SES variation in mean caries for the permanent dentition (Tables 45 – 47). Table 

45 presents the rate ratio for mean permanent caries investigating household income and 

highest parent education. School SES is explored in Table 46 including school type and 

school ICSEA variables. Table 47 presents analysis of caries severity with area SES as a 

factor.  

Individual SES explanatory variables were added into a series of three sequential and 

regression models reporting the individual effect of income and education. Model 1, 

demonstrated the household income effect on caries experience with statistically 

significant higher rate of caries experience for the children from the two lowest income 

groups.  The children from the lowest income group recorded twice the rate of caries 

experience compared to the children from the highest income group. Model 2 explored the 

rate ratio for highest parent education.  A statistically significant social gradient was found. 

In Model 3, both household income and highest parent education variables were included. 

Both individual SES indicators remained significant although the rate ratios for each were 

lower than in the individual models. The reduction in rate ratios was less for income 

(lowest category 0.5) compared to highest parent education (lowest category 0.6). 

Table 45: Sequential and regression models for permanent caries severity caries for individual-level SES      

 
Model 1 
n = 4104 

 
 

Model 2 
n = 4230 

 
 

Model 3 
n = 3983 

 
 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 1.0 0.8-1.2   0.9 0.7-1.1 

$40,001 to $80,000 ***1.3 1.1-1.6   1.1 0.9-1.4 

Up to $40,000 ***2.1 1.7-2.5   ***1.6 1.3-1.9 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   ***1.3 1.1-1.6 **1.2 1.0-1.5 

Some/completed trade   ***1.6 1.3-2.0 ***1.4 1.1-1.8 

Primary/secondary   ***2.3 1.9-2.8 ***1.7 1.4-2.1 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Table 46 presents the sequential and regression models generated for permanent DMFS 

scores and school SES variables. Model 1 shows children who attended a disadvantaged 

public school were associated with a significantly higher rate of permanent caries 

compared to the children who attended an Independent school (RR = 2.2, p<0.001). Model 

2 investigated school ICSEA SES with increasing rate ratio of permanent caries across the 

ICSEA SES ranked schools. The final model investigated the effect of both school SES 

indicators and resulted in a similar change in estimates for both indicators.  However, both 

remained significant for the lowest two SES categories. A gradient was also evident for 

both school type and school ICSEA SES indicators where children from the lowest SES 

category recorded a higher rate of caries compared with those children who attended a 

higher SES ranked schools. The change in rate ratios was the same for each of the lowest 

SES categories for school type (lowest category 0.5) and school ICSEA (lowest category 

0.5). 

 

Table 46: Sequential and regression models for permanent caries severity caries for school-level SES      

 
Model 1 
n = 4369 

 
 

Model 2 
n = 4369 

 
 

Model 3 
n = 4369 

 
 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.2 1.0-1.5   1.1 0.9-1.4 

Public other **1.3 1.1-1.6   **1.2 1.0-1.5 

Public PAS/PSP ***2.2 1.7-2.7   ***1.7 1.3-2.2 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   1.1 0.9-1.3 1.1 0.9-1.3 

Mid-low quartile   ***1.4 1.2-1.7 ***1.3 1.1-1.6 

Lowest SES quartile   ***1.9 1.6-2.2 **1.4 1.1-1.7 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001 
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Table 47 presents the sequential and regression models for permanent DMFS by area SES. 

The model demonstrated that area SES was significantly associated with the variation in 

permanent mean caries rates with significant differences in caries severity for most of the 

categories when compared to the highest SES LHD when using either area SES measure. 

Children who lived in lower SES areas were associated with a significantly higher mean 

DMFS score compared to the children who lived in the highest SES areas.  The variation in 

the middle categories of both area SES indicators was inconsistent.  In Model 3 the 

reduction in the rate ratio estimates for the lowest category for LHD SEIFA was 0.2 while 

for the lowest LHD Wealth it was 0.3. Both rate ratio for the lowest SES category for each 

of the SES indicators remained significant compared to the respective reference group. 

 

 

Table 47: Sequential and regression models for permanent caries severity for area-level SES      

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

LHD SEIFA SES       

Highest category Ref    Ref  

Mid-high category ***1.5 1.2-1.8   **1.3 1.0-1.5 

Mid category ***1.4 1.2-1.7   1.4 0.9-2.0 

Mid-low category 1.0 0.8-1.3   0.9 0.6-1.3 

Lowest SES category ***1.9 1.5-2.3   ***1.7 1.2-2.5 

LHD Wealth SES       

Highest category   Ref  Ref  

Mid-high category   ***1.7 1.4-2.1 ***1.6 1.2-1.9 

Mid category   ***1.6 1.3-2.0 1.2 0.8-1.8 

Mid-low category   ***1.5 1.2-1.8 1.4 0.9-2.1 

Lowest SES category   ***1.9 1.6-2.4 ***1.6 1.1-2.2 

 
Notes: 
95%CI = 95% confidence interval for estimated rate ratio 
*: p<0.1; **: p<0.05; ***: p<0.001  
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Table 48 presents the summary of findings for caries severity in both the deciduous and 

permanent dentition exploring the variation by individual-, school- and area-level 

socioeconomic factors.  The mean dmfs was 3.18 for 5-8 year olds while in the permanent 

dentition the mean DMFS was 0.61 for 6-12 year olds. A social gradient was apparent for 

each of the SES indicators for both deciduous and permanent dentition.  

Using results from the regression model (Model 3) including both indicators in the pair at 

each level individual, school and area, there was a reasonably consistent finding that the 

lowest SES category for one or other indicator would be significant. This indicates that the 

pair of indicators have a level of correlation. The pattern of significant findings was 

somewhat similar for the deciduous and permanent caries prevalence. 

Table 48: Summary of findings related to caries severity 

   Caries severity  

  Deciduous Permanent 

Household income Ref=Over $120,000   
 $80,001 to $120,000  ~ 

 $40,001 to $80,000  ~ 
 Up to $40,000   

Highest parent education  Ref=Postgraduate   
 Some/completed uni ~  
 Some/completed trade ~  
 Completed secondary ~  

School (school type) Ref=Independent   
 Catholic ~ ~ 

 Public other ~  
 Public PAS/PSP   

School SES (ICSEA) Ref=Highest SES quartile    
 Mid-high quartile   ~ 

 Mid-low quartile   
 Lowest SES quartile   

LHD SEIFA SES Ref=Highest SES category   

 Mid-high category   
 Mid category  ~ 

 Mid-low category  ~ 
 Lowest SES category   

LHD Wealth SES Ref=Highest SES category    

 Mid-high category   
 Mid category ~ ~ 

 Mid-low category ~ ~ 

 Lowest SES category ~  
 
Notes:  Ref: reference group; : markedly lower; : lower; ~: not sig. different; : higher; : markedly higher 
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3.6 SIGNIFICANT CARIES GROUP  

This subsection outlining results for SiC10 experience will present descriptive, bivariate 

and multivariable statistics that will consist of: 

1. SiC10 in deciduous dentition - by sociodemographic and socioeconomic 

(individual-, school- and area-level) [3.6.1] 

2. SiC10 in permanent dentition - by sociodemographic and socioeconomic 

(individual-, school- and area-level) [3.6.2] 

3.6.1 Significant caries in deciduous dentition 

The prevalence of SiC10 in the deciduous dentition is measured by the distribution of 

children (weighted) in the SiC10 category. Table 49 reports the mean dmfs score for the 

SiC10 group compared to the remaining participants as well as the overall sample (state 

mean). The mean dmfs for children in the SiC10 group was 20.39 compared to 1.35 for the 

rest of the participants, and 3.18 for the whole supplementary study sample; resulting in the 

SiC10 group of children reporting 15 times the mean caries compared to the non-SiC10 

group of children. Overall there were minor variations in the mean dmfs for the SiC10 

group by age. There was some differences found between girls and boys but this was not 

significant. 

Table 49: SiC10 mean dmfs in deciduous dentition – sociodemographic characteristics 

  
Age at time of survey   n 

Deciduous SiC10   (5-8 yrs) mean 20.39 250 

 95% CI(a) 18.97-21.81  

Rest of sample mean 1.35 2309 
 95% CI 1.22-1.49  
State mean mean 3.18 2559 
 95% CI 2..76-3.60  

    
Age    

5 yrs mean 20.87 73 
 95% CI 17.43-24.32  

6 yrs mean 20.46 65 
 95% CI 17.66-23.27  

7 yrs mean 21.25 54 
 95% CI 19.14-23.35  

8 yrs mean 18.97 58 
 95% CI 16.93-21.02  

Sex(5-8 yrs)    
Male mean 19.35 117 
 95% CI 17.52-21.18  

Female mean 21.47 133 
 95% CI 19.69-23.26  

 
Notes: 
(a) 95%CI = 95% confidence interval for estimated mean dmfs 
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Table 50 presents sociodemographic characteristics of the children from the SiC10 group.  

The distribution of the children from the study within each variable category was 

determined followed by the proportion of children from each variable category within the 

SiC10 group and finally the distribution of children from the SiC10 group across the variable 

categories. There were a higher proportion of the overseas born children (21.5%) in the 

SiC10 group though this comprised only 16.2% of the SiC10 group. Those children who 

were identified as Indigenous were more likely to be in the SiC10 caries group (23.3%). 

Similar proportions of children from two parent or single parent families were in the SiC10 

group but 84.1% of the children in the SiC10 group had two parents due to the larger 

proportion in the sample. Children from households where no parent worked had a higher 

proportion in the SiC10 group though overall this comprised less than 20%. Those who did 

not have dental insurance had a higher proportion in the SiC10 group than those who did 

not which meant that nearly three quarters of the children in the SiC10 group were not 

covered by dental insurance. 
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Table 50: Prevalence of SiC10 in deciduous dentition – sociodemographic characteristics 

Deciduous SiC10 

(n=250) 

    SiC10 proportion  

Variable (Var) Sample 
N 

Sample 
%  

SiC10 

n 

% of Var. 
95% CI 

SiC10 distribution 

95% CI 

Child born Australia      

Yes  2374 92.7% 213 8.6 83.8 

    7.0-10.2 77.8-89.8 

No  177 7.2% 36 21.5 16.2 

    14.6-28.8 10.2-22.2 

Indigenous identity      

Yes 88 3.5 19 23.3 7.7 

    12.9-33.7 4.0-11.4 

No 2217 85.7 200 8.6 77.4 

    7.1-10.1 71.1-83.8 

Not known 254 10.8 31 13.6 14.9 
    8.1-19.0 8.9-20.9 

Household structure      

Two parent family 2036 84.9% 187 9.1 84.1 

    7.4-10.9 79.1-89.0 

One parent family 352 15.1% 39 9.7 15.9 

    6.6-12.9 11.0-20.9 

Household work status      

Both parents working  1378 53.3% 126 8.5 47.7 

    6.7-10.2 38.6-56.8 

One parent working  890 36.0% 76 8.9 34.0 

    6.1-11.8 26.2-41.8 

No parent working  254 10.7% 43 16.2 18.3 

    12.0-20.4 12.5-24.1 

Dental Insurance      

Insured 1121 44.1% 69 5.9 27.0 
    4.2-7.5 19.6-34.4 

Uninsured 1401 55.9% 178 12.5 73.0 
    10.1-14.9 65.6-80.4 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Table 51 presents the individual socioeconomic characteristics reporting the distribution 

from each variable category followed by the distribution related to the SiC10 group. 

Individual SES categories were significantly associated with deciduous SiC10 with a social 

gradient evident for both income and parent education SES indicators.  Seventeen percent 

of the children from the lowest income category were in the deciduous SiC10 group which 

then comprised nearly half of the children in the SiC10 group. Those children whose 

parents’ highest education was primary/secondary had a higher proportion of children in 

the deciduous SiC10 group which then comprised 40% of the SiC10 group. 

Table 51: Prevalence of SiC10 in deciduous dentition – individual socioeconomic characteristics 

Deciduous SiC10 

(n=250) 

    SiC10 

proportion 

 

 
Variable (Var) 

Sample 
N 

Sample 
%  

SiC10 

n 

% of Var. 
95% CI 

SiC10 

distribution 
95% CI 

Household Income      

Over $120,000 452 18.1% 16 3.1 6.0 
    1.3-5.0 2.1-9.9 

$80,001 to $120,000 575 23.5% 45 7.2 17.7 
    4.6-9.8 11.7-23.7 

$40,001 to $80,000 782 32.1% 72 9.1 30.5 
    6.8-11.4 23.1-38.0 

Up to $40,000 625 26.3% 103 16.6 45.8 
    12.7-20.4 36.0-55.6 

      

Highest parent education       

Postgraduate 511 19.5% 38 6.9 14.1 
    4.5-8.3 9.3-19.1 

Some/completed uni 959 38.9% 68 7.2 29.8 
    5.4-9.0 23.0-36.7 

Some/completed trade 399 16.1% 44 9.8 16.7 
    6.0-13.5 10.5-22.9 

Primary/secondary 609 25.5% 89 14.5 39.3 
    11.1-18.0 30.3-48.3 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Table 52 presents the deciduous SiC10 distribution by school socioeconomic 

characteristics. School SES categories showed statistically significant variation in 

membership of the deciduous SiC10 group. Varying proportions were noted across the 

social strata for each school SES variable. When utilising the school type SES indicator a 

higher proportion of those children from disadvantaged public schools were found in the 

SiC10 group. The public and disadvantaged public schools then comprised three quarters of 

the SiC10 group. The school ICSEA SES indicator showed a gradient in the proportion of 

children in the SiC10 group and a corresponding gradient for those within the SiC10 group. 

Table 52: Prevalence of SiC10 in deciduous dentition – school socioeconomic characteristics 

Deciduous SiC10 

(n=250) 

    SiC10 proportion  

 Sample Sample  SiC10 % of Var. SiC10 distribution 

Variable (Var) N % n 95% CI 95% CI 

School (school type)      

Independent 307 11.5% 19 6.3 7.5 

    3.2-9.3 1.6-13.4 

Catholic 566 21.0% 46 7.1 15.6 

    4.4-9.8 7.5-23.7 

Public other 1176 47.2% 93 7.7 37.7 

    5.5-9.8 25.2-50.3 

Public PAS/PSP 510 20.3% 92 18.5 39.2 
    14.0-23.1 25.2-53.1 

School SES (ICSEA)      

Highest SES quartile  666 25.8% 34 5.1 13.8 

    2.7-7.6 5.5-22.0 

Mid-high quartile  624 24.8% 45 6.8 17.6 

    4.4-9.3 9.0-26.3 

Mid-low quartile 641 26.1% 68 11.2 30.4 

    7.0-15.3 17.1-43.7 

Lowest SES quartile 628 23.3% 103 15.6 38.2 

    12.2-19.1 25.4-50.9 

Notes: 
95%CI = 95% confidence interval for estimated proportion 

 

  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 111 

 
   

The prevalence of SiC10 by area socioeconomic characteristics is reported in Table 53. 

Both LHD SES indicators showed significantly lower proportion of children from the 

highest SES LHD were in the SiC10 group. There was three times the proportion of 

children in the SiC10 group from the lowest LHD areas, by both area SES indicators, 

compared to the highest LHD areas.  

 

Table 53: Prevalence of SiC10 in deciduous dentition – area socioeconomic characteristics 

Deciduous  SiC10 

(n=385) 

    SiC10  proportion 

 Sample Sample  SiC10 % of Var SiC10  

distribution 
SES Variable (Var) N % n 95% CI 95% CI 

LHD SEIFA SES      

Highest category 514 19.9% 22 4.2 8.7 

    1.9-6.4 3.6-13.8 

Mid-high category 493 21.0% 60 12.9 28.2 

    7.6-18.2 15.2-41.2 

Mid category 621 30.4% 59 10.0 31.8 

    7.1-12.9 19.9-43.7 

Mid-low category 467 16.9% 35 7.3 12.8 
    4.0-10.5 7.1-18.5 

Lowest category 463 11.8% 74 15.1 18.6 
    10.3-19.8 13.0-24.1 

LHD Wealth SES      

Highest category 412 12.8% 20 4.6 7.6 

    2.8-6.5 3.2-12.1 

Mid-high category 471 24.3% 47 11.2 25.0 

    6.0-16.5 12.1-38.0 

Mid category 622 25.7% 69 10.8 29.1 

    7.5-14.2 18.9-39.3 

Mid-low category 565 21.4% 36 7.1 18.1 

    4.6-9.7 9.8-26.4 

Lowest category 488 15.8% 78 15.1 20.2 

    10.0-20.3 14.1-26.2 

 
Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Sequential and regression analysis was used to assess the impact of each of the pairs of 

SES indicators at the individual-, school- and area-level socioeconomic indicators on 

determining which children were significantly associated with SiC10 for the deciduous 

dentition (Tables 54 – 56). Table 54 presents deciduous SiC10 prevalence ratios for 

household income and highest parent education. Similar analysis was explored in Table 55 

for school SES and Table 56 presents analysis of SiC10 prevalence ratios for area SES.  

