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Abstract

Background/Objectives: This study aimed to assess whether income was associated with
dental caries experience and dental care levels among 12-year-old children in two con-
trasting economic contexts, Sri Lanka (lower-middle-income) and Wales (high-income),
regardless of national income status. Methods: An ecological study design was used with
published data. For Sri Lanka, the income parameters used included household income,
mean per capita income, and the Gini coefficient. For Wales, the Welsh Index of Multiple De-
privation was used. Dental caries was assessed using the DMFT index and its components
(DT, MT, FT), while dental care was assessed using the care indeXx, restorative index, and
treatment index. Pearson correlations were used to explore associations between income
measures and both caries experience and dental care indices across districts in Sri Lanka
and unitary authorities in Wales. Results: The mean DMFT for 12-year-old children was 0.6
in both Sri Lanka and Wales, with caries prevalence of 30.4% and 29.6%, respectively. In
Sri Lanka, both mean household income and per capita income showed moderate, statis-
tically significant positive correlations with DMFT (r = 0.47, p = 0.01). Income inequality,
measured by the Gini coefficient, was positively associated with caries experience (r = 0.42,
p = 0.03). In Wales, higher deprivation (lower income) was moderately associated with
increased DMFT, in areas within the 20% (r = 0.54, p < 0.01), 30% (r = 0.53, p < 0.01), and 50%
(r=0.61, p <0.01) deprived quintiles. The dental care indices showed no clear association
with income in either of the countries. Conclusions: Income-related disparities in dental
caries were evident in both countries. Prevention strategies should focus on higher-income
groups in Sri Lanka and on deprived populations in Wales. However, as this was an ecolog-
ical study, the results are subject to ecological fallacy and should therefore be interpreted
with caution.

Keywords: income inequalities; dental caries experience; dental care levels; ecological
study; children

1. Introduction

Oral disease is an important global public health issue, with dental caries a preventable
but most widespread condition [1]. Dental caries, in addition to edentulism (total tooth loss),
periodontal disease, and cancers of the lip and oral cavity, is a main contributor to a global
burden of chronic disease [2]. Over 2 billion people globally experience untreated caries
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in permanent teeth, which is the most prevalent condition worldwide [2]. The g average
prevalence of caries globally in permanent teeth is around 29%, with relatively minor
differences between countries of varying income levels: 29.3% in high-income countries
and 30.6% in low-income countries [2]. The largest number of cases are found in low- to
middle-income countries (816 million) and upper-middle-income countries (690 million).
Over the last 30 years, the total number of caries cases has increased to about 640 million,
in spite of a slight decrease in the overall prevalence (—2.6%), which has been driven
primarily by population growth in low- and lower-middle-income countries [2]. Caries has
widespread impacts, including productivity losses, missed educational opportunities, and
poorer academic performance in school [3].

Oral health is essential to general health, and oral diseases share the same health
inequalities and risk factors common to other non-communicable diseases. Socio-economic
inequalities in health have remained a public health problem worldwide for decades across
countries and among sub-populations within countries [4]. Oral health inequalities in
the world are not an exception to general health among populations [5]. The underlying
causes of oral health inequalities are complex and are related to country-specific historical,
economic, cultural, social, or political factors. A systematic review has reported evidence
for socio-economic inequalities in dental caries [6]. Schwendicke et al. [6] reported that low
socio-economic position measured via education, occupation, and income was associated
with a higher risk of experiencing caries lesions. Furthermore, it was suggested that the
association between low educational background and having a dental caries experience—a
decayed, missing, or filled tooth (DMFT/dmft > 0)—increased in highly developed coun-
tries (R? = 1.32 [0.53-2.13]) [6].

