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This is for you, Mum.
However, nothing can compensate for our separation...

“Human beings are members of a whole
In creation of one essence and soul
If one member is afflicted with pain
Other members uneasy will remain
If you have no sympathy for human pain
The name of human you cannot retain.”

~ Saadi Shirazi (1210 AD, Persian Poet) ~
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Thesis Abstract

Background

Australia is a vast country with cultural, religious, racial, sexual and geographical
diversity. Australia's Indigenous population has suffered many injustices in the past and
to date. Australia also has a large culturally and linguistically diverse population
(CALD) as an immigration destination. These challenges along with different socio-
economic status are sources of inequality in the Australian health system. Taking a
specific lens at health services and considering that dental services have the least
government support, and along with the minimum insurance coverage and the fact that
only 15% of services are provided in the public sector, the importance of investigating
inequalities in dental services is critical. Therefore, the aim of this PhD is to investigate
the inequalities in dental services in Australia with a focus on different dental service
sectors.

Methods

This project was carried out in two main phases with different methodologies. In the
first phase, two scoping reviews were performed with a systematic approach.
Determinants of inequalities in dental services were determined by qualitative content
analysis. In the first study, determinants of utilisation and provision of dental services,
and in the second study, the determinants of access were identified. Also, the role of
access in achieving universal health coverage in dental services was discussed.

In the second phase, statistical modelling was performed by considering this
synthesised knowledge. Using Flexible Mediation Analysis and Ratio of Mediator
Probability Weighting Approach, data from 4494 South Australian adults from the

Dental Care and Oral Health Study were analysed. In the first empirical study, income-

VIl



based inequalities and financial burden in dental services were examined. The direct
and indirect effect of income through mediators such as insurance, concession cards
and dental service sectors (public/private) on avoiding or delaying dental services were
investigated.

The second empirical study investigated sociocultural inequality in Australian public
and private sectors using a similar population. This study investigated the direct and
indirect effects of education through mediators including oral health, smoking status,
and tooth brushing on utilisation patterns of dental services.

Results

According to the review chapters, a conceptual model of inequality (named as the
Triangle of Inequality) in dental services was designed in the third study. The second
phase results showed that people with lower income experienced more financial burden
to receive dental services regardless of their insurance, concession card holding status,
and the dental service sectors they attend. The findings showed that people with less
education received fewer dental services. Low education was associated with
emergency and treatment visits. Examining the effect modification of the dental service
sector, it was observed that utilisation of services was better among less educated
people who visited the public sector.

Conclusion

These findings highlight the importance of income inequality and highlight the fact that
facilitators such as insurance, concession card holding status, and the dental service
sector are ineffective in reducing the financial burden on contemporary dental services.
The findings of the second empirical study indicate that the public sector could improve

the utilisation of dental services in people with low education.
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Chapter 1 - Introduction

1.

Introduction

1.1. Health as a human right

Starting my thesis by saying that health is a human right, especially after the progress
of the last century, may seem like a cliché. But when we thought we were past the
scourge of contagious diseases like the plague, the COVID-19 epidemic showed how
fragile and interdependent our human health is. Humans have always sought to cure
diseases and promote health, and medicine has been praised like religions. Decades
ago, the World Health Organization (WHO) introduced the health for all policy at
the Alma Ata Conference (World Health Organization 1978). Although the policy
focused on Primary Health Care, it was not welcomed by some countries (Hall and
Taylor 2003). Thirty-seven years later, in 2015, while health was not being granted
for all, the United Nations set the Sustainable Development Goals (SDGs) to be
achieved by 2030. SDGs target different aspects, but SDG3 is to: "Ensure healthy
lives and promote well-being for all ages™ (World Health Organization 2017). So
why are we still facing so many health challenges despite these goals? To answer
this question, we must return to the basic premise of whether health is a fundamental
right or not? Although this presupposition seems to be universally accepted, some
views have different legal perspectives, and this poses challenges to achieving
universal health coverage (UHC). Rights make sense when they have a clear
definition and framework. For example, if we say that freedom is an unconditional
human right, then when one person's freedom impairs another's freedom, we are
faced with a paradox. In addition to setting boundaries for rights, it is also important

clarify who is responsible for enforcing those rights.
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For this reason, some divide rights into two categories of negative and positive rights.
In this restricted notion of rights, negative rights are legitimate rights while positive
rights are not. Opponents of the UHC argue that human rights should be limited to
negative rights such as life, liberty, and happiness. They believe that health is not a
negative right, and therefore it should not impose any obligation on governments to
provide it (Peikoff 1993). Bradley (2010) argued with this distinction and led the
discussion favouring the "Equality of Opportunity"” approach (Daniels 1985). In this
view, governments have an obligation to provide equal opportunities for people to
flourish. Since health is a prerequisite for the prosperity of society, individuals should

also have equal chances of having health.

1.2 Equality and Equity

Inequality in having health opportunities leads to inequity in health. Health equity
has various dimensions. Vertical equity is established when people with different
needs receive the right level of service. Horizontal inequity happens when people
with similar conditions receive different levels of health care (Morris et al. 2005).
Equalities in opportunities can be measured, but it requires need variables to measure
existing inequalities. Throughout this thesis, the same approach is used to redefine

need variables and concepts which create inequality in Australian dental services.

While some ideologies challenge the notion of the right to health, international
statements endorse it. For example, the United Nations Committee on Economic
Social and Cultural Rights has stated that "health is a fundamental human right
indispensable for exercising other human rights. Every human being is entitled to the

enjoyment of the highest attainable standard of health conducive to living a life in

2
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dignity". Australian law guarantees the health of the community. In addition to
Australia's adherence to international declarations, some national laws also endorse
this right. Two examples of these laws are the National Health Act 1953,
which guarantees pharmaceutical, sickness and hospital benefits and medical and
dental services, and the Health Insurance Act 1973 on the Medicare scheme, medical
benefits, and hospital services coverage (Australian Attorney-General’s Department

2021).

Resources are limited, even in developed countries such as Australia. Therefore,
governments must prioritise available resources (i.e., Rationing in resources) to
achieve UHC, which happens by determining who receives what services and how
much (Lamm 1991). To better understand the mechanisms that lead to prioritisation
in the Australian health system and the challenges of inequality, we need to

understand its context better.

This context must therefore be considered uncensored. Today's Australia is about
two hundred and thirty years old, but life in Australia dates back to fifty to sixty-five
thousand years ago. Europeans first invaded Indigenous Australians who lived in the
land for thousands of years in the early seventeenth century, but Australia officially

became a British colony in 1788.

Ardill argues that sociobiology in colonisation led to structural racism in Australian
law doctrine and continues today. He introduces sociology as a set of ideologies
defining human's place in the natural environment around them. These ideologies at
the time of Australian colonisation included Christian thought and Darwinism. In the

Christian view, there are two stereotypes. One is that humans are descendants of

3
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Adam and Eve, and after the flood in the time of Noah, different races continued
from Noah's three children. In this view, non-Christians are less favoured by God. In
another perspective, God created different races for different climates, so some are
better endowed than others. Conversely, Darwin's Theory of Evolution was the basis
of many biological studies to prove that some races were evolutionary more
privileged, considering the size of the skull and brain. Ardill saw these views as the

foundation of structural racism in Australian laws (Ardill 2009).

1.3 Health inequality in Australia

1.3.1 health

Since colonisation and the separation of children from their families (the Stolen
Generation), Indigenous Australians have experienced sustained historical trauma
(Gone 2013). Australia was ranked second rank in the global Human Development
Index (HDI) in the latest version of the human development report announced by
the United Nations Development Programme (UNDP) (Jahana 2015). However,
when considered in isolation, Indigenous Australians had the lowest life expectancy
at birth compared with other Indigenous populations in high income and developed
countries such as Canada, the United States, and New Zealand (Anderson et al.
2016). Furthermore, according to the population study conducted by the Lancet-
Lowitja in 2016, poverty was common among Australians, with high rates of child
malnutrition, childhood and adulthood obesity (Anderson et al. 2016). These
disparities are more pronounced in Indigenous people living in remote and
disadvantaged regions. In 2017, 86% of Indigenous Australians who speak

Indigenous languages lived in the most disadvantaged areas, while only 1.2% lived

4
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in advantaged regions (Australian Bureau of Statistics 2017). Indigenous
Australians living in remote areas have limited access to transportation facilities
and health care systems, leading to a higher mortality rate and disease burden (Tyas
and Indraharan 2014). Moreover, disparities in other health determinants including
education, employment status, home, and work environment result in poorer health
status in people compared with their non-Indigenous counterparts (O’Sullivan

2012).

1.3.2 Health in CALD communities

This discrimination is not limited to Indigenous Australians. As Australia is a
multicultural country, these inequalities include many immigrants, different
religious groups, and sexual orientations (Babacan and Gopalkrishnan 2016; Holt
2021; Moran and Mallman 2019). Immigration has shaped the cultural fabric of
Australia. Since the establishment of Australia as a federated nation in 1901,
Australia has been identified as a multicultural society with ethnic diversity.
According to the latest release of the statistics on Australia's international
migrations, about one-third of Australians were born overseas, and 7.6 million
migrants are living in Australia, indicating a large proportion of the population
(Australian Bureau of Statistics 2019). In such a society, ethnicity and cultural
differences must be recognised and appreciated as well as emphasising the shared
national identity highlighting the role of equality in the community (Babacan and
Gopalkrishnan 2016). Australian people are from 200 countries with over 300
ethnic backgrounds (Australian Bureau of Statistics 2016). These statistics

regarding the diverse ancestries clearly demonstrates that Australians are from
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Culturally and Linguistically Diverse (CALD) communities. Nearly 20% of
Australians speak a non-English language at home. The proportion of people living
in disadvantaged areas who speak English at home (18%) is equal to the proportion
of people speaking non-English languages (19%) at home. However, there is
equality among the people who speak non-English languages. For example,
approximately 30 per cent of people speaking Mandarin or Cantonese at home live
in advantaged areas. In contrast, 42 per cent of Vietnamese or 31 per cent of Arabs
live in the most disadvantaged areas highlighting the discrimination among
different nations (Australian Bureau of Statistics 2017). Living in deprived or
remote areas can hinder access to health care services complex leading to health
inequality. Along with access difficulties, people who belong to the CALD
communities in Australia are struggling in the utilisation of the health services,
resulting in health disparities (Smith 2015). The lower utilisation of health care
services among CALD communities is not only limited to the unavailability of
services, but also cultural and linguistic differences, perceived racism, and
misunderstandings. For instance, a study conducted among Sudanese, Afghan,
Pacific Islander and Burmese communities in Queensland revealed that despite
having physical access to health care services, CALD communities were reluctant
to use services due to the unfamiliarity with health settings and difficulty in
communication with health care professionals in English (Henderson and Kendall
2011). Similarly, Asian migrants of Australia suffer from anxiety and confusion
when trying to understand Australian health settings, discouraging them from using

health services (Harrison et al. 2020).
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The concern around health disparities among CALD populations has grown, with
several programs designed and implemented to address the diversity in culture,
language, and ethnicity. However, none of the agendas was significantly successful
in improving the health condition of CALD communities (Anderson et al. 2003;
Harrison et al. 2020). All the above pose severe challenges to providing equitable

health care in Australia.

1.4 Inequality in oral health

There are several paradoxes in dental care services in Australia. Oral health as a
health care service with minor government subsidies has been a significant public
health concern in Australia. For example, 85% of dental services are provided
through the private sector, and insurance coverage for these services is limited
(Spencer et al. 2003). However, recent evidence emphasises that with this limited
governmental support, only 23% of eligible adults receive public dental services,
while nearly 80% of eligible adults do not receive public services (Australian
Institute Of Health Welfare 2020, Council of Australian Governments 2015). This is
a sign of poor universal coverage of dental services in various aspects, such as

financial support and the proportion of people covered.

1.4.1 Oral health and socioeconomic status

Socioeconomic status plays a critical role in the oral health status of Australians.
For example, people from higher SES groups with higher education and income
have a set of advantages, one of which is the ability to afford private dental care
and with better access to services, they would have better oral health conditions.

People with middle to low-income face barriers such as affordability of dental care
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due to its cost. Furthermore, an analysis of the 2013 National Dental Telephone
Interview Survey (N = 2798) showed that the prevalence of poor oral health in low-
income people who experienced racism was two-fold higher than the high-income
people who did not report perceived racism (Schuch et al. 2021). It is worth
mentioning that people who experience racism and social discrimination show
high-risk health behaviours and poor adherence to health recommendations
affecting their health status and well-being (Williams et al. 2019). Racism is an

important determinant of health disparities (DeGrazia 1991).

