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Introduction
There is criticism that social oral epidemiology has been lim-
ited to documenting socioeconomic inequalities and has mostly 
failed to understand and explain them (Baker and Gibson 
2014). Despite agreeing with such criticism, the measurement 
and documentation of socioeconomic inequalities in oral health 
by using appropriate and sophisticated techniques have rarely 
been found in the dental literature (Peres et al. 2015). 
Measurement and documentation should be considered the 
first step of any epidemiological study on oral health inequali-
ties. The second step involves the comprehensive appraisal of 
individual- and area-level factors to understand why variations 
exist and which factors are associated with oral health out-
comes. Finally, as a third step, it is essential to seek account-
ability for these inequalities. One way is by decomposing 
socioeconomic inequalities into their contributing factors. This 
is possible by using approaches such as the Blinder Oaxaca 
technique. Applying this technique, it is possible to examine 
the sources of, for example, caries difference between high and 
low socioeconomic groups by constructing a counterfactual 
equation where people from the low socioeconomic group are 
treated as those in the high socioeconomic group. To do that, 
the intercept and coefficient in the low socioeconomic group 

equation are replaced by those of the high socioeconomic 
group. Caries difference between socioeconomic groups can 
then be decomposed into different factors such as sugar intake 
and fluoride, among others.

This approach is even rarer in the dental literature (Ayo-
Yusuf et al. 2013; Safiri et al. 2016; Li et al. 2018). The full 
description, understanding, and explanation of which poten-
tially modifiable factors matter may help us to infer how poli-
cies would affect socioeconomic inequality. Modifiable risk 
factor is a determinant that can be modified by intervention, 
thereby reducing the probability of disease (Burt 2001).
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Abstract
The aim of this article was to quantify socioeconomic inequalities in dental caries experience among Australian children and to identify 
factors that explain area-level socioeconomic inequalities in children’s dental caries. We used data from the National Child Oral Health 
Survey conducted in Australia between 2012 and 2014 (n = 24,664). Absolute and relative indices of socioeconomic inequalities in the 
dental caries experience in primary and permanent dentition (decayed, missing, and filled surfaces [dmfs] and DMFS, respectively) were 
estimated. In the first stage, we conducted multilevel negative binomial regressions to test the association between area-level Index of 
Relative Socioeconomic Advantage and Disadvantage (IRSAD) and dental caries experience (dmfs for 5- to 8-y-olds and DMFS for 9- to 
14-y-olds) after adjustment for water fluoridation status, sociodemographics, oral health behaviors, pattern of dental visits, and sugar 
consumption. In the second stage, we performed Blinder-Oaxaca and Neumark decomposition analyses to identify factors that explain 
most of the area-level socioeconomic inequalities in dental caries. Children had a mean dmfs of 3.14 and a mean DMFS of 0.98 surfaces. 
Children living in the most disadvantaged and intermediately disadvantaged areas had 1.96 (95% confidence interval, 1.69–2.27) and 
1.45 (1.26–1.68) times higher mean dmfs and 1.53 (1.36–1.72) and 1.43 (1.27–1.60) times higher mean DMFS than those living in the 
most advantaged areas, respectively. Water fluoridation status (33.6%), sugar consumption (22.1%), parental educational level (14.2%), 
and dental visit patterns (12.7%) were the main factors explaining area-level socioeconomic inequalities in dental caries in permanent 
dentition. Among all the factors considered, the factors that contributed most in explaining inequalities in primary dental caries were 
dental visits (30.3%), sugar consumption (20.7%), household income (20.0%), and water fluoridation status (15.9%). The inverse area-
level socioeconomic inequality in dental caries was mainly explained by modifiable risk factors, such as lack of fluoridated water, high 
sugar consumption, and an unfavorable pattern of dental visits.
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There is a gap in information regarding area-level socioeco-
nomic inequalities in children’s dental caries in Australia. The 
country has a high proportion of people covered by water fluo-
ridation, nearly 90% of the population. However, the dental 
care system was accessible for less than 50% of children aged 
2 to 17 y between 2014 and 2016, even after the implementa-
tion of a federal child dental care program, the Child Dental 
Benefit Schedule, which was designed to cover 70% of the 
child population.