However, there has been inconclusive evidence on whether the national-level income
indicators predict population health. There is evidence showing strong positive associations
between average income and population health status, which is demonstrated both across
countries and within countries [7]. The correlation between average income and health
indicators, such as life expectancy and mortality rate, appears to be weak in developed
countries [7]. However, this relationship is more pronounced in less developed nations
compared to their developed counterparts [7]. Population health parameters, particularly
in developed countries, appear to be more strongly tied to income inequality rather than
absolute income levels [8]. Studies related to the relationship between aggregate income
measures and oral health parameters in the population are scarce. One study by Bernabe
et al. [8] reports that the income measures of Gross Domestic Product (GDP) and Gross
National Income (GNI) were not related to either dental caries or dental care levels among
the 35-44-year-old adults in higher income countries included in their study. However,
it was reported that income inequality measures (the Gini coefficient) were inversely and
significantly associated with the number of filled teeth, DMFT, the care index, and the
restorative index [8].

This study hypothesizes that caries experience and dental care levels are correlated
with inequality of income despite the income status of the country. Moreover, it is hypothe-
sized that dental caries experience and dental care levels are correlated with inequality of
income in a high-income country, and secondly, that both income and income inequality are
linked to caries experience and dental care in a lower-middle-income country. This study
focuses on 12-year-old children in Wales (a high-income country) and Sri Lanka (a lower-
middle-income country) and uses this age group as a global indicator for international
comparisons of oral health, recommended by the World Health Organization [9].



Oral 2025, 5,71

3o0f11

2. Materials and Methods

Ethical clearance for the study was obtained from the Low-Risk Ethics Review Com-
mittee of the Faculty of Life Sciences and Education, University of South Wales (230289LR).

This is an ecological study that compares the correlation between income metrics and
dental caries experience among 12-year-old children in two countries having different socio-
economic backgrounds. The data for this study were extracted from published data related
to income and oral health metrics in the two countries. Since the most recent data on dental
caries experience and prevalence in Sri Lanka and Wales were from reports for the years
2015/2016 and 2016/2017, respectively, the 2016 income data were used for comparison.
For Wales, income-related measures from the Welsh Index of Multiple Deprivation (WIMD)
were last reported in 2014, and no updated dataset was available for the same year as the
oral health survey. Therefore, the 2014 WIMD data were used as the closest available proxy
to align with the 2015/2016 oral health dataset. While the use of data from different years
may introduce a minor temporal mismatch, this approach ensured the most up-to-date and
comparable data sources were utilized. Oral health-related variables and income-related
variables were compared across the 25 districts of Sri Lanka and the 22 unitary authorities
of Wales [10].

Exposure variables: The household income and mean per capita household income
for each district in Sri Lanka were extracted as a measure of absolute income variables,
while the Gini coefficient of per capita income for each district was extracted as a measure
of the relative income variable. Both absolute and relative income data for Sri Lanka were
obtained from the “Household Income and Expenditure Survey 2016” report, published by
the Department of Census and Statistics in Sri Lanka [11].

For Wales, the income data were taken from the “Welsh Index of Multiple Deprivation
(WIMD) 2014 revised,” which is a measure of relative income [10]. WIMD, the official
measure of relative deprivation for small geographical areas in Wales, identifies areas
with the highest deprivation across eight domains: income, housing, community safety,
employment, health, access to services, education, and the physical environment. This
study does not seek to compare the absolute income data, such as household income or
household per capita income, related to Wales.

Outcome variables: National statistics on the level of dental caries for 12-year-old
children for Sri Lanka were obtained from the National Oral Health Survey report published
in 2015/2016 [12]. The data extracted were prevalence of dental caries and dental caries
experience, which were expressed as the population mean for the number of decayed
(DT), missing (MT), and filled (FT) teeth, or the DMFT index for each district. Based on
the data collected by the DMFT index, three indices of dental care were calculated as
an estimate of the proportion of caries that had been treated as well as the type of treatment
that was provided. These indices were the care index, which was calculated using the
formula 100FT/DMFT%,; the restorative index, which was calculated using the formula
100FT/(DT + FT) %; and the treatment index, which was calculated using the formula
100(MT + FT)/DMFT%.

For Wales, the data were extracted from the oral health survey reports published by
the Welsh Oral Health Information Unit at Cardiff University [13]. The report contained the
data calculated for all dental care indices. The most recent nationally available oral health
data for 12-year-olds in Wales were published for 2015/2016.