1.4.2 Oral health and Age

Along with socioeconomic status, age can determine oral health status. The
Australian government has invested in several free or low-cost school dental care
programs to enhance dental care for children across Australia. For example, in
South Australia (SA), dental services are free for all children under the age of 18
years in the form of school dental services, but for adults, only people with
concession cards can use public dental services. These cards include most low-
income and vulnerable people. Acceptable cards in SA are the Centrelink Pensioner
Concession Card (Human Services), Centrelink Pensioner Concession Card
Veterans' Affairs and Centrelink (Human Services) Health Care Card (Government
of South Australia- SA-Health 2021). Such programs have made Australia the
second-best country in child oral health. In contrast, the oral health of Australian
adults from 35 to 44 years old is ranked third last among 29 OECD (Organisation
for Economic Co-operation and Development) countries raising a public health

concern. As with other developed countries, Australia’s population is ageing
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rapidly. Unexpectedly, people in retirement age reside in the suburbs with the least
access to private or public dental practice (Tennant and Kruger 2013). A study
published in 2021 showed that 61% of older adults live in regions more than 5 km
from public dental practices in Western Australia and Tasmania, highlighting the

necessity of dental care provision equally for all age groups (Kamil et al. 2021).
1.4.3 Uneven geographic distribution of dental practices

Another challenge in the oral health of Australia is the uneven geographic
distribution of dental practices. Most dental clinics are located in urban areas to
secure their business, leading to unequal access to dental services for the people
who live in remote and rural areas or suburbs far from the city centre. Moreover,
most rural practices only operate part-time, while many government practices suffer
long waiting lists and workforce shortages. A study on the distribution of dental
practices in Australia, including only suburbs of less than 10,000 km?, revealed that
6,446 out of the 8,402 suburbs have no dental care service. The distribution of such
suburbs is different across all Australian states and territories. For example, the
highest proportion of suburbs without dental practice is 95% across the Northern
Territory, while the lowest proportion is 58% across the Australian Capital
Territory. Nearly 7.1 million of the Australian population reside in suburbs without
a dental practice, with the largest number of 2.3 million living in New South Wales.
Overall, dental practices are not available for approximately 77% of suburbs and
on average, 30 per cent of the population of each state live in these suburbs. Only
20% of suburbs contain one to five dental practices, with 46% of the Australian

population residing in these suburbs (Tennant and Kruger 2013). The disparity in
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dental care distribution needs to be adequately addressed to alleviate oral health

inequalities.

2. Background

These challenges in the structure of the Australian health system and the knowledge gap
in the mechanisms of inequality in public and private oral health sectors formed the
main idea of this project. The main objectives of the project are reported in detail in
Chapter Two. In the continuation of this chapter, | will review the current literature on

inequalities in the Australian oral health system.

In 2019-2020, 16.3% of Australia's budget was spent on health (Phillips et al. 2020).
Previously, it had been reported that the share of dental services was almost 6% of
national health care expenditure (Australian Institute Of Health Welfare 2015), which
means that dental services have the lowest government subsidies. Out-of-pocket
payments for these services are subsequently high. The history of the Commonwealth
government's limited support for adult dental services dates back to the mid-1990s and
the short-lived Commonwealth Dental Health Program (CDHP) for lower-income
individuals. Brennan and Spencer (2004) explored the Australian oral health status after
this program was ceased in 2001-2002 and found an increase in DMFT index (Decayed,
Missed and Filled Teeth) compared to 1995- 1996. In a follow-up study in 2008,
Brennan and Spencer argue that those disparities and unfair distribution in dental public
services access were persisted evident a decade later. They reported that this decline in

DMFT in 1995- 1996 was related to the CDHP implementation (Brennan et al. 2008).

Later in 1999, government support continued under the Private Health Insurance

Incentives Scheme (PHIIS). In this program, the government increased the target
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population and provided all private insurers with a 30% rebate on premiums regardless

of their income level.

Harford and Spencer (2004) examined the structure and context of Australian
government subsidies in dental services. They concluded that PHIIS aimed to establish
more significant equity in utilising services, private insurance support and reducing
pressure on the public sector. However, in practice, it resulted in more dental service
utilisation in the middle- and upper-income individuals with private health insurance

and better oral health status and it generated more inequality.

Hopkins et al. (2013) also investigated the association between private insurance and
the utilisation of dental services in Australian adults. This study showed that insured
people received more services. The authors acknowledged that this likely comes at the
cost of increasing inequality to uninsured and socioeconomic disadvantaged

individuals.

The study by Anikeeva et al. (2013) showed similar results. People with private
insurance received more dental services. They reported that the interaction between
income and insurance status modified this association. Lower-income and insured

individuals have more utilisation than their uninsured counterparts.

Few studies in Australia have investigated inequalities in public and private dental
services sectors. Brennan et al. (2008) utilised The National Survey of Adult Oral Health
data (NSAOH) of 5,505 people aged over 15 years. They reported that tooth extraction
was higher in the public sector, while preventive and prosthetic treatments were far
lower than in the private sector. This pattern shows the disparity in dental service

utilisation of socioeconomically disadvantaged individuals.
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Brennan (2009) published more details of this survey in another report. He reported that
the present teeth of concession card holders referred to the private or public sector were
equal in all age groups except 65 years and over. In this group, cardholders who went
to the private sector had more teeth. They also did not report a significant difference in
periodontal status between the different groups, stating that regardless of the place of
their last dental visit, these similarities indicated a similar oral health status in
concession cardholders. Therefore, there is still a need to examine the service patterns

in the private and public sectors separately.

In addition to existing challenges, the Australian Health Ministers' Advisory Council
(AHMAC) reported that oral disease is one of the significant constituents of disease in
Australia (Spencer and Harford 2001). Although there are many studies around oral
health disparities, there is insufficient information around the mechanisms leading to
such inequities (Sanders et al. 2006). To better contrast dental visiting patterns in private
and public sectors, there is a need to compare the same measures to eliminate

methodological biases.
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Research Questions

1) What are the determinants of dental service inequalities in a developed country such
as Australia?

2) How related are inequalities and universal health coverage in dental services in a
developed country such as Australia?

3) How can dental service inequality be conceptualised in a developed country such as
Australia?

4) What are the mechanisms of financial barriers in adult dental services among
Australian public and private sectors?

5) How are socioeconomic, oral health habits and behavioural variables associated with

Australian adult dental service utilisation patterns?

General Aim

The aim of this study is to identify socioeconomic inequalities in dental services in
Australia with a focus on public and private dental service sectors.

Specific Objectives

In order to achieve this aim and answer the research questions, | will explore the

following objectives (1- 4):

1- Systematically identify determinants of dental service inequality in a developed
country such as Australia (questions 1,2).
¢ To achieve this aim, scoping review protocols were utilised to fill the current

knowledge gap (Chapters 3,4).
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2- Combine all synthesised evidence to conceptualize a model for dental service
inequality in a developed country such as Australia (question 3).
e To reach this aim, the “Triangle of Inequality” in dental services was developed
as a conceptual model (Chapter 5).
3- Identify financial barriers in dental services among private and public patients
(question 4, chapters 6, 7).
4- Identify how education and behavioural variables (e.g. Smoking, Tooth brushing)
are associated with Australian adult dental service utilisation patterns (question 5).
e To reach these aims, flexible mediation models were utilised to investigate how
mediation models play a critical role in causing financial burden or changing
adult dental service utilisation patterns in Australian public and private sectors

(Chapters 6,8).

Table 1 summarises the following research question and aims according to the thesis

phases.
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Thesis Structure

This thesis was conducted in two main phases (Table 1). Phase 1 includes the literature

reviews and concept model and is the foundation for phase 2 (empirical studies).

In chapters 1 and 2, an introduction to the concepts and objectives of this thesis have

been provided.

Based on the primary purpose of this thesis to identify socioeconomic inequalities in
the Australian health system and to address the lack of clarity about inequality
mechanisms in adult dental services in Australia, there was a need to use rigorous

statistical methods.

Concept and Context

For accurate statistical modelling, a comprehensive background of the subject is
required. Therefore, Chapters 3 and 4 provide a systematic review of the literature.
Scoping review studies are more comprehensive than other review studies and are
appropriate when a knowledge gap exists. To clarify the causes of inequality in
developed countries such as Australia, the context of the study was not limited to
Australia, and studies conducted in OECD countries were included. Chapter 3 (Paper
1) investigates the causes of inequality in the two dimensions of utilisation and
provision of dental services. Chapter 4 (Paper 2) addresses the other cause of inequality,
namely access. In addition to redefining concepts of utilisation, provision and access in
the dental literature, the role of access in universal coverage of dental services is

discussed.
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Studies one and two were the most comprehensive review studies on the issue of
inequality in dental services to date. In these studies, in addition to the conventional
synthesis of the results, trend analysis were performed for the first time in scoping
review studies. In Chapter 5 (Paper 3), the findings of these studies were merged and
synthesised, and the conceptual model of inequality in dental services (Triangle of

Inequality) was designed.

Empirical Studies

Chapters 3 to 5 provide the foundation of the statistical models used in Chapters 7 and
8 (Papers 4 and 5). The Multiple Flexible Meditation Method was used in these
empirical studies, as described in Chapter 6. For conducting mediation analysis with
one mediator using the Ratio of Mediator Probability Weighting (RMPW), one may
also use the R libraries Medflex and RMPW, but due to the lack of suitable packages for
multiple mediations using the RMPW approach, the codes used for the mediation
analysis in this thesis were a modification of the codes published by Lange et al. (Lange
T, Rasmussen M, Thygesen LC. Assessing natural direct and indirect effects through

multiple pathways. American journal of epidemiology. 2014 Feb 15;179(4):513-8).

There was also no package for sensitivity analysis of models with several mediators
using RMPW. Therefore, | had to modify the functions in R package RMPW and write
a specific R function suitable for multiple mediators. This currently does not exist in
any libraries in R and is provided in appendix V. Chapter 9 is this thesis’s final

considerations and conclusions.
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Table 1- Summary of research questions and objectives

Research Questions

Objectives

Chapter

Background and objectives

1,2

Phase 1: Conceptual modelling and review

Phase 2: Empirical studies

1) What are the determinants of
dental service inequalities in a
developed country such as
Australia?

2) How related are inequalities and
universal health coverage in dental
services in a developed country
such as Australia?

3) How can dental service inequality
be conceptualised in a developed
country such as Australia?

4) What are the mechanisms of
financial barriers in adult dental
services among Australian public
and private sectors?

5) How are socioeconomic, oral
health habits and behavioural
variables associated with
Australian adult dental service

utilisation patterns?

Systematically identify
determinants of  dental
service inequality in a
developed country such as
Australia

Systematically identify
determinants of  dental
service inequality in a
developed country such as
Australia

Combine all synthesised
evidence to conceptualize a
model for dental service
inequality in a developed
country such as Australia

Identify financial barriers in
dental  services among
private and public patients

Identify how education and
behavioural variables (e.g.
Smoking, Tooth brushing)
are associated with
Australian  adult  dental
service utilisation patterns

3

7
(chapter
6 is the
required
method)

8

(chapter
6 is the
required
method)

Final discussion and conclusion
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Main Sample

The population surveyed in the empirical studies was the over 18-year population
participating in Dental Care and Oral Health Study (DCOHS). The DCOHS was a state
study conducted in South Australia designed to examine oral health outcomes in various

sectors.

DCOHS was funded by the National Health and Medical Research Council (NHMRC
CRE grant: 1031310). However, NHMRC had no role in any steps of this thesis, from
design to interpretation and publication of articles. DCOHS was conducted in
accordance with the Helsinki Declaration of Research Ethics and was approved by the
Human Research Ethics Committee of The University of Adelaide (Appendix 1/ H-

288-2011).

DCOHS was a prospective study that collected information using a mailed self-
completed questionnaire in 2015-2019 (Appendix 2). In this thesis, DCOHS baseline
data (2015) were used. Questionnaires were sent to 12,450 adult South Australian
residents who had been randomly selected from the Electoral Roll (Australian Electoral
Commission base). Of these, 4494 questionnaires were completed and returned
(response rate: 44.6%). Measurement variables details are given in Chapters 7 and 8

(Papers 4,5).

Appendices

Appendices 1 and 2 are the Ethics Committee approval and DCOHS questionnaire.
Appendices 3 and 4 are supplementary information and articles included in papers 1
and 2. Appendix 5 is the R functions and codes used in papers 4 and 5. Appendix 6 is

additional published articles that are relevant but outside the main scope of this thesis.
26



Chapter 2 - Aims and Objectives

These papers were completed in collaboration with other researchers during my
learning journey and helped me gain greater perspective of inequality and challenges
in dental services provision for vulnerable groups such as Indigenous Australians
(supplementary paper 1) and children with special health care needs (supplementary

paper 2).
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Linkage to the thesis

The aim of this thesis was to identify inequalities in various Australian oral health

system sectors. To better inform the modelling process, we needed this background to

be well-reviewed. Also, there was no comprehensive inequality conceptual model

specific to dental services which addressed the multi-level determinants of inequality.

Therefore, before statistical modelling, | reviewed the determinants of inequality in

dental services. In this chapter, the determinants of inequality in utilisation and

provision of services are investigated.

Highlights

Structural concepts such as utilisation, provision and access are sometimes
mistakenly used interchangeably in the oral health literature. Service utilisation
is the preventive or curative use of health services; service provision is the
process of providing services using the available resources, and access is the
timely use of health services to achieve health.