From a policymaking perspective, along with denouncing 
unfair and unjust inequalities, it is essential to develop and 
implement effective measures to tackle such inequalities.

Therefore, the aims of this study are to measure relative and 
absolute socioeconomic inequalities in children’s dental caries 
experience, estimate whether socioeconomic inequalities at the 
area level persist after adjustment for individual-level factors, 
and quantify how much of the difference in socioeconomic 
area level is explained by individual-level factors.

Methods
This study is reported according to Strengthening the Reporting 
of Observational Studies in Epidemiology guidelines.

Setting and Sampling

The National Child Oral Health Survey (NCOHS) 2012–14 
was a nationwide Australian survey. The target population was 
children aged 5 to 14 y, and the total sample size was 24,664 
children. Primary and secondary schools were included in the 
sampling frame. A sampling frame of schools was created from 
a list provided by each jurisdiction that included all public, 
Catholic, and independent primary and secondary schools. 
Information provided on the sampling frame for each school 
included school identification number, school name and 
address, school type, school enrollment, and health district. 
The sampling frame was first stratified by geographical region 
and then by primary versus secondary/combined school and 
then sorted by a composite index of either school or area socio-
economic status. Schools were then selected with a probability 
proportional to size of enrollment. In the second stage, children 
were randomly sampled from each participating school. In 
total, 841 schools consented to participate out of 1,250 schools 
invited. Detailed aspects of the methodology of the study have 
been published elsewhere (Do and Spencer 2016).

Outcomes

Dental examination included caries assessments at the tooth-
surface level. We used disease experience expressed as the 
mean number of decayed (d/D), missing (m/M), and filled (f/F) 
surfaces, which allowed us to estimate dmfs and DMFS for 
primary and permanent dentitions, respectively. The criteria 
and methods for the assessment of caries experience were 
based on the US National Health and Nutrition Examination 
Survey (Centers for Disease Control and Prevention [CDC] 
2009–2010). A total of 62 dental examiners collected the data. 

Testing interexaminer reliability among examiners was not 
logistically and financially practical because of the spread of 
examiners across the whole country. Also, states/territories 
conducted the fieldwork at different times. More important, 
testing reliability between examiners and the trainers ensured 
examiners’ adherence to the examination protocol. That adher-
ence reduced examiner-related variation in collected data 
across geographical locations. All examiners were tested in the 
field against 1 of 2 senior trainers to estimate interexaminer 
reliability. This method has been used in US NHANES surveys 
and the UK Dental Health Surveys. The intraclass correlation 
coefficients (ICCs) for caries experience scores for dmfs for 
5- to 8-y-olds and DMFS for 9- to 14-y-olds were 0.95 and 
0.69, respectively, indicating moderate to excellent reliability 
(Spencer et al. 2018).

Explanatory Variables

A questionnaire was given to the participants’ parents, includ-
ing information about sources of exposure to fluoride, dietary 
intake, child’s health, use and evaluation of dental services, 
birthplace, and household characteristics.

For descriptive purposes, we used 4 area- and individual-
level socioeconomic indicators to assess socioeconomic 
inequalities in dental caries. Parental educational level and 
household income were used at the individual level. At the area 
level, we used the Index of Relative Socioeconomic Advantage 
and Disadvantage (IRSAD) and Index of Community Socio-
Educational Advantage (ICSEA). The IRSAD summarizes 
information about the economic and social conditions of peo-
ple and households within an area, including both relative 
advantage and disadvantage measures (Australia Bureau of 
Statistics [ABS] 2001). The ICSEA is an index that combines 
students’ household characteristics (such as parental occupa-
tion and level of education) and school area characteristics, 
such as the proportion of indigenous and geographical location 
(Australian Curriculum, Assessment and Reporting Authority 
[ACARA] 2013). Parental education was categorized into 
school, vocational training, and university; annual household 
income was categorized into 3 groups: low (<AU$60,000.00), 
medium (AU$60,000.00 to AU$120,000.00), and high 
(>AU$120,000.00). IRSAD and ICSEA were divided into 
tertiles.