Data analysis: Pearson correlations were used to provide estimates of the linear
association of each income measure with the DMFT index and the components of this
index (DT, MT, and FT) as well as with the three dental care indices for each unitary
authority in Wales and each district in Sri Lanka. Scatter plots were used to check the
form of associations. The strength of the correlations was interpreted according to Cohen’s
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guidelines, with coefficients classified as mild (r ~ 0.10), moderate (r ~ 0.30), and strong
(r ~ 0.50). The data were analyzed using Jamovi (Version 2.7.6).

3. Results

Wales is situated within the United Kingdom and is considered to be a comparatively
small country with an estimated usual resident population of 3,077,200. In 2016 its gross
domestic product per capita (GDP) amounted to approximately USD 10,743.9 [14]. The
prevalence of dental caries (% D3MFT > 0) among 12-year-old children in Wales in the
2016/2017 academic year was 29.6% and the mean DMFT was 0.6 [13]. By contrast, Sri
Lanka, with a population of 2.43 million and a GDP of USD 4,107.83 in 2016 [11], had
a prevalence of dental caries (% DMFT > 0) among 12-year-olds of 30.4%, according to the
National Oral Health Survey report 2015/2016 [12]. The dental caries experience (DMFT)
of 12-year-olds was reported as 0.6 in Sri Lanka [12].

A comparative analysis of the prevalence of dental caries and the severity of dental
caries in the two countries and their respective most and least deprived (socio-economic
status) unitary authorities/districts is presented in Table 1.

Table 1. Twelve-year-old children with dental caries experience in Wales and Sri Lanka.

Country o with Pental Mean DMFT Mean DT Mean MT  Mean FT Number Healthy
Caries Out of 10
Wales * 29.6 0.6 0.28 0.07 0.25 7
Blaenau
Gwent 51.0 1.10 0.8 0.1 0.2 5
(Low SES)
Vale of Glam
(High SES) 17.3 0.32 0.12 0.03 0.17 8
Sri Lanka ** 30.4 0.6 04 0.1 0.1 7
Kilinochchi
(Low SES) 15.0 0.3 0.3 0.0 0.0 9
Colombo
(High SES) 324 0.8 0.6 0.1 0.2 7

SES: socio-economic status. * Low- and high-SES areas are based on the most-deprived quintile (the bottom 10%)
and least deprived quintile (top 10%) of the Welsh Index of Multiple Deprivation rankings. ** Low- and high-SES
areas are based on the Gini coefficient of per capita income levels.

In Sri Lanka, mean DMFT was higher among the 12-year-old children in the districts
where mean per capita household income and mean household income was higher. The
correlations between mean household income and mean DMFT (r = 0.47, 95% CI: 0.1-0.7,
p =0.01) and between mean per capita household income and mean DMFT (r = 0.47,
95% CI: 0.09-0.7, p = 0.01) were positive moderate correlations and were statistically
significant (Table 2 and Figure 1). The higher the mean per capita household income and
mean household income, the higher was the mean number of decayed teeth (DT) [r = 0.46,
95% CI: 0.02-0.6, p = 0.04] and mean number of filled teeth (FT) [r = 0.46, 95% CI: 0.07-0.7,
p = 0.02] (Table 2 and Figure 1). Mean DMFT was positively correlated with the Gini
coefficient of per capita income (r = 0.42, 95% CI: 0.03-0.7, p = 0.03) (Table 2).
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Table 2. Total correlations of measures of income and income inequality with dental caries experience
and dental care indices in 12-year-old children in Sri Lanka and Wales.