This chapter identified the associated factors of inequalities in the two
dimensions of utilisation and provision of dental services. Utilisation
determinants included individual, social, cultural, and economical, and
provision determinations included health policy and availability of services.
The complexity and multiplicity of these determinants challenge oral health
policies. Therefore, to reduce the inequalities in dental services, policymakers
should pay attention to all determinants in addition to distinguishing between

different dimensions of inequality.
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Note: Supplementary information of the paper in this chapter is available in

appendix I11.
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Abstract
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Background: There are many determinants that can affect inequality in oral and dental health. This study is aimed
to explore the main determinants of inequality in both utilization and provision of dental services in Organization
for Economic Co-operation and Development (OECD) countries.

Methods: Four databases including PubMed, ISI WOS, Scopus, and ProQuest were searched up to 8 Aug 2020,
applying the relevant keywords. Thematic analysis was used for synthesizing and extracting data. Trend analysis was
applied to determine the trends of the inequality determinants.

Results: Thematic analysis led to 6 main themes, 13 sub-themes, and 53 sub-sub-themes. The main themes
represent the main inequality determinants for both utilization and provision of dental services. The streamgraph
illustrated that fewer studies have been conducted on social and cultural determinants, and for almost all
determinants the trend of published articles has been increasing since 2007, with the exception of health policies.

Conclusions: Inequality in the utilization and provision of dental services is addressed by various factors including
individual, social, cultural and economic determinants, health policies, and availability of services. The first four
determinants are related to utilization and the last two are related to the provision of services. All these aspects
must be considered to reduce inequality in dental services.

Background
There are multiple determinants which can affect health
status. For instance, it has been reported that people of a
lower socioeconomic level experience more burden from
morbidity and mortality of diseases compared with other
groups [1, 2]. Oral health is also believed to be highly as-
sociated with socioeconomic status [3]. Dental diseases
are among the most prominent public health issues, due
to their high universal prevalence and direct effect on
quality of life [4].

Inequality in oral health has drawn the attention of
worldwide stakeholders beyond community oral health in
several countries [5, 6]. Notably, even in well-developed
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countries, there are instances of large disparities within
different social classes [7]. Many studies have been con-
ducted to show inequalities in oral health. Provision of
dental care services is a matter of public health concern
for socio-economically disadvantaged people who, as a
priority group, demand more support [8].

While talking about inequality and disparity in health-
care, different determinants will be discussed. Utilization,
provision, and access to services are three related different
terms, and are often used interchangeably in the dental lit-
erature. Access to services has three dimensions which are
financial, physical, and acceptability [9]. The utilization of
medical services describes the use of services by indi-
viduals for preventive or curative care, while the
provision of services deals with the process of provid-
ing services according to the various available inputs
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which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.
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(human resources, physical capital, and consumables)
in the health system [10, 11].

There are many studies around oral health disparities,
but there is insufficient information around the mecha-
nisms [12]. In two separate studies in 2018, Reda et al.
systematically investigated the inequalities reported glo-
bally in the utilization of dental services, as well as the
impact of sociodemographic factors on inequality [13,
14]. However, they did not consider factors affecting the
provision of dental services, as a dominant element in
inequality. In addition, due to their methodology for in-
vestigating the inequality in the utilization of dental ser-
vices, the underlying mechanisms in inequality in dental
services have not been explained by any review with a
systematic approach so far.

In spite of presenting the systematic results of the
aforementioned studies, since the contextual and under-
lying factors differ globally, it seems necessary to con-
duct an up-to-date study of effective social, individual,
and contextual determinants of inequality in the
utilization of dental services in homogeneous countries.
At the same time, the concept of inequality from the
perspectives of utilization and provision of dental ser-
vices needs further exploration. In particular, under-
standing what the main determinants of inequality are
from a utilization and provision of dental services per-
spective, while considering the socio-economic and cul-
tural contexts.

To better investigate the aforementioned topic and to
address the knowledge gaps, there is a need for a nar-
rowed scoping review. This kind of review will enable
oral health policymakers to identify the whole concept
and its related determinants, as well as conducting a
comprehensive map [15] to integrate the related pieces
of evidence to achieve evidenced-based decision and pol-
icy making. Although at first glance, the inequalities and
disparities are assumed to occur in poor and less devel-
oped contexts, this may intensify among the rich and de-
veloped countries with different levels of utilization to
healthcare resources. Therefore, this review aimed to
identify the most cited determinants of inequality in the
utilization and provision of dental services as an out-
come of the oral health system in Organization for Eco-
nomic Co-operation and Development (OECD)
countries to help stakeholders and policymakers with
the future planning of dental services to ensure a more
equitable provision of services.

Methods

This scoping review follows the Joanna Briggs Institute
(JBI) scoping reviews framework provided by Arksey and
O’'Malley [16, 17]. In this five-step framework, after
identifying research questions and database searching,
the relevant studies are selected, summarized, and
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synthesized. As per the framework, this study was con-
ducted in five steps, which are described in detail below.

Step 1—Identification of the research question
The main research question was “What are the main ef-
fective determinants of inequality in utilization and
provision of dental services in OECD countries?” OECD
countries define as those countries which are the mem-
ber of Organization for Economic Co-operation and De-
velopment. When we are talking about the key
determinants, it should be mentioned that, those are
some key factors that directly or indirectly can affect the
provision and utilization of dental services among the
people in OECD countries that can make inequality.
According to JBI’s interpretation, a research question
of a scoping review should cover the population, the
concept, and the context [16]. According to the research
question, the population was limited to all OECD coun-
tries. The concept included various effective determi-
nants of inequality on utilization and provision of dental
services on oral health outcomes, and the context con-
tained the comprehensive cultural, political, and behav-
ioral background within the population.

Step 2—Identifying the relevant studies

Keywords for the study were selected following a prelim-
inary review of the literature. The selected keywords,
based on their relevant Medical Subject Headings
(MeSH), were searched in various databases up to and
including 8 Aug 2020. These databases included
PubMed, International Science Indexing Web of Science
(ISI WOS), Scopus, and ProQuest. The general search
strategy including the main keywords is shown in
Table 1. For more clarification, the search strategies syn-
tax for each database is presented in the supplementary
file. The logical operators, “OR” and “AND,” were used
to increase the search sensitivity. EndNote reference
manager X9 (Clarivate Analytics, Philadelphia, PA, USA)
was used to manage the retrieved references.

Table 1 Search strategy

Search engines: PubMed, ProQuest, ISI Web of Science, Scopus
Limits: Time: up to 8 Aug 2020, Language: English
Strategy: #1 AND #2 AND #3

#1 ("Dental Health Surveys" OR "Dental Care" OR "Oral Health" OR
"Dental Health Services")

#2 ("Socioeconomic Factors" OR "Hierarchy, Social" OR "Healthcare
Disparities" OR "Health Status Disparities" OR "Social Determinants of
Health" OR "Social Class")

#3 ("dental services" OR "dental visits" OR "utilization" OR "provision" OR
"use of services")
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Step 3—Study selection

In this step, the achieved articles from the systematic
search of the forth databases were reviewed first by the
title and abstract and then their full texts. All of these
processes were conducted by two researchers separately
and independently (AG and PB). Review articles were
subsequently excluded from the review process while all
other types of studies such as original articles, commen-
taries, and letters with different methodologies (qualita-
tive, quantitative, and mixed-method) were included.
Quality appraisal of the retrieved studies is not obliga-
tory in scoping reviews [18]. However, for assuring the
eligibility of the included full-texts, another researcher
(DB) screened the full-text studies, in line with the inclu-
sion criteria and aim of the study. Figure 1 illustrates the

Page 3 of 11

initial search using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) study
selection flowchart. A relevant extraction form was de-
veloped according to the review’s aim by the research
team. The form was applied to extract the relevant data
including the author’s name, study aim, study popula-
tion, year of publication, study design, study place, and
the key determinants of dental inequalities regarding the
utilization and provision of the services (Table S1-
supplement).

Step 4—Charting the data

Two members of the research team (AG and PB) simul-
taneously and jointly charted the studies [19]. They up-
dated the data charting form and performed the charting

N

p
Records Records Records Records
identified identified identified identified
c through PubMed through Scopus through WOS through
o database database database ProQuest
‘é (n=2763) (n =2293) (n=154) database
&= (n =336)
£
c
]
5
v v v v
Studies extracted from the four databases above
(5546)
N’
)
Records < Duplicates
deleted after [T removed:
E‘) checking titles: 1581
= 3686
:
2 Full-text Records reviewed after screening by titles/abstracts and removing
duplicates:
279
-/
)
A4
o L
= Studies included after
= full-text reviewing
S (n =193)
=
~—
v
o
- Full text studies
3 included for analysis
£ (n=193)
Fig. 1 The study selection flowchart (PRISMA)
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process in an iterative process. In this regard, the au-
thor’s name, year of publication and place of publication,
study’s aim, design, main findings, and implications were
extracted and charted in the data extraction form.

Step 5—Collating, summarizing, and reporting the results
The member of the research team (PB), who was more
familiar with the content-analysis, coded the studies
based on a qualitative thematic approach [20]. In this re-
gard, the initial codes were extracted from the meaning-
ful units achieved from each article. These meaningful
units were the essence of findings interpreted by the re-
searcher (PB) and identified according to the aim of the
review. Then, in a reciprocal process between the initial
codes and the original extracted data and the meaningful
units, the final codes emerged. Following revision, inte-
gration, and classification of the final codes, the main re-
lated themes and sub-themes were identified and
subsequently tabulated. Thus, the main determinants
and sub-determinants of inequality in dental services,
from a utilization and provision perspective, were de-
fined by the research team. To better understand the
concept, Microsoft PowerPoint (Microsoft, Redmond,
Washington, USA) was used to design a conceptual map
to illustrate the concepts. In addition, viewpoints of
other experts in the field were included in the final map.
For assuring the rigor of qualitative data analysis, some
of the criteria proposed by Guba and Lincoln were ful-
filled [21]. To assure the transferability of the results that
indicate the ability of transferring the findings to the
similar contexts, we have tried to present a thick de-
scription of the results. Also, to reach the dependability
of the results, the process of data collection and data
analysis are clarified in detail to facilitate the possibility
of auditing. And, finally to achieve confirmability, the re-
searchers have tried to minimize the investigator bias via
bracketing their predisposition and suppositions and dif-
ferentiating them from the included data to the analysis
process.

Trend analysis

Trend analysis was added as a new step of the scoping
review, as this study tries to demonstrate the trends of
studies focusing on the inequality determinant. To illus-
trate the over-time trend of conducting studies, the pub-
lication year of the studies related to each sub-theme
was specified. A Location-Time stacked bar chart was
drawn using the SPSS software version 26.0 (SPSS, Chi-
cago, lllinois, USA). To draw streamgraphs of time
trends, after identifying the sub-sub-themes and articles
related to each, the total number of articles in each main
theme and sub-theme was determined. Then, the articles
in each category were sorted based on their publication
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year. The streamgraphs were illustrated using PlotDB
(www.plotdb.com) which is an open license website.

Results

According to the PRISMA flowchart, in the initial
search, a total of 5546 studies were identified, 1581 and
3686 studies were excluded due to duplication and mis-
match of their titles respectively. Of the 279 studies that
met the inclusion criteria and had their full-text
reviewed, 193 full-text original studies were selected
(Fig. 1).

Thematic analysis

Thematic analysis of the included studies led to the ex-
traction of 6 main themes, 13 sub-themes, and 53 sub-
sub-themes (Table 2). All the related references are pre-
sented in Table S2- supplement. The main themes are
discussed in detail below.

I- Individual determinants

Numerous individual factors were identified as being as-
sociated with inequality in dental service utilization. Age,
as one of the main individual factors, can be the basis of
different needs. This difference in need leads to the
utilization of specialized treatments such as prosthetic
treatments in the elderly or orthodontic treatments in
children and adolescence [22, 23].

Personal conditions vary according to age. Loneli-
ness in the elderly was also recognized as one of the
factors influencing the inequality in dental service
utilization [24].

Dealing with diseases or functional disabilities can lead
to reduced dental service utilization [25]. One study ex-
amined the use of routine dental services in cancer pa-
tients and reported that service utilization declined even
after receiving advice to increase the number of visits to
the dentist [26]. Racial and ethnic factors in minorities
have also been identified in many articles as determi-
nants of dental service utilization.

II- Social determinants

While individual factors are more closely related to inde-
pendent individual indicators, social determinants are
more concerned with social factors and interactions.

Various studies claim that people living in capital areas
receive more services than people living in non-capital
areas, which is related to both the provision and
utilization of dental services [27, 28].