Individual-level explanatory variables included sex (boy/
girl), current toothbrushing with fluoride toothpaste (>once a 
day/once a day or less), last dental visit (checkup/problem), 
fluoride concentration in the water (≥0.6/<0.6 ppm F/L), and 
sugar-sweetened beverage (SSB) consumption per day (0, 1, 
and ≥2 medium glasses). Information on SSBs was collected 
using a list of common beverages. Separate questions were 
used for sweetened or unsweetened beverages in each group. 
Examples were provided.

Data Analyses

The mean dmfs and DMFS were calculated according to each 
explanatory variable. We drew equiplot graphics that provide 
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the distance between socioeconomic groups (household income, 
parental education, IRSAD, and ICSEA). We assessed absolute 
and relative socioeconomic inequalities on children’s dental 
caries by calculating the Slope Index of Inequality (SII) and the 
Relative Index (RI) of inequality (Mackenbach and Kunst 
1997). Negative values of SII and RI indicate concentration of 
the disease (dmfs/DMFS) among the lower socioeconomic sta-
tus group. We performed multilevel negative binomial regres-
sions to test the association between area-level IRSAD and 
dental caries experience (dmfs for 5–8 y and DMFS for 9–14 y) 
after adjustment for water fluoridation status, sociodemo-
graphics, toothbrushing with fluoride toothpaste, dental visits, 
and sugar consumption. The estimated association measure 
was the dmfs or DMFS mean ratio (MR) and its 95% confi-
dence intervals (CIs). Variance estimates at the area level were 
calculated by means of median rate ratio (MRR) and propor-
tion change in variance (PCV) (Larsen and Merlo 2005; Merlo 
et al. 2006). Given the strong collinearity between IRSAD and 
ICSEA, the latter was not used in analyses while parental edu-
cation and household income were entered in the multivariable 
multilevel analyses.

To identify the factors that explain most of the area-level 
socioeconomic inequalities in dental caries, we performed 
Blinder-Oaxaca and Neumark decomposition analyses. This 
counterfactual approach allows a comparison between what 
actually happened and what would have happened in the 
absence of the intervention. Impact evaluations seek to answer 
cause-and-effect questions. In other words, they look for the 
changes in outcome that are directly attributable to a specific 
intervention or policy.

Area-level IRSAD was recategorized into 2 levels: low-
lowest IRSAD versus high-medium plus highest IRSAD. 
Decomposition methods reveal the extent to which inequalities 
in health can be explained by a set of factors that vary system-
atically with area-level socioeconomic status. The Blinder-
Oaxaca decomposition is a counterfactual analysis that explains 
the change in the mean values of the potential outcome (dmfs 
and DMFS) when the individual in the data is set to have a low 
IRSAD and the same individual is set to be in the high IRSAD. 
Furthermore, it allows for the decomposition of these mean 
differences into that explained by the explanatory variable 
(Blinder 1973; Oaxaca 1973). All coefficients were obtained 
from the pooled data regression (Neumark 1988). All analyses 
were conducted using the oxaca command in Stata 13. Detailed 
formulas and computational coding are presented as online 
supplementary material.

Ethical Issues

NCOHS was approved by University of Adelaide Human 
Research Ethics Committee. Parents provided signed, informed 
consent for their child to participate.

Results
A total of 24,664 children participated in NCOHS. Table 1 
describes the sample characteristics. Overall, 2 in 10 children 

had their last dental visit for a dental problem, 3 in 10 brushed 
their teeth up to once a day, 3 in 10 lived in an area with low 
fluoride concentration in the water, and almost one-quarter 
drank 2 or more medium glasses of SSBs a day. Slightly less 
than one-quarter of the children had parents with a school edu-
cation only, and almost half of them had university-educated 
parents. Almost one-third of the sample lived in a household 
with an income of less than $60,000 a year. Nearly 30% of the 
children were enrolled in schools with ICSEA scores below the 
national average; approximately 30% of the children lived in 
areas with an IRSAD level below the national average.

