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@ Learning Objectives

After reading this chapter you will be able to:

= [dentify reasons why examining socio-economic
inequalities in oral health is important

== Understand theoretical explanations for socio-
economic inequalities in oral health

== Recognise different methodological aspects of
examining socio-economic inequalities in oral
health

= [dentify opportunities in recent developments in
epidemiology that can enhance current under-
standing of socio-economic inequalities in oral
health

17.1 Introduction

More socially advantaged people and societies are
reported to have better health outcomes and life expec-
tancy than their disadvantaged counterparts, almost
universally. Oral health outcomes do not differ from
other health outcomes in this regard. Systematic reviews
have confirmed associations between socio-economic
disadvantage and oral health outcomes of dental caries,
dental care utilisation, oral cancer, tooth loss and trau-
matic dental injuries, periodontal disease and poor qual-
ity of life [1-11]. Individual studies have confirmed
socio-economic inequalities in oral health outcomes in
both high as well as low- and middle-income countries
[12-16]. When socio-economic inequalities in oral health
outcomes are compared with general health outcomes
within a country, often inequalities in oral health out-
comes are more pronounced than those in general health
outcomes [17, 18]. Studies that have examined trends in
oral health inequalities over time have also confirmed
that improvements in oral health outcomes have not
been consistent across socio-economic groups [13, 19—
21]. Majority of the research on socio-economic
inequalities in oral health is descriptive, reporting asso-
ciations between one or more measures of socio-
economic disadvantage and oral health outcomes at the
national and sub-national level. This body of evidence
has helped establish the extent and nature of oral health
inequalities across societies and the persistent and per-
vasive nature of socio-economic inequalities in oral
health [22]. However, it also places onus on oral health
researchers and advocates to have an improved under-
standing of the causes of oral health inequalities with
the motive to find solutions that can address this societal
challenge.

Several shifts have acted as fulcrum points for the
change in the theoretical understanding of oral health
inequalities and potential solutions. Major ones include
the shift from attention to determinants of oral health at

the individual level to those at the population level [23,
24], from biomedical aetiological models of oral dis-
eases to a social determinants model of disease aetiol-
ogy [22, 25], and the failings of individually oriented
behavioural change strategies [26], paving ways to inter-
ventions targeting environments and placing lesser
responsibility on already disadvantaged individuals.
Achievements in the theoretical understanding of oral
health inequalities are to be supported with robust and
actionable evidence from oral epidemiological investiga-
tions to help policymakers make evidence-informed
decisions on solutions to address oral health inequali-
ties. Often, equity impacts of public health interventions
are not studied, and even well-intended interventions
(media campaigns, workplace smoking bans) can
increase socio-economic inequalities in health outcomes
[27]. Therefore, oral epidemiologists have a vital role to
play in checking and confirming such popular assump-
tions.

It is now widely recognised in oral epidemiology that
socio-economic determinants of oral health exist
beyond the control of individuals. This is substantiated
by increased application of the multilevel analytical
framework and its corresponding techniques [28§].
Traditionally, randomised controlled trials have domi-
nated as the most reliable source of evidence for the
effectiveness of public health interventions. However,
large-scale trials with sufficient follow-up are next to
impossible with many social exposures as they are deter-
mined politically (e.g. changes in income distribution as
an intervention). In epidemiology and social epidemiol-
ogy, there is increased utilisation of observational data
by using methods based on potential outcome
approaches to estimate and inform the causal effects of
exposures onto health outcomes [29]. However, their
application has been relatively limited in oral epidemiol-
ogy, mainly to explain the relationship between socio-
economic disadvantage and oral health outcomes. There
is also a greater emphasis on the need for conducting
more ‘consequential’ research that leads to inform spe-
cific interventions for improving population health [30].
Epidemiology is also witnessing an interesting intersec-
tion of methods from data science such as machine
learning for better prediction of exposure groups [31]
and computational simulation models [32] that provide
unique opportunities to understand better the potential
of public health interventions in reducing the popula-
tion burden of diseases as well as associated inequalities.
The shift mentioned above in theoretical thinking related
to the understanding of drivers of oral health inequalities
at the population level needs to be occurring similarly in
oral epidemiological studies of oral health inequalities,
without neglecting the fundamental concepts related to
investigations on social inequalities in health.
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In this chapter, we discuss important methodologi-
cal aspects related to investigating socio-economic
inequalities in oral health. Core methodological aspects,
along with some recent developments in the social epi-
demiology will be highlighted, keeping in mind their rel-
evance to operationalisation in oral health research.
Additionally, social epidemiology and the studies of
socio-economic inequalities in health are plagued with
terminologies that are overlapping but have different
meanings. Often, naively there has been interchangeable
use of these terminologies (e.g. health inequalities,
health inequities, health disparities; social position,
socio-economic position, social class and social status)
in health research. Although they may generally refer
to a similar phenomenon, they involve different under-
lying theories, whose interchangeable use often masks
nuances of definition. New researchers to health
inequalities research and students may find this daunt-
ing to grasp and difficult in circumventing this issue.
Readers will be directed in this section towards some
useful glossaries that they may find helpful for avoiding
such practices. Measurement of oral health inequalities
requires attention to scales on which they are measured
[33]. Discussion on different scales of measurement is
critical as policy responses to address oral health
inequalities are likely to be different based on the choice
of scales [34]. Additionally, we discuss some of the main
social and epidemiological theories advanced to explain
why and how social inequalities in oral health occur.