Income Measure DT MT FT DMFT Care Restorative Treatment
Index Index Index
Sri Lanka
Mean household income ! 04182  0.028 0431 0476°¢ 0.275 0.262 0.120
Mean per capita household income !  0.4034  —0.029 0.469¢ 0475f 0.325 0.310 0.310
Gini coefficient of per capita income  0.375 0.000 0.232 04275 0.189 0.197 0.101
Wales 2
% LSOA in 10% deprivation 0.270 0.096 0.395 0.389 0.056 0.064 0.168
% LSOA in 20% deprivation 0.419 0.183 0.419 0.543h —0.023 —0.021 0.203
% LSOA in 30% deprivation 0.397 0.176 0.4441 0.53] —0.004 0.221 0.221
0.454% 0347  0468! 0.619™ 0.052 0.079 0.112

% LSOA in 50% deprivation

! Mean household income and mean per capita income are measured in Sri Lankan rupees. 2 % LSOA typically
refers to the proportion of Lower-layer Super Output Areas (LSOAs) within alocal authority that fall within
a specific deprivation band, such as 10%, 20%, 30%, and 50%. ? [r = 0.41, 95% CI: 0.02-0.6, p = 0.04]; b[r =043,
95% CI: 0.04-0.7, p = 0.02]; © [r = 0.47, 95% CI: 0.1-0.7, p = 0.01]; ¢ [r = 0.40, 95% CI: 0.09-0.6, p = 0.04]; © [r = 0.46,
95% CI: 0.07-0.7, p = 0.02]; { [r = 0.47, 95% CI: 0.09-0.7, p = 0.01]; 8 [r = 0.47, 95% CI: 0.09-0.7, p = 0.03]; I [r = 0.54,
95% CI: 0.1-0.7, p = 0.009]; ! [r = 0.44, 95% CI: 0.1-0.7, p = 0.009]; J [r = 0.53, 95% CI: 0.1-0.7, p = 0.001]; ¥ [r = 0.45,
95% CI: 0.04-0.7, p = 0.03]; ! [r = 0.46, 95% CI: 0.06-0.7, p = 0.02]; ™ [r = 0.62, 95% CI: 0.2-0.8, p = 0.002]. p < 0.05.
Care index: 100FT/DMFT%; restorative index: 100FT /(DT + FT) %; treatment index: 100(MT + FT)/DMFT%.
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Figure 1. Relationship between measures of income and income inequality and dental caries experi-
ence of 12-year-old children in Sri Lanka. (Mean household income and mean household per capita

income are measured in Sri Lankan rupees).
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In relation to Wales, the higher the deprivation quintile, the higher was the mean
DMFT. However, the correlation was moderate and significant only in the 20%, 30%,
and 50% WIMD quintiles (Table 2 and Figure 2). WIMD was significantly correlated
with the mean number of decayed teeth (DT) only in its 50% quintile, whereas it was
significantly correlated with the mean number of filled teeth (FT) within 30% and 50%
of deprivation (Table 2). None of the absolute or relative income measurements were
significantly correlated with any of the dental care indices in either country.
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Figure 2. Relationship between measures of deprivation (income inequality) and dental caries
experience of 12-year-old children in Wales. (% LSOA typically refers to the proportion of Lower-
layer Super Output Areas (LSOAs) within a local authority that fall within a specific deprivation
band, such as 10%, 20%, 30%, and 50%).

4. Discussion

Relative income correlated with higher experience of dental caries in the respective
administrative units in both countries. However, in Sri Lanka, districts where absolute
income and household income levels were higher were associated with a greater experience
of dental caries among 12-year-old children.

A systematic review assessing socio-economic contributors to dental caries among
children in low- and lower-middle-income countries (LMICs) found that both low and high
socio-economic status (SES) increased the risk of dental caries [15]. Children from low-SES
backgrounds had the highest increased risk (approximately 54%, p < 0.001), followed by
those from high-SES backgrounds (~3% increased risk, p = 0.81). In contrast, children from
middle-SES backgrounds had a 20% reduced risk (p = 0.17) [15]. In these studies, SES was
measured using household income, which may explain the findings of the current study.
The systematic review attributed the higher dental caries experience among higher-SES
groups in LMICs to multiple risk factors, notably the increased consumption of sugar-
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sweetened beverages and sugary foods. This increase is linked to higher affordability over
the past two decades due to rapid income growth rather than a decline in the real price of
sugar-sweetened beverages [16]. This affordability trend has been more pronounced in low-
and middle-income countries than in high-income countries, according to the authors [16].
The positive correlation between household income status and the mean number of filled
teeth suggests better access to dental services for reactive care. Sri Lanka, which is working
toward universal health coverage, provides free dental care services through its primary,
secondary, and tertiary healthcare institutions. By the academic year 20152016, 67% of
12-year-old children had access to a dental clinic within 5 kilometers of their homes, offering
free dental care at the point of delivery [13]. Despite this high level of geographical and
financial access to dental care in Sri Lanka, higher dental caries experience was observed in
the districts where income inequality was higher (high Gini coefficient) emphasizing the
importance of focusing on other socio-economic constraints in policy decisions.