Children had a mean dmfs of 3.14 and a mean DMFS of 
0.98 surfaces (Table 1). The Figure presents the mean dmfs of 
children aged 5 to 8 y by socioeconomic indicators. The dis-
tances between the mean dental caries experience between the 
medium and the lowest socioeconomic groups are larger than 
between the medium and the highest socioeconomic groups. 
The Appendix Figure shows the average DMFS of children 9 
to 14 y according to socioeconomic indicators.

All measures of absolute and relative socioeconomic 
inequalities were negative, which means that from the bottom 
to the top of the socioeconomic ladder, dental caries experience 
decreased. The highest absolute socioeconomic inequality mea-
sure was with ICSEA, but all 4 indicators (IRSAD, ICSEA, 
household income, and parental education) had a statistically 
similar magnitude. Similar results occurred for the measures of 
relative socioeconomic inequalities (Appendix Table 1).

There was a clear gradient in dental caries experience in 
primary and permanent dentitions across the IRSAD levels. 
The most disadvantaged area had the highest average dmfs and 
DMFS (Table 2, model 2). After adjustment for oral health–
related behaviors, the association between experience of dental 
caries and area-level socioeconomic indicators decreased 
(Table 2, model 5). The magnitudes of MRRs for all primary 
and permanent dentition multilevel models were similar, 
between 2.26 and 2.64. However, PCV values were higher for 
primary dentition than those for permanent dentition, reaching 
11.73% in the fully adjusted model.

Table 3 shows the decomposition analyses of contributors 
to the area-level IRSAD effect on the observed gap in dental 
caries experience in the primary and permanent dentitions. The 
proportion explained is largely related to change in endow-
ments, attributable to IRSAD level changes in the magnitude 
of the explanatory variables.

The modifiable factors that explained such inequalities in pri-
mary dental caries were dental visits (30.3%), sugar consumption 
(20.7%), and water fluoridation status (15.9%). Water fluorida-
tion status (33.6%), sugar consumption (22.1%), and dental visits 
(12.7%) were the main modifiable factors that explain the caries 
difference between the low-lowest IRSAD versus the high-
medium plus highest IRSAD in permanent dentition.

Discussion
There are consistent area-level socioeconomic inequalities in 
children’s dental caries in Australia. Socioeconomic inequali-
ties are more pronounced in primary than in permanent 

https://journals.sagepub.com/doi/suppl/10.1177/0022034519866628
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dentition. Altogether, modifiable factors, such as dental visits, 
toothbrushing, sugar consumption, and fluoride concentration 
in the water, explained 64.3% and 70.4% of the total area-level 
socioeconomic inequalities in primary and permanent chil-
dren’s caries, respectively.

These findings suggest there are opportunities for policy-
makers to develop and implement policies to reduce these gaps 
by reducing sugar intake, increasing water fluoridation cover-
age, and moving dental visits toward a favorable pattern. Most 
of these policies should be upstream and call for intersectoral 
and multidisciplinary approaches. What should be done?

Restriction of Sugar Intake

Our findings revealed that SSB consumption explained slightly 
over one-fourth of the area-level income inequality in both pri-
mary and permanent dentition caries. More structural policies, 

such as less use of sugars at the national level by reformulation 
of food products and reducing their serve sizes, as well as 
introduction of taxation of sugar products, have been recom-
mended. On the other hand, downstream measures include the 
improvement of education to health professionals (Moynihan 
et al. 2018). The World Health Organization (WHO) recom-
mends that free sugars intake should be restricted to less than 
10% of total energy, highlighting that for further benefits, 
restriction in sugar consumption should be up to 5% of total 
energy. However, Australia is far away from achieving these 
goals (Wittekind and Walton 2014; ABS 2016).

There is a debate in Australia regarding the effectiveness 
and appropriateness of having a “sugar tax.” Many public 
health, academic, and consumer groups support a tax on SSBs. 
However, the political support is limited, and there is a strong 
lobby against the implementation of an SSB tax led by sugary 
drinks companies (Backholer and Martin 2017).