Table 54 demonstrated that household income was a significantly associated with SiC10 in 

Model 1 where the three income categories had a significantly higher likelihood of 

membership of the SiC10 group. In particular, those children from the lowest income group 

were five times more likely to be in the SiC10 group (PR 5.3, p<0.001) when compared to 

the children from the highest income group. In Model 2 it is evident that children from a 

household with lower parent education were associated with deciduous SiC10 compared to 

the children from the highest household parent education group. Children from the lowest 

parent education group reported twice the likelihood of membership of the SiC10 group 

compared to the children whose parents had the highest education level (PR 2.1, p<0.001). 

Model 3 included both household income and highest parent education in the model where 

only household income remained significant and shows a social gradient.  The children 

from the lowest income group recorded nearly five times the likelihood of membership of 

the SiC10 group compared to the children from the highest income group.  The reduction in 

the prevalence ratio estimates for the lowest category for household income was 0.1 while 

for the lowest parent education it was 1.0. While the prevalence ratio for the lowest 

household remained significant, the prevalence ratio for the lowest parent education was 

no longer significant compared to the respective reference group. 
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Table 54: Sequential and regression models for deciduous SiC10 caries for individual-level SES      

 
Model 1 
n =2277 

 Model 2 
n =2329 

 Model 3 
n =2230 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 **2.3 1.1-4.6   **2.2 1.1-4.6 

$40,001 to $80,000 **2.9 1.5-5.6   **2.7 1.4-5.4 

Up to $40,000 ***5.3 2.8-10.1   ***5.0 2.5-9.8 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   1.1 0.7-1.6 0.8 0.5-1.2 

Some/completed trade   1.4 0.9-2.4 1.0 0.6-1.7 

Primary/secondary   ***2.1 1.4-3.3 1.1 0.7-1.7 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
*: p<0.1; **: p<0.05; ***: p<0.001   



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 114 

 
   

To ascertain the prevalence ratios for SiC10 by school SES group, sequential and regression 

modelling was conducted using both school ICSEA SES and school type variables (Table 

55). Model 1 reported increasing likelihood of membership of the SiC10 group across the 

school type SES categories. Only the children from the disadvantaged public schools was 

significantly associated with deciduous SiC10, with over three times the proportion of 

children in the SiC10 group compared to those children who attended Independent schools. 

In Model 2, children who attended the two lowest categories of SES ICSEA ranked 

schools were significantly associated with deciduous SiC10 compared to the highest SES 

school. The children attending the lowest ICSEA ranked SES schools reported three times 

the likelihood of membership of the SiC10 group compared to the reference category, the 

highest ranked ICSEA school. A social gradient was evident for both Model 1 and 2. 

Model 3 included both school type and school ICSEA SES in the model and showed that 

children who attended a disadvantaged public school were twice as likely to be part of the 

SiC10 group. The reduction in prevalence ratio estimates was less for school type (lowest 

category 0.8) compared to school ICSEA SES (lowest category 1.3).  While the prevalence 

ratio for the disadvantaged schools group remained significant, the prevalence ratio for the 

school ICSEA group was no longer significant when compared to the respective reference 

group. 

 

Table 55: Sequential and regression models for deciduous SiC10 caries for school-level SES      

 
Model 1 
n =2380 

 Model 2 
n =2380 

 Model 3 
n =2380 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.1 0.6-2.1   1.0 0.5-1.9 

Public other 1.2 0.7-2.2   1.1 0.6-2.0 

Public PAS/PSP ***3.0 1.7-5.1   **2.2 1.0-4.7 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   1.3 0.7-2.4 1.3 0.7-2.3 

Mid-low quartile   ***2.2 1.2-4.0 **2.0 1.1-3.5 

Lowest SES quartile   ***3.1 1.8-5.2 1.8 0.9-3.6 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
*: p<0.1; **: p<0.05; ***: p<0.001  
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Sequential and regression analysis was undertaken to assess the effect of area SES on the 

prevalence ratio for the SiC10 group (Table 56). Model 1 examined the effect of area SES 

when categorising by the composite LHD SEIFA score. Results demonstrated that area 

SES was a significantly associated with deciduous SiC10 where children who lived in the 

lowest LHD SEIFA area were associated with the highest proportion of deciduous caries 

when compared to those in the highest SEIFA ranked LHD. The children from the lowest 

SEIFA LHD reported over three times the likelihood of membership of the deciduous 

SiC10 group (PR 3.6, p<0.001) compared to the children who lived in the highest SEIFA 

LHD. When the wealth metric was included in Model 2 there were similar estimates for 

membership of the SiC10 group.  In the final Model, with both area SES factors included, 

only the LHD SEIFA remained significant where the lowest LHD by SEIFA recorded a 

prevalence ratio of 5.2 (p<0.001).  The lowest category for LHD Wealth showed a 

reduction in prevalence ratio of 2.0 while the lowest category for LHD SEIFA showed in 

increase in prevalence ratio of 1.6. 

 

Table 56: Sequential and regression models for deciduous SiC10 caries for area-level SES    

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Prev Ratio 95% CI Prev Ratio 95% CI Prev Ratio 95% CI 

LHD SEIFA SES       

Highest category Ref    Ref  

Mid-high category ***3.1 1.6-6.1   ***2.7 1.4-5.4 

Mid category ***2.4 1.3-4.5   **5.0 1.4-18.6 

Mid-low category 1.7 0.9-3.5   3.1 0.8-11.6 

Lowest category ***3.6 1.9-6.7   ***5.2 1.5-17.5 

LHD Wealth SES       

Highest category   Ref  Ref  

Mid-high category   ***2.4 1.3-4.5 1.8 1.0-3.0 

Mid category   ***2.3 1.4-3.9 0.7 0.2-2.2 

Mid-low category   1.5 0.9-2.6 0.6 0.2-1.9 

Lowest category   ***3.3 2.0-5.5 1.3 0.5-3.5 

   
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
*: p<0.1; **: p<0.05; ***: p<0.001  
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3.6.2 Significant caries in permanent dentition 

Table 57 reports the mean DMFS score for the SiC10 group compared to the remainder of 

the study participants, as well as the overall sample (state mean). The mean DMFS for 

children in the SiC10 group was 5.01 compared with 0.21 for the children who were not in 

the SiC10 group and 0.61 for the whole sample. Overall there were significant differences 

in the mean DMFS for the SiC10 group by age. There was some variation found between 

girls and boys but the variation was not significant. 

 

Table 57: SiC10 mean DMFS in permanent dentition – sociodemographic characteristics 

  
Age at time of survey   n 

Permanent SiC10   (6-12yrs) mean 5.01 385 

 95% CI(a) 4.70-5.32  

Rest – non SiC10 mean 0.21 4076 

 95% CI 0.19-0.23  
State mean mean 0.61 4461 
 95% CI 0.55-067  

    
Age    

6yrs mean 2.09 35 
 95% CI 1.51-2.67  

7 yrs mean 3.50 43 
 95% CI 2.80-4.20  

8 yrs mean 3.94 49 
 95% CI 3.11-4.76  

9 yrs mean 4.66 37 
 95% CI 4.04-5.29  

10 yrs mean 5.59 66 
 95% CI 4.79-6.38  

11 yrs mean 6.18 89 
 95% CI 5.57-6.80  

12 yrs mean 6.59 66 
 95% CI 5.67-7.50  

Sex(6-12 yrs)    
Male mean 5.20 182 
 95% CI 4.76-5.63  

Female mean 4.84 203 
 95% CI 4.39-5.29  

 
Notes: 
95%CI = 95% confidence interval for estimated mean DMFS 
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Analysis was conducted on the SiC10 group for the permanent dentition.   Table 58 presents 

sociodemographic characteristics of the children from the permanent SiC10 group.  The 

distribution of the children from the supplementary study within each variable category 

was determined followed by the distribution and proportion of children from each variable 

category within the SiC10 group and finally the distribution of children from the SiC10 

group across the variable categories. There was a higher proportion of the overseas born 

children (12%) and Indigenous (17%) that were in the SiC10 group. There was a higher 

proportion of children from single parent families in the SiC10 group but the difference was 

not significant. There was a higher proportion of children from a household where no 

parent worked that recorded a DMFS in the top 10% of permanent caries experience 

though overall this comprised only 18% of the SiC10 group. Those who did not have dental 

insurance had a higher proportion of children in the SiC10 group that resulted in 69% of the 

permanent SiC10 group that reported no household dental insurance. 
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Table 58: Prevalence of SiC10 in permanent dentition – sociodemographic characteristics 

Permanent SiC10 

(n=385) 

    SiC10 proportion 

 Sample Sample  SiC10 % of Var. SiC10 distribution 

Variable (Var) N % n 95% CI % 95% CI  

Child born Australia      

Yes  4254 92.3% 342 8.0 88.3 

    7.0-8.9 83.7-93.0 

No  337 7.7% 43 12.3 11.7 

    8.4-16.3 7.0-16.3 

Indigenous identity      

Yes 189 3.7 30 17.0 7.7 

    11.3-22.8 4.2-11.2 

No 3786 85.2 309 7.8 79.7 

    6.8-8.7 74.6-84.8 

Not known 486 11.1 46 9.4 12.6 
    6.3-12.5 8.6-16.6 

Household structure      

Two parent family 3590 84.2% 284 7.9 80.5 

    6.8-8.9 82.4-86.3 

One parent family 674 15.8% 69 10.0 19.5 

    7.5-12.5 13.7-17.6 

Household work status      

Both parents working  2586 56.1% 186 7.0 48.0 

    5.9-8.0 41.4-54.7 

One parent working  1516 34.3% 120 8.0 33.8 

    6.5-9.5 28.1-39.3 

No parent working  422 9.6% 66 15.2 18.2 

    11.0-19.4 11.8-24.6 

Dental Insurance      

Insured 2037 44.9% 121 5.8 31.5 
    4.7-7.0 25.2-37.8 

Uninsured 2486 55.1% 257 10.2 68.5 
    9.0-11.5 62.2-74.8 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Analysis was conducted on the SiC10 group for the permanent dentition and the individual 

socioeconomic characteristics.   Table 59 presents the distribution of individual SES 

indicators for the permanent SiC10 group. Household income recorded 11% of the children 

from the lowest income group in the SiC10 group and subsequently had the highest 

proportion within the SiC10 group (37%). Nearly 70% of the permanent SiC10 group 

comprised children from the two lowest income groups. Those children whose parents’ 

highest education was primary/secondary had a higher proportion in the SiC10 group that 

resulted in nearly 40% of children within the SiC10 group. 

Table 59: Prevalence of SiC10 in permanent dentition – individual socioeconomic characteristics 

Permanent SiC10 

(n=385) 

    SiC10 proportion 

 Sample Sample  SiC10 % of Var. SiC10 

distribution 
Variable (Var) N % n 95% CI 95% CI 

Household Income      

Over $120,000 742 17.6% 45 6.3 13.5 
    4.4-8.3 9.0-17.9 

$80,001 to $120,000 1063 24.3% 65 6.0 17.8 
    4.5-7.6 12.6-22.9 

$40,001 to $80,000 1373 31.8% 116 8.4 32.3 
    6.7-10.1 26.7-37.9 

Up to $40,000 1120 26.3% 133 11.4 36.5 
    9.5-13.4 29.3-43.7 

Highest parent education       

Postgraduate 805 18.0% 44 5.6 12.2 
    3.7-7.4 8.1-16.3 

Some/completed uni 1653 38.0% 116 6.9 32.0 
    5.5-8.3 26.0-38.0 

Some/completed trade 795 17.4% 64 7.5 16.0 
    5.6-9.5 11.6-20.4 

Primary/secondary 1154 26.7% 139 12.1 39.8 
    10.0-14.1 32.9-46.7 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Table 60 presents the distribution for permanent SiC10 by school socioeconomic 

characteristics. When analysed by the school type, a higher proportion of children from 

disadvantaged schools were in the SiC10 group (12.7%). The public and disadvantaged 

public schools then comprised nearly three-quarters of the SiC10 group. When children 

were categorised by school SES (ICSEA) there was an increasing likelihood of being in the 

permanent SiC10 group as the school SES decreased. This resulted in a social gradient 

within the SiC10 group.  

Table 60: Prevalence of SiC10 in permanent dentition – school socioeconomic characteristics 

Permanent SiC10 

(n=385) 

    SiC10 proportion 

 Sample Sample  SiC10 % of Var SiC10 

distribution 
Variable (Var) N % n 95% CI 95% CI 

School (school type)      

Independent 545 12.5% 31 6.0 9.1 

    3.4-8.6 2.8-15.5 

Catholic 1026 20.6% 73 7.0 17.4 

    5.3-8.7 9.5-23.4 

Public other 2093 47.2% 161 7.6 43.4 

    6.4-8.9 32.4-54.4 

Public PAS/PSP 935 19.7% 120 12.7 30.1 
    10.5-14.9 19.5-40.6 

School SES (ICSEA)      

Highest SES quartile  1136 26.0% 67 6.2 19.4 

    4.7-7.7 11.6-27.1 

Mid-high quartile  1139 24.9% 82 7.1 21.3 

    5.5-8.6 12.3-30.2 

Mid-low quartile 1172 26.3% 102 8.6 27.3 

    6.6-10.5 17.0-37.5 

Lowest SES quartile 1152 22.7% 134 11.7 32.1 

    9.5-13.8 21.6-42.6 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Table 61 reports the distribution of children in the SiC10 group for permanent caries 

experience across the area socioeconomic characteristics.  For both LHD SES indicators 

there were higher proportions of children from the lowest SES category that were in the 

SiC10 but when considering the distribution within the SiC10 group there were higher 

proportions from the three middle categories due to the sample distribution. 

Table 61: Prevalence of SiC10 in permanent dentition – area socioeconomic characteristics 

Permanent SiC10 

(n=385) 

    SiC10 proportion 

 Sample Sample  SiC10 % of Var SiC10 

distribution 
Variable (Var) N % n 95% CI 95% CI 

LHD SEIFA SES      

Highest category 870 20.6 56 6.1 15.2 

    4.3-7.8 9.5-20.9 

Mid-high  category 833 20.3 77 9.0 22.2 

    6.4-11.6 13.4-30.9 

Mid  category 1099 29.7 99 8.9 32.2 

    7.4-10.4 22.3-42.0 

Mid-low  category 825 17.2 53 6.2 13.0 
    4.2-8.3 8.2-17.8 

Lowest  category 831 12.3 99 11.6 17.4 
    8.8-14.5 13.5-21.4 

LHD Wealth SES      

Highest  category 676 15.7 37 5.3 10.1 

    3.3-7.3 5.6-14.6 

Mid-high  category 789 21.2 76 9.0 23.1 

    6.6-11.3 14.2-32.0 

Mid  category 1117 25.9 109 9.3 29.2 

    7.6-11.0 21.5-36.8 

Mid-low  category 1004 23.9 70 7.2 20.8 

    5.3-9.0 12.9-28.6 

Lowest  category 872 13.3 92 10.4 16.9 

    8.1-12.7 12.9-20.9 

Notes: 
95%CI = 95% confidence interval for estimated proportion 
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Table 62 presents the sequential and regression modelling for SiC10 caries in the permanent 

dentition. Model 1 demonstrated an income variation although only the lowest income 

group was significant when compared to the highest income group (PR 1.8, p<0.001). 

Model 2 highlighted the impact of highest parent education with increasing prevalence 

ratios across the parent education groups but only those children with parents having 

primary or secondary education were statistically significant with twice the likelihood of 

membership of the SiC10 group. The final model included both income and education 

where the inclusion of these two variables in the model altered the income effect to a non-

significant factor while education remained significant. The reduction in the prevalence 

ratio estimates for the lowest category for household income was 0.4 while for the lowest 

parent education it was 0.5.  