Employment and its types, immigration, and education
were identified as effective social determinants [29, 30].
The association between the level of health literacy and
inequality in the utilization of dental services was also
mentioned in some articles [31], while more attention
was paid to the association between the level of
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Table 2 Determinants of inequality in the utilization and provision of dental services in OECD countries

Main themes Sub-themes Sub-sub themes Number of articles

Utilization of services

Individual determinants Demographic determinants Gender 18
Race and ethnicity 25
Nationality/mother nationality 4
Age 42
Marital status 3
Self-rated health status Functional abilities 4
Quality of life 3
Special health needs/minorities 3
Oral health status 10
Disease and health status 8
Social determinants Social status Residential location 20
Vulnerable groups 9
Population density 1
Occupation/employment 5
Immigrant and refugees 1
Literacy Education level 32
Health literacy 4
Economic determinants Micro-economic Income 58
Wealth 7
Poverty M
Macro-economic Macro-economic crisis/condition 5
Macroeconomic revenue collection 1
Gini index 5
GDP per capita/country revenue 2
Economic disparities 4
Cultural determinants Macro cultural factors Time and technology 9

Environmental condition

Micro cultural factors Oral health behavior 6
Primary language spoken (fluency) 5
Lifestyle 6
Attitude 8
Provision of services
Health policy Policy implementation Appropriate policies 7
Target population concentration 1
National interventions 8
Policy formulation Health basic insurance/public insurance 13
Supplementary insurance 35
Private insurance 5
Cardholder status 2
Availability of services Type of available services Advice services/regular visiting pattern 10
Emergency visits 7
Service coverage 4
Specialized services 8
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Table 2 Determinants of inequality in the utilization and provision of dental services in OECD countries (Continued)

Main themes Sub-themes

Sub-sub themes Number of articles

Distribution of services

Management of services

Preventive care 13
Pharmacists consultation 1
School dental nurses and dental hygienists 1
Geographic location/dentist distribution 15
Distribution of dental schools 3
Inadequate private services 1
Waiting time in public sector 2
Cost of service 11
Service satisfaction 1

Dentists recall and follow-up 2

academic education and the degree of utilization which
was higher in people with university education and man-
agerial jobs [32].

lll- Economic determinants

The impact of economic conditions on both macro and
micro levels was examined. At the macro-level, national
economic crisis and economic differences between dif-
ferent parts of countries are known factors influencing
inequality in utilization and provision of dental services
[33, 34]. In economic crisis, the rate of utilization de-
creases, while after that, the situation improves [35].

At the microeconomic level, various concepts such as
wealth, poverty, and income have been studied. Al-
though there is a conceptual difference between income
and wealth, in the studies that examined both, wealth
was considered more related to service utilization. To
clarify it, people’s wealth and assets may be higher in dif-
ferent cases. For instance, affordability for people who
have a home without a loan or debt may differ compared
to others not in a similar position [36]. However, the de-
terminant that most studies addressed was income.

The overall analysis of the articles pointed to a direct
relationship between increased income and utilization.
In higher-income groups with higher socioeconomic sta-
tus, the rate of utilization of dental services, as well as
annual dental visits, were higher than in lower-income
groups.

IV- Cultural determinants

Although few of the included studies investigated cul-
tural indicators associated with the utilization of dental
services, at the macro-level, various cultural factors were
considered associated with the level of dental services
utilization. In general, with the passage of time, improve-
ment of environmental conditions, technological ad-
vancement, and introduction of more appropriate and

wider services have been reported to be associated with
an increasing dental services utilization rate [37].

At the micro-cultural level, oral health behaviors, life-
style, and self or parents’ attitude are known to be asso-
ciated factors [38]. For instance, it has been reported
that people who engage in high-risk behaviors, such as
smoking or alcohol consumption and who pay less at-
tention to oral hygiene or have a negative attitude to-
ward it, consequently, have a lower rate of utilization of
dental services [25].

V- Health policy

Although oral health reform policies have reduced the
inequality in the utilization and provision of dental ser-
vices, it has still remained among the population after
the implementation of the reform in most cases. Policy
appropriateness for the target population and national
or local level of policy implementation are reported to
be associated with the utilization and provision of dental
services [39].

One of the determinants that has been mentioned
many times as an important enabling factor in the
utilization of dental services was insurance. Being cov-
ered by insurance, whether it be primary, supplementary,
private, or public, is associated with the increased
utilization of dental services [40]. This determinant of
course can be affected by the policy-making process
from agenda setting to policy formulation and
implementation.

VI- Availability of service

While health policies are mostly related to the provision
of dental services, another determinant related to the
provision of services is the availability of services. Distri-
bution of services, distribution and density of dental
schools, clinics, and dental offices, was among the sub-
themes [41]. Types of available services whether public
or private, long waiting time for public services, cost of
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services, service satisfaction, the regularity of dental
visits, and follow-up sessions were other sub-themes re-
lated to the availability of services.

Conceptual map

Based on the main themes, the reported rational associa-
tions in the reviewed studies and consensus among the
research team, the concept map of the topic was devel-
oped. It conceptualizes the determinants of inequality by
the two dimensions of provision and utilization of dental
services (Fig. 2). According to Fig. 2, socio-economic
and cultural determinants, as external macro factors, can
affect individual characteristics and utilization of ser-
vices. At the same time, provision of the adequate, high
quality and need-oriented services can affect service
utilization. The provision of dental services is influenced
by macro and micro level policies and availability of the
services. Thus, inequality in the provision and utilization
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of dental services will be determined by their underlying
determinants.

Trend analysis

The time trend of publications based on their propor-
tion to the total number of published articles in the
same year and stratified by country of their target
population (Asia, Australia and Oceania, Canada, Eur-
ope, South America, and the USA) was obtained
(Fig. 3). The lowest percentage of studies was con-
ducted in South America (3.48%). However, the gen-
eral trend shows a decrease in the share of European
countries and the USA and an increase in the share
of Asian and South American countries in the last
decade.

Time trend of the studies based on the main themes
and the most covered sub-themes are shown in Fig. 4. In
these streamgraphs, the colors blue, bright, and dark yel-
low are related to the sub-themes of each determinant,

' - Availability of
Services
Cultural
Determinants
Individual > Utilization of ¢ Provision of
Determinants Services Services
Inequality in
Dental
Services
Fig. 2 The concept map of inequality by the two dimensions of provision and utilization
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Fig. 3 The time trend of publications based on their year and country of publication
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while orange represents the main theme, and in fact,
represents the sum of the top section and total numbers
of the articles related to the main theme. It illustrates
that fewer studies have been conducted on social and
cultural determinants, and in almost all determinants,
the trend of publishing has been increasing since 2007,
while studies examining health policy determinants have
been decreasing since 2015.

Discussion

Considering the present results, there is a parallel way
leading to inequality in dental health. In other words,
challenges in provision of appropriate and need-based
dental services or lack of utilizing the services by the tar-
get population can play a role in creating inequality in
dental services [42, 43].

According to the concept map, it may be argued that
there is no starting point whether in the provision of
services or the utilization of services which causes in-
equality in dental services that leads us to consider all
identified determinants together to tackle the inequality
in dental services. To the best of our knowledge, even
lack of appropriate provision of dental services or the
low level of utilization of these services among the popu-
lation can lead to inequality [44]. Considering that, these
results can contribute to the present knowledge that
every mechanism on the area of changing or improving
the policies or any action toward increasing the availabil-
ity of dental services can improve the provision aspect.
Notably, simultaneous attention to the macro determi-
nants, the same as social, cultural, or economic, can en-
able the population to utilize different dental services.
Only in the logical tradeoff among appropriate, need-

oriented provision of dental services, and the adequate
and effective utilization of the services can assure a more
equitable oral health system.

This inference is consistent with the results of studies
examining the impact of policy reforms [45-47]. Most
of these studies reported a persistent inequality among
the population after the reform. In comparison, Shin
et al. in 2020 reported that the slope of the inequality as-
sociated with the rate of dental caries in Korean children
disappeared after the introduction of the new sealant
therapy policy [39].

It seems that except when all the determinants in the
target community or population group are considered,
inequality in dental services would not be eliminated
with a reform policy in the short term [48], but if the de-
terminants of social, cultural, economic, and availability
of services are in good shape, then we can expect an im-
provement in equality of dental services.

At the same time, it can be considerable for health
policy makers to understand whether they have to
change each of the policymaking chains; agenda setting,
policy formulation, policy implementation, policy evalu-
ation; for better results and reduction of inequalities.

This logic can be seen in the study of other determi-
nants as well. Regarding individual determinants, a 1997
study by Honkala et al. found that there was a correl-
ation between occupation, education, and dental visits in
the Finish population until 1983, but there has been no
such correlation since then [33]. In another study in
Australia, Singh et al. reported that there is not only a
positive relationship between income and oral health
outcomes but also a negative one. They attributed the
contextual differences in Australia compared with other
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N

countries [49]. To put it in a nutshell, as the map shows,
the way to tackle the inequality in dental services is to
target all determinants at the same time.

According to the publishing trends of articles, al-
though this trend has been consistent and increasing
since 2017, it may be argued that there has not been

enough research related to determinants of social, cul-
tural, and health policies. In other words, most of the re-
searchers’ focus on specific factors such as income
caused a variety of replicated studies. Therefore, research
on other aspects of inequality in dental services is
pertinent.
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Utilization and access to services are often used inter-
changeably in the dental literature. In this study, in
addition to trying to differentiate between the concepts of
utilization and provision of dental services, we tried to de-
termine the determinants and sub-themes of each to de-
sign a relevant concept map to help researchers and
policymakers to better address this issue. This study is one
of the largest reviews in the study of inequality in dental
services in terms of the number of included studies and is
unique in terms of the methodology. However, due to the
large number of studies reviewed, the purpose and meth-
odology of the study, we excluded the inequality related
determinants of access to dental services and should be
considered separately. Therefore, the need to identify the
determinants of the third edge of the “inequality triangle”
in dental services (access) is still necessary.

Conclusion

In conclusion, various factors are related to inequality in
the utilization and provision of dental services. These in-
clude individual, social, cultural, and economic determi-
nants that are related to the utilization of services. On
the other hand, there are health policies and availability
of services, which relate to the provision. Disparities in
each of these determinants can lead to inequality in
utilization and provision of dental services. In conclu-
sion, all these aspects must be considered to reduce in-
equality in dental services.
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Linkage to the thesis

This chapter continues the effort to identify the determinants of inequality and
addresses another dimension, access to services. In addition to redefining access, and
the determinants leading to inequality in access to dental services, it has been shown
how these determinants are related to different dimensions of universal health coverage

(UHC).

Highlights

- Seven determinants, including family conditions, cultural, health demands,
affordability, availability, socioenvironmental and geographic distance, were
identified as the cited factors leading to inequality in access to dental services.

- These determinants were aligned with different dimensions of access to
services as well as the dimensions of universal health coverage. Policymakers
and researchers need to consider these alignments to reduce the inequality in
dental services and to improve universal health coverage for dental services.

Note: Supplementary information of the paper in chapter is available in appendix

V.
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Abstract

Background: Improving access to health services is a way towards achieving universal health coverage (UHC) in oral
health. The purpose of this review was to map the determinants of access to dental services within a UHC framework.

Method: Scoping review methods were adopted for the review. PUBMED, Scopus, ISI Web of Science and ProQuest
were searched for academic literature on determinants of access to dental services in OCED countries. Articles pub-
lished in the last 20 years were included. No restriction was placed on study methods; only articles in English lan-
guage were included. Qualitative synthesis was conducted, along with a trend analysis and mapping exercise.

Result: A total of 4320 articles were identified in the initial search; 57 articles were included in the qualitative syn-
thesis. The results indicate 7 main themes as the determinants of access to dental services: family condition, cultural
factors, health demands, affordability of services, availability of services, socio-environmental factors, geographical
distance. Defined determinants of access to dental services, family condition, cultural factors and geographical access
to dental services can fill the population axis of the UHC cube. Health demands and affordability of services fill the
gap of financial protection as another axis of the UHC cube and finally, availability of dental services and socio-envi-
ronmental factors are aligned with the appropriateness of services, the third axis of the UHC cube.

Conclusion: According to the results, family condition and cultural, health demands, affordability and availability

of services, social environment, and geographic factors can affect dental health access and equality. Socio-cultural
determinations also need to be considered in applied planning. Addressing these factors to improve access to dental
services can pave the way for achieving universal health coverage in oral health and should be considered in different
levels of policymaking.

Keywords: Disparities, Oral health, High-income countries, Dental care

Background

All members of the World Health Organization (WHO)
are committed towards achieving universal health cover-
age (UHC) [1]. UHC can be argued as a practical expres-
sion of health equity and is reached when individuals and
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Management and Medical Informatics, Shiraz University of Medical
Sciences, Ghasrodasht St,, Shiraz, Iran

Full list of author information is available at the end of the article

B BMC

communities can receive the health services they need
without facing any financial barriers [2]. UHC would be
achievable when people do not face excessive financial
contributions to meet their preventive, curative or reha-
bilitative needs [3]. Although UHC is one of the post-
2015 United Nations’ Sustainable Development Goals
(SDGs) [2, 4], and it has been well addressed in the WHO
2010 report [5], this goal has not yet been achieved in
most societies.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any mediumn or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The irages or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line

to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly frorn the copyright holder. To view a copy of this
licence, visit http//creativecornmons.org/licenses/oy/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mrmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Busse et al. [6] introduced the three dimensions of cov-
erage which are adopted by WHO in their reports [5, 7]
to show the way toward UHC and is commonly known as
the UHC cube (Fig. 1). According to the cube, these three
dimensions of UHC are service, cost and population cov-
erage. To fill this cube and increase universal health, cov-
erage in these three dimensions must improve.