Table 1. Sample Characteristics among Australian Children (Weighted).

All Ages Aged 5–8 y Aged 9–14 y

Characteristic n % (95% CI) n % (95% CI) n % (95% CI)

All 24,664 — 10,599 40.2 (39.3–41.1) 14,065 59.8 (58.9–60.7)
Sex
 Boy 12,348 51.2 (50.3–52.2) 5,259 51.9 (50.5–53.3) 7,089 50.8 (49.6–52.0)
 Girl 12,316 48.8 (47.8–49.7) 5,340 48.1 (46.7–49.5) 6,976 49.2 (48.0–50.4)
Dental visiting
 Checkup 16,962 80.2 (79.4–81.0) 6,528 78.5 (77.1–79.8) 10,434 81.1 (80.1–82.1)
 Problem 4,075 19.8 (19.0–20.6) 1,623 21.5 (20.2–22.9) 2,452 18.9 (17.9–19.9)
Toothbrushing
 >1/d 17,134 68.5 (67.6–69.4) 7,278 67.4 (66.0–68.8) 9,856 69.2 (29.6–31.9)
 ≤1/d 7,077 31.5 (30.6–32.4) 3,139 32.6 (31.2–34.0) 3,938 30.8 (68.1–70.4)
Sugar consumption (medium glass)
 ≥2 4,530 24.7 (23.8–25.6) 1,530 19.5 (18.3–20.7) 3,000 28.2 (27.0–29.4)
 1 6,607 31.1 (30.2–32.1) 2,615 29.0 (27.6–30.4) 3,992 32.6 (31.4–33.8)
 0 10,375 44.2 (43.2–45.2) 5,094 51.6 (50.0–53.1) 5,281 39.3 (38.0–40.5)
Fluoride concentration (ppm)
 ≥0.6 16,053 69.0 (68.2–69.8) 7,017 69.6 (68.3–70.8) 9,036 68.6 (67.6–69.7)
 0–0.6 7,930 31.0 (30.2–31.8) 3,281 30.4 (29.2–31.7) 4,649 31.4 (30.3–32.4)
Parental education
 EDU 1 (lowest: school) 4,767 28.9 (28.0–29.8) 1,908 27.8 (26.4–29.2) 2,859 29.6 (28.4–30.8)
 EDU 2 (medium: vocational training) 4,213 22.5 (21.7–23.3) 1,713 21.5 (20.3–22.8) 2,500 23.1 (22.1–24.2)
 EDU 3 (highest: university) 14,160 48.6 (47.7–49.6) 6,269 50.6 (49.2–52.1) 7,891 47.3 (46.0–48.5)
Household income
 Income 1 (lowest: <$60,000) 6,988 32.5 (31.6–33.4) 2,902 31.6 (30.3–33.0) 4,086 33.1 (31.9–34.3)
 Income 2 (medium: $60,000 to $120,000) 9,755 38.4 (37.5–39.3) 4,275 37.8 (36.4–39.2) 5,480 38.8 (37.6–40.0)
 Income 3 (highest: >$120,000) 6,643 29.1 (28.2–30.0) 2,377 30.6 (29.1–32.0) 3,653 28.1 (27.0–29.3)
Area level (IRSAD)
 IRSAD 1 (lowest: IRSAD score <948) 8,004 28.4 (27.6–29.2 3,377 28.8 (27.5–30.0) 4,627 28.1 (27.1–29.2)
 IRSAD 2 (medium: IRSAD score 948–1,026) 8,343 37.6 (36.7–38.5 3,625 38.2 (36.8–39.5) 4,718 37.3 (36.1–38.4)
 IRSAD 3 (highest: IRSAD score >1,026) 8,292 34.0 (33.1–34.9 3,585 33.1 (31.7–34.5) 4,707 34.6 (33.4–35.8)
School level (ICSEA)
 ICSEA 1 (lowest: ICSEA score <986) 8,238 34.0 (33.1–34.9) 3,459 33.6 (32.3–34.9) 4,779 34.3 (33.1–35.4)
 ICSEA 2 (medium: ICSEA score 986–1,044) 8,201 30.9 (30.1–31.8) 3,560 31.3 (30.0–32.6) 4,641 30.7 (29.6–31.8)
 ICSEA 3 (highest: ICSEA score >1,044) 8,225 35.1 (34.2–36.0) 3,580 35.2 (33.8–36.6) 4,645 35.0 (33.9–36.2)
 Mean (95% CI) Mean (95% CI)
dmfs 3.14 (3.02–3.26)  
DMFS 0.98 (0.95–1.02)