Certain caveats of this chapter must be highlighted
to the readers. In this chapter, we have not attempted to
review the extent and magnitude of socio-economic
inequalities in every oral health outcome. We opted to
provide a general theoretical overview along with a
stronger emphasis on the methodological issues related
to oral health inequalities research. Additionally, due to
the evolving nature of research on social inequalities in
health, readers are advised to use the presented material
more as a platform to enhance their understanding of
research on socio-economic inequalities in oral health
rather than as a definitive set of rules to follow.

17.2 Key Motivations for Investigating Oral
Health Inequalities

The World Health Organization defines health inequali-
ties as the differences in health status, or in the distribu-
tion of health determinants, between different
population groups [35]. Gene expressions and constitu-
tional variations among individuals can result in varia-
tions in health status within populations. Due to the
ageing process, with increasing age people may have
relatively worse health outcomes than their younger
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counterparts. For example, the prevalence of periodon-
tal disease is negligible among children and adolescents.
Consequently, periodontal disease varies according to
age-groups within populations. However, variations in
health outcomes according to social disadvantage
(social inequalities in health) have three distinguishing
features that separate them from variations in health
according to other characteristics. They are systematic,
socially produced (hence modifiable) and unfair. Despite
differences in magnitude and extent of inequalities,
social patterning in health outcomes is universal.
Therefore, they are intrinsically systematic. Second,
health differences of this nature are not produced bio-
logically but rather are a consequence of social pro-
cesses. Therefore, social inequalities in health can be
addressed by altering the underlying social processes.
Finally, social inequalities in health are unjust and
unfair [36].

The case for understanding and addressing social
inequalities in health (and oral health) is profound.
Social epidemiology as a discipline strives to understand
how social interactions and purposive human activity
affect health. Innumerable past and present social
arrangements that exist within societies lead to differen-
tial exposures and differences in health status between
individuals that comprise a population. The Nobel Prize
winner and developmental economist Amartya Sen
argues that ‘in any discussion of social equity and jus-
tice, illness and health must figure as a major concern’.
He justifies his arguments using a social justice frame-
work. Health equity should be a central feature of the
justice of social arrangements. Being healthy allows
human capabilities to flourish as they get free from
escapable illness, avoidable afflictions and premature
mortality. Under this notion, it is serious injustice to
preclude some individuals from these opportunities due
to the inadequate social arrangements. Of note, illnesses
that are not prevented and go untreated for social rea-
sons such as lack of resources, rather than out of per-
sonal choice, have a particularly negative implication to
social justice [37].

Despite being largely preventable, oral diseases con-
tinue to affect individuals due to social reasons. Socially
disadvantaged people suffer a double burden because
they face significant challenges concerning preventive
and routine dental care in addition to already estab-
lished social inequalities expressed in major oral health
risk factors including tobacco use, unhealthy diet and
oral hygiene in societies [38-44]. Epidemiological
research on social inequalities in oral health is vital to
document the extent of social inequalities in oral health
within and between societies [13]. For example, it allows
assessing whether social inequalities in oral health
within a population has increased or decreased over
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time. Comparisons in social inequalities in oral health
between population groups are also essential to under-
stand the underlying social, economic and political rea-
sons due to which one population may have lower social
inequality in oral health than another [45-47]. Other
motivations may include identifying social groups that
are most vulnerable to poor oral health, and strategies
may be adopted to scale existing policies to reduce the
high levels of disease within specific population sub-
groups [48, 49]. Equity impacts of health policies are
equally important as is their ability to lead to reductions
in overall rates of diseases. Surveillance activities to
track and monitor oral health inequalities play a central
role in generating hypotheses on the effectiveness of oral
health policies and healthcare arrangements in reducing
oral health inequalities. Oral epidemiology also has a
central role in providing a better understanding of
causal pathways through which social disadvantage
leads to specific poor oral health outcomes [50, 51]. A
better understanding of causal pathways is fundamental
to the development of policies and strategies to reduce
existing and future levels of oral health inequalities
within and between societies.

17.3 Theoretical Explanations
for Socio-Economic Inequalities
in Oral Health

Theoretical explanations for explaining socio-economic
inequalities in oral health have a crucial role to play in
determining the potential of interventions in reducing
inequalities. Therefore, substantial debates in the disci-
pline of epidemiology and social epidemiology have
emerged on the relevance of theoretical pathways.
Although outstanding records of historical discussions
on the relationship between different forms of social dis-
advantage and health were reported historically in works
of Edwin Chadwick, Rudolf Virchow, John Snow and
Frederick Engels, formal theories for the relationship
between social inequality and health were only first
reviewed in the Black Report [52].

o Four theoretical categories were proposed to explain
socio-economic inequalities in health in the Black
Report — artefact; theories of natural or social
selection; materialist or structuralist explanations
and behavioural/cultural explanations [52, 53].

Artefact: The artefact explanations explain inequalities
in health as a construct of the measurement process. It
posits that the association between social position and
health is a statistical artefact, which is a consequence of

how social status has been classified or measured over
time [52]. The fact that social inequalities in health out-
comes, including oral health outcomes, have been pre-
sented with so many different markers of social
disadvantage over time raises severe doubts on the valid-
ity of the Artefact category [54].