 

 

Table 62: Sequential and regression models for the prevalence of permanent SiC10 caries for individual-level 

SES      

 
Model 1 
n =4104 

 Model 2 
n = 4230 

 Model 3 
n = 3983 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Household Income       

Over $120,000 Ref    Ref  

$80,001 to $120,000 1.0 0.7-1.4   0.9 0.6-1.3 

$40,001 to $80,000 1.3 0.9-1.9   1.1 0.8-1.6 

Up to $40,000 ***1.8 1.3-2.5   1.4 1.0-2.0 

       

Highest parent education        

Postgraduate   Ref  Ref  

Some/completed uni   1.2 0.9-1.8 1.1 0.8-1.7 

Some/completed trade   1.4 0.9-2.2 1.3 0.8-2.0 

Primary/secondary   ***2.2 1.5-3.2 ***1.7 1.1-2.6 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
Ref: reference group ; *: p<0.1; **: p<0.05; ***: p<0.001  
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Sequential and regression modelling was conducted using both school ICSEA SES and 

school type variables (Table 63) where a social gradient was evident. Model 1 reports the 

prevalence ratios for school type where the children from disadvantaged public schools 

showed significantly higher prevalence ratio compared to those children who attended 

Independent schools. In Model 2, the schools with the lowest SES ICSEA score were 

associated with having the highest proportion of children in the permanent SiC10 group 

compared to the reference group, Independent schools.   

Model 3 included both school SES indicators in the model. Although both SES indicators 

were not statistically significant, a gradient was still apparent. By including the two school 

indicators the prevalence ratios were influenced where the change in prevalence ratios was 

less for school type (lowest category 0.4) compared to school ICSEA (lowest category 

0.5). 

Table 63: Sequential and regression models for the prevalence of permanent SiC10 caries for school-level SES      

 
Model 1 
n =4369 

 Model 2 
n =4369 

 Model 3 
n =4369 

 

 Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

Prevalence 
Ratio 

 
95% CI 

School (school type)       

Independent Ref    Ref  

Catholic 1.2 0.7-1.9   1.1 0.6-1.8 

Public other 1.3 0.8-2.0   1.2 0.8-1.9 

Public PAS/PSP **2.1 1.3-3.4   1.7 0.9-3.1 

       

School SES (ICSEA)       

Highest SES quartile    Ref  Ref  

Mid-high quartile   1.1 0.8-1.6 1.1 0.8-1.6 

Mid-low quartile   1.4 1.0-1.9 1.3 0.9-1.8 

Lowest SES quartile   ***1.9 1.4-2.6 1.4 0.9-2.2 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
Ref: reference group ; *: p<0.1; **: p<0.05; ***: p<0.001  
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Table 64 demonstrated that area SES contributed to variation in the SiC10 group. Model 1 

included LHD by SEIFA and showed that children who lived in the lowest LHD were 

significantly associated with permanent SiC10 compared to the children from the highest 

LHD area with a prevalence ratio of 1.9 (p< 0.001). Model 2 included the contextual 

variable LHD wealth metric and reported significant differences where children who 

resided in the LHD with the lowest wealth score reported a prevalence ratio of 2.0 

(p<0.001). Model 3 included both LHD SES indicators and showed the lowest SES LHD 

by SEIFA remained significant with twice the likelihood of children being in the SiC10 

group.  The lowest category for LHD Wealth showed a reduction in prevalence ratio of 0.6 

while the lowest category for LHD SEIFA showed in increase in prevalence ratio of 0.2. 

 

Table 64: Sequential and regression models for the prevalence of permanent SiC10 caries for area-level SES      

 
Model 1 
n = 4369 

Model 2 
n = 4369 

Model 3 
n = 4369 

 Prev Ratio 95% CI Prev Ratio 95% CI Prev Ratio 95% CI 

LHD SEIFA SES       

Highest category Ref    Ref  

Mid-high category 1.5 1.0-2.2   1.3 0.9-1.9 

Mid category **1.5 1.1-2.1   1.9 0.9-3.9 

Mid-low category 1.0 0.7-1.6   1.2 0.6-2.4 

Lowest category ***1.9 1.3-2.8   **2.1 1.1-4.0 

LHD Wealth SES       

Highest category   Ref  Ref  

Mid-high category   **1.7 1.1-2.6 **1.5 1.0-2.3 

Mid category   ***1.8 1.2-2.6 1.0 0.5-2.0 

Mid-low category   1.4 0.9-2.1 1.0 0.5-2.0 

Lowest category   ***2.0 1.3-3.0 1.4 0.8-2.4 

 
Notes: 
95%CI = 95% confidence interval for estimated prevalence ratio 
Ref: reference group ; *: p<0.1; **: p<0.05; ***: p<0.001  
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In summary, the children in the SiC10 group had significantly higher mean caries compared 

to the children who were not in the SiC10 group and the sample mean, for both the 

deciduous (dmfs 20.39, 1.35, 3.18 respectively) and permanent dentition (DMFS 5.01, 

0.21, 0.61 respectively). The difference in caries experience between the groups is 

considerable with the children in the SiC10 group reporting over 15 times the deciduous 

caries experience, and over 20 times the permanent caries experience, compared to the 

non-SiC10 children. In the bivariate analysis, there were significantly higher proportions of 

the SiC10 group in the lowest SES category across all SES indicators in both the deciduous 

and permanent dentitions, although the deciduous dentition showed greater differences 

across the SES categories. Using results from the regression model (Model 3) including 

both indicators in the pair at each level individual, school and area, there was a reasonably 

consistent finding that the lowest SES category for one or other indicator would be 

significant. This indicates that the pair of indicators have a level of correlation.  
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Table 65: Summary of findings related to SiC10  

  SiC10 distribution 

  Deciduous Permanent 

Household Income Ref=Over $120,000   
 $80,001 to $120,000  ~ 
 $40,001 to $80,000  ~ 
 Up to $40,000  ~ 

Highest parent education  Ref=Postgraduate   
 Some/completed uni ~ ~ 
 Some/completed trade ~ ~ 
 Completed secondary ~  

School (school type) Ref=Independent   

 Catholic ~ ~ 

 Public other ~ ~ 

 Public PAS/PSP  ~ 

School SES (ICSEA) Ref=Highest SES quartile    

 Mid-high quartile  ~ ~ 
 Mid-low quartile  ~ 

 Lowest SES quartile ~ ~ 

LHD SEIFA SES Ref=Highest SES category   

 Mid-high category  ~ 
 Mid category  ~ 

 Mid-low category ~ ~ 
 Lowest category   

LHD Wealth SES Ref=Highest SES category    

 Mid-high category ~  
 Mid category ~ ~ 

 Mid-low category ~ ~ 

 Lowest category ~ ~ 
 
Notes:    Ref: reference group; : markedly lower; : lower; ~: not sig. different; : higher; : markedly higher 
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3.7 MULTI-LEVEL ANALYSIS TO EVALUATE SES VARIATION 

So far this thesis has analysed individual-, school- and area-level SES for three caries 

measures across both dentitions. A pair of SES indicators was explored at each level, 

separately and in combination, to identify each member of the pairs independent 

association with caries measures.  

However, the separate models within each level of SES do not account for the fact that 

there may be nested effects of individuals within schools and schools within areas. Multi-

level analysis was used to determine the association of individual-, school- and area-level 

SES indicators with child caries independently and in combination after adjusting for the 

nested multi-level structure. 

The multi-level modelling included individual-, school- and area-level SES factors for each 

of the three caries outcomes: caries prevalence; caries experience; and, significant caries 

experience for both the deciduous and permanent dentition. One measure was selected 

from each of the three levels, based on strength of association, stability across the oral 

health outcome measures and ability to provide contextual perspective: household income 

for individual-level; school type for school SES; and, LHD wealth metric for area SES. 

Initially each socioeconomic indicator were tested alone and then in a full model to 

determine if schools and areas make a difference to socioeconomic differences in oral 

health (Diez-Roux et al., 2001).  

All the models presented account for the nesting of individuals within schools and schools 

within areas. Five different models were fitted for multi-level analysis. The first model was 

included as a null model including random effects for school and area (to account for the 

nesting of individuals with schools and schools within areas); the second model included 

household income; the third model included school type; the fourth included the wealth 

metric of the Local Health District; and, the fifth included all three explanatory SES 

variables. 

Model 1: Multi-level random effect [school (area)]  

Model 2: Multi-level random effect [school (area)] + fixed effects individual SES 

Model 3: Multi-level random effect [school (area)] + fixed effects school SES 

Model 4: Multi-level random effect [school (area)] + fixed effects area SES 

Model 5: Multi-level random effect [school (area)] + fixed effects individual-, school- and 

area-level SES 
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Odds ratios (OR) and rate ratios (RR) were calculated as exponential of beta estimates of 

the models using multi-level regression models (SAS PROC GLIMMIX) to test oral health 

variation between the SES groups. The school- and area-levels were set as random effects 

while the explanatory SES variable, individual-level SES, was included as fixed effects. 

The ORs and RRs measured the association between the SES indicator and likelihood of 

caries or more severe caries compared to the reference category, the highest SES category. 

Significance and precision of the estimate was determined using 95% CI. The estimates 

between the models were also compared. Pseudo AIC was used to assess which model was 

the best fit among those considered and a measure of the strength of association for each 

model. The smaller the Pseudo AIC, the better the model fit.  

This subsection outlining results of the multi-level analysis will present the five models for 

each caries measure and dentition that will consist of: 

1. Multi-level modelling for deciduous caries prevalence [3.7.1] 

2. Multi-level modelling for permanent caries prevalence [3.7.2] 

3. Multi-level modelling for deciduous caries experience [3.7.3] 

4. Multi-level modelling for permanent caries experience [3.7.4] 

5. Multi-level modelling for deciduous SiC10 [3.7.5] 

6. Multi-level modelling for permanent SiC10 [3.7.6] 
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3.7.1 Multi-level modelling for deciduous caries prevalence 

The multi-level analysis for deciduous caries prevalence is reported in Table 66. Multi-

level modelling was conducted including all three SES levels to explore the variation in 

deciduous caries across a range of models.  

Model 1 was the null model and established the model accounting for the nesting of 

individuals within schools and schools within areas. 

Model 2 included the explanatory variable income as an individual SES factor. A social 

gradient was observed although only the lowest category of income had an OR for 

prevalence that was significantly higher than the reference category. Those children who 

were from the lowest household income group reported nearly twice the odds for 

prevalence of deciduous caries (OR 1.86, 95% CI 1.23-2.82) compared to those children 

from the highest household income group.   

In Model 3, school SES was explored as an explanatory variable using school type.  School 

type categories were not significant for deciduous caries prevalence in the multi-level 

approach. The children who attended a disadvantaged public school had higher odds of 

caries compared to those who attended an Independent school. There was also a gradient 

across the SES categories.  However, these were not significant. 

Model 4 included Local Health District wealth metric as a contextual area SES explanatory 

variable and demonstrated increasing odds ratios across the SES categories compared to 

the reference category, the wealthiest LHD category.  The poorest Local Health District 

was statistically significant with higher likelihood of deciduous caries (OR 2.48, 95% CI 

1.10-5.59) compared to the wealthiest Local Health District. 

Model 5 incorporated all three SES explanatory variables.  A social gradient was observed 

across all of the three SES factors with significant association with deciduous caries 

prevalence for those children who reside in the LHD with the lowest wealth metric (OR 

2.27, 95% CI 1.04-4.96) compared to the wealthiest Local Health District and for those 

children who have the lowest household income (OR 1.76, 95% CI 1.14-2.71) compared to 

those children from the highest household income group.  
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To evaluate the improvement of fit between the models the AIC indices were 

compared.  The smaller the AIC, the better the model.  Model 3 (AIC  4729) and 

Model 4 (AIC  4732) showed little variation from the Null model (AIC  4722) 

while Model 2 and 5 recorded a reduction in the AIC and therefore a better 

explanatory model.  Although the multi-level Model 2 (AIC  4484) had the lowest 

AIC and therefore demonstrated the best model incorporating only individual SES 

as an explanatory factor, Model 5 was not significantly different from Model 2 and 

as AIC penalises models with more factors, the best model could be considered 

either Model 2 or 5.   



 

 

Table 66: Association between individual-, school- and area-level factors for deciduous caries prevalence in children aged 8-9 years       

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

Fixed effects intercept   -0.41* 0.19 -0.36 0.22 -0.48 0.29 -0.74 0.34 

Level 1           
Income            

High (ref)           
Mod-High   1.05 0.70-1.60     1.02 0.69-1.55 

Low-mod   1.36 0.91-2.02     1.29 0.86-1.93 

Low   1.86* 1.23-2.82     1.76* 1.14-2.71 

           
Level 2           
School type            

Independent (ref)           
Catholic     1.05 0.65-1.71   1.02 0.62-0.67 

Public     1.28 0.83-1.98   1.13 0.73-1.77 

Public disadvantaged     1.55 0.96-2.52   1.16 0.69-1.95 

           
Level 3           
LHD Wealth SES           

High (ref)           
Mod-High       1.05 0.44-2.51 0.98 0.43-2.22 

Mod       1.19 0.55-2.61 1.09 0.52-2.29 

Low-mod       1.54 0.68-3.49 1.42 0.65-3.06 

Low       2.48* 1.10-5.59 2.27* 1.04-4.96 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.007 0.06 0.00 0.00 0.006 0.06 0.01 0.08 0.00 0.00 

Intercept LHD 0.17 0.09 0.15 0.08 0.14 0.08 0.10 0.08 0.08 0.07 

Model fit (AIC) 4722  4486  4729  4732  4503  
-2Log Likelihood 4718  4484  4725  4728  4501  

 
Notes: 
OR, Odds Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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3.7.2 Multi-level modelling for permanent caries prevalence 

The multi-level analysis for permanent caries prevalence is reported in Table 67. Multi-

level modelling was conducted including all three SES levels to explore the variation in 

permanent caries across a range of models.  

Model 1 was the null model and established the model accounting for the nesting of 

individuals within schools and schools within areas. 

Model 2 included income as an explanatory factor at the individual-level.  The two lowest 

categories of income reported statistically significant higher likelihood of caries compared 

to those children from the highest household income group. The children from the low-

moderate income group had twice the odds of caries (OR  2.03, 95% CI 1.04-3.97) and the 

lowest income group four times the odds (OR 4.33, 95% CI 2.22-8.46).   

In Model 3, school type was included as an explanatory variable.  School type categories 

were significantly associated with higher odds of permanent caries in the multi-level 

approach where those children who attended public schools or disadvantaged public 

schools had significantly higher likelihood of caries compared to those children who 

attended an Independent school. A gradient across the SES categories was also noted.  

Model 4 explored Local Health District wealth metric as an area SES explanatory variable. 

Although each of the four categories for LHD wealth reported higher odds ratios compared 

to the wealthiest LHD, none of these were significant and no clear pattern was observed.  

While not significant, the children from the poorest LHD had higher odds for permanent 

caries (OR 2.30) compared to the children from the wealthiest Local Health District.  

Model 5 incorporated all three SES explanatory variables. The children in the lowest SES 

categories for all explanatory variables had higher odds ratio for permanent caries 

prevalence compared to the reference category.  The association between the lowest 

income group and deciduous caries prevalence was attenuated but remained significant as 

an explanatory variable where children from the lowest income group recorded 

significantly higher odds ratio (OR 3.75, 95% CI 1.85-7.60) compared to those children 

from the highest household income group. The association between school type and 

deciduous caries was no longer significant. 

The AIC was used to assess the best model fit.  Model 3 (AIC 2767) and Model 4 (AIC 

2770) showed little variation in the AIC from the Null model (AIC 2756) while Model 2  
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(AIC 2578) and Model 5 (2599) recorded a reduction in the AIC and therefore a better 

explanatory models. 