dmfs, decayed, missing, and filled surfaces for primary dentition; DMFS, decayed, missing, and filled surfaces for permanent dentition; ICSEA, Index of 
Community Socio-Educational Advantage; IRSAD, Index of Relative Socioeconomic Advantage and Disadvantage.
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Table 2. Mean Ratio and 95% CI of Dental Caries Experience (dmfs/DMFS) among Australian Children (Multilevel Analyses).

Mean Ratio (95% CI)

Characteristic Model 1 Model 2 Model 3 Model 4 Model 5

Aged 5–8 y (dmfs)
  Area level

  IRSAD 1 1.96 (1.69–2.27) 1.82 (1.56–2.11) 1.30 (1.10–1.53) 1.15 (0.96–1.38)
  IRSAD 2 1.45 (1.26–1.68) 1.36 (1.18–1.58) 1.08 (0.93–1.25) 1.03 (0.88–1.21)
  IRSAD 3 1.00 1.00 1.00 1.00

  Level 2 variance
  MRR 2.64 (1.60–5.02) 2.55 (1.50–4.62) 2.48 (1.43–4.37) 2.26 (1.22–3.60) 2.35 (1.31–3.83)
  PCV (%) 3.26 4.59 9.50 11.73

Aged 9–14 y (DMFS)
  Area level

  IRSAD 1 1.53 (1.36–1.72) 1.36 (1.21–1.54) 1.14 (1.00–1.30) 1.03 (0.89–1.18)
  IRSAD 2 1.43 (1.27–1.60) 1.31 (1.17–1.47) 1.17 (1.03–1.32) 1.12 (0.98–1.27)
  IRSAD 3 1.00 1.00 1.00 1.00

  Level 2 variance
  MRR 2.45 (1.51- 3.94) 2.44 (1.50–3.90) 2.39 (1.44–3.70) 2.38 (1.43–3.73) 2.32 (1.34–3.57)
  PCV (%) 0.50 3.68 0.77 –4.21

Model 1: is an intercept-only (null) model adjusted for child’s sex and mean center of age. Model 2: model 1 plus area level (IRSAD). Model 3: model 2 
plus fluoride concentration. Model 4: model 3 plus parental education level and household income. Model 5: model 4 plus dental visit for a checkup,  
 
toothbrushing, and sugar-sweetened beverage consumption. MRR = exp Area0 95. * variance( ). PCV =

−V V
V

Model Modeln

Model

1

1

, where V
Model1

 = variance 
 
of model 1, V

Modeln
 = variance of n, and n = 2–6. Mean center of age = mean – age.

dmfs, decayed, missing, and filled surfaces for primary dentition; DMFS, decayed, missing, and filled surfaces for permanent dentition; ICSEA, Index 
of Community Socio-Educational Advantage; IRSAD, Index of Relative Socioeconomic Advantage and Disadvantage; MRR, median rate ratio; PCV, 
proportional change in variance.

Figure. Average number of decayed, missing, or filled tooth surfaces (dmfs) of the primary dentition according to socioeconomic characteristics. 
ICSEA, Index of Community Socio-Educational Advantage; IRSAD, Index of Relative Socioeconomic Advantage and Disadvantage.
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There is no evidence of the long-term effect of most studied 
interventions to reduce the amount of sugar consumption 
(Kirkpatrick et al. 2018). However, most of the research was 
undertaken in a context-specific social, cultural, and political 
environment, mainly in the United States. Therefore, it is dif-
ficult to generalize their findings. Moreover, there is a strong 
focus on sugar and SSBs, minimizing the fact that people are 
exposed to free sugar as well. SSBs will become less relevant 
as a source of sugar because of taxation given the potential 
consumers’ shift to other sugar products. This suggests that the 
focus should be broader than SSB taxation only.