Theories of Natural or Social Selection: This theory
is based on the premise of reverse causation — health
leads to social disadvantage and not the other way
around [52]. This theory can also be refuted on the basis
that large number of longitudinal studies [55, 56],
including birth cohort studies [57-59], establish that
prior exposure to social disadvantage leads to poor
health outcomes in future [54].

The two theoretical categories (artefact and natural/
social selection) do not hypothesise how social disad-
vantage leads to poor health outcomes or the causal
relationship between social disadvantage and poor
health outcomes. On the contrary, materialist or struc-
turalist explanations and behavioural/cultural explana-
tions provide causal hypotheses on how social
disadvantage may lead to poor health outcomes.

Materialist or Structuralist Explanations: The mate-
rialist explanation places importance on the role of eco-
nomic and socio-structural factors in the distribution of
health and well-being. This line of explanation for varia-
tions in health status is consistent with the radical
Marxian critique of the direct impact of economic con-
ditions on health outcomes. Variations in rates of mor-
tality are attributed to exploitation and poverty. The
theoretical framework stresses the role of material
deprivation in the social production of disease. The
materialist explanation is contested because variations
in health status are still observed in societies that have
achieved high levels of economic development. Material
deprivation and labour exploitation in such societies are
minimal due to trade-union organisations and wage
council machinery. A counter-argument to this limita-
tion is that in countries that have achieved high levels of
economic development, relative rather than absolute
deprivation in terms of health resources and material
circumstances are more relevant. Consequently, relative
deprivation leads to variations in health status accord-
ing to social positions [52].

Behavioural/Cultural Explanations: A behavioural/
cultural approach is based upon the independent and
autonomous causal role of health behaviours in mor-
bidity and mortality. One version of this theoretical
approach values individuals as a unit of analysis.
Consequently, this approach stresses lifestyle and irre-
sponsible behaviour of individuals among certain social
groups as the reasons for poorer health. The underlying
reasons for such behaviour include lack of education,
knowledge and attitude towards healthy behaviour.
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Another more theoretically developed version relates to
the ‘culture of poverty” hypothesis. This approach con-
siders the process of biological and social adaptation at
lower levels of social position leading to a structure of
norms, ideas and behaviours. This culture develops
integrity and stability over time due to its role in helping
individuals cope with their environments and impacts
on their socialisation practices, and therefore, on their

health behaviours [52].

Theories of social epidemiology, including material-
ist/structural and behavioural/cultural explanations, are
grounded in social relations and systematic distribution
and misallocation of social resources relevant to health.

A psychosocial theory focusing on the role of con-
stant stress arising from feelings of lack of control and
relative disadvantage among individuals lower in the
social hierarchy to those who are more advantaged in
the aetiology of poor health outcomes is also postulated
[41, 43, 50, 60].

The Black Report concluded that choosing between
these complex and competing theoretical approaches
may be difficult; whereas the authors believe that the
best answer lies in the materialist explanations [52]. The
theoretical approaches discussed in the Black Report
have been both used to explain health inequalities (dif-
ferences in health among social groups within a society)
as well as differences in average health of societies
according to their level of social inequality (studies of
social ecology) [53]. However, some specific theories/
theoretical approaches aim only to explain the relation-
ship between social inequality and average health status
at the levels of different geopolitical units [53]. These
theoretical explanations are synthesised below.

1. Materialist: The materialist explanations stress the
role of environmental factors on health, which tend
to vary according to the degree of income inequality
of society. Macroeconomic factors such as unem-
ployment and levels of economic development lead
to hazardous work and living environments that lead
to poorer health on average [61].

2. Behavioural: The behavioural explanations state that
more unequal societies produce more unhealthy
behaviours compared to equal societies. This fact is
either due to individual inadequacies and/or due to the
presence of social gradients in health behaviours [61].

3. Psychosocial: At an individual level, the psychosocial
explanation claims that inequality impacts on health
in two different ways. First, people’s perception of
their position in the social hierarchy affects health.
Second, lack of control and lower levels of social
hierarchy leads to persistent stress that can physio-
logically lead to poor health or health-damaging
behaviours that consequently lead to poorer health.
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Compared to an equal society, in a more unequal
society, there is a higher degree of social evaluative
threats (comparisons between people). When added
to the lack of control and coping strategies, it leads
to higher levels of persistent stress. Therefore, a more
significant decrement in power and control across the
social hierarchy in more unequal societies leads to
poorer health on average [53, 62-64].

4. Social Capital: Social capital explanations branch
out from the psychosocial explanation as this theory
posits that an unequal distribution in income under-
mines trust and damages social relationships at a
population level [65]. The lack of trust and social
support are the critical reasons for poorer popula-
tion health in unequal societies [66].

5. Neo-Material: In contrast to the psychosocial and
the social capital theories, the neo-material theory
posits that more unequal societies tend to have a
cluster of lack of material resources and systematic
underinvestment in social infrastructure, such as
public policies in health, which leads to poorer health
at a population level [67-69].