 

 

Table 67: Association between school and area-level factors of permanent caries prevalence in children aged 12 years       

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

Fixed effects intercept   -1.49* 0.30 -1.31* 0.33 -1.20* 0.48 -2.31* 0.62 

Level 1           
Income            

High (ref)           
Mod-High   1.88 0.96-3.71     1.65 0.82-3.33 

Low-mod   2.03* 1.04-3.97     1.74 0.87-3.50 

Low   4.33* 2.22-8.46     3.75* 1.85-7.60 

           
Level 2           
School type            

Independent (ref)           
Catholic     1.70 0.79-3.64   1.67 0.71-3.96 

Public     2.12* 1.06-4.25   2.12 0.97-4.65 

Public disadvantaged     2.33* 1.09-4.97   1.78 1.75-4.24 

           
Level 3           
LHD Wealth SES           

High (ref)           
Mod-High       1.94 0.46-8.19 1.59 0.37-6.90 

Mod       1.81 0.50-6.54 1.59 0.42-5.96 

Low-mod       1.49 0.39-5.71 1.09 0.28-4.33 

Low       2.30 0.62-8.58 1.83 0.46-7.20 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.12 0.12 0.13 0.13 0.12 0.12 0.07 0.11 0.14 0.14 

Intercept LHD 0.16 0.13 0.14 0.18 0.15 0.12 0.26 0.20 0.25 0.20 

Model fit (AIC) 2760  2582  2771  2774  2603  
-2Log Likelihood 2756  2578  2767  2770  2599  

 
Notes: 
OR, Odds Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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3.7.3 Multi-level modelling for deciduous caries severity 

The multi-level analysis for deciduous caries severity is reported in Table 68. Multi-level 

modelling was conducted (SAS PROC GLIMMIX Loglink) including all three SES levels 

to explore the variation in deciduous caries across a range of models.  

Model 1 was the null model and established the model accounting for the nesting of 

individuals within schools and schools within areas. 

Model 2 included the explanatory variable income as an individual SES factor. The two 

lowest income categories were significantly associated with caries severity where both 

groups showed higher rate of caries experience (1.5 times) compared to the reference 

category, the highest income group.    

In Model 3, school type was added as an explanatory SES variable.  The different school 

types were not significant for deciduous caries severity in the multi-level approach 

although those children who attended a disadvantaged public school had higher risk ratio 

for caries compared to those who attended an Independent school.  

Model 4 included Local Health District wealth metric as a contextual area variable and 

demonstrated higher risk ratios for the 3 lowest LHD wealth categories although these 

were not significant.  The poorest Local Health District showed twice the risk ratio for 

deciduous caries (RR 2.34, ns) compared to the wealthiest Local Health District.  

Model 5 incorporated all three SES explanatory variables. Only individual income 

categories were significant as an explanatory factor.  However, each of the lowest SES 

categories across all of the three SES factors reported higher risk ratio for deciduous caries 

when compared to the reference category, the highest SES category.  The two lowest 

income groups remained significant in the final model with little change in the estimates.  

The AIC was used to assess the best model fit.  Model 3 and 4 showed little variation from 

the Null model (AIC 8773) while Model 2 (AIC 8187) and Model 5 (AIC 8184) recorded a 

reduction in the AIC and therefore better explanatory models in explaining the variation in 

deciduous caries severity in children.  



 

 

Table 68: Association between school and area-level factors of deciduous caries severity in children aged 8-9 years       

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   RR 95%CI RR 95%CI RR 95%CI RR 95%CI 

Fixed effects intercept   0.71* 0.16 0.87* 0.23 0.64 0.37 0.34 0.38 

Level 1           
Income            

High (ref)           
Mod-High   1.07 0.93-1.24     1.07 0.92-1.23 

Low-mod   1.49* 1.30-1.71     1.48* 1.29-1.69 

Low   1.46* 1.26-1.67     1.43* 1.25-1.65 

           
Level 2           
School type            

Independent (ref)           
Catholic     1.05 0.66-1.67   0.97 0.61-1.54 

Public     1.05 0.69-1.59   0.96 0.63-1.46 

Public disadvantaged     1.43 0.92-2.24   1.22 0.78-1.92 

           
Level 3           
LHD Wealth SES           

High (ref)           
Mod-High       0.78 0.28-2.17 0.81 0.32-2.04 

Mod       1.54 0.63-3.78 1.58 0.70-3.58 

Low-mod       1.39 0.93-5.88 1.43 0.61-3.38 

Low       2.34 0.91-3.93 2.18 0.93-5.13 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.45 0.07 0.43 0.07 0.45 0.08 0.45 0.07 0.44 0.08 

Intercept LHD 0.27 0.13 0.24 0.12 0.23 0.12 0.21 0.13 0.16 0.10 

Model fit (AIC) 8773  8191  8764  8773  8188  
-2Log Likelihood 8769  8187  8760  8769  8184  

 
Notes: 
RR, Rate Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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3.7.4 Multi-level modelling for permanent caries severity 

The multi-level analysis for permanent caries severity is reported in Table 69. Multi-level 

modelling was conducted including all three SES levels to explore the variation in 

permanent caries across a range of models.  

Model 1 was the null model and established the model accounting for the nesting of 

individuals within schools and schools within areas. 

Model 2 included income as an explanatory factor at the individual-level. All three income 

categories reported higher risk ratios for caries severity compared to those children from 

the highest household income group. The lowest income group reported over four times the 

rate of deciduous caries (RR 4.76, 95% CI 3.06-7.36) compared to the reference category, 

the highest income category. A statistically significant social gradient was also observed. 

In Model 3, school type was added as an explanatory variable.  School type was 

significantly associated with permanent caries severity in the multi-level model where 

those children who attended a public school or disadvantaged public school had 

significantly higher rate ratio compared to those children who attended an Independent 

school. A gradient across the SES categories was also observed. 

Model 4 added Local Health District wealth metric as an area SES explanatory variable. 

Although each of the four wealth categories reported higher rate ratios compared to the 

wealthiest LHD, none of these were significant and no clear pattern was observed.  While 

not significant, the poorest Local Health District had twice the rate of permanent caries 

(RR 2.08) compared to the wealthiest Local Health District.   

Model 5 incorporated all three SES explanatory variables. The area SES factor using LHD 

wealth metric demonstrated some small variation.  However, no clear pattern was noted.  

Both school type and income retained a social gradient in the final model.  The children 

who attended disadvantaged public schools demonstrated a statistically significant higher 

rate of permanent caries (RR 2.75, 95% CI 1.36-5.55) compared to children who attended 

Independent schools. Income remained significant as an explanatory variable and children 

from all three groups recorded a significantly higher risk ratio with the children from the 

lowest income category reporting over four times the rate of permanent caries compared to 

the children from the highest income category. There was slight attenuation of the 

estimates in the final model when including explanatory factors for all three levels. 
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The AIC was used to assess the best model fit.  Model 2 - 5 showed higher AIC compared 

to the Null model.  



 

 

Table 69: Association between school and area-level factors of permanent caries severity in children aged 12 years       

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   RR 95%CI RR 95%CI RR 95%CI RR 95%CI 

Fixed effects intercept   -1.31* 0.22 -0.89* 0.30 -0.67 0.37 -1.92* 0.45 

Level 1           
Income            

High (ref)           
Mod-High   2.48* 1.59-3.87     2.36* 1.51-3.71 

Low-mod   2.83* 1.82-4.40     2.66* 1.70-4.15 

Low   4.76* 3.06-7.36     4.26* 2.75-6.70 

           
Level 2           
School type            

Independent (ref)           
Catholic     1.68 0.84-3.36   1.60 0.78-3.31 

Public     1.99* 1.06-3.75   1.77 0.92-3.40 

Public disadvantaged     2.97* 1.54-5.81   2.75* 1.36-5.55 

           
Level 3           
LHD Wealth SES           

High (ref)           
Mod-High       1.68 0.65-4.34 1.22 0.56-2.68 

Mod       1.68 0.70-3.99 1.15 0.55-2.39 

Low-mod       1.35 0.55-3.32 0.85 0.40-1.81 

Low       2.08 0.85-5.03 1.15 0.53-2.46 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.30 0.11 0.57 0.13 0.63 0.14 0.68 0.15 0.58 0.13 

Intercept LHD 0.04 0.06 0.02 0.05 0.03 0.06 0.10 0.11 0.03 0.08 

Model fit (AIC) 2603  2872  3195  3196  2879  
-2Log Likelihood 2597  2868  3191  3192  2875  

 
Notes: 
RR, Rate Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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3.7.5 Multi-level modelling for membership of the deciduous significant caries 

group 

The multi-level analysis for deciduous SiC10 is reported in Table 70. Model 1 was the null 

model and established the model accounting for the nesting of individuals within schools 

and schools within areas. 

Model 2 included the explanatory variable income as an individual SES factor. A social 

gradient was observed although only the two lowest categories of income had an odds ratio 

for significant caries that was significantly higher than the reference category. Those 

children who were from the lowest household income group reported over three times the 

likelihood for membership of the deciduous SiC10 group (OR 3.63, 95% CI 1.42-9.28) 

compared to those children from the highest household income group. 

In Model 3, school SES was explored as an explanatory variable using school type.  School 

type was significant for deciduous SiC10 in the multi-level approach where those children 

who attended a disadvantaged public school had over twice the odds ratio for significant 

caries compared to those who attended an Independent school.  

Model 4 included Local Health District wealth metric as an area SES explanatory variable 

and demonstrated higher odds ratios for the different wealth categories compared to the 

wealthiest Local Health district.  The poorest Local Health District was the only significant 

category with over five times the odds for deciduous significant caries (OR 5.40, 95% CI 

1.11-26.15) compared to the wealthiest Local Health District.   

Model 5 incorporated all three SES explanatory variables. Children who resided in the 

LHD with the three lowest wealth metric scores or who attended disadvantaged public 

schools had higher odds ratio for significant caries although these were not significant.  

Household income remained a significant factor in the full model where children from 

low-moderate income (OR 3.72, 95% CI 1.47-9.42) and those children who have the 

lowest household income (OR 3.16, 95% CI 1.21-8.25) reported significant association 

with membership of the deciduous SiC10 group compared to the reference category, 

children from the highest income category. 

When comparing the AIC to assess the best model fit, it was found that Model 3 and 4 

were slightly higher than the Null model while Model 2 and 5 recorded a reduction in the 

AIC and therefore a better explanatory model.  The multi-level model 2 had the lowest 
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AIC (5569) and therefore demonstrated the best model incorporating only individual SES 

as an explanatory factor.  



 

 

Table 70: Association between school and area-level factors of deciduous SiC10 caries in children aged 8-9 years     

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

Fixed effects intercept   -3.22* 0.46 -2.47* 0.40 -3.11* 0.60 -3.86* 0.72 

Level 1           
Income            

High (ref)   ref      ref  
Mod-High   1.94 0.72-5.20     1.86 0.69-5.03 

Low-mod   4.04* 1.62-10.09     3.72* 1.47-9.42 

Low   3.63* 1.42-9.28     3.16* 1.21-8.25 

           
Level 2           
School type            

Independent (ref)     ref    ref  
Catholic     1.26 0.51-3.12   1.14 0.44-2.96 

Public     1.10 0.49-2.51   0.96 0.40-2.30 

Public disadvantaged     2.13* 0.92-4.91   1.45 0.58-3.60 

           
Level 3           
LHD Wealth SES           

High (ref)       ref  ref  
Mod-High       1.22 0.20-7.38 0.96 0.20-4.77 

Mod       3.35 0.71-15.87 2.36 0.60-9.34 

Low-mod       1.90 0.37-9.92 1.39 0.33-5.94 

Low       5.40* 1.11-26.15 3.41 0.84-13.91 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.17 0.15 0.13 0.15 0.15 0.15 0.19 0.15 0.16 0.16 

Intercept LHD 0.58 0.32 0.41 0.25 0.41 0.26 0.35 0.28 0.20 0.21 

Model fit (AIC) 5750  5569  5774  5802  5623  
-2Log Likelihood 5746  5565  5770  5798  5619  

 
Notes: 
OR, Odds Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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3.7.6 Multi-level modelling for membership of the permanent significant caries 

group 

The multi-level analysis for permanent significant caries is reported in Table 71. Multi-

level modelling was conducted including all three SES levels to explore the variation in 

permanent significant caries across a range of models. Model 1 was the null model and 

established the model accounting for the nesting of individuals within schools and schools 

within areas. 

Model 2 included income as an explanatory factor at the individual-level.  All three 

household income categories reported higher odds ratios for significant caries compared to 

the highest household income group.  The children from the lowest income group recorded 

statistically significant higher odds (OR 22.47, 95% CI 2.82-179.37) for membership of the 

SiC10 group compared to children from the reference category, the highest income 

category, when accounting for the nested structure.  

In Model 3, school type used as an explanatory variable.  School type was significantly 

associated with permanent SiC10 in the multi-level approach where those children who 

attended a disadvantaged public school had significantly higher odds ratio for membership 

of the SiC10 group (OR 7.44, 95% CI 1.54-35.86) compared to those who attended an 

Independent school. A gradient across the SES categories was also noted although was not 

significant. 

Model 4 included Local Health District wealth metric as an area SES explanatory variable. 

Although each of the four wealth categories reported higher odds ratios compared to the 

wealthiest Local Health District, none of these were significant.  While not significant, 

children from the poorest Local Health District had nearly twice the odds ratio for 

membership of the permanent SiC10 group (OR 2.38) compared to children from the 

wealthiest Local Health District.  

Model 5 incorporated all three SES explanatory variables. The children in the lowest SES 

categories for each of the three explanatory variables had higher odds ratio for membership 

of the permanent SiC10 group compared to the reference category, the highest SES 

category.  Income remained significant as an explanatory variable in the final model with 

the lowest income group recording 14 times the odds for membership of the permanent 

SiC10 group (OR 14.52, 95% CI 1.74-121.39) compared to the highest income category. 

Although the higher odds for membership of the SiC10 group were attenuated for the 
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income and school type explanatory variables, and were mostly not significant, they still 

remained high. 

The AIC was used to assess the best model fit.  Model 3, 4 and 5 showed a small increase 

in AIC compared to the Null model while Model 2 recorded a small reduction in the AIC. 

However there is little variation between the models.  



 

 

Table 71: Association between school and area-level factors of permanent SiC10 caries in children aged 12 years       

 Model 1 
Null model 

Model 2 
Level 1 SES 

Model 3 
Level  2 SES  

Model 4 
Level 3 SES 

Model 5 
L  1, 2, 3 SES 

N=1105   OR 95%CI OR 95%CI OR 95%CI OR 95%CI 

Fixed effects intercept   -4.53* 1.01 -3.59* 0.73 -2.67* 0.49 -5.99* 1.45 

Level 1           
Income            

High (ref)   ref      ref  
Mod-High   7.85 0.94-65.72     5.97 0.69-51.45 

Low-mod   7.87 0.95-65.07     5.51 0.64-47.51 

Low   22.47* 2.82-179.37     14.52* 1.74-121.39 

           
Level 2           
School type            

Independent (ref)     ref    ref  
Catholic     3.46 0.69-17.42   4.18 0.44-39.60 

Public     4.01 0.85-18.90   5.47 0.63-47.19 

Public disadvantaged     7.44* 1.54-35.86   7.43 0.83-66.61 

           
Level 3           
LHD Wealth SES           

High (ref)       ref  ref  
Mod-High       1.88 0.48-7.39 1.27 0.28-5.78 

Mod       1.62 0.45-5.75 1.19 0.29-4.97 

Low-mod       1.36 0.36-5.18 0.90 0.21-3.94 

Low       2.38 0.66-8.58 1.37 0.32-5.90 

           
Model statistics  se  se  se  se  se 

Intercept school(area) 0.23 0.26 0.14 0.27 0.19 0.25 0.24 0.26 0.22 0.30 

Intercept LHD 0.03 0.11 0.00 0.00 0.00 0.00 0.05 0.16 0.00 0.00 

Model fit (AIC) 3225  3209  3300  3243  3245  
-2Log Likelihood 3221  3207  3298  3239  3243  

 
Notes: 
OR, Odds Ratio;  ref, Reference group;  *: p<0.05;     ns, not significant;    se, Standard error of estimates;  AIC, Akaike Information Criterion (smaller is better) 
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In summary, when considering the full model with the SES explanatory factors included, 

individual SES exhibited a significant fixed effect for all three caries measures for both 

dentitions (Table 72). The children from the lowest income category had significantly 

higher odds of caries and rate ratios for more severe caries compared to the reference 

category, the highest SES category, in the multi-level modelling. School SES using school 

type as a fixed effect explanatory factor was not significant for the majority of the caries 

measures in the multi-level model. Although the children attending a disadvantaged public 

school had significantly higher odds of permanent caries severity compared to children 

who attended Independent schools. Area SES incorporating Local Health District wealth as 

a fixed effect explanatory factor was not significant in most of the multi-level models.  