Promisingly, a study suggests that interventions would be 
more beneficial for economically disadvantaged people 
(Kirkpatrick et al. 2018), which has been found also in Australia 
(Lal et al. 2017). In addition, there is moderate-quality evidence 
that caries is reduced when free-sugar intake is less than 10% of 
the total energy intake. However, the evidence of the reduction 
in caries under scenarios when sugar intake is limited to less 
than 5% is of very poor quality (Moynihan and Kelly 2014). 
Schwendicke et al. (2016) conducted the only study that evalu-
ated the role of SSB taxes on caries, concluding that implement-
ing a 20% tax on SSBs is likely to reduce caries increment. 
However, as in our study, Schwendicke et al. (2016) only 
assessed SSB consumption, which is a clear limitation.

A comprehensive study performed in Australia showed that 
the combination of sugar tax and subsidies on fruits and vege-
tables produces an improvement in population’s health (Cobiac 
et al. 2017) and should be considered from a common risk fac-
tor approach.

Radical changes in tackling sugar intake are necessary. One 
interesting example comes from New Zealand, where the 
Ministry of Health encourages schools to adopt water-only 
policies, resulting in absolute restriction of sugar-sweetened 
beverages, to create health food environments at schools 
(Ministry of Health 2015). However, there is no research on 
the long-term beneficial effect of this policy.

Enlargement of Water Fluoridation Coverage

Our study shows that low levels of fluoride concentration in 
the water to prevent dental caries explained nearly 15% and 
one-third of the area-level income inequality in caries in decid-
uous and permanent dentition, respectively. Australia has 
already one of the highest coverage rates of water fluoridation 
in the world. There was a substantial increase in coverage at 
the time of NCOHS, and the coverage now accounts for nearly 
90% of the population (National Health and Medical Research 
Council [NHMRC] 2017). Australian studies on the cost- 
effectiveness of water fluoridation have found that for every dol-
lar spent on fluoridation, between $7 and $18 is saved in 
avoided treatment costs (NHMRC 2017). Extending the coverage 
of water fluoridation (WF) to smaller Australian communities 
revealed less favorable cost-effectiveness than to communities 
with at least 1,000 people. However, the implementation of 
WF even in small communities has been recommended given 
the substantial dental health inequalities for more remote and 
regional communities (Cobiac and Vos 2012). Based on our 
findings and recent evidence, there is an opportunity to 

Table 3. Decomposition of Contributors to Area-Level (Lowest vs. Medium + Highest) Effect on Observed Gap in Dental Caries Experience  
(dmfs/DMFS) among Australian Children.

Characteristic Aged 5–8 y Aged 9–14 y

Mean dmfs/DMFS (lowest) 4.485 1.023
Mean dmfs/DMFS (medium 
+ highest)

2.811 0.884

Raw difference between 2 
area levels

1.674 0.140

Due to endowments (E) 1.296 0.253
Due to coefficients (C) 0.203 –0.166
Due to interaction (CE) 0.175 0.052

Explanatory Variables E (D = 0) C E (Neumark)
Proportion 

Explained (%) E (D = 0) C E (Neumark)
Proportion 

Explained (%)

Sex 0.001 –0.178 0.002 0.15 –0.000 0.012 –0.000 0.000
Dental visiting 0.410 –0.036 0.415 30.25 0.026 –0.271 0.032 12.65
Toothbrushing 0.005 –0.896 0.014 1.02 0.020 0.076 0.016 6.32
Sugar consumption 0.267 –0.206 0.284 20.70 0.049 –0.153 0.056 22.13
Fluoride concentration 0.195 –0.204 0.218 15.89 0.093 0.012 0.085 33.60
Parental education level 0.126 –0.594 0.164 11.95 0.051 0.181 0.036 14.23
Household income 0.292 0.279 0.275 20.04 0.016 –0.189 0.028 11.07
Explained (V) {E+D*CE} 1.296 0.203 1.372 100.00 0.253 –0.166 0.253 100.00