Among the different theoretical explanations, a signifi-
cant debate in social epidemiology persists about the
relevance of psychosocial and social capital pathways in
comparison to the neo-material pathway to explain the
negative impact of social inequality on population
health [53, 62-64, 67-71]. An underlying sociological
distinction between the two positions is that while the
psychosocial and social capital pathways originate from
a Durkheimian perspective on collective consciousness
and social integration, the neo-material pathway stems
from Marxist or rational choice orientation [65]. Due to
the difference in the origin of the theories, a conceptual
challenge also relates to the interpretation of what
aspects of social inequality does income inequality cap-
ture that is related to poor health or higher mortality
rates at the population level. Those supporting the neo-
material pathway identify income inequality as a prod-
uct of structural socio-political determinants such as
the dominant political paradigm, the welfare state,
social class relations, including exploitation due to
unequal distribution of production resources. On the
other hand, supporters of psychosocial and social capi-
tal pathways identify income inequality as an opera-
tional measure of social stratification and hierarchy.
They argue that the detrimental impacts of income
inequality are related to a higher degree of social strati-
fication. A high degree of social stratification in unequal
societies results in loss of trust, social support and social
cohesion. Through jealousy, it leads to adverse psycho-
logical impacts on individuals across the social hierarchy.
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17.4 Operationalisation of Theoretical
Explanations for Socio-Economic
Inequalities in Oral Health

Sisson [50] reviewed the application of theoretical expla-
nations for social inequalities in health, particularly in
the context of oral health. Four theoretical explanations
(materialist, cultural/behavioural, psychosocial and life-
course perspective) were discussed.

Concerning the materialist explanation, lack of
access to dental services, low purchasing power for a
healthy diet and lack of access to fluoridated water due
to social disadvantage were identified as primary forms
of material disadvantage.

Despite the criticism of behavioural/cultural explana-
tions for social inequalities in health in the Black Report
itself, interventions for improving oral health at the pop-
ulation level have been directed mainly to changing indi-
vidual health behaviours [26]. Studies from Australia and
the US have confirmed that adjustment of oral health
behaviours could not explain observed socio-economic
inequalities in oral health outcomes [39, 41, 43].

Studies that tested psychosocial factors (psychologi-
cal distress, allostatic load and cognitive ability) as
explanations for oral health inequalities found limited
support [42, 60, 72].

Oral health presents all requisites to adopt a life-
course framework. Most oral diseases and disorders of
public health importance are relatively common, they
are cumulative and chronic, take time to develop and are
mostly preventable. Different theories are proposed to
explain how harmful and beneficial exposures to ill-
health over the lifespan act. Programming or critical
period effect states that exposure occurring during the
crucial developmental period leads to a condition later
in life. The critical period with effect modifier postulates
that critical early-life exposures interact with later ones.
The accumulation of risk models proposes that detri-
mental and beneficial exposures accumulated through
life, affect health and finally, the chain of risk model
states that one exposure leads in a reasonably linear way
to another to influence health later in life [73].

Evidence on life-course theory in oral health is avail-
able from very few population-based birth cohorts
which included dental/oral health clinical assessments
over time. Notably, The Dunedin Multidisciplinary
Health and Development Study, which started in 1972 in
New Zealand and 1982, 1993, 2005 and 2015 Pelotas
(Brazil) birth cohort studies are still active. The Dunedin
Study used a mix of socio-economic indicators to assess
socio-economic position at cohort participants in child-
hood. Dental plaque, gingival bleeding, periodontal dis-

eases and decayed surfaces at aged 26 were negatively
associated with childhood socio-economic status. As
socio-economic status increased, the amount of poor
oral health indicators decreased even after controlling
for childhood health and adult socio-economic status.
Moreover, low adult socio-economic status had a sig-
nificant effect on poor adult dental health after control-
ling for low childhood socio-economic status [57].

Findings from the 1982 Pelotas birth cohort studies
showed that poverty over at least one stage of life had
harmful effects on adolescent’s (aged 15) dental caries,
oral health-related behaviours and dental service usage.
Upwardly mobile income between childhood and ado-
lescence improved dental care [59]. At 24 years of age,
the study findings showed that poverty experience in
early life was associated with unsound teeth. Moreover,
the number of episodes of poverty over life increased
the prevalence of unsound teeth [74]. Later on, at the
age of 31 years, Schuch et al. showed that adults belong-
ing to low and fluctuating income trajectories from
childhood to adulthood had twice as much the preva-
lence of periodontitis than participants with stable
high-income trajectories [75]. The direct effect of early
in life occurrences of poverty on periodontitis in adult-
hood was also reported [56]. On the other hand, in the
2004 Pelotas birth cohort study, differences in income
trajectories from childhood to young adulthood were
associated with the management of dental caries-
treated and untreated rather than in the experience of
the disease [76].

A scoping review examined evidence on the applica-
tion of theories in the relationship between area-level
social inequality and population oral health outcomes
[51]. Authors noted that psychosocial theories were the
most used. Although studies often mentioned theories,
the majority of selected studies did not test any theory.
Therefore, there is a need for explicit testing of theoreti-
cal explanations for oral health inequalities.

17.5 Measurement of Socio-Economic
Inequalities in Oral Health

17.5.1 Different Types of Measures

of Social Inequality

Conceptual clarity on what socioeconomic parameters
must be measured and why is vital for monitoring and
understanding socio-economic inequalities in oral
health [77]. Of critical importance is the difference
between social class, socio-economic position and socio-
economic status as they continuously appear and are
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mistakenly used interchangeably in studies on social
inequalities in (oral) health.