As a separate concept, access to health services refers
to the timely use of health services by individuals and
the community to achieve the best health outcomes [8].
This concept has different dimensions, including finan-
cial access, physical access and acceptability. According
to Evans et al. [9], physical accessibility is understood
as the availability of good health services within rea-
sonable reach of those who need them and of open-
ing hours, appointment systems and other aspects of
service organisation and delivery that allow people to
obtain the services when they need them. At the same
time, according to Busse et al. [6], if we improve access
determinants, we could improve the coverage of services.
These two concepts, individuals’ acceptability (popula-
tion coverage) and fair financial access (cost coverage),
as two of the three dimensions of the UHC, are reminis-
cent of the dimensions of access to services Besides those
dimensions, service coverage, as the third dimension of
the UHC, entails the range of services provided by the
health systems. Therefore, it may be argued that in order
to achieve the UHC, the dimensions of access should be
reached as a proxy for the dimension of the UHC in the
populations [9, 10].

Page 2 of 11

At the same time, Campbell et al. [11] have referred to
the accessibility of the services as a combination of physi-
cal or geographic access, affordability and availability.
According to their framework, accessibility of the health
services is an important dimension that can affect the
quality of the services [11]. In rapid incorporation of the
concept from different aforementioned authors, it seems
that in spite of different defined components and deter-
minants of access, previous knowledge has emphasised
the relationship of access to health services and better
performance of health systems toward quality, equality
and UHC. So synthesising an overall and comprehensive
viewpoint can be fruitful for the health policymakers and
health intervention designers.

In addition, although oral health is one of the forgot-
ten levels in macro health policies setting, its importance
should not be overlooked [12]. According to Mathur et al.
[13], despite the important role of oral health in the com-
munity’s overall health, well-being, and quality of life, this
area has not been adequately considered in many global
health plans and strategies. Fisher et al. [14] emphasised
the importance of oral diseases as comorbidity factors
for sustainable development goals (SDGs) that aim to
reduce the burden of diseases and to improve maternal,
child and sexual health. Approximately 4.6% of the total
health expenditure in the world is for the treatment of
oral diseases [15]. Between 3 and 4 billion people suffer
from untreated decayed teeth. It should be noted that
oral diseases are the most common diseases that human
beings suffer from. Oral diseases are among the hundred

* Cost Coverage

* Service Coverage

=
* Population Coverage
Fig. 1 UHC cube [6] adopted from Busse et al
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diseases that cause the most disability-adjusted life years
(DALY), and it is even more than the average lost years
for a moderate heart failure. Approximately 224 years per
100,000 lives are lost due to disability caused by oral dis-
eases [16].

Oral health and access to dental services should be
acknowledged similarly to other health services under
UHC to reduce the existing inequalities in the popu-
lations. It has been reported that the elimination of
financial hardship is not enough to achieve a sustain-
able improvement in equity unless other factors like
geographical access are considered [17]. However, in
the dental literature, most studies have addressed physi-
cal and geographical access to services which is only one
aspect of UHC cube and access to services. Therefore, it
is essential to conduct a focused review to determine all
dimensions and determinants of access to dental services.

Inequality in dental services has been reported in
all societies, including high-income countries, but no
framework addressing determinants of access-related
inequalities in dental services has yet been reported.
Challenges to accessing dental services are seen in most
countries, although these challenges are greater in low-
and middle-income countries. There are more incon-
sistencies and knowledge gaps in oral policies in these
countries [13, 18]. At the same time, other evidence has
implied that socioeconomic factors may affect the style
and prevalence of oral and dental challenges in a differ-
ent way. For instance, a strong negative association has
been considered between sugar consumption and car-
ies (B=-2.80, R2=0.17) in both high and low-income
countries. Similarly, a strong positive relationship has
been reported between DMFT and per capita sugar con-
sumption (B=-0.89, R2=0.20) in high and low-income
countries but not among the middle-income ones [19].
These pieces of evidence can highlight the need for atten-
tion to this area among high-income countries, as well as
the others.

On the other hand, many countries of the Organization
for Economic Co-operation and Development (OECD)
have adopted different strategies to increase access to
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dental services that emphasise the need for these coun-
tries to manage and improve equality in this area [20].
Among them, we can refer to increasing teledentistry,
including dentistry services in insurance packages, sup-
porting rural, remote or tribal areas [21], provision of
oral and dental services by physicians and dentists, revis-
ing dental and medical schools’ curricula, improving the
collaborations among dentists and physicians and so on
[22]. Thus, to more accurately investigate this inequality
in access to dental services, this study aims to examine
the determinants of these access-related inequalities in
the OECD countries to date (August 2020). Addition-
ally, this study aims to map the determinants of access-
related inequality in dental services to help researchers
and policymakers to synthesise the relevant evidence and
enable evidence-based policymaking. This map is not
only a summary of the access-related inequalities in den-
tal services of OECD countries but also can be a support-
ive piece of evidence for evidence-based policymaking in
other countries.

Methods
A scoping review methodology was applied to allow
the inclusion of a variety of relevant and heterogene-
ous literature simultaneously. Scoping reviews enable
determining the main aspects of a concept and making
a comprehensive map of evidence [23]. In this regard,
Joanna Briggs Institute (JBI) methodology for scoping
reviews was adopted. The JBI scoping review guideline
has considered three different approaches in conduct-
ing a scoping review; a six-step approach of Arksey and
O’Malley [24], that of Levac et al. [26] and the nine-step
approach of Peter et al. [25]. We have followed Levac,
Colquhoun and O’Brien approach [26]. Table 1 shows the
review steps and clarifies the Levac interpretation of the
Arkey and O’Mally framework as well.

According to Table 1, The three components of the
study design are as follows:

1. Identifying research question, search strategy, data
extraction

Table 1 The six-step approach of Levac et al. [26] for a scoping review

Step (JBI) [25]

Description (Levac et al.)

|dentifying the research question

|dentifying relevant studies

Study selection

Charting the data

Collating, summarising, and reporting the results
Consultation (optional)

Clarifying the review propose and linking the purpose and research question
Feasibility balancing with breadth and comprehensiveness of the scoping process
Using an iterative team approach for study selection and data extraction
Including a numerical summary and qualitative thematic analysis

|dentifying the implications of the study findings for policy, practise or research
Adopting consultation as a required component of scoping study methodology
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This main component has included the initial three
steps of Table 1. These three steps are considered as
follows:

2. Clarifying and linking the purpose and research
question
The study aimed to explore the main determinants
of access-related inequalities in dental services
among the OECD countries. In this regard, the main
research question was defined as: What are the main
determinants affecting access to dental services in
the OECD countries?

3. Feasibility balancing with the comprehensiveness of
the scoping process
In this step, the relevant keywords were selected to
set the search strategy. The systematic search had
been conducted from 01/01/2000 up to 08/08/2020
in 4 scientific databases, including PUBMED, Scopus,
ISI Web of Science and ProQuest (Additional file 1:
Table S1). Systematic management of the retrieved
studies was done using the EndNote reference man-
ager X9 (Clarivate Analytics, Philadelphia, PA, USA).

4. Using an iterative team approach to select studies
and extract data
Inclusion and exclusion criteria were defined. Origi-
nal articles with different methodological designs
(quantitative, qualitative or mixed-method studies)
which were available in English full-text and ful-
filled the study purpose, were included. On the other
hand, review articles (unless reviewing, analysing and
reporting a national survey), conference proceedings,
editorials and commentaries were excluded from
the study. Articles were first screened based on their
titles and abstracts, then the full texts of the retrieved
abstracts were thoroughly reviewed by two research
team members (AG and PB) separately. At the time
of any disagreement between the reviewers for
including the material, the third person (DB) studied
the paper and made the final decision. The Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) was applied for illustrating the
approach (Fig. 2) [27].

5. Thematic analysis and Mapping exercise (towards
UHC themes)
This component has contained the final two steps of
Table 1 as follows:

6. Incorporating a numerical summary and qualitative
thematic analysis
A data extraction form (Additional file 1: Table S2)
was applied to record the authors’ name, place of the
studies, publication year, and the study’s main find-
ing. Subsequently, thematic analysis was utilised to
analyse and synthesise the data by one researcher
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who has more reflexivity with qualitative research
(PB).

7. Identifying the implications of the study findings for
policy, practise or research
The Graneheim and Lundman [28] approach was
applied through the following steps: first, extracted
data were reviewed several times, initial codes were
made and then labelled. Secondly, all initial codes
were reviewed and merged to reach the final codes
according to the aim of the study. At the third step,
final codes were categorised to achieve the sub-
themes and the main themes of access to dental
services in the OECD countries. Finally, all sub-
themes and main themes were tabulated and dis-
cussed among the research team to investigate the
implications for policymakers. At the same time,
data synthesis was conducted from two perspec-
tives: 1. matching the thematic analysis findings with
the dimensions of access to services 2. aligning the
defined themes with the dimensions of the UHC
cube [7].

8. Trend analysis
This scoping review also utilises trend analysis to
illustrate the trends of publications categorised in
each of the emerging determinants. To investigate
the publication trend of determinants and dimen-
sions of access to dental services, the number of arti-
cles in each section was determined, and the relevant
bar chart was drawn using Microsoft Excel Version
16 for MAC (Microsoft Corporation, Redmont, WA).

Results

Results of the study are presented in two sections: first,
the description of the characteristics of the included
studies and then the results of the thematic analysis and
the thematic map.

Characteristics of the included studies

According to the present search strategy (Additional
file 1: Table S1), a total of n=4320 studies were identi-
fied in the title, abstract and keyword search. Following
the exclusion of duplicates (n=1356), a total of 2964
records were screened. 82 articles were selected for full-
text reading, and 57 articles included in the final quali-
tative synthesis (see Fig. 2—PRISMA flowchart). The last
25 articles were omitted for two particular reasons: no
evidence relevant to access to dental services (7 articles)
and/or aiming for other aspects of inequality such as uti-
lisation and provision rather than access (18 articles).

The characteristics of the included articles showed that
most of the studies were conducted in the United States
of America (20 articles). Sorting the included studies by
the publication year also revealed that most of the studies
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had been published in the last decade (40 articles). More
information about these patterns is available in the Addi-
tional file 1: Figures S1 and S2.

Thematic analysis
Thematic analysis of the included studies led to 7 main
determinants of access-related inequality in dental
services as follows: family condition factors, health
demands, cultural factors, affordability of services, avail-
ability of services, socio-environmental factors and
geographical access (Table 2). Included articles are men-
tioned in an additional column in the Additional file 1:
Table S3.

Considering the 3 main dimensions of access to health
services; financial, physical and acceptability of the ser-
vices, Table 2 depicts that the family condition factors

and cultural factors can affect the acceptability of access
to dental services.

As one of those determinants, family condition factors
consist of different subthemes such as being a child, an
elder or pregnant family member [29, 30], race or aborig-
inality [31-33] of the family. Each of the aforementioned
factors can have a negative or positive effect on access to
dental health services. In other words, according to the
included studies, those families with a larger size, those
who belong to an the ethnic minority or involve aborigi-
nality and families with a lower educational level along
with those who live alone or with a different primary spo-
ken language at home, may have lower access to dental
health services while the existence of the elderly, a preg-
nant mother or having a child at home may intensify the
access to dental services particularly at the time of ben-
efiting supportive health benefit packages.
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Table 2 Determinants of access to dental services
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Dimensions of access Main determinants

Sub determinants

Acceptability of services Family condition

Cultural factors

Financial Health demands
Affordability of services
Physical Availability of services

Socio-environmental factors

Geographical distance

Existence of an elderly member in the family
Existence of a child in the family
Families living in poverty

Race/ethnic minority/aboriginality of a family
Occurring pregnancy in the family
Member living alone

Education level of the whole family
Primary language spoken at home
Number of children at the shelter

Fear of dental treatment or phobias

Oral health beliefs

Victimisation

Poor oral health behaviours

Unmet oral healthcare needs

Health problems

Poor oral condition

Income

Health insurance

Cost of services (out of pocket payment)
Medicaid and medicare

Federal government’s funding

Oral health delivery system

Public coverage of dental services
Dentists visits/preventive care
Specialised treatment

Virtual dental home

Long waiting time

High proportion of dentists

Shelter based care

Access to oral hygiene products
Pensioners

Refugees

Immigrants

Disadvantages people

Geographical access

Travel time

Using public transportation

Rural populations

Living in census areas

Living in the regions outside major cities

Besides family condition, culture and attitudes toward
oral health beliefs and behaviours can raise access related
inequality in dental services [34].

Health demands along with the affordability of the
services by the patients are aligned with the finan-
cial dimension of the access to dental services. Health
demands, in the reviewed literature, mainly emphasises

the population’s oral health and dental needs. Therefore,
society’s unmet needs can impose a high financial burden
on access to dental services [35] and should be consid-
ered along with the revealed needs and the real demands.

Family income [36] or insurance coverage [37, 38]
enhance the affordability of the services, particularly
those social and basic health benefit packages with a wide
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coverage of dental services, while out of pocket payment
at the time of the need for services may negatively impact
access to dental services [39, 40].

Availability of dental services, living or environmental
conditions and geographical access are aligned with the
physical dimension of access to dental services. Dental
visit waiting-time [41] and applying virtual services and
telehealth [38, 42] may affect the availability of services
and, consequently, access dental services in different
ways. Geographical access, travelling time [43] and public
transportation utilisation [44] are other determinants of
physical access.