However the LHD with the lowest wealth metric score was significant for deciduous caries 

prevalence compared to the LHD with the highest wealth metric score. 

The multi-level analysis showed that when the nested structure of individuals within 

schools and schools within areas was accounted for, and the three different SES level 

explanatory variables were entered into the models simultaneously, many of the significant 

associations observed for school type categories and area-level categories in previous 

models and analysis became statistically insignificant.  However, the association between 

income categories and variation in child oral health across the three caries measures 

remained significant. 
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Table 72: Summary of findings related to multi-level analysis of SES indicators for caries prevalence, caries 

severity and SiC10 

 Caries prevalence Caries severity SiC10 

Explanatory variables Deciduous Permanent Deciduous Permanent Deciduous Permanent 

Individual SES - Income       

High (ref)       

Mod-High ~ ~ ~ ~ ~ ~ 

Low-mod ~ ~ * * * ~ 

Low * * * * * * 

School SES - School type       

Independent (ref)       

Catholic ~ ~ ~ ~ ~ ~ 

Public ~ ~ ~ ~ ~ ~ 

Public disadvantaged ~ ~ ~ * ~ ~ 

Area SES - LHD Wealth       

High (ref)       

Mod-High ~ ~ ~ ~ ~ ~ 

Mod ~ ~ ~ ~ ~ ~ 

Low-mod ~ ~ ~ ~ ~ ~ 

Low * ~ ~ ~ ~ ~ 

 
Notes:  *: p<0.05;     ~: not sig.  
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3.8 MEASURES OF ASSOCIATION AND POPULATION IMPACT 

This thesis has examined individual-, school- and area-level SES separately and in multi-

level analysis and found significant associations with oral health outcomes. However a key 

issue is the relevance of such data in service provision and policy setting. It is useful to 

determine whether the SES indicators could be used as tool for targeting screening and/or 

clinical services. Tables 74-80 report the distribution of cases, prevalence ratios and 

population attributable fractions for deciduous and permanent caries prevalence, caries 

severity and SiC10.  

The number of cases of children with dental caries and severe caries (SiC10) per 10,000 

children was calculated and attributed to the individual, school or area SES indicators. The 

total numbers of cases attributed indicated the quantum of disease that could be reduced by 

the targeting of a dental program on the basis of each level of SES. The contributions of 

the individual-, school- and area-level socioeconomic categories are quantified using 

summary measures: Prevalence ratios (PR) and Rate ratios (RR), and Population 

Attributable Fraction (PAF%) to estimate the population health impact of these SES 

differences (Rothman et al., 2008). PAF was used to compare the associations of SES 

indicators with variation in child oral health and the population impact of those factors.  

The SES indicator for each level was included in separate models. The models were 

generated by Poisson distribution (SUDAAN PROC LOGLINK, SAS PROC GENMOD). 

The adjusted Population Attributable Fraction (PAF) of each SES indicator was estimated 

as a percentage for each SES indicator as a weighted average [Overall PAF=  PAF=[1-

∑(population/PR)]/population] (Bruzzi et al., 1985, Rowe et al., 2004). Category specific 

attributable fraction was calculated [PAF each category= (proportion exposed cases)* (RR-

1)/RR] to compare the population impact of each level of SES (Boyko, 2000, Rockhill et 

al., 1998) to the reference category, the highest SES category. PAF estimates indicate the 

proportion of the disease in the population attributable to that particular factor or sub-

group.  PAF was considered low if it was less than 25%, moderate between 25-30% and 

high if it was greater than 35%. 
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3.8.1 Caries prevalence  

In Table 73 there is a variation in distribution of caries prevalence across the levels of each 

SES indicator with a higher number of cases in the lowest SES groups. Income as an 

individual SES indicator showed a social gradient in the distribution of cases of caries. 

School type showed a difference between the two lowest SES categories and the highest 

SES category. The area SES indicator showed the three middle categories had higher 

number of cases compared to both the highest and lowest wealth metric categories. 

There was a progressively increasing prevalence ratio for the three SES indicators 

associated with an increasing population attributable fraction across the SES categories, 

except for the area SES which only showed variation compared to the reference group. 

Twenty-five per cent of all cases in the population are attributable to household income 

variation. The population attributable fraction showed a low to moderate population impact 

for income, school and area (22-25%). Individual income registered the highest burden of 

disease or population impact for both overall exposure (25%) and for the lowest SES 

category (12%). 
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Table 73: Distribution of cases, prevalence ratios and population attributable fraction for deciduous caries 

prevalence (weighted data)    

 Table 73a 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% 
overall 

exposure 

Household income    
 

  

 
25% 

(12-35%) 

Over $120,000 18% 504 13% Ref Ref 

      

$80,001 to $120,000 24% 722 18% 1.1 2% 

    (0.8-1.4) (0-6%) 

$40,001 to $80,000 32% 1333 34% 1.5 11% 

    (1.2-1.8) (6-14%) 

Up to $40,000 26% 1358 35% 1.9 12% 

    (1.5-2.2) (9-14%) 

       

Table 73b 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% 
overall 

exposure 

School type       

Independent 12% 337 9% Ref Ref 

23%    
(0-41%) 

      

Catholic 21% 717 18% 1.2 3% 

    (0.8-1.6) (0-8%) 

Public 47% 1810 46% 1.3 11% 

    (0.9-1.8) (0-20%) 

Public PAS/PSP 20% 1050 27% 1.8 9% 

    (1.3-2.4) (5-12%) 

       

 Table 73c 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% 
overall 

exposure 

Area SES       

Highest SES category 15% 462 12% Ref Ref 

24% 
(7-38%) 

      

Mid-high category 21% 870 22% 1.4 6% 

    (1.1-1.8) (2-10%) 

Mid category 26% 1050 27% 1.4 7% 

    (1.1-1.8) (2-11%) 

Mid-low category 24% 926 24% 1.3 6% 

    (1.0-1.7) (0-10%) 

Lowest SES category 13% 609 16% 1.6 5% 

    (1.3-2.1) (3-7%) 

Notes:   Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35% 
Ref: reference group  
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Table 74 reports the distribution of cases and population impact for permanent caries 

prevalence where the number of cases across the NSW child population was highest for 

those children who attended public schools (920 per 10,000 children). A social gradient 

was observed in the number of cases per 10,000 for the individual SES indicator and 

although the lowest category SES category reported the highest proportion of cases it was 

also notable that the three other categories recorded cases that totalled more than the lowest 

SES category. School type showed variation where the two lowest SES school groups 

recorded a higher proportion of cases and area SES recorded higher proportion of cases 

across the three middle wealth categories.  

The PAF increased across the SES categories for each SES indicator.  However, the lowest 

category for each SES indicator accounted for only a low burden of disease with a 

population fraction of 8-11%. The PAF score for permanent caries prevalence was highest 

for the area wealth metric (PAF 22%) compared to household income (PAF 16%) and 

school type SES (PAF 17%) although household income registered the highest PAF score 

for individual categories (11%).  
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Table 74: Distribution of cases, prevalence ratios and population attributable fraction for permanent caries 

prevalence (weighted data)    

 Table 74a 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Household income    
 

  

 
16% 

(0-30%) 

Over $120,000 18% 286 14% Ref Ref 

      

$80,001 to $120,000 24% 364 18% 0.9 -2% 

    (0.7-1.2) (0-4%) 

$40,001 to $80,000 32% 652 32% 1.3 7% 

    (1.0-1.6) (0-12%) 

Up to $40,000 26% 721 36% 1.7 11% 

    (1.3-2.1) (7-14%) 

       

 Table 74b 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

School type       

Independent 12% 208 10% Ref Ref 

17%    
(0-32%) 

      

Catholic 21% 385 19% 1.1 2% 

    (0.9-1.4) (0-6%) 

Public 47% 920 45% 1.2 7% 

    (0.9-1.5) (0-15%) 

Public PAS/PSP 20% 538 26% 1.7 8% 

    (1.3-2.1) (4-10%) 

       

 Table 74c 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Area SES       

Highest SES category 15% 247 12% Ref Ref 

22% 
(5-32%) 

      

Mid-high category 21% 463 23% 1.4 6% 

    (1.1-1.8) (2-10%) 

Mid category 26% 560 27% 1.4 7% 

    (1.1-1.8) (2-11%) 

Mid-low category 24% 438 21% 1.2 4% 

    (0.9-1.5) (-3-8%) 

Lowest SES category 13% 338 17% 1.6 5% 

    (1.3-2.0) (3-7%) 

Notes:   Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35% 
Ref: reference group  
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3.8.2 Caries severity 

Rate ratios and population attributable fractions for deciduous caries severity for the three 

SES indicators are shown in Table 75. There was a progressively increasing risk ratio of 

caries among children across the SES categories for income and school type, whereas the 

area indicator mainly showed a difference between the reference group and the other 

categories.  The PAF showed a gradient across the categories of SES for both income and 

school type although there was an apparent threshold effect for the two lowest categories. 

Area SES recorded higher PAF compared to reference group with the middle category 

recording the higher PAF. The lowest income group recorded the highest burden of disease 

(18%). The three SES indicators showed a moderate to high burden of disease where 

overall household income reported the highest population impact (PAF 44%) compared 

with areas SES (PAF 39%) and school type (PAF 28%). 
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Table 75: Rate ratios and population attributable fraction for deciduous caries severity (weighted data)    

 Table 75a 
% popn RR PAF% per category 

PAF% overall 
exposure 

Household income      

Over $120,000 18% Ref Ref  

44%  (32-53%) 

     

$80,001 to $120,000 24% 1.6  (1.2-2.1) 9%  (4-12%) 
     

$40,001 to $80,000 32% 2.1  (1.6-2.7) 17%  (12-20%) 
     

Up to $40,000 26% 3.3  (2.6-4.2) 18%  (16-20%) 
 
 
 
 

     

 Table 75b 
% popn RR PAF% per category 

PAF% overall 
exposure 

School type      

Independent 12% Ref Ref  

28%  (9-41%) 

     

Catholic 21% 1.1  (0.8-1.4) 2% (0-6%) 
     

Public 47% 1.4  (1.1-1.8) 13%  (4-21%) 
     

Public PAS/PSP 20% 2.6  (2.0-3.4) 12%  (10-14%) 
 
 
 
 

     

 Table 75c 
% popn RR PAF% per category 

PAF% overall 
exposure 

Area SES      

Highest SES category 15% Ref Ref  

39%  (28-50%) 

     

Mid-high category 21% 1.9  (1.5-2.5) 10% (7-13%) 

     

Mid category 26% 2.0  (1.6-2.5) 13% (10-15%) 

     

Mid-low category 24% 1.5  (1.2-2.0) 8% (4-12%) 

      

Lowest SES category 13% 2.7  (2.1-3.5) 8% (7-9%)  
 
 
 
 

     

 
Notes: 
Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35%       
Ref: reference group  

 

  



Social gradient in child oral health: individual, school and area variation  

 

 

 
Page 155 

 
   

Table 76 reports the rate ratio and population attributable fraction for caries severity in the 

permanent dentition for NSW children. Household income shows an increased rate ratio 

for the two lowest SES categories. School type and area SES indicators demonstrate an 

increased rate ratio across the categories with the lowest SES category reported the highest 

rate ratio which is then translated into an increased burden of illness for the lowest SES 

category compared to the other categories for income and school type. Each of the three 

SES indicators showed a variation in PAF between the categories although the pattern of 

each varied. The lowest income group reported the highest PAF per category (14%) 

compared to the highest income group although this was only at a low population impact 

level. Overall school type (PAF 25%) and LHD wealth metric (PAF 33%) recorded a 

moderate population impact while household income (PAF 21%) recorded low population 

impact.  
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Table 76: Rate ratios and population attributable fraction for permanent caries severity (weighted data)    

 Table 76a 
% popn RR PAF% per category 

PAF% overall 
exposure 

Household income      

Over $120,000 18% Ref Ref  

21%  (8-32%) 

     

$80,001 to $120,000 24% 1.0  (0.8-1.2) 0%  (0-4%) 
     

$40,001 to $80,000 32% 1.3  (1.1-1.6) 7%  (3-12%) 
     

Up to $40,000 26% 2.1  (1.7-2.5) 14%  (11-16%) 
 
 
 

     

 Table 76b 
% popn RR PAF% per category 

PAF% overall 
exposure 

School type      

Independent 13% Ref Ref  

25%  (12-37%) 

     

Catholic 21% 1.2  (1.0-1.5) 3% (0-7%) 
     

Public 47% 1.3  (1.1-1.6) 11% (4-18%) 
     

Public PAS/PSP 20% 2.2  (1.7-2.7) 11% (8-12%) 
 
 
 

     

 Table 76c 
% popn RR PAF% per category 

PAF% overall 
exposure 

Area SES      

Highest SES category 15% Ref Ref  

33%  (21-42%) 

     

Mid-high category 21% 1.7  (1.4-2.1) 9%  (6-11%) 

     

Mid category 26% 1.6  (1.3-2.0) 10% (6-13%) 

     

Mid-low category 24% 1.5  (1.2-1.8) 8% (4-11%) 

      

Lowest SES category 13% 1.9  (1.6-2.4) 6% (5-8%)  
 
 

     

 
Notes: 
Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35% 
Ref: reference group  
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3.8.3 Significant caries   

Table 77 shows the distribution of cases of the SiC10 group, the prevalence ratios and 

associated population attributable fractions for each of the SES indicators. Each of the 

lowest SES categories for income and school type had the highest number of cases per 

10,000 children who were in the SiC10 group.  However, the wealth metric showed that the 

highest wealth category had considerably lower number of cases compared to the other 

categories. Household income and school type showed a social gradient.  There was an 

increasing prevalence ratio across the categories for each of the SES indicators.  However, 

the lowest household income group reported the highest prevalence ratio (PR 5.3). The 

associated population fraction demonstrated a low to moderate burden of disease for the 

lowest two income groups (PAF 21%) while school type showed a PAF gradient.  Area 

SES showed a range of PAF (8-15%) with the middle wealth category reporting the highest 

PAF for that SES indicator. Overall there was a variation in the PAF with household 

income highest (PAF 56%) and school type lowest (PAF 24%).  
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Table 77: Distribution of cases, prevalence ratios and population attributable fraction for deciduous SiC10 

(weighted data)    

 Table 77a 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Household income    
 

  

 
56% 

(30-69%) 

Over $120,000 18% 57 6% Ref Ref 

      

$80,001 to $120,000 24% 169 18% 2.3 13% 

    (1.1-4.6) (3-18%) 

$40,001 to $80,000 32% 291 31% 2.9 21% 

    (1.5-5.6) (10-26%) 

Up to $40,000 26% 437 46% 5.3 21% 

    (2.8-10.1) (17-24%) 

       

 Table 77b 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

School type       

Independent 12% 72 8% Ref Ref 

24%    
(0-53%) 

      

Catholic 21% 149 16% 1.1 3% 

    (0.6-2.1) (0-11%) 

Public 47% 362 38% 1.2 9% 

    (0.7-2.2) (0-25%) 

Public PAS/PSP 20% 375 39% 3.0 13% 

    (1.7-5.1) (8-16%) 

       

 Table 77c 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Area SES       

Highest SES category 15% 73 8% Ref Ref 

44% 
(16-61%) 

      

Mid-high category 21% 240 25% 2.4 12% 

    (1.3-4.5) (5-17%) 

Mid category 26% 279 29% 2.3 15% 

    (1.4-3.9) (7-19%) 

Mid-low category 24% 173 18% 1.5 8% 

    (0.9-2.6) (-3-15%) 

Lowest SES category 13% 193 20% 3.3 9% 

    (2.0-5.5) (7-11%) 

Notes:   Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35% 
Ref: reference group  
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Prevalence ratios and population attributable fractions for permanent SiC10 prevalence for 

the three SES indicators are shown in Table 78. Among individual and school type an 

increased number of cases was associated with decreased SES among children where 

household income and school type recorded a social gradient while area SES demonstrated 

a difference between the highest SES area and the other categories. Public schools 

recorded the highest number of cases.  However, there were more cases outside the lowest 