Social class refers to groups originating from rela-
tionships that are economical and are determined by a
society’s forms of property, ownership, labour and
dependencies through production, distribution and con-
sumption of goods, services and information. It is not
an ‘a priori’ property of individual human beings, but it
is an outcome of a social relationship created by societ-
ies [77]. Of significant value is the importance of power
and exploitation in the class relationships where resource
owners gain economically from non-owners. Therefore,
the relational aspect of social class distinguishes it from
the stratification-based approaches. For more informa-
tion on applied measures of social class, check the refer-
ences (78-83). Several studies have applied social class
measures in oral health literature [84-87].

Socio-economic position is an aggregate concept that
comprises of both resource-based and prestige-based
measures and relates to both childhood and adulthood
social position. Resource-based measures are material
and social resources and assets such as income, wealth
and education. While prestige-based measures reflect an
individual’s rank in a social hierarchy, referring to peo-
ple’s access to and consumption of goods, services and
knowledge as an outcome of their occupational prestige,
income and education [77]. A good description of mea-
sures of socio-economic position, including advantages,
disadvantages and relevance at different life-stages is
described in the cited glossary [88]. Several reviews have
summarised evidence on these socio-economic measures
and oral health outcome(s) [3, 11, 55, 89, 90].

A study on German and Swedish adults reported low
correlations between education, income and occupa-
tional class and reported a varying magnitude of asso-
ciations between each of the measures and outcomes of
diabetes, mortality and morbidity due to myocardial
infarction and all-cause mortality [91]. It is usual in epi-
demiological research to mutually adjust for another
measure of social position when estimating the causal
association between one measure and a health outcome,
for example, adjusting for education or occupation when
examining the association between income and oral
health. However, careful consideration is needed because
the effect of education on health can be both direct and
mediated through occupation and income. Similarly, the
effect of occupation can be both direct and mediated via
income but confounded by education. Finally, the effect
of income can be confounded by occupation and income
[92]. Clarity on the inter-relationships between social
exposures and their roles as mediators, confounding fac-
tors and effect measure modification is key to assessing
social inequalities in oral health and remove systematic
sources of bias.
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17.5.2 Levels of Aggregation

Socio-Economic Variations in Oral
Health Between Populations

17.5.2.1

Majority of studies on socio-economic inequalities in
oral health examine variations in oral health outcomes
within a population according to a measure of social
position (e.g., variations in dental caries according to
educational attainment within Australia or test associa-
tion between education and oral health outcome within
Australia). Mainly, these are attributes of individuals or
households. Alternatively, one can examine variations in
oral health between populations. Populations and soci-
eties differ in their socio-economic characteristics. For
instance, countries have differences in average income,
distribution of income, proportion educated, level of
social development and so on. Variations in oral health
outcomes are confirmed according to country-level
socio-economic characteristics [93-96]. At the sub-
national level, studies have reported associations between
area-level social disadvantage and oral health outcomes
[97-104]. The reasons why variations in oral health out-
comes must be examined between populations were
described in detail previously [28]. The main reasons are
as follows: there is growing evidence on the independent
contribution of contexts in shaping oral health; varia-
tions in population oral health reveal underlying societal
determinants; oral health determinants have a socio-
political and multilevel nature; individual-level studies
have a limited explanatory potential for population oral
health; and finally, the need of informing strategies for
prevention of oral diseases.

17.5.2.2 Fallacies Arising due to
Misspecification of Variables
or Level

Four different types of fallacies (ecological, atomistic,
sociologistic and psychologistic) can occur due to either
measurement issues or when the variable(s) from other
levels of social organisation are ignored. An ecological
fallacy can occur when associations between individual-
level socio-economic exposure (e.g., individual-level
income) and oral health outcomes are inferred from the
observed associations at the group level (ecologic expo-
sures (e.g., area-level mean income) and aggregate out-
comes). Alternatively, if an association between ecologic
exposures (e.g., area-level mean income) and aggregate
outcomes is inferred from observed associations
between individual-level socio-economic exposure (e.g.,
individual-level income) and oral health outcomes then
it is a case of atomistic fallacy. The other types of falla-
cies, the sociologistic and psychologistic, may occur
when the variable(s) from other levels of social organ-
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isation are ignored. The sociologistic fallacy occurs
when the role of individual-level factors (confounding,
effect modification and mediation) is ignored in the
group-level associations. Alternatively, psychologistic
fallacy may occur when the role of group-level is ignored
in the individual-level associations [28].

There are two main reasons for the use of area-level
measures of socio-economic position. First, when there
is a lack of individual-level data on socio-economic
position, area-level socio-economic measures may be
used as proxies. However, the individual-level socio-
economic position often varies among areas and, there-
fore, using area-based measures can be misleading.
When individual-level inferences are drawn from such
studies, then the ecological fallacy cannot be ruled out
[105, 106]. Second, area-level measures must be used
when the socio-economic status of the context is the
ecologic exposure of interest. Aggregated measures of
socio-economic position have meanings that cannot be
attributed to individuals, for example, income inequality
is a measure of the distribution of income within a pop-
ulation and cannot be measured in an individual. A
large volume of evidence in epidemiology [69] as well as
in oral health [51] has examined income inequality as
exposure of interest. In this case, measures of social dis-
advantage at the area level are treated as independent
exposures rather than proxies for individual socio-
economic disadvantage. Hence, the use of area-level
socio-economic exposures must be theoretically sup-
ported. In addition to conceptual clarity and theoretical
relevance of an area-level socio-economic exposure, sev-
eral methodological aspects related to operationalising
their research must be considered (types of cross-level
associations, meaningful population groups, scale and
unique characteristics, power and sample size, role of
lag times and confounding by measures at alternate level
of social organisation) [28].