In sum, these three dimensions of access; financial,
physical and acceptability of services, along with their
determinants, are considering as the main dimensions
and the sub-dimensions of access to dental services,
which have influenced the inequality in terms of access to
dental services in the OECD countries (Table 2).

Trend analysis of the publications showed that the
most published dimension of access to dental services
is the physical dimension. Regarding the determinants,
most studies covered the affordability of services (32 arti-
cles), while a small proportion covered cultural factors
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(4 articles) and socio-environmental factors (5 articles)
(Fig. 3).

Besides the aforementioned synthesis, the evidence
can also be aligned with the UHC dimensions. In this
regard, family condition, culture, and geographical
access to dental services can fill the population aspect
of the UHC cube, which extends the coverage toward
the population. Socio-environmental determinants and
affordability fill another axis of the UHC cube, financial
protection, which is similar to the financial dimension of
access to services. Financial protection is mainly empha-
sised on the power of the health system for progressive
and equitable funding of the services by allocated taxed
or insurance premiums rather than out of pocket (OOP)
payments. The potentiality of the health system also
influences the affordability of the dental services to pro-
vide appropriate services to the community with afforda-
ble prices. This factor and the socio-environmental status
of the people representing their financial status, insur-
ance status, and power of paying OOP can be considered
Financial protection of the UHC cube.

Service coverage as the third axis of the UHC cube
defines how extensively a health system covers different
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services. This dimension can be adjusted by the avail-
ability of dental services and the individual’s health status
(Fig. 4).

Discussion

In this study, we discussed different determinants
of access to dental services among OECD countries.
According to the current results, access to dental services
includes a vast dimension of physical access, financial
access, and acceptability.

Physical access is divided into the categories of avail-
ability of services, social environment and geographic
and transportation regarding the current results. Simi-
larly, according to the literature, geographical access
to dental services is only one determinant of access to
services [45]. Although geographical access is the clear-
est determinant, this factor cannot solely determine the
population’s access to services. It would be significant for
policymakers to pay adequate attention to other factors
such as culture and other family conditions. These three
factors together can be highly influential in determining
the rate of access and utilisation to oral health services.
At the same time, affordability of the services can signifi-
cantly affect the dimension of access which emphasised
access of all populations without any financial hardship.
This factor, and the community’s health demands can
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shed light for policymakers to plan for increasing access
to oral health services and universal health coverage.
Finally, the concept of UHC has made the coverage of
high-quality services as another prerequisite. According
to the current results, policymakers should be sensitive
to the availability of oral services for all populations, such
as those in rural and remote areas.

Although many OECD countries are at a high individ-
ual and national level of wealth and income, even among
these countries, income distribution is not fair [46]. This
inequality can affect people’s access to dental services.
Some examples of income inequalities in accessing dental
services at the ecological and individual level are as fol-
lows: a study in Norway found that counties with higher
revenue collections also had higher access rates to dental
centres [47]; while when considering individual income,
various studies have shown that people with lower
income had a lower rate of affordability of services [36,
38, 48].

To increase the affordability of dental services, it is
not sufficient to pay attention only to people’s income.
Another determinant that can improve this dimension
of access to dental services is being covered by insur-
ance. Holding any type of health insurance, not just den-
tal insurance can reduce health expenditures and thus
increase the ability of people to pay for dental expenses

* Dimensions of the Universal Health Coverage
% Determinants of Access to Dental Services
A
o
& * Financial
£ & :
&° & Protection
N °
‘ Q\’so Q'(\“
wxAffordability of services . . & o v
+#Health demands . ¥ F .0‘
o * .
- *
v &% )Y
»«Family condition Access to Dental X
+%Geographic distance Services * Service
#%Culture
»‘---------n----n-’ Coverage
< >
% Population
Fig. 4 Determinants of access to dental services aligned with the previously introduced Busse et al. cube [6] which was modified as the WHO's UHC
cube [7]
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[41, 49]. However, Newacheck et al. [50] stated that even
after insurance expansion for adolescents, disparities
remained. Such a discussion can be justified consider-
ing that dental services coverage may lead to a restricted
scope of care via an insurance scheme enrollment. These
schemes can present different facilities and access to ser-
vices that depends on the government funds, patients’
premiums and the nature of the private or public sec-
tor scheme [51]. Therefore, to achieve a desirable out-
come, all determinants should be addressed, and at the
same time, it should not be neglected that the association
and relevance of insurance as a determinant of access is
needed to be considered according to the context of uni-
versal, public care systems.

Finally, family condition and cultural factors affect
access to services in terms of the acceptability of services.
Many studies addressed specific family and individual
circumstances, such as age, pregnancy and education [30,
52, 53]. While, within the family condition factors, race
and ethnicity have been the most studied determinants.

In addition to racial factors, cultural determinants
should be considered to increase the acceptability of ser-
vices. In the included studies, the least attention was paid
to these factors, while victimisation and oral health atti-
tudes can affect the level of access to services [34]. This
existing gap can be addressed by taking into considera-
tion cultural factors, as well as stigma and social isolation
in different social groups.

In sum, inequality in dental health services can be
caused as a result of inappropriate access to such ser-
vices. At the same time, lack of physical and financial
access and also the acceptability of dental services can
deepen the inequality, particularly among those families
with lower socio-cultural and income level. The role of
public benefit packages the same as insurance coverage,
should not be neglected [54], and both revealed, and the
unmet needs of the population should be considered by
policymakers to be assured of restricting the inequality
by increasing the access to dental services.

Despite the discussion about the dimensions of access
and the UHC cube, according to Sanders et al. [51] there
is need for further attention to Social Determinants of
Health (SDH) and the concepts of community partici-
pation and advocacy via UHC. It should not be forgot-
ten that some basic concepts, the same as PHC can be
merged with UHC and facilitate the context of better
oral and general health for the community. All these con-
cepts should be considered in a comprehensive approach
by policymakers depending on the countries context
for moving forward towards better access to dental ser-
vices. Besides considering inequalities in access to den-
tal services, to eliminate inequalities, other aspects of
the "triangle of inequalities in dental services" such as
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inequalities in utilisation and provision of dental services,
must be considered [55].

Conclusions

According to the results, family condition and cul-
tural factors, health demands, affordability and avail-
ability of services, social environment, and geographic
factors can affect dental health access and equality.
Socio-cultural determinants also need to be considered
in applied planning. Addressing these factors to improve
access to dental services can pave the way for achieving
universal health coverage in Oral Health and should be
considered in different levels of policymaking.

Strengths and limitations

As a focused scoping review requires a homogeneous
population, we have limited this study to the OECD
countries. Since access determinants to dental services
in low- and middle-income countries can be different
from the findings of this study, studying that context is
also recommended. On the other hand, many the com-
prehensive studies conducted in OECD countries along
with a separate review of two members of the research
team who are familiar with the methodology, increased
the robustness of the findings. In this study, due to the
limitation in translating non-English texts, studies in lan-
guages other than English were excluded, which was one
of the limitations of this project. We have tried to reduce
the selection bias by conducting a scoping review that
is more comprehensive than the other types of system-
atic reviews. However, this bias is an inevitable part of a
review, so we encourage researchers to consider this. Dis-
tinguishing between the concepts of access and utilisa-
tion of services and mapping the identified determinants
of access with the UHC dimensions was a novel aspect of
this study and could help researchers and policymakers
and thus be effective for the community.
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Chapter 5 - The Triangle of Inequality in Dental Services: Arguments for a New
Conceptual Framework

Linkage to the thesis

The studies of the previous two chapters are the most comprehensive review studies on
inequality in dental services to date. Based on these findings, a conceptual model of
inequality in dental services was designed for the first time. This model, called the
Triangle of Inequality, shows how different aspects of inequality are related in the
dental literature. Utilisation, provision and access are three known dimensions of
inequality in dental services. Each of these dimensions has different determinants,

which all should be considered.

Highlights

- Health policies as an upstream determinant determine the framework for the
provision of dental services. These policies specify the distribution of the
workforce, the coverage of public services, insurance coverage for dental
services, eligible target groups, number and type of public service providers,
and many other factors that determine the availability of dental services.
Although availability of services is one of the most influential determinants of
access to services, access has other determinants.

- Different dimensions of access, including the acceptability of services, financial
and physical factors, determine access to services in conjunction with provision
and utilisation.

- The dimensions of a Triangle of Inequality are intertwined, and each dimension
may play a role in forming the dental inequality. Thus, policymakers need to

consider these determinants together to reduce inequality.
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Chapter 6 - Multiple Flexible Mediation Method

Mediation Analysis

| was interested in investigating the inequality mechanisms in dental services. Thus, in
empirical studies in chapters 7 and 8, | used mediation analysis. This chapter explains
the method used in those studies in detail. In this chapter, |1 cover when to use
meditation. Then, | look at the traditional methods in a linear setting. | present the
counterfactual mediation as the statistical method of this thesis. Then, | continue this
section by introducing the concepts and terminologies of the counterfactual theory,
followed by the assumptions that need to be considered. | describe the Ratio of
Mediator Probability Weighting (RMPW) approach to performing counterfactual
mediation and how Marginal Structural Models can be widely used to parameterise the
mediation effects. In the next step, | explain how to conduct this method in the presence
of multiple mediators. Finally, 1 show why sensitivity analysis of unmeasured

confounders is essential and how to run this for multiple mediators.

1. Mediation Paths

Research questions often involve mediating variables. For example, we may encounter

questions such as the following:

- Does education lead to a change in oral health status and behaviours that leads
to more dental service utilisation?

- Can income boost insurance coverage, which leads to eliminating the financial
burden on receiving dental services?

- Do oral health habits lead to better oral health status that changes the reason for

dental visits?
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- Ifahousehold’s income changes the eligibility to receive public dental services,
do individuals’ financial burden on receiving dental services change?

The above questions and similar questions, such as the ones in chapters 7 and 8 indicate
a situation where an initial variable affects a mediating variable and ultimately affects
an outcome variable. Analysis related to these questions where the interest is in
decomposing the effect as the effect of exposure on the outcome and the effect of
exposure through the mediator onto the outcome is referred to as the mediation analysis
(MacKinnon et al. 2007). Directed Acyclic Graphs (DAGS) can be drawn to understand
the ordering of variables. The DAG illustrates the directed causal relationships between
sets of variables and allows researchers to understand under what assumptions these
relationships imply causality (Foster 2010). For example, consider the simple path
below, representing the exposure’s effect on the outcome (Figure 1). This effect is both
the direct and total average causal effect (ACE = t).

Total Causal Effect

Exposure (X) ssssiefemmiy  Outcome (Y)

Figure 1. Simple Causal Path

Causal pathways are not as straightforward as depicted in the above example. However,
there can be various confounding variables and mediators in between, such as potential
confounders. Figure 2 illustrates a mediation DAG in the presence of mediators and

confounders.
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Confounder (C)

Mediator (M)

&:ﬁ?lnnlliwl Effect (N==M=-Y} %
r

=)

L

Exposure (X) » 2 Outcome (Y)
Direct Effect (X=>%)

(d)

Figure 2. Mediation Path
2. Traditional methods

Statistical methods such as mediation analysis have been used since the 1980s to

calculate the meditation effects (Baron and Kenny 1986; Judd and Kenny 1981).

According to Baron and Kenny, to quantify mediation effects (e.g. Figure 2), the total
causal effect (t), shown in Figure 1, decomposes into the effect of the exposure on the
outcome, referred to as the direct effect (DE= d), and the effect of exposure through
the mediating variable on the outcome, referred as the indirect effect. The arrows
labelled (a) and (b) together are the indirect/mediated effects. These effects are

estimated by the below equations (Zhao et al. 2010):

M:ﬂ1+aX+€1,
Y =B,+dX +bM + e,

Y =p8,+tX+es

The indirect effect can be measured in different ways. One approach is the product

method, where the indirect effect equals the multiplication of estimates of the
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regression model of M on X and the regression model of the outcome on exposure and

mediator (IE= a*Db).

Another approach is the difference method, which is computed as the difference in the
beta coefficients of the exposure obtained from the regression of Y on X and the

regression coefficient of the regression Y on X and M. (IE= t-d).

For the linear regression, the estimates computed using the product method or the
difference method are equal. However, this may not be the case when these models
include confounders, interactions, and non-linear terms. (Baron and Kenny 1986; Judd

and Kenny 1981).

3. Counterfactual method

Several attempts have been made to overcome the above limitations of these methods,
focusing on the notion of counterfactual or potential outcomes considering the cross-
world assumptions explained in the following (Robins and Greenland 1992;
VanderWeele and Vansteelandt 2009). These improvements are made to include
computation of the mediation effects in a nonlinear setting which allows decomposition
of the total effect into direct and indirect effects even in the presence of exposure-
mediator interaction (Hong 2010; Imai et al. 2010; VanderWeele and Vansteelandt
2009). Since examining all statistical aspects of this approach is beyond the scope of
this thesis, in this chapter, I am focusing on providing a summary of the solutions used

in the following two chapters.

The principle of this framework is based on the counterfactual concept, which examines
what would have happened if the situation had occurred was otherwise than what has

actually been observed.
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The outcome that may occur under counterfactual conditions is not actually observed
and is therefore missing and unknown. This is called the counterfactual or potential
outcome, with both terms used interchangeably. When the estimand of interest is risk
difference, the causal effect can be expressed as the difference in the potential outcomes
when their exposure is set to treated and untreated for the same individual and every

individual in the population (VanderWeele 2015).