SES category for each of the income and school type SES indicators. The lowest SES 

categories for individual and school SES indicators displayed a low population fraction 

(income PAF 12%, school PAF 11%, area PAF 9%) for SiC10 although the overall 

population fraction was moderate to high for the LHD wealth metric (34%) and low to 

moderate for school type (PAF 24%) and income (20%). 
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Table 78: Distribution of cases, prevalence ratios and population attributable fraction for permanent SiC10 

(weighted data)    

 Table 78a 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Household income    
 

  

 
20% 

(0-39%) 

Over $120,000 18% 105 13% Ref Ref 

      

$80,001 to $120,000 24% 138 18% 1.0 -1% 

    (0.7-1.4) (-8-7%) 

$40,001 to $80,000 32% 251 32% 1.3 8% 

    (0.9-1.9) (0-15%) 

Up to $40,000 26% 294 37% 1.9 12% 

    (1.3-2.6) (7-16%) 

       

 Table 78b 

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

School type       

Independent 12% 71 9% Ref Ref 

24%    
(0-48%) 

      

Catholic 21% 142 18% 1.2 3% 

    (0.7-2.0) (0-10%) 

Public 47% 342 43% 1.3 10% 

    (0.8-2.0) (0-24%) 

Public PAS/PSP 20% 241 30% 2.2 11% 

    (1.4-3.5) (5-14%) 

       

Table 78c  

% popn 
No. of cases 
per 10,000 

Proportion of 
cases for each 

category PR 
PAF% per 
category 

PAF% overall 
exposure 

Area SES       

Highest SES category 15% 80 10% Ref Ref 

34% 
(7-50%) 

      

Mid-high category 21% 179 23% 1.7 9% 

    (1.1-2.6) (2-13%) 

Mid category 26% 227 29% 1.8 11% 

    (1.2-2.6) (4-16%) 

Mid-low category 24% 171 22% 1.4 7% 

    (0.9-2.1) (-3-13%) 

Lowest SES category 13% 133 17% 2.0 7% 

    (1.3-2.0) (3-9%) 

Notes:   Each SES indicator in a separate model  
PAF: low <25%, moderate 25-35%, high >35% 
Ref: reference group  
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Table 79 summarises the population attributable fraction for each of the SES indicators and 

caries measures as well as the population fraction for the lowest SES category for each 

SES indicator. Household income registered the highest impact (overall population 

attributable fraction) for an SES indicator for the deciduous dentition while area SES was 

highest for the permanent dentition. When isolating the lowest SES category for each SES 

indicator household income recorded the highest impact (PAF) for both the deciduous and 

permanent dentition across all caries measures. 

 

Table 79: Summary of population impact 

 Caries prevalence Caries severity SiC10 prevalence 

 Decid. Perm. Decid. Perm. Decid. Perm. 

Household Income       
Impact of SES exposure 25% 16% 44% 21% 56% 20% 

Impact of lowest income gp 12% 11% 18% 14% 21% 12% 

School (school type)       

Impact of SES exposure 23% 17% 28% 25% 24% 24% 

Impact of disadvantaged school gp 9% 8% 12% 11% 13% 11% 

Area SEIFA IRSAD        

Impact of SES exposure 24% 22% 39% 33% 44% 34% 

Impact of lowest SES area  5% 5% 8% 6% 9% 7% 

       

 
Notes: 
Impact of SES exposure: overall PAF% 
Impact of lowest gp: lowest SES category PAF% 
PAF: low <25%, moderate 25-35%, high >35% 
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CHAPTER 4 DISCUSSION 

This study was conducted as there were limited contemporary data available on NSW child 

oral health status and the distribution of child oral health by socioeconomic characteristics. 

In addition, there was little evidence on the public health approach adopted by NSW 

school dental services, the targeting of screening to specific school types. The aim 

therefore was to provide comprehensive information on the distribution of child oral health 

by individual-, school- and area-level characteristics, to explore the contribution of three 

SES indicators to variation in child oral health, and ultimately inform oral health policy 

and service planning. It is important to note changes to the funding and delivery of dental 

services in NSW since the supplementary study was undertaken. In 2014, the 

Commonwealth Government introduced the CDBS that provides financial support for 

basic dental services for children aged 2-17 years who meet eligibility requirements. 

CDBS is available through both private dental providers and school dental services 

(COHS, 2014). 

Since the focus of the study was exploring the variation by different types and levels of 

SES indicators, the underlying issue is the strength of association of these indicators with 

caries. This drives the ability of each SES indicator to measure the burden of disease in the 

population and determines the impact of using different SES indicators to prioritise dental 

services. Ultimately this shapes their usefulness in planning (prioritising and targeting) 

dental services.  

This section presents a discussion of the thesis results. The first part investigates the 

strengths and limitations of the study and appraises the representativeness of the sample. 

The second part considers the distribution of child oral health by individual-, school- and 

area-level SES characteristics. The third section explores the independent contribution of 

the three SES indicators in a model that accounts for the nesting of individuals within 

schools and schools within areas, individually and in combination. Finally, the usefulness 

of these indicators for prioritising and implications for policy development is discussed.   

4.1 OVERVIEW – STRENGTHS AND LIMITATIONS  

The study was a cross-sectional design utilising a stratified 2-stage clustered random 

sample of NSW children aged 5-12 years. The sampling frame was designed to achieve a 

representative sample of children from a range of socioeconomic backgrounds and was 

weighted to adjust for varying probabilities of selection of strata and post-hoc adjusted by 

age and sex to obtain representative population estimates. Strength of the study is the large 
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sample (n=5243) which facilitated the ability to explore subgroups of the population and 

associations with child oral health. The study used oral epidemiological examination data 

that were obtained in the school setting with the use of a head light, air, mirror and 

periodontal probe. Examinations were conducted by 25 calibrated examiners.  Replicate 

pairs of examinations were undertaken to assess the reliability of each examiner relative to 

the principal survey examiner. Inter-rater reliability for the ‘Number of decayed, missing, 

filled or precavitated surface per child’ was high (ICC 0.99).  There was strong inter-

examiner reliability for ‘Decayed, filled or precavitated lesion category of individual 

surfaces’ with 93.7% agreement (Kappa 0.88) (COHS, 2009). However, the lack of a 

clinical setting (Assaf et al., 2004) and radiographs (Hopcraft and Morgan, 2005, 

Poorterman et al., 1999) may lead to an underestimation of the dental caries.  

In addition the study compared three different levels of SES indicators that will be useful 

in debate on the interaction of SES characteristics and usefulness in health policy. Findings 

support the view that there are different SES level associations (Thomson and Mackay, 

2004) for the different dentitions.  Life course events have an impact on oral health at 

different stages (Nicolau et al., 2007, Poulton et al., 2002), which may contribute to 

variation of the associations for the deciduous and permanent dentition.   

There are limitations in the extent to which conclusions can be drawn, as the study is cross-

sectional and therefore cannot demonstrate causality. One may question the fact that data 

examining children’s dental behaviours, dietary patterns and fluoride intake was not 

included.  However, the main purpose of the study was to determine the socioeconomic 

variation using different SES indicators. The design was to explain caries variation by SES 

indicators that have been or may be used in prioritising dental services. Consequently, by 

not exploring individual behaviours and prevention, the resultant dataset confined caries 

variation to SES indicators, giving a clearer picture of the variation with SES.  

A common problem with such a study design is the potential bias due to differential 

response rates. This can arise when the non-respondents are systematically different in oral 

health status compared to those who complete all the survey data collections. 

Unfortunately a proportion of the sample did not return the household questionnaire, 

despite having examination data available. However, the vast majority of participants had 

complete data and they were sufficient to show variation and allow analyses of the 

associations.  
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Many studies describe the impact of non-reporting of income where there are substantially 

higher rates for missing data for income variables. If non-reporting of income is related to 

SES, such missing data may adversely affect results. It could be suggested that low-income 

households might be reluctant to respond to income questions. In this study there was a 

lower proportion of higher income families who participated in the study and provided 

complete data compared to the 2006 Census data. Sanders et al. (2006b) and Turrell (2000) 

also found it was more likely to be the high SES groups who did not report income which 

may lead to a potential source of bias. However, it is likely that the large number in the 

sample and the high response rate for the income variable (93.7%) minimises this potential 

bias. 

The sampling for this study was designed to capture representative data on measures of 

oral health status across the ages of 5 to 12 years. Age is strongly associated with increased 

caries experience.  Sensitivity analysis was undertaken to explore the influence of age 

(Appendix 6). The sensitivity analysis involved comparing the estimates for the 

relationship between SES and caries measures across three models in both dentitions to 

explore the precision of the estimates when removing demographic factors.  It was found 

that age had minimal effect on the relationship between SES and caries (estimate 

change<10%). This suggests that age did not confound results for the age-group of children 

in this study, particularly that in children up to 12 years there is a low prevalence of caries.  

The examination collected concurrent oral health data and SES status at the individual-, 

school- and area-levels. Cumulative caries experience could be reflecting an SES status 

earlier in childhood and not at the time of the data collection. For example, older children 

who experienced caries in their early years when parents had lower income but at the time 

of the study parents are older and may have higher income. A focus on SES at the time of 

the oral epidemiological examination cannot avoid this possibility. Future studies utilising 

longitudinal life-course design would account for this potential variation. 

4.2 PARTICIPATION AND RESPONSE 

Parent-completed questionnaires have a number of advantages and disadvantages. 

Advantages include ease of distribution and the ability to obtain data from a large sample 

at relatively low cost.  However, response rates can be low and some questionnaires may 

be incomplete (Squires et al., 1997). To enhance response rate, Dillman’s (Dillman, 1978) 

‘Total Design Method’ was utilised where a reminder followed the initial mail-out and 

three further mail-outs were sent if no return was received. 
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The supplementary study achieved a high response rate (65%) and a large number of 

participants (5243 children). A differential response may be relevant if there are large 

differences between the respondents and the non-respondents. These factors should be 

considered in the interpretation of the results. The supplementary study respondents were 

compared to the parent Child Dental Health Survey 2007 (COHS, 2009) and the 2006 

Census data to establish representativeness. Known characteristics of responders and non-

responders common to both surveys were compared.  The comparison showed there were 

fewer children who identified as Indigenous in the supplementary study. While it is 

acknowledged that Indigenous groups have poorer oral health the sensitivity analysis 

(Appendix 6) demonstrated little effect on the relationship between SES and oral health 

outcomes due to the small proportion of the sample who were Indigenous.  Therefore it can 

be assumed that this did not introduce bias. When comparing the supplementary study with 

the Census data it was found that those that were not born in Australia, were single parent 

families, had higher household income and lived in a lower SES area were less likely to 

participate in the survey. Each of these characteristics was associated with caries.  

However the impact of the under-representation is that the proportion of children with 

poorer oral health may have been underestimated.  

4.3 DISTRIBUTION OF CHILD ORAL DISEASE  

The prevalence and severity of deciduous and permanent caries in NSW children were 

described in detail in this study.  In general, dental caries experience in the deciduous and 

permanent dentition for NSW children were positively skewed; where a high proportion of 

children examined were caries free (12 year-old children 78%) compared to Brazil 61% 

(Piovesan et al., 2011) and Australia 56% (Chrisopoulos et al., 2011) . There were higher 

levels of deciduous caries (mean dmfs 3.18) than permanent caries (mean DMFS 0.61). 

Those in the SiC10 group had substantially higher mean caries compared to: the overall 

sample mean caries with the SiC10 group recording six times the mean dmfs and eight 

times the mean DMFS; and, those in the remainder of the sample (not in the SiC10 group) 

with 15 times the mean dmfs and 23 times the mean DMFS.  

Children from similar age groups can be compared at anchor ages such as 5 years and 12 

years. In the present study, 62% of 5 year olds were ‘caries free’ in the deciduous dentition 

and 68% of twelve year olds were ‘caries free’ in the permanent dentition. This compares 

with previous research of Australian school dental service children (Ha  et al., 2011) where 

approximately 60% of 5 year old children were free of deciduous caries, and 52% of 12 
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year olds were free of permanent caries. Children who visited the Australian school dental 

services also recorded a range of dmft scores where 17% of the children reported a dmft 

score of 6 or more, and the SiC10 group had a mean dmft that was 3 to 5 times higher than 

the overall mean caries. NSW children in the SiC10 group recorded a mean caries over 6 

times that of the sample mean caries. In the permanent dentition, Ha  et al. (2011) found 

there were small proportions of children across the DMFT scores, and a mean caries score 

for the SiC10 group that was 3 to 10 times higher than the overall mean DMFT whereas 

NSW children in the SiC10 group in this study reported 8 times the sample mean DMFT. 

In this study, poorer oral health was evident for a variety of sub-groups of the population 

and was consistent with other findings in health research, including; Indigenous (Mejia et 

al., 2010), those not born in Australia (Slade et al., 2007), single parent children (Hjern et 

al., 2001), uninsured (Chrisopoulos et al., 2011) and, children whose parent/s were not 

working (Nicholson et al., 2004). These children were more likely to have experienced 

caries, have more severe caries and fall in the SiC10 group. In the light of such evidence, 

the future oral health of these sub-groups of the population is a cause for concern. Unless 

associated barriers are addressed, children from these sub-groups will continue to 

experience more caries, that will place them at risk for worse oral health outcomes into 

adulthood, and this pattern of distribution for children will remain. 

4.3.1 Distribution of child oral health by the individual-, school- and area-level 

socioeconomic characteristics 

This study focussed on the socioeconomic differences in child oral health using three 

different levels of SES indicators; individual-, school- and area-levels. The results 

demonstrated a social gradient in child oral health for each of the three SES indicator 

levels. A social gradient exists in a child population with low overall levels of caries and 

across both dentitions. A key element of the study was to explore the three different levels 

of SES (individual, school and area) to determine if there were associations between SES 

and caries across the three levels. The lowest SES group represented by household income 

and parent education at the individual-level, school type and school SES ICSEA score at 

the school-level, and LHD SEIFA score and LHD wealth metric at the area-level, 

registered significantly more caries across each of the three caries measures. These 

findings are consistent with other studies where lower SES has been associated with higher 

prevalence of caries and higher prevalence of severe caries (Polk et al., 2010, Sagheri et 

al., 2008). The bivariate differences between the lowest SES group and the highest SES 
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group were larger in the deciduous dentition than the permanent dentition. This may be due 

to the fact that the analysis for the permanent dentition accounted for children aged 6 to 12 

years where the younger children would have few permanent teeth. These SES differences 

have sometimes been rationalised as having a behavioural basis through SES-related risk 

behaviours (Marmot et al., 1997) such as oral hygiene habits, attitudes, and use of 

preventive interventions (Polk et al., 2010).  Although oral health behaviours, such as oral 

hygiene, prevention and visiting patterns are associated with poorer oral health, research 

has found that these mediators did not account for the SES differences for caries 

prevalence, caries severity (Polk et al., 2010) or oral health impact (Sanders et al., 2006b). 

Therefore focussing solely on oral hygiene and preventive behaviours in children will not 

eliminate the oral health related SES differences as there are clearly SES influences that act 

above and beyond these behaviours. Sanders et al. (2006a) explored different SES 

indicators and proposed the view that relative SES may be more important for higher SES 

while absolute material measure such as income may be more important for lower SES 

groups. However, Mulia and Karriker-Jaffe (2012) found that relative deprivation was a 

key issue for low-income men living in an affluent area when related to alcohol problems. 

More research on the mechanism and influence of SES is required to understand the policy 

and service implications for reducing the inequalities. 

There were similar patterns in the social gradient for each of the indicators. However, the 

individual measure of household income demonstrated a greater degree of differentiation 

between the highest and lowest categories than the other indicators. Subsequent sequential 

and regression analysis to examine the association for each level of SES found that for the 

deciduous dentition income was stronger at the individual-level while school type was 

stronger at school-level SES and LHD SEIFA was stronger at the area-level. However, in 

the permanent dentition parent education was a marginally stronger indicator at the 

individual-level with little difference between the school-level indicators and the area-level 

indicators. These findings demonstrate that income, school and area indicators can be used 

as a measure of social stratification. However, household income appeared associated with 

wider differentiation in caries measures between lowest and highest SES groups and with 

more consistent associations across the three caries measures and dentitions. 

Many authors have debated the most appropriate SES indicator to use for health research. 