The coefficients were obtained from the pooled data regression. E (and E Neumark), C, and CE show the contribution attributable to the gaps in 
endowments (E), the coefficients (C), and due to the interaction (CE). In this study, the gap in endowments accounts for the great bulk of the gap in 
outcomes. Proportion explained: related to change in endowments, attributable to IRSAD level changes in the magnitude of the explanatory variables. 
Unexplained: related to change in coefficients.
dmfs, decayed, missing, and filled surfaces for primary dentition; DMFS, decayed, missing, and filled surfaces for permanent dentition; IRSAD, Index of 
Relative Socioeconomic Advantage and Disadvantage.
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maximize the benefit of WF in the country by implementing 
this policy in small, remote, rural areas.

Improving the Pattern of Dental Visits

Inadequate pattern of dental visiting explained almost one-
third and 13% of the area-level income inequality in dental car-
ies in primary and permanent dentition, respectively. The 
pattern of dental visits, whether for checkups or problems, 
affects the magnitude of untreated dental caries. Data not 
shown revealed that the magnitude of socioeconomic inequali-
ties is higher for untreated dental caries (d >0) than for the 
prevalence of caries (dmfs >0), particularly in primary denti-
tion. Perhaps this is because, to some extent, all jurisdictions in 
Australia have a school dental program without a counterpart 
for preschool children. This explanation is even reinforced by 
the fact that the proportion of children aged 5 to 14 y who usu-
ally have an irregular dental visiting pattern decreases with age 
(Do and Spencer 2016). The challenge is to deliver preventive 
dental care for children under school age. The Australian gov-
ernment implemented the Child Dental Benefit Schedule 
(CDBS) in 2014 to provide financial support for basic dental 
care for nearly 3 million children aged 2 to 17 y. The CDBS has 
a cap of $1,000 per child over 2 consecutive years (Australian 
Government Department of Health 2018). However, to our 
knowledge, there is no study evaluating the cost-effectiveness 
of the CDBS.

This study has many strengths and some limitations. The 
strengths of this study include a large representative sample of 
Australian children, the use of comprehensive questionnaires 
to collect the social data, the adequate examiner reliability 
measures for caries measures, the use of sophisticated socio-
economic inequalities measures, and the undertaking of a mul-
tilevel analysis taking individual and contextual socioeconomic 
factors into account as recommended (Singh et al. 2018). In 
addition to that, we performed decomposition analyses, which 
are rarely found in dental literature but increasingly used in 
public health (Lauridsen et al. 2006; Sözmen et al. 2012; 
Amroussia et al. 2017). The main limitation of the study was 
the cross-sectional design. The present estimate likely overes-
timates the true causal effect of problem-oriented dental visits 
on caries inequalities. While the present analysis assumed a 
causal framework in which dental visit pattern explains caries 
occurrence, in the cross-sectional data, some of the observed 
association is likely a result of caries disease causing a family 
to seek out restorative dental care. Another limitation of this 
study is that sugar intake measurement was limited to the num-
ber of servings of sweet drinks a day.

The findings of this study have practical implications for 
the dental profession and policymakers. Most factors that 
explain socioeconomic inequalities in caries among Australian 
children are modifiable, such as sugar intake and water fluori-
dation. However, the feasibility and cost-effectiveness of inter-
ventions to tackle these factors should be carefully scrutinized. 
Sugar intake is a common risk factor for caries and systemic 
diseases, such as obesity and diabetes, and should be faced by an 

integrated and multidisciplinary approach. The implementation 
of water fluoridation in small communities should be consid-
ered to tackle socioeconomic inequalities in children’s caries. 
The implementation of universal dental care coverage has been 
advocated to reduce socioeconomic inequalities in oral health 
(Mathur et al. 2015) and should be considered in Australia.

Based on our findings and the cumulative available body of 
evidence, we recommend all the above listed interventions to 
reduce socioeconomic inequalities in children’s dental caries. 
We will monitor the impact of these interventions along with 
the economic analysis of their cost-effectiveness.
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