17.5.2.3 Analytical Approaches

Ecological analysis and multilevel modelling are two
main analytical approaches when dealing with area-level
socio-economic exposures and oral health outcomes. In
ecological analysis, associations are tested between
group-level exposures (e.g. area-level mean income,
area-level income inequality and the proportion of
adults with university education) and aggregated oral
health outcomes (e.g. proportion of adults with tooth
loss, oral cancer notification rates). The ecological anal-
ysis is valuable for hypothesis generation and for exam-
ining variations in aggregated oral health outcomes
according to policies implemented at group level [94-96,
107, 108]. However, they have many limitations among
which ecological fallacy is critical. Additionally, the eco-
logical analysis uses data generated only at one level
(group level).

Multilevel modelling has many benefits as it utilises
data across multiple levels of social organisation. First,
inter-individual variations in oral health outcomes can
be partitioned at different levels of social organisation to
quantify how much context matters. Then, the contribu-
tion of specific group-level socio-economic exposures
(e.g., area-level mean income, area-level income inequal-
ity, the proportion of adults with university education)
in area- and individual-level variations in oral health
outcomes can be quantified. Finally, associations
between specific group-level socio-economic exposures
and oral health outcomes of interest can be tested
accounting for both group- and individual-level covari-
ates simultaneously. Therefore, providing the opportu-
nity to comprehensively examine the relationship
between area-level socio-economic exposures and oral
health outcomes [28, 109-112]. Multilevel modelling has
been adopted with enthusiasm in oral health literature
[110, 112-120]. However, most multilevel analyses in oral
epidemiology is cross-sectional where the temporal order
between exposure and outcome cannot be established.

17.5.3 Composite Measures of
Socio-Economic Inequalities
in Oral Health

For comparisons between populations and within popu-
lations over time, socio- economic inequalities in oral
health outcomes can be estimated using composite or
summary measures of inequality as they provide a com-
mon reference point for comparisons. Different types of

measures are described below [33]:

1. The Rate Ratio of Lowest versus Highest Socio-
Economic Group: The two groups must not be so
extreme that composite measures ignore the major-
ity of health inequalities and are sensitive to the
idiosyncrasies of the two groups. However, they
should also not be broad that composite measures
do not reflect the extent of inequalities [33].

2. The Rate Difference of Lowest versus Highest Socio-
Economic Group: Compared to rate ratio, this mea-
sure is the difference in health status between the
lowest and highest socio-economic group [33].

3. Regression-Based Relative Effect Index: A regres-
sion model is fitted whereby morbidity and mortal-
ity rates are regressed onto socio-economic
measures. The measures for the socio-economic
position must be on an interval scale [33].

4.  Regression-Based Absolute Effect Index:
Untransformed morbidity and mortality rates are
regressed onto continuous measures of socio-
economic exposures [33].

5. Population-Attributable Risk ( Relative): This is the
proportional reduction in overall morbidity and



Socio-Economic Inequalities in Oral Health

10.

1.

12.

13.

mortality rates occurring when hypothetically
everyone experiences the rates of the highest socio-
economic group. It is estimated as the difference
between the overall rate and the rate for the highest
socio-economic group [33].

Population-Attributable Risk ( Absolute): The abso-
lute population-attributable risk is obtained by
multiplying population attributable risk with the
overall rate.

Regression-Based — Population-Attributable  Risk
( Relative): First, the regression-based relative effect
index is estimated. The population-attributable risk
is estimated from the predicted rate estimated for
the highest socio-economic group [33].
Regression-Based — Population-Attributable  Risk
(Absolute): This is obtained by multiplying by the
morbidity or mortality rate in the whole population
[33].

Index of Dissimilarity: This index shows the per-
centage of all cases that should be redistributed to
obtain a similar rate of morbidity and mortality for
all socio-economic groups [33].

Relative Index of Inequality: The relative index of
inequality takes into account both the population
size and the relative socio-economic position of
groups. For its calculation, the morbidity and mor-
tality rates of socio-economic groups are regressed
onto the proportion of the population having a
higher position in the social hierarchy. The esti-
mated relative index of inequality can be interpreted
as the ratio of morbidity/mortality rates of those at
the bottom to those at the top of the hierarchy on
the basis of association between morbidity/mortal-
ity and socio-economic position for all groups [33].
Slope Index of Inequality: This measure is the abso-
lute analogue of the slope index of inequality.
Inequality is presented as rate differences rather
than rate ratios [33]. It represents the linear regres-
sion coefficient showing association between level
of health in each socio-economic category and the
ranking of socio-economic category on the social
scale [121].