One key factor is the accessibility of income-related data and the second is the composite 

nature of the aggregate measures such as school- and area-level SES. Non-reporting of 
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income can lead to reduced representativeness of a sample (Hanley and Morgan, 2008, 

Locker and Ford, 1996) with the potential for results that do not reflect the disease in the 

different population groups and subsequently diminish the ability to develop appropriate 

strategies and policies that best meet the needs of the population. School- and area-level 

indicators are aggregate measures that include a wider range of constructs than an 

individual-level indicator. However, they do explore the context in which people live and 

may be useful in identifying geographic locations that could be the basis of a prioritised or 

targeted approach (Locker and Ford, 1996). Locker (1993) also found there was variability 

in the indicators used and that the associations were different, reinforcing the notion that 

each of the different levels of SES may reflect different mechanisms and influences on oral 

health. Authors now recognise the importance of using a range of indicators that will 

provide multiple levels of individual and contextual information that can inform and 

improve health research and health policy (Hanley and Morgan, 2008).  A better account of 

the SES variation, and the many individual and community factors that contribute to poor 

oral health, can broaden our understanding of oral health and contribute to positive 

decisions in the planning of preventive strategies and dental services. 

4.4 ASSOCIATION ACROSS INDIVIDUAL-, SCHOOL- AND AREA-LEVEL 

SES INDICATORS 

Individual indicators such as income, education and occupation have been used to 

determine SES status. Children and adolescents have most commonly been allocated 

socioeconomic status based on an individual measure (income, occupation, education) of 

the mother or father. Thomson and Mackay (2004) and Locker (2000) have explored area-

level and neighbourhood-level characteristics as an alternative approach to measuring SES, 

which can be measured using aggregate individual data or can be based on the amenities or 

material assets of the community. Sisson (2007) argues that the individual cannot be 

disconnected from the context in which they live. 

Studies that have explored SES indicators at different levels have found variation between 

individual and area SES indicators where correlation between them was low to moderate 

(Thomson and Mackay, 2004) indicating that they measure different aspects of 

socioeconomic status (Galobardes, 2012). According to the bivariate analysis, dental caries 

prevalence and severity demonstrated significant associations with all six indicators of 

socioeconomic status. Subsequently sequential and regression modelling was carried out to 

determine the strength of association of each of the six SES indicators with the three oral 
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health outcomes. Household income and school type demonstrated more stable SES 

differences for the individual- and school-levels. Other studies have also reported that 

household assets and parent educational status are useful in assessing oral health outcomes 

(Perera and Ekanayake, 2010, Thomson and Mackay, 2004). Area-based indicators may be 

useful where individual SES data are not available (Subramanian et al., 2006).  As has 

been shown, SES factors at one level may be nested in the next level confounding their 

associations with caries measures; therefore multi-level analysis was undertaken to explore 

the inter-relatedness. Income was significant as an explanatory factor for deciduous and 

permanent caries while school type was significant for caries severity and SiC10 in the 

permanent dentitions. However income remained the only significant explanatory factor in 

the full model. 

Brennan and Turrell (2012) and Borrell et al. (2006a) found associations between 

individual and neighbourhood SES and health outcomes, but no evidence of an interaction 

between individual SES and neighbourhood SES. There were independent effects for 

individual and neighbourhood SES where adults with a low income living in low SES 

neighbourhoods had higher odds of poorer health. Cesaroni et al. (2003) found that 

individual indicators of SES were stronger predictors of asthma in children compared to 

area-based indicators. However area-based SES still demonstrated a strong correlation with 

health outcomes. Neighbourhood and individual SES effects were explored in relation to 

child behaviour problems (Kalff et al., 2001), smoking behaviour (Cohen et al., 2011) and 

myocardial infarction (Stjarne et al., 2006) and found that the effects of neighbourhood 

deprivation had an additional effect above and beyond the individual SES level. This may 

relate to contextual factors such as social cohesion or social exclusion (Mulia and Karriker-

Jaffe, 2012).  

Locker and Ford (1996) and Thomson and Mackay (2004) explored the use of individual- 

and area-based indicators in an oral health setting and found that the two combined to 

provide a richer context incorporating the social environment in which people live as well 

as personal behaviours and life experiences. In this study, the school- and area-level SES 

indicators did not provide additional associations or a richer context than the individual-

level household income alone when included in the nested model. It may be that the area 

SES indicators showed minimal effects in comparison to the larger effects of individual 

socioeconomic indicators (Pickett and Pearl, 2001) or that the two LHD SES indicators did 

not capture the relevant contextual factors that influence the oral health of children over 
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and above the individual income effect. The inclusion of more collective resources and 

area contextual factors such as, social resources and cohesion, local services and resources, 

facilities and community centres and job opportunities would enhance the understanding of 

the contextual impact of an area (Mulia and Karriker-Jaffe, 2012, Stafford and Marmot, 

2003).  This study used area-level SES indicators that were based on the health service 

districts, a small number of larger areas that may have a more heterogeneous composition. 

A different hierarchical structure that uses geographical areas of a more homogenous 

nature may result in different geographical divisions, with varying facilities and support 

mechanisms, where different measures of area strata may be used to assess the contextual 

effects. There is a need for qualitative research to more fully understand the relationship 

between SES and oral health and the experiences and understanding of the different social 

groups that may better explain the social variation (Sisson, 2007). Qualitative research has 

the potential to explore the variety of SES-related factors that may have a role in the 

mechanism or possible pathways between SES and oral health outcomes.  Individual, 

school or area SES inequalities may have an impact on factors such as stress, attitudes, 

psychological well-being, psychosocial environment and material conditions that 

influences the incidence of disease (Pattussi et al., 2001, Reisine and Psoter, 2001, 

Wilkinson and Pickett, 2007). A more detailed understanding of the factors that contribute 

to the oral health inequalities would provide an opportunity to develop comprehensive 

strategies for action. 

Different SES indicators measure different aspects of social stratification and reflect 

different causal mechanisms (Perera and Ekanayake, 2010). The individual and contextual 

effects are complex mechanisms and operate through different pathways (Galobardes, 

2012). Given the independent effects of different SES indicators there is the potential for 

misclassification of individuals in areas or schools (Locker et al., 2004) that may lead to 

problems if using them as proxy indicators or when analysing the social context of oral 

health (Galobardes, 2012, Soobader et al., 2001). Single and composite SES indicators 

have been used.  However, the ease of use and applicability for the context is an important 

determinant for selection of the most appropriate SES indicator. A blend may need to be 

considered for health promotion and policy development (Brennan and Turrell, 2012, 

Cohen et al., 2011, Hanley and Morgan, 2008). The preference of SES indicator should 

relate to the purpose for which links between SES and oral health outcomes are being 

explored (Galobardes, 2012, Perera and Ekanayake, 2010). Household income has an 
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advantage over school and area as it is a superior indicator for oral health and used in a 

number of other aspects to determine eligibility or subsidy. However, school type as an 

SES indicator is easily accessed and could be considered as a more convenient and less 

intrusive approach (Tubert-Jeannin et al., 2009) to use as a basis of a health policy 

approach.  

4.5 EFFECTIVENESS OF TARGETING DENTAL SERVICES USING SES 

INDICATORS 

Income, school type and geographic area have been either used or proposed as a measure 

of targeting health promotion or health services in order to maximise the benefit of 

prevention or available services. Over the last 15 years limited funding and resources have 

led to changes in access and costs associated with the provision of school dental services in 

Australia. Some states and territories have introduced fees, reduced access and 

implemented screening or targeted approaches for child public dental services. Some 

researchers believe that SES indicators can be an effective tool in planning and 

implementing oral health programs and facilitate access to dental services for those most in 

need (Gillcrist et al., 2001). Targeted screening programs using school SES indicators have 

been used in NSW (SAP program) and proposed in Germany (Sagheri et al., 2008). It 

would seem that a targeted approach would provide a useful strategy for a directed 

vulnerable population sub-group approach, particularly in view of the funding constraints.  

This present study demonstrated that SES had a moderate to strong association (using 

population attributable fraction) for deciduous caries and a low to moderate association for 

the permanent dentition across all SES indicators at all three levels and all oral health 

outcomes. However, when applying the population attributable fraction to the lowest SES 

category, reflecting a targeted population approach, the population impact reduced 

considerably with all SES indicators recording low impact for all three oral health 

outcomes. In addition, this is supported by the proportion of children who had experienced 

caries (prevalence) or a severe level of caries (being in the significant caries group), that 

would be reached by such an approach where more than 50% of the children with some 

caries or severe caries would fall outside the target group. Research has suggested that 

targeted screening programs may identify the majority of low SES children with dental 

care needs and be effective at increasing attendance (Locker et al., 2004). However, when 

considering the difference in burden of disease for the most disadvantaged groups 

compared to the remainder it is clear that many of the children who have severe caries 
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would be missed. This is supported by Batchelor and Sheiham (2006) who found that a 

high-risk approach would not reach a large proportion of those in need and would not 

improve the overall oral health of the child population. Deaton (2002) believes that 

targeting social groups is problematic in identifying high risk people. The social 

distribution of caries means that identifying or targeting social groups deemed as high-risk 

results in high-risk children in higher social groups being missed. A targeted approach may 

therefore be an ineffective approach in trying to reach those people most in need. In 

addition, this study and others (Batchelor and Sheiham, 2006, Spencer and Harford, 2007) 

show that the poor oral health extends well above the most disadvantaged group. The 

distribution of high-risk children across the SES areas results in limited effectiveness of 

programs that target based on geographically defined population subgroups (Tickle and 

Milsom, 2008, Baelum, 2011). As an alternative, Sagheri et al. (2008) supported a 

combined approach with a targeted dental care program for those in disadvantaged schools 

and a screening for all others that are not targeted to ensure that those in need would not be 

missed. The NSW SAP program failed to reach out and identify the majority of children 

requiring dental care, or those from economically disadvantaged families with high caries 

needs who were not in a school-level SES target group.  

4.5.1 Policy and service provision 

Reducing the inequality gap in oral health has become a key issue in the last two decades. 

There has been an increase in the research exploring the social inequalities.  However, the 

translation of social inequalities research into policy has been more difficult. Some studies 

have explored specific strategies such as fissure sealant programs (Siegal and Detty, 2010), 

fluoride programs (Weintraub et al., 2006, Sagheri et al., 2008) and screening programs 

(Sagheri et al., 2007). While risk assessments and high-risk strategies seek to address the 

health inequalities, the lack of precision in identification of the high-risk limits the success 

of such approaches. The majority of approaches focus on the individual, with a preventive 

and treatment approach, but fail to address the underlying causes of the disease. Targeting 

downstream behavioural causal factors without taking account of the broader social factors 

have been largely ineffective (Newton and Bower, 2005). Reisine and Psoter (2001) 

acknowledge the fact that the broad-based community approaches are more effective in 

caries reduction. 

Health care policies should aim to reduce inequalities in health. Healthcare programs also 

have an important role in setting minimum standards, implementing health promotion and 
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preventive programs at both a population and an individual-level, not just treating the 

disease. Health care settings can contribute to reduction in disease with proven and 

effective prevention and intervention to benefit those in need. A key theme is the 

relationship between ill-health and socioeconomic status and the need for social safety 

nets, where healthcare should promote access and promote health as well as treat disease 

(McKee, 2002). Screening and difficult to access services can widen the gap (McKee, 

2002). When services are difficult to access patients may present in the more advanced 

stages of the disease process, leading to more extensive treatment.  Affordable and easily 

accessibly health services are an essential element for policies that will reduce health 

inequalities. 

Universal programs are more sustainable. Health care systems that are ‘funded from 

general taxation tend to be more equitable’ and mean that the burden of care is founded on 

pooled resources rather than the individual (McKee, 2002). Only servicing part of the 

population undermines support for that system and leaves it vulnerable to neglect, 

interference and individual affordability. Gaughwin et al. (1999) investigated a free 

universal school dental service with high consent rates and greater proportion of children 

from disadvantaged backgrounds. The study showed that although there was a social 

gradient in child oral heath, the children who attended the school dental service had more 

favourable oral health outcomes than those who were seen by a private dentist.  Ultimately 

the universal program demonstrated a positive effect in reducing the oral health 

inequalities. Universal coverage may potentially include public-private partnerships which 

have been shown to contribute to increased provision of services for low-income children 

(Brickhouse et al., 2006). The Commonwealth Government CDBS is an example of a 

program that combines private and public dental providers in the delivery of health care 

services to groups of children who may be at higher risk of dental disease. Children who 

meet the eligibility requirements can access up to $1000 over a two-year period (COHS, 

2014). 

A significant issue for health services will be to provide programs that cater to or are 

proportionate for the social gradient, that is, not just focus on the most disadvantaged.  A 

combination approach has been suggested which has a foundation of universal care but 

with additional services for targeted groups. An oral health service that is inclusive and 

accessible to all is a crucial element. However, it may include a complementary approach 

where disadvantaged groups would receive more services, or alternatively, a tapering of 
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services for those in the highest income groups. A universal health service program with 

extra support, care and access to those most in need should be considered and is consistent 

with the ‘proportionate universalism’ suggested by Marmot and Bell (2010). Reisine and 

Psoter (2001) suggest that lower SES groups would benefit from increased preventive 

services and health promotion activities. However, the provision of treatment to only 

certain sub-groups does not either identify sufficient children in need, adequately alleviate 

the SES inequality, or address the underlying social causes of the disease (Watt and 

Sheiham, 1999).  

Health promotion that incorporates oral health and operates at the public policy level is 

required to effect a reduction in the SES differences in oral health (Sheiham et al., 2011). 

Policies need to address the ‘social, political and environmental causes of oral health’ in 

order to make sustainable change (Watt and Sheiham, 1999). Deaton (2002) supports this 

approach and believes that focussing on the ‘downstream’ causes such as health behaviours 

and service delivery is ineffective unless the ‘upstream’ causes of the SES differences are 

addressed. In addition, Spencer and Harford (2007) highlight the fact that inequalities in 

health can result from a cumulative life course effect including access to care. Thomson et 

al. (2004) found that child SES and oral health is a strong predictor of adult oral health.  

Nicolau et al. (2003) highlighted the ‘association between socioeconomic and biological 

factors in early life’ and levels of caries in adolescents which may support the need to 

implement strategies to alter or reverse such a course. Therefore, a program that is 

designed to improve child oral health and reduce inequalities would have benefits for adult 

oral health. Policies that improve access and address financial barriers for children can 

promote more preventive-oriented visiting patterns and care from childhood to adulthood. 

Sanders et al. (2006a) found that lack of dental visiting was more likely a result of 

structure and funding for dental care services rather than individual requirements or 

choices. Brickhouse et al. (2006) found that the structure of different child dental programs 

influenced access to dental care. The availability of clinical services and dental providers 

influences use of services and has important policy implications for future oral health of 

the community. 

This research supports a policy initiative for universal coverage for child dental services as 

well as special initiatives for those most in need, and a proportionate targeting of those 

children and families who irregularly attended for check-ups. Whole population public 

health initiatives take into account sociodemographic and neighbourhood differences and 
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provide priority for additional services for those with poor access. Such initiatives would 

provide a benefit to the whole community by reducing the burden of disease, while 

attempting to reduce inequalities in oral health (Wu et al., 2010). Public health efforts and 

resources should be focussed on upstream policy initiatives while still providing some 

midstream risk modification and downstream curative interventions (Baelum, 2011). This 

requires a change at a policy level, involving government and communities, to implement a 

health care system that is equitable and comprehensive with a proportionate health 

promotion and prevention focus. 

4.5  FURTHER RESEARCH 

This research has developed a better understanding of the SES variation in oral health in 

NSW children aged 5-12 years.  It is important to understand the different SES influences 

at various stages of children’s lives. This information may help to determine how SES 

influences oral health and assist in exploring strategies or interventions that will eliminate 

oral health inequalities. Research is needed to ‘clarify the role’ of socioeconomic factors in 

oral health outcomes, so that appropriate and effective social, economic and health policies 

can be implemented (Polk et al., 2010).  