Our findings support our hypothesis related to the correlation between income in-
equality and dental caries experience among 12-year-old children in a high-income country.
Although there was a positive correlation between income inequality as measured by
WIMD and dental caries experience, this correlation was significant only in the 20%, 30%,
and 50% WIMD quintiles. Our findings are similar to another ecological study in which
correlation was assessed between income inequality by Gini coefficient and dental caries
experience in children aged 5 to 6 years, which showed a strong correlation [17]. Another
ecological study, undertaken to compare the relationship between income inequality and
dental caries experience in adults aged 35-44 years, showed an inverse relationship be-
tween income inequality and DMFT score [8]. The authors explain that DMFT was higher
in equally rich countries, and this was mainly owing to the number of filled teeth, which
reflects aspects related to restorative treatment. Moreover, they emphasize that this inverse
relationship was observed due to the reduced number of filled teeth in countries having
a larger gap between the richest and the poorest (i.e., higher income inequality), which
have reduced opportunities to access care [8]. However, according to our findings related
to Wales, both mean DT and mean FT scores were equally correlated with higher quintiles
within 30% and 50% WIMD. This was also evident in the descriptive statistics related to the
most deprived and least deprived unitary authorities of Wales, which show that both mean
DT and mean FT of both unitary authorities were at similar levels. Therefore, according
to the findings of this study, income inequality was positively correlated to dental caries
experience, mean number of dental caries, and mean number of filled teeth due to caries
in Wales.

In Wales 65% of 0-17-year-old children accessed general dental practices in 2014,
2015, and 2016 [18]. It seems that access is problematic for the most deprived 20% of the
population, who have the greatest opportunity to benefit from prevention at the primary,
secondary, and tertiary levels. There are no significant associations regarding DT and
FT for these social sub-groups. This could be interpreted as showing that the lack of
active restorative care has not influenced the need in the most deprived sub-group. In the
least deprived local authority (Vale of Glamorgan), the DT for those where DT > 0 was
2.06, compared to the figure for the most deprived authority (Blaenau Gwent) of 1.86 [13].
Richards et al. [19] concluded that increasing the dental workforce alone cannot improve
oral health in a diverse population like Wales. Levels of deprivation need to be considered.
In Wales, access to dental services is difficult for people living in lower socio-economic
status areas, as well as being due to dental contract reform for general dental practitioners,
which is an ongoing issue in Wales and the UK.

Interestingly, there were no significant correlations between the dental care indices
and income parameters in both countries, using either of the income parameters. This lack
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of correlation may reflect the mitigating effect of Sri Lanka’s free oral healthcare services,
which could reduce disparities in access to treatment. However, this begs the question as to
the effectiveness of the reactive approach to dental caries management. While the DMFT is
a measure of current status, a caries-free mouth can change from disease inactive to disease
active or vice versa depending on compliance with preventive behaviors [20,21]. These
include adequate plaque control, diet control, and fluoride usage [20,21]. Clearly, 70.4% and
69.6% of Welsh and Sri Lankan 12-year-olds, respectively, are controlling behaviors towards
disease inactivity [12]. Primary prevention will have been successful in this cohort of the
population, possibly because of a common risk approach. Monitoring of ongoing behaviors
will be needed to establish whether individuals are continuing to maintain disease-inactive
mouths. Thus, there is a need for monitoring on a risk basis as described in the NICE
guidelines [22]. The one-third of the population having disease-active mouths will need
secondary and tertiary care provided by dental professionals, and this applies particularly
to the children with >2 DMFT in Wales and >2.7 DMFT in Sri Lanka.