Concentration Index: This index is based on a ‘con-
centration curve’ where the x-axis is the cumulative
proportion of people by their socio-economic posi-
tion starting with those lowest and finishing with
those highest and the y-axis represents the cumula-
tive total proportion of health in these people. It
ranges from —1 to 1; if all health was concentrated
at the highest socio-economic position, then the
concentration index will be 1 and vice-versa [121].
Symmetrized Theil Index: A Symmetrized Theil
Index is the average of Theil Index and Mean Log
Deviation (widely used measures of income inequal-
ity (a measure of divergence)). [122].
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14. Gini Index: The Gini Index is based on the Lorenz
curve, where the x-axis represents the cumulative
proportion of people by health status as ranked in
increasing order and the y-axis represents the cumu-
lative total proportion of health of individuals
[121].

Several examples exist on the application of composite
measures of inequality in oral health outcomes [17, 103,
123-126].

17.5.4 Measurement of Socio-Economic
Inequalities in Oral Health: Scale
of Measurement

When presenting socio-economic inequalities in oral
health, the scales on which they are presented are of
critical importance — particularly, in cases where inequal-
ity is to be compared over time. Variations in oral health
outcomes between socio-economic groups can be quan-
tified both on absolute (difference) and relative (ratio)
scales. The choice between absolute and relative mea-
sures of inequality is an important consideration given
the fact that progress in reducing inequalities in one
scale may not apply to the other.

Harper et al. [127] reported a case in which inequal-
ity increased overtime on a relative scale and decreased
overtime on an absolute scale for the same context.
Celeste and Fritzell [128] examined socio-economic
inequalities in oral health outcome in Sweden within a
population that was followed up for 43 years. Authors
found different results on the absolute and relative scale.
While relative inequalities were highest earlier in life and
then decreased, absolute inequalities showed an increase
up to middle adulthood, and then only marginally
declined. When socio-economic inequalities were com-
pared between European countries according to their
welfare typology using measures of Relative Index of
Inequality and Slope Index of Inequality, again, differ-
ent groups of countries emerged as problematic on the
absolute as well as the relative scale of inequality [46].
Therefore, it is possible in certain situations to see a
reduction in inequality on one scale and not another. In
such cases, some authors preferentially may select to
report inequalities on a chosen scale with favourable
results providing partial or incorrect evidence. Relying
exclusively on one scale of measurement rather than the
other can be misleading and may not provide the com-
plete picture of progress in the reduction of inequalities
[33, 34, 129]. Ways to plot both absolute and relative
inequalities over time simultaneously have also been
developed and can be used for communicating the scale
of inequalities comprehensively [129].
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The choice of scale to assess inequalities is also rele-
vant when the study outcomes have two bounds; e.g.
attainments, as being free of caries and shortfalls, as dis-
ease manifestation. In such cases, Kjellsson et al. [130]
proposed assessing inequalities using attainment-
relative, absolute and shortfall-relative measures, thus
avoiding the suspicion that a perspective was chosen to
favour some premise.

17.6 Advancements

In this section, we present recent advancements in the
field of epidemiology and social epidemiology that pro-
vide unique opportunities to improve current knowl-
edge on the understanding of socio-economic
inequalities in oral health.

17.6.1 Intersectionality Theory

Theoretical advancements in social epidemiology
endorse clarifying the roles of intersection between mul-
tiple forms of social disadvantage (intersectionality) in
determining health and health inequalities [131]. How
one form of socio-economic position may interact with
other forms of social advantage (or disadvantage) in
determining oral health outcomes is not well under-
stood. Despite knowing that social exposures and iden-
tities such as gender, ethnicity, age, education, disability,
indigenous status and income are shaped by societal sys-
tems of oppression and privilege [131, 132], studies treat
these measures as independent to each other concerning
health. Such exercise risks considering these exposures
as measures of individual risk and ignores the intersec-
tion between different forms of social identities [133].
Therefore, there is a compelling argument to apply an
intersectionality framework to examine interlocking
between income and other social exposures when study-
ing the determinants of oral health and oral health
inequalities [131, 132].

One way to deal with intersectionality is to test inter-
actions between different forms of social disadvantage.
However, large sample sizes with sufficient statistical
power are necessary for this purpose. Multilevel regres-
sion models [28] are demonstrated to address this issue
and quantify the effect of intersection between social
identities in determining health status [132, 133].
Random intercepts for all possible combinations of cat-
egories of multiple exposures are fitted, and each socio-
economic exposure is also included in the same model to
explain variation in health status between different
‘intersections’ of social advantage and social disadvan-
tage. The remaining variation in health status after

including all social exposures in fixed part signifies the
total interactive effect of multiple social exposures.
Predicted estimates from multilevel models can also help
profile intersectional strata according to their risk or
advantage in oral health. Otherwise, when the role of
other forms of social disadvantage in the relationship
between income and oral health outcomes is studied
through modelling interaction or effect modification, it
must be assessed and reported appropriately on both
additive and multiplicative scales [134].

17.6.2 Causal Inference and the Potential
Outcome Approach

Typically, randomised controlled trials were considered
as the only source of any causal evidence on the effect of
an intervention on an outcome. However, they are often
not possible with social exposures. Additionally, most
randomised controlled trials have small follow-up peri-
ods where the life-course effects of social exposures are
impossible to be studied. Instead, there is a surge in the
development and application of statistical and epidemi-
ological techniques that are based on the ‘potential out-
come approach’ framework and allow for examining
causal effects with observational data. By emulating
randomised controlled trials in their operation, achiev-
ing exchangeability between the exposed and non-
exposed, these methods are able to quantify total causal
effects under strong assumptions. Examples include the
estimation of causal effects of social disadvantage on
health [135] or modelling utility of interventions in
reducing existing socio-economic inequalities in health
[136]. Also, the total causal effect can be further decom-
posed into natural indirect effect, the proportion of
effect transmitted through measured pathways and the
natural direct effect, the proportion of effect transmit-
ted through other possible pathways by mediation anal-
ysis. This form of mediation analysis has several
advantages over traditional methods such as allowing
for interactions between exposure and mediators and
accounting for the exposure-induced mediator outcome
confounding.