Future studies to explore the specific characteristics, culture, or services in a 

neighbourhood, community or school that influence or interact with individual behaviours 

and characteristics would aid understanding of the role of each and therefore implications 

for health promotion and public policy. Research using a prospective longitudinal design 

that could account for: specific life events, family mobility, social mobility and impact of 

different levels of SES on oral health outcomes would enhance reliability and validity of 

findings.  
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CHAPTER 5 SUMMARY AND CONCLUSIONS 

This study explored the social gradient in oral health of NSW children aged 5-12 years 

using individual-, school- and area-level socioeconomic factors. The independent 

contributions of different indicators within and across three levels of SES were explored to 

determine their influence on the social gradient. Measures of population impact and burden 

of disease were used to quantify the effectiveness of SES indicators as a tool for targeting 

of dental services.  

5.1 MAJOR THEMES 

5.1.1  Distribution by SES characteristics 

The oral health of NSW 5-12 year old children was measured using caries prevalence, 

severity of caries and significant caries. Just over 60% of NSW children were ‘caries free’ 

in the deciduous dentition with the overall dmfs of 3.18; and more than three-quarters of 

the children were ‘caries free’ in the permanent dentition with DMFS 0.61. The SiC10 

group had extensive caries experience, with 15 times the mean caries experience for the 

deciduous dentition compared to the non-significant caries group, while in the permanent 

dentition the significant caries group recorded caries experience that was 20 times that of 

the non-significant caries group. There was significant variation across the three oral health 

outcomes, caries prevalence, caries severity and proportion who were members of the 

SiC10 group defined by individual-, school- and area-level SES characteristics. 

5.1.1.1 Caries prevalence  

The lowest SES category had significantly higher caries prevalence compared to the 

highest SES category for all six SES indicators (household income, education, school type, 

school ICSEA, LHD SEIFA and LHD Wealth metric) in both the deciduous and permanent 

dentition. Children from lowest household income group and disadvantaged schools 

showed the greatest SES difference at nearly twice the percentage of children having 

experienced caries for both dentitions. Children whose parents had only completed 

secondary education were more likely to have caries for both the deciduous and permanent 

dentitions. Meanwhile children who attended a school with lower ICSEA SES score or 

resided in a LHD with a lower SES ranking demonstrated a greater likelihood of caries for 

the deciduous and permanent dentition.  

A series of models tested SES indicators within each level separately and then in 

combination. The individual- and school-level explanatory factors demonstrated increasing 
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prevalence of caries as SES decreased while at the area-level all of the lower categories 

had higher rates of caries compared to the highest SES category. In both the deciduous and 

permanent dentition income and education were significantly associated with caries 

variation when entered in separate models. However, only income remained significant in 

the final adjusted model that included both SES indicators showing higher caries 

prevalence of caries for the lowest income group. Both school indicators were significantly 

associated with variation in caries prevalence when entered in the separate models. The 

final adjusted model that included both school SES indicators showed that children from 

disadvantaged schools remained significant and showed a stronger association with caries 

prevalence across both dentitions.  The separate models for area-level SES showed 

children who resided in lower SES ranked LHDs were more likely to have experienced 

caries. In the multivariable model the difference was significant for the LHD SEIFA 

ranking in the deciduous dentition and significant for the LHD wealth ranking in the 

permanent dentition.  

5.1.1.2 Caries severity 

A social gradient was apparent for the individual- and school-level SES indicators while 

the area-level SES showed variation across the categories that did not reflect a consistent 

pattern.  The lowest SES category for individual-, school- and area-level SES all reported 

significantly higher levels of caries than the highest SES category in both dentitions. For 

the individual SES indicators in the deciduous dentition, household income showed the 

greatest variation between highest and lowest SES categories with a three-fold difference 

in caries severity. For the permanent dentition, income and education both showed a 

greater than two-fold difference between highest and lowest SES category. School ICSEA 

SES showed a social gradient while the school type SES showed a greater differentiation 

for the lowest SES category with the other three SES categories having a small non-

significant difference in both dentitions.  SES variation when measured by the LHD 

indicators showed a significant difference between the lowest SES ranked LHD and the 

highest ranked LHD whether measured by SEIFA score or the wealth metric for both 

dentitions.  

A series of sequential models tested SES indicators within each level separately and then in 

combination for the deciduous and permanent dentition. Income and education were both 

significant in the individual models with higher rate of caries for the lower SES groups. In 

the final multivariable model for the deciduous dentition, only income retained a 
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significant social gradient while in the permanent dentition, income recorded the stronger 

association with caries severity. For the school model, school type and school ICSEA were 

both significant in the separate models showing a higher rate of caries for the lower SES 

groups in both dentitions.  In the final adjusted model, the two school-level SES indicators 

both remained significantly associated with caries severity across both dentitions. 

Children’s deciduous and permanent caries experience was likely to be more severe in the 

lowest SES LHDs in each of the separate models and across both dentitions. In the 

multivariable model for the deciduous dentition, the SEIFA ranking of LHDs was 

significant across all categories while the LHD Wealth ranking was no longer significant. 

In the final adjusted model for the permanent dentition, both LHD ranking variables 

demonstrated significance for the lowest SES category with higher rates of caries.  

5.1.1.3 Significant caries group 

There were significantly higher proportions of children in the SiC10 group from the lowest 

SES category across all SES indicators in both the deciduous and permanent dentitions. 

The deciduous dentition showed greater differences between the SES categories with 

parent education showing a two-fold difference between the highest and lowest SES 

categories and household income showing a five-fold difference. There was a three-fold 

difference for school type, school ICSEA, LHD SEIFA and LHD wealth metric indicators. 

Meanwhile in the permanent dentition there was a two-fold difference between the highest 

and lowest categories for all SES indicators. 

A series of models tested SES indicators within each level separately and then in 

combination. The individual-, school- and area-level explanatory factors showing the lower 

SES category had a higher proportion of children who were members of the SiC10 group 

compared to the highest SES category. In both the deciduous and permanent dentition 

income and education were significantly associated with membership of the SiC10 group 

when entered in separate models. However, only income remained significant in the final 

adjusted model for the deciduous dentition and parent education remained significant for 

the permanent dentition. Both school indicators were significantly associated with 

membership of the SiC10 group when entered in the separate models. The final adjusted 

model that included both school SES indicators showed that children from disadvantaged 

schools remained significant and showed a stronger association with membership of the 

SiC10 group in the deciduous both dentition while in the multivariable model for the 

permanent dentition neither of the school-level SES explanatory factors were significant.  
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The separate models for area-level SES associations showed children who resided in lower 

SES ranked LHDs were more likely to be members of the SiC10 group. The multivariable 

model showed the LHD SEIFA ranking remained significant in both dentitions while LHD 

Wealth was no longer significant.  

5.1.2  Associations across individual, school and area-level SES indicators 

The association across individual-, school- and area-level SES with variation in caries 

experience in children was examined using multi-level analysis to account for the nested 

structure. The full model included three SES explanatory factors: income at the individual-

level, school type at the school-level and LHD wealth metric at the area-level.  In the final 

models, individual SES based on income was significant for all three caries measures for 

both dentitions. The children from the lowest income category had significantly higher 

odds of caries, more severe caries and proportionally more were members of the SiC10 

group. School SES, using school type as an explanatory factor was significant for the 

children attending a disadvantaged public school who had significantly higher odds of 

more severe permanent caries.  School SES was not significant in the multi-level model for 

either caries prevalence or significant caries. Area SES based on the LHD wealth metric as 

an explanatory factor was not significant in the multi-level model for caries severity and 

significant caries.  However the LHD with the lowest wealth metric score was significant 

for deciduous caries prevalence. 

Relative risk (prevalence ratio and risk ratio) was calculated for caries prevalence, caries 

severity and SiC10 group to determine the strength of association for each of the SES 

indicators in relation to these oral health outcomes. In the deciduous dentition, lowest 

household income recorded the highest relative risk with a low to moderate strength of 

association for caries prevalence (PR 1.9), caries severity (RR 3.3) and SiC10 group (PR 

5.3) while in the permanent dentition lowest household income and disadvantaged school 

were significant for caries prevalence (income PR 1.7, disadvantaged school PR 1.7), 

caries severity (disadvantaged school PR 2.2, income 2.1) and SiC10 group (disadvantaged 

school PR 2.2, income PR1.9).  In addition a social gradient was apparent for each of the 

caries indicators for individual and school SES indicators in both dentitions but was not 

always significant across all groups. 
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5.1.3  Effectiveness of targeting dental services by SES indicators 

The population impact (using proportion of cases and population attributable fraction) for 

the three SES indicators were compared to determine if the majority of those children with 

caries or if the SiC10 group could be identified using an SES indicator, and therefore could 

be used as an approach for a targeted population strategy.  

When reviewing the number of cases per 10,000 population, and therefore the proportion 

of cases, it was found that there were fewer cases of caries and fewer SiC10 cases in the 

lowest SES category than cases outside the designated target group. This was consistent 

across the three levels of SES indicators and for both caries prevalence and SiC10.  In each 

case there were 55-75% of the children who had experienced caries and severe caries 

outside the potential target group. 

The population attributable fraction was used to determine the burden of illness that can be 

attributed to the variation in SES and measures the impact on the total population of 

eliminating the health disparity. Overall 22-25 % of all cases of deciduous caries and 14-

16% of cases of permanent caries in the population are attributable to SES variation 

whether measured by income, school or area. However, only 8-12% of the burden of 

disease would be eliminated if targeting the lowest SES group across both dentitions. 

Caries severity and SiC10 recorded a higher burden of disease related to each of the SES 

indicators where income was highest for deciduous (caries severity PAF 44%; SiC10 PAF 

56%) while school type was highest for permanent (caries severity PAF 25%; SiC10 PAF 

24%). Although once again, when isolating the lowest SES group the population impact 

was low (deciduous PAF 18-21%; permanent PAF 11-14%). Overall SES variation 

contributes to the burden of caries in the population.  However, targeting by lowest SES 

group, no matter which SES indicator was used, does not capture the majority of cases to 

assist in the reduction of disease burden.        

5.2 CONCLUSIONS 

This study supports previous research on social gradients in oral health.  However, this has 

been extended to demonstrate SES variation across three levels of SES indicators, 

including individual-, school- and area-level SES level indicators, and for three caries 

outcomes. The manifestation of the social differences in caries prevalence and severity 

varied for the different SES indicators signifying that each of the different SES levels may 

measure slightly different influences on oral health. However, there are correlations 
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between the different levels of SES which further complicates their use in identifying 

vulnerable population groups. 

Socioeconomic indicators provided a consistent measure of association or population 

impact measure between the two dentitions; however, income had a stronger association 

for deciduous and school type was stronger for the permanent dentition. This finding 

suggests that there are different influences on the two dentitions. Research (Nicolau et al., 

2007, Poulton et al., 2002) suggests that life course events may have an impact on dental 

caries at different stages of development. 

As the caries indices are a historical measure, it coincides with the lifecourse accumulation 

of risk model where events throughout life influence health (Nicolau et al., 2007, Marmot 

and Wilkinson, 2006, Sisson, 2007).  The oral health status of the deciduous dentition 

would largely be explained by factors prior to school. SES-related factors such as income 

and education of the family through early childhood, may influence nutrition, oral health 

behaviour and visiting practices (Peres et al., 2009). The oral health of the permanent 

dentition may be influenced by the school environment, such as, school behaviours 

(smoking, nutrition, aggressive behaviours), self-esteem and school grades (Nicolau et al., 

2003, Nicolau et al., 2007). Children move from early childhood to a more independent 

period through the middle-childhood that also may also influence behaviours, practices, 

psychosocial attitudes and socialisation. Listl (2012) suggests that a considerable 

proportion of the inequalities and oral health behaviours are already established at 

childhood and continue throughout life, while Nicolau et al. (2007) suggests that 

‘exposures in early life interact with exposures later in life’. The lifecourse approach 

incorporates individual factors and environmental factors at various stages of the lifecourse 

that impact on the oral health status.  

This research has revealed that, although there was a moderate strength of association 

between SES and dental caries in children, the lowest SES categories for each of the SES 

indicators did not identify the majority of children at risk of caries or severe caries. Overall 

SES recorded a moderate to high population impact on the burden of caries in the 

population.  However, the use of SES indicators to target SES sub-groups would leave the 

majority of cases unidentified and therefore would provide limited benefit for a directed 

vulnerable population strategy.  
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The implications for policy development in relation to targeting of school dental services 

by socioeconomic characteristics, needs to be explored further. The distribution of caries 

across the SES categories suggests that a universal approach to oral health services would 

be more appropriate. Marmot and Bell (2010) proposes that policies and interventions to 

improve health should be universal, but with a level and intensity that is proportionate to 

the level of disadvantage that has been termed ‘proportionate universalism’. Health 

promotion should be the cornerstone of the public health approach to caries reduction with 

greater intensity for those groups with higher levels of disadvantage while maintaining a 

whole population approach (Pitts et al., 2011). In addition, public health and health 

promotion efforts should address all factors at both the individual-level as well as the 

contextual level whether that be school, work or the area people live in.  It is important to 

enhance the resources of the individuals and improve the quality of the areas people live, 

work or go to school (Marmot, 2001). 

These findings on the variation in oral health by socioeconomic status indicate that 

different levels of SES, that is, individual, school community and residential factors 

interact to influence dental caries for children.   The nature of the interaction and influence 

will be important to understand to enable the translation of such research into appropriate 

policy and health service delivery. It is imperative that prevention, public health and policy 

approaches are evaluated to determine their effectiveness in reducing the burden of disease 

in the community. 
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5.3 PRINCIPAL CONCLUSIONS 

 

1. There is considerable variation in child caries, its prevalence, severity or membership 

of a significant caries group, within the population. Child caries showed associations 

with SES at an individual-, school- and area-level with a gradient from high SES to 

low SES. 

2. At an individual-level, household income and highest parent education were 

associated with caries, with income showing a significant association in the presence 

of parent education in a multivariable model.   

3. At a school-level school type and school ICSEA ranking were associated with caries, 

with school type showing a significant association in the presence of school ICSEA 

ranking in a multivariable model. 

4. At an area-level LHD wealth metric and LHD SEIFA ranking were associated with 

caries, with LHD SEIFA showing a significant association in the presence of LHD 

wealth metric in a multivariable model.  

5. When the nesting of individuals within schools and schools within areas was 

accounted for in a multi-level analysis, individual-level household income had a 

consistent association with caries. 

6. When the population impacts of these associations were explored, household income 

registered the highest impact for the deciduous dentition while area SES recorded the 

highest impact for the permanent dentition.  However the population impact of the 

lowest SES category recorded a low impact for all SES indicators across all caries 

measures. 

7. The use of SES indicators to target SES sub-groups would leave the majority of 

cases in the population unidentified and therefore would provide limited benefit for a 

directed vulnerable population strategy.  

8. Policies and interventions to improve health should be universal, but with a level and 

intensity that is proportionate to the level of disadvantage. 
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  (DAG)  

a. individual-level 

b. school-level 

c. area-level 
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Appendix 5a Diagrammatic Acyclical Graph (DAG) - individual-level 
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Appendix 5b Diagrammatic Acyclical Graph (DAG) - school-level 
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Appendix 5c Diagrammatic Acyclical Graph (DAG) - area-level 
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APPENDIX 6 ESTIMATE VARIATION TABLES (SENSITIVITY 

ANALYSIS)  

a. Model selection for multivariable analysis – 

deciduous caries prevalence 

b. Model selection for multivariable analysis – 

permanent caries prevalence 

c. Model selection for multivariable analysis – 

deciduous caries severity 

d. Model selection for multivariable analysis – 

permanent caries severity 
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Appendix 6a Model selection for multivariable analysis – deciduous 

caries prevalence 
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Appendix 6b Model selection for multivariable analysis – permanent 

caries prevalence 
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Appendix 6c Model selection for multivariable analysis – deciduous 

caries severity 
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Appendix 6d Model selection for multivariable analysis – permanent 

caries severity 
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APPENDIX 7 TEST FOR MULTICOLLINEARITY – VARIANCE 

INFLATION FACTOR 

 
 

Variance Inflation Factor (VIF) for combination of variables in all models 

 VIF 

Individual Level 1  

Income 1.294 

Education 1.294 

School Level 2  

School type 1.246 

School ICSEA 1.246 

Area Level 3  

LHD SEIFA 2.363 

LHD Wealth 2.363 

Multilevel   

Income 1.445 

Education 1.385 

School type 1.365 

School ICSEA 1.997 

LHD 1.519 
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