Measuring casual effects in perfect Randomized Clinical Trials (RCTs) would not be a
problem because there is no confounding bias in the absence of measurement error from
the instrument and the information bias. However, such studies are not always possible
(e.g. ethical considerations, time and cost limitations), and one may be interested in
obtaining a causal estimate and making causal inferences using data from observational
studies. To accomplish this, some assumptions need to be satisfied (Cole and Hernan

2008, Gvozdenovi¢ et al. 2021):

Consistency (Ignorability): Having a well-defined exposure/treatment. This implies
that the exposure/intervention should only define the exposure status and nothing else.
This leads to a well-defined relation mapping between the potential outcome and the

observed world.

Conditional exchangeability: Exposure/treatment assignment depends on covariates,
and the probability of an outcome for different exposure levels with the same
characteristic should be similar. This also means that there should be no unmeasured

confounding.
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Positivity: Conditional probability of treatment/exposure assignment should be more
than zero. This means that regardless of individuals’ characteristics, they should have

a non-zero possibility of having their assigned level of treatment/exposure.

Faithfulness: there should be no cancellation of effects. This means that the observed

DAG should be the true form of data generation;

The above assumptions on consistency, exchangeability, positivity and faithfulness are
mostly related to how the potential outcome is defined, the distribution of the exposure
and how the DAG is consistent with the real word data. However, we need a few more
assumptions when it comes to mediation. These assumptions in the literature include
that there should be no unmeasured confounder between exposure-outcome, exposure-
mediator, and mediator-outcome. Also, there should be no exposure induced mediator

outcome confounder (Imai et al. 2010).

Considering the potential outcome terminology, let X denote the exposure (X= 0 for
unexposed and X=1 for exposed individuals) and let Y denote the outcome, then the
observed outcome would be Y (X), where X= 0, 1. The causal effect (TCE) at the
individual-level (i) can be estimated by comparing Yi (1) to Yi (0), and the population

average total causal effect would then be defined as:

ACE= E[Y(1)-Y(0)].

3.1 Counterfactual Mediation with a single mediator

Considering the existence of a mediator, let M(x)=m where x= 0, 1 denotes the mediator
distribution for exposed and unexposed individuals. Therefore, the nested potential
outcome would be Y (x, M(x)) for different levels of exposure. Thus, the observed

outcome in the unexposed group is denoted as Y (0, M (0)) and in the exposed group as
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Y (1, M (1)) in the presence of a mediator. In such a case, Y (1, M (0)) is one potential
outcome, which denotes the counterfactual outcome of an exposed individual if the
exposure does not change the mediator value to that under the exposure group and its

value is counterfactually remained as that observed among the unexposed group.

Therefore, the Natural Indirect Effect (NIE) equals the population average effect of
exposure on the outcome through exposure induced change in the mediator value when

changing from M (0) to M (1) in the exposed group (X =1):

NIE=E[Y(1,M(1))-Y (1, M©))]

Similarly, the Natural Direct Effect (NDE) is equal to the difference of the population
average exposure effect on the outcome when M has the value of the unexposed

individuals:
NDE=E[ Y (1, M(0))-Y (0, M(D))]
and the total effect is equal to the sum of NIE and NDE:

Total Causal Effect = NDE+ NIE
=E[Y(1, M(0))-Y (0, M(0))] + E[ Y(1, M(1)) -Y (1, M(0))]

=E[Y(1, M(D)) -Y (0, M(0))]

These mediation formulas are not just limited to the any particular type of regression

such as linear or logistic (Pearl 2011; 2013).

To calculate the natural mediation effect, we should deal with the missingness as the
counterfactual outcomes such as Y (1, M (0)) have not being observed in reality. To
solve this issue, different solutions have been offered (Hong 2010; Lange et al. 2012;
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Vansteelandt et al. 2012). In this case, by data expansion and conceiving a parallel
pseudo-population dataset, an attempt is made to calculate the average population
amount of counterfactual outcome. In this case, for each observed individual, a
counterfactual counterpart with an exposure level of X = x, mediator value of M (x’)
considering a counterfactual situation when the subject hold the other exposure value
(X = x’ and x’# x) and counterfactual outcome of Y (x, M (x’)) are being conceived.
Therefore, in the presence of a binary exposure and a single mediator, the expanded

data is twice (2?) as large as the observed data.

Table 1- Schematic display of expanded dataset for the Ratio of Mediator
Probability Weighting having a single mediator

Observed Dataset Extended Dataset
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Table 1 is a schematic display of such an expanded dataset in the presence of
counterfactual outcomes and a single mediator. In this regard, one solution is the Ratio
of Mediator Probability Weighting (RMPW) approach by Hong and others (Hong 2010;

Hong et al. 2015; Qin and Hong 2014).

3.2 Single mediator mediation measurement using RMPW

Marginal Structural Models (MSMs) have been used for the marginal expectation of
potential outcomes in counterfactual mediation analysis to parameterise the natural
effects (Lange et al. 2014, VanderWeele 2009). Here is a simple MSM for a single

mediator mediation:
SE[YCM(x))]) = Byt B x +B,x'

g is a link function and can be measured by different models (e.g., logistic) and accept

weighting in the estimation process.

As MSMs deal with counterfactual outcomes and, as mentioned earlier, no-unmeasured
confounding assumptions are necessary to be held. An MSM is marginal and not
conditional on confounders, and it is different from a regression model such as the

below:
E[YCM(x)]) = Byt Bx+B,x’

However, if the data about confounding paths are available or in the case of time-
varying exposure, an MSM can be measured using the Inverse Probability of Treatment
Weighting (IPTW) approach (Robins 2000; Rosenbaum 1984). Using the IPTW,

coefficients of such regression model (a1, a2) may correspond to the coefficients of the
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MSM (Bo, B1) in the presence of confounded exposure-outcome and mediator-outcome

paths (VanderWeele 2009).

Hong (2010) showed when cross-world and unmeasured confounding assumptions

satisfy, with propensity score-based weighting, the population average outcome equals:

E[Y(x, M(x) )=E[WyY|X=x]

and

E[Y(x, M(x ) )=E[ WY\ X=x]

Based on the IPTW, Wy is the ratio of the probability of being exposed or not being
exposed under the control condition. 6x(C) is the propensity score for the exposure
assignment in the presence of covariates C, and if it is randomly assigned, then it equals

one, otherwise:

pr(X=x)
0.0

, Where 6,.(C) = pr(X=x|C=c)

Therefore, to identify E [Y (1, M (0)] by using RMPW the ratio of mediator probability-

weight, for a discrete mediator equals (Hong 2010, Hong et al. 2015, Hong et al. 2018):

_pr(X=1) y Ori)(C)
0:(C)  Oua)(CO)

Here Ou(C) = pr(M=m|X=x, C=C), for X=0,1 is the propensity score for the mediator
assignment for the individuals with the mediator value m and characteristics C in the

exposed group (X=1).

And the exposure has been randomly assigned then it would simply equal to:
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_ Ou@(©)
O )(C)

Therefore, it is possible to rewrite the natural mediation effects as follows:
NIE=E[W, Y(X=1)]-E[WY(X=1)]
and
NDE= E[WY(X=1)]-E[W, Y(X=0)].

3.3 Extension to multiple concurrent mediators with interaction

In practice, often more than one mediator may influence causal effects. It would be
challenging because as the number of mediators and causal paths increase, the
complexity of the model increases. Thus, having such a complex model makes it more

difficult to decompose the natural effects.

In general, mediators can be concurrent or consecutive. They are concurrent if they are
independent of each other under a given exposure/treatment condition. They can
interact with each other; however, this independence means that a change in one
mediator does not necessarily lead to changes in other mediators. Mediators are
conservative if one of them precedes and its change leads to a change in the other
mediators. Hong (2015) elaborated on these complex mediation mechanisms in her
book entitled "Causality in a social world: Moderation, mediation and spill-over". This
thesis focuses on the concurrent mediators, and in chapters seven and eight, mediation

paths with three concurrent interacting mediators are examined.
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Figure 3- Multiple mediation paths with (a) and without (b) interaction between

mediators

While there are several mediators, more assumptions should be satisfied. For
convenience, a situation with two non-interacting and interacting mediators (M1, M2)
have been discussed here. Figure 3 (a, b) shows these multiple mediation paths.
However, measured and unmeasured confounders have not been drawn for ease of
illustration. Therefore we can reintroduce the general cross-world assumptions
mentioned earlier in another form that the 1- given the observed confounders (C),
assignment of exposure/treatment (X) should be independent of potential mediators and
outcomes, 2- Given X and C, Mz value assignment should be independent of potential
outcomes, 3-Given X and C, M2 value assignment should be independent of potential
outcomes, and 4- Given X and C, My and M values should be independent of each

other.
Under these assumptions, the total effect is:

E[Y(, M;(1), My(1))-Y (0, M; (D), M»(0))]
and the direct effect (X ->Y) is:

E[Y(1, M;(0), My(0))-Y (0, M;(0), M5(0))]
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the total indirect effect can decompose into the indirect effect through M1 (X -> My ->

Y):

E[Y(1, M;(1). M>©))-Y (1, M; (D). Mx(0))]

and Mz (X -> M2->Y):

E[Y(, M, (1) Mx1))-Y (1, M;(1), M5(0))] (@)

When there is no interaction between the mediators (figure 3 a), the above formula can

be rewritten as following regardless of M; value:

E[Y(1, M;(0), My(1))-Y (1, M; (0). Mx(0))] (b)

However, if My affects M> (figure 3 b), the result of the second formula (b) would be
greater than the other one (a). This difference (b - a) reflects the indirect effect of My

on Y through Mz (X -> M1->Mz->Y):

E[Y(LM;(1).M(1))-Y (1,M; (D). M(0)] -E[ Y(1.M;(0).M>(1)) -Y (1,M;(0).M>(0))].

Considering the above formulas, there are five potential outcomes to quantify the
natural effects when there are two interacting mediators. Table 2 shows the parametric

RMPW for the natural effects.

In the presence of multiple mediators (M:-My), total propensity weight for all mediators
(Total RMPW) equals the joint probability of the mediators, which is the multiplication
of the propensity weights of each mediator when their values are being set to the

auxiliary value of their counterfactuals (Table 2):

Total RMPW = RMPW for M; X RMPW for M, X ...X RMPW for M,.
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Table 2- Parametric RMPW for the decomposition of the natural effects

~ ~
SRR
© = x S 3
I
5 > § § S S £  (Randomized condition)
= : &8 58 8 B
= g 5 5 = = S =RMPW for My(X’) x
g Sz 2 7 ¢
= H S € 3 8 ) RMPW for M2(X”)
IS 25 8 F O
= = = o
< < § §
E[Y(I, My(1), Mx1))] 1 1 1 M) M() ¢ 1x1
Ori;(0)=31;(C)  Orty(0)=11,(C)
E[Y(1, M1(0), M>0))] 1 0 0 M;(0) M(0 e
[Y(1, M1(0), M2(0))] 1(0) M:(0) c Pt (© Ortotyr (O
6 2(0)= )(C)
E[Y(L M), Mx0)] 1 1 0 Mi(1) Mx(0) ¢ 1 x—2O0My
Or, )=, (C)

Or1,0)=11,(C) <]

E[Y(1, M;(0), Mx1))]* 1 0 1 M)0) M (1) c
Ov,(1y=11,(C)

E[Y(0, M;(0), M>(0))] 0 0 0 Mi0) M (@O «c Ix]1

*This needs to be considered as a potential outcome in case of M; -> M> interaction
(formula b). Otherwise, the other four potential outcomes are enough to be considered.

3.4 Estimation approach for multiple concurrent mediators

Here is an example of a Marginal Structural Model with two concurrent mediators:

SE[Y(XM, (X)M(X)]) = Byt B X+, X+BX".

Exposure (X) and its auxiliary variables (X, X’) reflect the different direct and indirect
causal pathways. Lange et al. (2014) introduced a unified method to measure the natural
effects in the presence of multiple mediators. Having causal paths and interaction
between the mediators (e.g., M1 -> M> in Figure 3 b ) is prevented in the Lange et al.
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(2014) approach since it would be impossible to distinguish and decompose such
effects. However, if someone is not interested in decomposing the indirect effects

through the mediators, for example, into X -> M1-> My ->Y, still can use this approach.

A generalised natural effect model in case of multiple mediators from Mi- M, and

axillary exposures X!- X" is:

n

g(E[Y(XMICX]):"UMno(n)]):ﬂ0+ﬂ1X+ :jﬂan

n

This estimation for multiple concurrent mediators can run using the Lange et al. (2014)

approach with the modified following steps:

1- Fitamodel for mediators. These models should be conditional on exposure and
pretreatment confounders. If there is a mediator interaction, the influenced
mediators model should be conditional on the influencing mediators. For
example, regarding Figure 3 b, a model for M2 should be conditional on X, M1
and possible confounders. However, the indirect effect of X -> My -> M, ->Y
will not be decomposed.