It is of paramount importance that oral epidemiolo-
gists capitalise this opportunity. First, theoretical path-
ways through which social disadvantage lead to oral
health outcomes can be quantified and better under-
stood through causal mediation analysis. An excellent
example is how sequential causal mediation analysis is
applied to quantify causal effect of disability acquisition
on mental health and further decomposed into material,
psychosocial and behavioural pathways [137]. Policy
interventions as mediators can also be set to a specific
value to simulate their effectiveness in reducing oral
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health inequalities through estimation of the controlled
direct effects [138]. It must be noted that causal modelling
approaches have strong assumptions of no confounding
among others. Therefore, theoretically informed directed
acyclic graphs and clarity on exposure definitions will be
the foundation of any causal investigation between
socio-economic disadvantage and oral health outcomes
[139]. Selection bias and information bias leading to dif-
ferential or nondifferential misclassification of socio-
economic exposure and oral health outcomes must be
carefully considered as they reduce confidence in causal
estimates.

17.6.3 Decomposition of Socio-Economic
Inequalities in Oral Health

Once health inequalities are estimated, the next step is to
find explanations for the observed inequalities.
Decomposing health inequalities into the factors that
contribute to it can achieve this. A decomposition
method was implemented by Blinder and Oaxaca
(Oaxaca-Blinder decomposition technique) [140, 141],
which has also been applied to decompose health
inequalities into contributing factors [142, 143]. In this
technique, the outcome gap between two groups is
divided in a component due to differences in magnitudes
of determinants of the outcome between groups and
another component that is attributable to group differ-
ences in the effects of these determinants. Recently, this
method has been applied in oral health to quantify the
contribution of modifiable factors to area-level socio-
economic inequalities in oral health in Australia [144]. It
has also been applied to examine the contribution of the
municipal Human Development Index in estimated
mean differences in indicators of the public dental ser-
vices between fluoridated and non-fluoridated munici-
palities in Brazil [107]. Similarly, the decomposition
technique has been used to assess the contribution of
demographic and socio-economic factors to oral health
inequalities over time within and between Canada and
the USA [145].

17.6.4 Simulation Modelling

Policymakers are often faced with the difficulty of mak-
ing policy decisions within finite resources and political
windows of opportunity. Comparisons across public
health interventions in terms of their overall popula-
tion health impacts as well as equity impacts are there-
fore necessary to make informed decisions. Programs
of research that quantify health impacts of interven-
tions (example: Assessing Cost-Effectiveness (ACE)-
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Prevention study) [146] allow for such comparisons,
both among interventions targeting a specific risk fac-
tor and also across different health interventions.
Computer simulation models help quantify the poten-
tial impact of public health interventions. Evidence
confirms their application in tobacco control [147, 148§],
human papillomavirus (HPV) vaccination [149], dietary
interventions [150], colorectal cancer screening [151]
and transport [152]. In New Zealand, they have been
applied to examine equity impacts of multiple tobacco
control interventions [147, 153]; however, they have
sparingly been applied in oral health to model equity
impact of oral health interventions. This is a fertile
research area, and oral epidemiologists again have an
opportunity to utilise simulation modelling methods to
generate evidence on long-term equity impact of dental
public health interventions.

17.7 Way Forward and Conclusion

The burden of oral diseases and oral health inequalities
is well established [22]. The recent publication of the
Lancet Series on oral health recognises this challenge
within the health community and provides a strong
impetus to strengthen policy and research on oral health
inequalities, an almost permanent associate of the bur-
den of oral diseases [154]. Oral epidemiology will have
to play a crucial role in generating quality evidence on
policy solutions for reducing unfair and unjust socio-
economic inequalities in oral health.

Harnessing the strengths from methodological
advancements to enhance current knowledge on oral
health inequalities will be a critical step. New tech-
niques like prediction methods and machine learning,
‘a set of methods that can automatically detect pat-
terns in data, and then use the uncovered patterns to
predict future data, or to perform other kinds of deci-
sion-making under uncertainty’, are being applied
within epidemiology to improve contemporary causal
inference methods and exploit big data [31]. Enormous
opportunities will be created to exploit such advance-
ments for better understanding of oral health inequali-
ties. Additionally, the use of geographic information
systems, complex spatial statistics, systems science and
qualitative research methods [155-157] can be further
integrated into research on socio-economic inequalities
in oral health.

In summary, it is vital to increase knowledge on pol-
icy solutions for addressing socio-economic inequalities
in oral health. Theoretical and methodological aspects
related to socio-economic inequalities in oral health
must be considered carefully by oral epidemiologists.
Methodological developments in epidemiology should

17
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be capitalised for improving the current understanding
of the relationship between socio-economic disadvan-
tage and oral health, and more importantly, the solu-
tions for addressing oral health inequalities.
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