Although several studies have explored inequalities in dental caries, they have primar-
ily focused on national samples within a single country or on cross-country comparisons
involving nations with similar geographic or socio-economic contexts [8,15,23]. In contrast,
the present study offers epidemiological evidence for the association between income
inequality and dental caries experience using data from two countries with differing eco-
nomic statuses. This study has highlighted the importance of disease management at the
population level and the value placed on preventive care. In Sri Lanka, targeting secondary
and tertiary prevention among more affluent 12-year-olds could be beneficial as they transi-
tion into adulthood. In Wales, a similar emphasis on secondary and tertiary prevention
is warranted, particularly for children within the most deprived 50% of the population.
To achieve this, equitable access to services and comprehensive population coverage are
essential. A general dental service contract that prioritizes prevention would be a key step
toward this goal. In the UK, Milsom et al. [24] identified an opportunity to convert irregular
dental attenders into regular users through a revised dental contract for general dental
practitioners. Richards et al. [19] have also emphasized the potential for reform to improve
population-level access. Similarly, the Alliance for a Cavity-Free Future (ACFF) recognizes
universal population coverage as a core objective [25].

While the analysis examined associations between income and dental caries within
each country, a direct comparison between the two nations is not feasible due to differences
in the measurement tools used for both income and oral health outcomes. For instance,
dental caries in Sri Lanka was assessed using the DMFT index based on the World Health
Organization’s Basic Oral Health Survey guidelines [9], which may include cavitated
enamel lesions. In Wales, however, the assessment followed the criteria set by the British
Association for the Study of Community Dentistry (BASCD), which uses the D3MFT index,
recording decay only at the dentinal level [13]. Furthermore, the income-related indicators
used in the two countries differ in scope and scale. The Gini index, used in Sri Lanka,
reflects income inequality at a national or regional level [12]. In contrast, the Welsh Index of
Multiple Deprivation (WIMD) captures a broader concept of deprivation, incorporating not
only income-related measures but also domains such as education, employment, housing,
health, and access to services [13].

Another limitation of this study is the reliance on different sources of aggregated
data for the selected variables. For instance, the data on dental caries were obtained from
national survey reports in both countries, while the income-related measurements were
drawn from a separate source of national data collected from a different population sample
from the respective countries. Further, this study has limitations that are common to
ecological study designs. Ecological studies typically investigate the association between
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outcome measures using correlation analysis. A significant correlation does not mean that
a cause-and-effect association can be implied [26]. The correlation between income, income
inequality, and dental caries experience among 12-year-children observes an association and
not necessarily a causal relationship. Therefore, the authors cannot draw a conclusion about
a causal relationship between these children’s dental caries experiences and the income
status of their families. This ecological study assesses and compares the correlation between
income status and dental caries experience at the population level rather than the individual
level. At the same time, conclusions are drawn for individual-level associations, which
is a common bias named the ecological fallacy [26]. However, these types of ecological
studies will allow the generation of hypotheses for further research on the risk factors
and outcomes of diseases [26]. Moreover, these types of ecological studies will allow
the generation of hypotheses for further research on the risk factors and outcomes of
diseases [26]. Area-based measures have been promoted by Locker (1993) for research to
identify where deprived groups with relatively poor health live [27].

5. Conclusions

This ecological study found that both absolute and relative income measures were
associated with dental caries and its components in Sri Lanka, whereas in Wales, income
inequality showed a positive association with caries experience. No associations were
observed between income indicators and reactive dental care in either setting. Given
the ecological design and temporal differences in the data sources, these findings should
be interpreted with caution. Future research using individual-level data is needed to
better understand the social determinants of oral health in children. From a public health
perspective, preventive efforts may warrant attention to more affluent subgroups in Sri
Lanka and to deprived populations in Wales.
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