2- Construct an extended dataset containing new auxiliary exposures (Table 1).
This could be done by repeating each observation K" times for a discrete
exposure and mediator and changing the auxiliary exposure value to a value
other than observed each time. Here, K is the number of possible exposure
values, and n is the number of auxiliary exposure which also equals the number
of mediators. For example, for a binary exposure and three mediators, the
extended dataset would be eight times the observed dataset.

3- Compute RMPWs using joint mediators’ probabilities as described before

(Table 2). This can be done using the Predict function in most software.
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4- Fit a suitable outcome model conditioning on the exposure and auxiliary

variables and possible confounders and interactions to estimate the natural

effects and using the probability weights from the last step. One interested in

the robust standard errors or bootstrap confidence intervals can easily obtain in

most applications.

3. Sensitivity analyses for unmeasured confounding

The inference from the mediation analysis for observational data depends entirely on

unmeasured confounding assumptions (Figure 4), which can easily be violated in real

data. As the unmeasured confounding assumptions are difficult to attain when

estimating the causal effect, sensitivity analyses for unmeasured confounding must be

conducted.

Hong et al. (2018) offered a solution to measure this sensitivity via a parameter called

Sensitivity Bias through a sensitivity analysis for causal mediation studies based on the

Confounder (C)

RMPW approach.
There should be no
unmeasured confounder
between:

1- Exposure = 0Outcome
&= Exposure — Mediator
3- Mediator -

A

¥ Induced mediator

Dutcomae

oulcome

User kmred
Ceafomnder (P:)”

/=

l- xposure (X)

- '\-ffdiﬁtﬂl (M)

Unmeazumid \
Y

¥ Confounder (Py) ™

Outcome (Y)

Confoander (Py)

Figure 4. Pre-treatment unmeasured confounders

86



Chapter 6 - Multiple Flexible Mediation Method

In reality, there may be an additional unmeasured pre-treatment covariate P which can
confound the mediation paths independent of the observed covariate C. Assuming the
existence of the potential unmeasured pre-treatment confounder (P), the new propensity

weight which helps identifying E [Y (1, M (0))] equals:

_pr(X=1) _ Oy)(CP)
Wp= x
0, Oun(CP)

One may estimate the NIE omitting the pre-treatment confounder P, and this would

create a Sensitivity Bias (SB), which equals the difference between NIE and NIEp.

Hong et al. (2018) showed that this Sensitivity Bias for the unmeasured pre-treatment
confounders (P) could be calculated by measuring the mediator's propensity weight
discrepancy (Wp- W) between the new propensity weight (We RMPW with considering

P) and the original propensity weight W.

SBNIE == NIE _NIEP

{EW,Y(X = D] - EWYX = D]} = {EW, Y(X = D] - E[WpY(X = D[}

= E[(Wp —W),Y|X =1]

= cov(Wp —W,Y|X=1) + EWp —W|X =1] X E[Y|X =1]
formula ¢ = E[Wp|X=1]-E[W|X=1] =1-1=0

= cov(Wp —W,Y|X =1)
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Formula c equals zero since each of the population average propensity weights (Wp, W)

equals 1:

v)(c)
9M(1 ) (c)

E/W\X=1]= % pr(M=m|X=1,C=c)f(c|X=1)dc = / ZQM((, @) elX=1)dc

= [ If(elX=1)dc= 1.

As it is shown above, the SBnie =cov (Wp -W, Y|X=1). Thus, this Sensitivity Bias
regarding covariance definition is the product of the two other sensitivity parameters

called Sigma (o) and Rho (p):
SByig = o0>p

Here Sigma (o) is the standard deviation of mediators’ weights discrepancy (W, - W):

o= var(Wp-W|X=1)

and Rho (p) is the correlation between the mediators’ weights discrepancy (Wp- W) and

the outcome:
p=corr (W,-W,Y|X=1).

Referring to the NDE formula, it can be concluded that the bias for NDE has the same

magnitude but on the opposite side:
SBypg = -0%p.

Hong et al. (2018) also stated that the sensitivity to omitting currently observed pre-
treatment confounders (C) is an approximation of possible sensitivity in existence of

unmeasured confounders (P). Therefore, by eliminating observed confounders and
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calculating the Sensitivity Bias, an estimation of sensitivity to the unmeasured
confounders may be achieved. If the inference of mediation analysis for NIE and NDE
is sensitive to eliminating currently observed pre-treatment confounders, then it can be

concluded that the causal inference is also sensitive to an unmeasured confounder.

4. Current programs and packages

There are various statistical packages and software for causal meditation analysis such
as Medflex, Mediation and Mplus (Muthén 1998; Steen et al. 2015; Tingley et al. 2014)
and RMPW Package for mediation and sensitivity analysis (Hong et al. 2018), but at
the time of writing this thesis, no package handles counterfactual mediation and
sensitivity analyses using the RMPW approach in the presence of multiple interacting
mediators. Therefore, as a strength of this thesis, mediation and sensitivity analyses
were performed based on the RMPW approach. For the mediation analysis, the codes
used in Lange et al. (2014) were modified, and for the sensitivity analysis, the functions
used in the RMPW R package (Hong et al. 2018) were modified to suit the multiple
interacting mediation paths. After calculating the estimates of the mediation analysis,
for the sensitivity analysis, new propensity weights (W,) for multiple mediators were
measured. As shown earlier, the total weight equals the multiplication of each
mediator’s weight (joint probability). Therefore, the new total RMPW, for all mediators
were measured using the discrepancy between the new RMPW, and the original
RMPW; we calculated the sensitivity of our mediation analysis. All codes used in

chapters 7 and 8 are available in appendix V.
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Linkage to the thesis

According to Chapter 5, health policies are at the top of the inequality triangle
hierarchy. Health policies define the framework for the provision of dental services,
and consequently, provision determinants create the foundation of access to services
through its various dimensions of acceptability, physical and availability. Accordingly,
statistical mediation models in this chapter assessed whether Australian health policies
could ultimately reduce the financial burden and increase economic access to services

by introducing facilitators such as insurance, concession cards, and public services.

Highlights

- Income disparities can double avoidance or delay in dental services, regardless
of the status of the facilitators.
- Elimination of income disparities is unattainable, but it remains to be seen why

these facilitators have not reduced the financial burden of dental services.

Note: Supplementary information of the paper in this chapter at the end of the

chapter however R codes are available in appendix V.
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CommuniTy

Questionnaires were sent by email and post to 12245 South
Australians from June to November 2015. A total of 4494 responses
were received. After adjusting for out-of-scope participants (not re-
siding at listed addresses), the response rate was 44.6%. Data were
weighted based on the distribution of age by sex and according to
South Australia residential population estimates in 2015 provided by
the Australian Bureau of Statistics.

The identity of participants and their information remained
confidential. Ethical approval was obtained from the University of
Adelaide HREC (H-288-2011).

2.1 | Variables of interest

Household income (Exposure variable)

Participants were asked about their sum of untaxed income from all
persons in the household including a range of ten categories (coded
as 1-10) with the interval between each category being 20000
Australian Dollars (AUD). Categories were from less than 20000
AUD (initial code was 1) to more than 180000 AUD (initial code was
10). In the analysis, income was dichotomised where 280000 AUD
was coded as 0 and <80000 AUD coded as 1.

Dental service sector (Mediator 1)

Participants were asked about the sector of the last dental visit
choosing between private dental practice (=1) and public dental clin-
ics (=2, including dental hospitals and community clinics).

Insurance status (Mediator 2)

Participants were asked if they had a private insurance coverage
excluding the public social health coverage (i.e., Medicare). They re-
sponded no (=1) and yes (=2) to this question.

Concession card ownership (Mediator 3)

Participants were asked if they owned any concession cards
(including Health Care Card, Pensioner Concession Card,
Commonwealth Seniors Card or any other card). From their re-
sponses, a new variable named Concession Card Holding (CCH)
status was created. If their answer to any of the questions asked
was yes, CCH Status was considered to be positive (yes = 2) and
otherwise negative (no = 1).

In South Australia, CC holders are the only eligible group to use
public adult dental services. However, for several reasons, they
may choose to visit the private sector. This current variable is their
concession card holding status, while information about which den-
tal sector they actually attended (public or private) was gathered
through the Dental Service Sector variable.

3
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Delayed/Avoided dental visits (Outcome for Model 1)
Participants were asked if they had avoided or delayed visiting a den-
tal professional because of cost during the past 12months (yes = 1,
no = 0).

Prevented Treatments (Outcome for Model 2)
Participants were asked whether they had been prevented from
accepting a dentist's recommended dental treatment due to cost
(yes=1and no=0).

Confounders

Age

Year of birth was collected, with participants' age in 2015 calculated
and categorized into three ordinal groups including 18-3%years old
(=0), 40-59 years old (=1) and greater than or equal to 60years old (=2).

Sex

Participants were recorded as male (=0) or female (=1).

Country of birth

Participants were asked about their county of birth, whether
Australia (=0) or another country (=1).

Education

Participants were asked about their highest level of education.
Options included from no schooling to completed a university degree
or tertiary education. If the participant had a university degree, it was
coded as university degree/ tertiary education (=1), with other levels
of education coded as less than or equal to 12 years of studying (=0).
Residential location

Recorded postcodes were divided into two major categories: greater
Adelaide area (Capital area = 0) and the rest of South Australia (Non-
capital areas = 1).

Self-reported oral health

Participants were asked to rate their oral health on a 5-point Likert

scale (very poor, poor, good, very good, excellent). Responses
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were dichotomised as poor (=0, including very poor and poor
responses) and good to excellent (=1, including the remaining
responses).

As shown in Figure 1, previous confounders were adjusted in
all exposure, mediator and outcome paths. However, self-reported
health status was considered an induced mediator outcome con-
founder and was adjusted in mediators' models.

2.2 | Statistical Analysis

To study the effects of income on the financial burden of dental ser-
vices, we assumed the following simplistic view of the data generat-
ing mechanism shown in Figure 1. The directed acyclic graph (DAG)
in Figure 1 is usually referred to as the mediation DAG. Confounders
included in the analyses and Figure 1 were independent of each
other, and only for a simplistic visualization, were they collated into
a single box.

Mediation analysis allows studying mechanisms in which exposure
affects the outcome through mediators. Following the counterfactual
theory proposed by Greenland and Robins®® and using the Ratio of
Mediator Probability Weighting (RMPW) approach,'*?° we decom-
posed the effects of income on the financial burden of dental services
into the direct and indirect effects (through multiple mediators).

In the counterfactual theory, the total causal effect of the ex-
posure on the outcome (Model 1: avoided dental visits by costs and
Model 2: Dental treatments prevented or delayed due to the cost)
can be decomposed into the direct and indirect effects. The direct
effect expresses the effect of income (changing from high income to
low income) on the risk of financial burden on dental services, as it
would have been observed if the distribution of the mediators resem-
bled the higher-income people. The indirect effect would express the
change in financial burden on dental services when the distribution of
the mediators changed to what it would be for lower-income people.

To estimate these direct and indirect effects, we used Marginal
Structural Models (MSMs) using the geeglm function (family: ‘bi-
nomial’) from the Geepack package and for the mediators model,
we used Generalized Linear Models and glm function (family: ‘bi-
nomial’) in R.

This mediation analysis was carried out under four assumptions
of unmeasured confounding: a) there should be no unmeasured con-
founding between exposure and the outcome, b) there should be no
unmeasured confounding between the mediator and the exposure,
c) there should be no unmeasured confounding between the out-
come and the mediator, and d) there should be no exposure induced
mediator outcome confounder.

The analysis is not free from the issues of missing data. To handle
missing data, we used multiple imputations using the Mice package
in R. Most of the variables of interest were initially dichotomised.
Household income (less/greater than or equal to 80000 AUD), edu-
cation (year 12/ having a diploma or a degree) and self-reported oral
health (bad/good to excellent) were also dichotomised to reduce bias
due to individuals' misclassifications.

For double robustness, our models included confounders,
including age, sex, country of birth, education, residential loca-
tion and self-reported oral health. To achieve the bootstrap as-
sessment of estimation uncertainty and repeated measurement
of the participants, the code was run with 1000 repetitions. All
the estimates were calculated with 95% confidence intervals. All
analyses were conducted using RStudio version 1.3.1056 and R
version 4.0.4. The R code used in this paper is available in the
Appendix S1.

2.3 | Sensitivity Analysis

Sensitivity analysis was performed to determine whether the pres-
ence of unmeasured confounders violated the conclusion of infer-
ence and the findings. The weighting-based approach introduced by
Hong et al.?! was adopted for conducting the sensitivity analysis. As
their method and R package were designed for a single mediator me-
diation, we have modified it to suit multiple mediation approach by
calculating the total mediators' weights and the weight discrepancy
between the new weight after omitting an observed confounder
and the initial calculated weight. The consequent ‘sensitivity bias’
due to omitting currently observed confounders (age, sex, educa-
tion, country of birth, residential location and education oral health
interaction) is comparable to some potential unmeasured confound-
ers. In this approach, three sensitivity parameters were calculated:
o is the standard deviation of mediators' weights discrepancy; p is
the correlation between the mediators' weights discrepancy and the
outcome. Consequently, the sensitivity bias is the multiplication of
oand p.

3 | RESULTS

Results are reported based on the weighted imputed sam-
ple. Distribution details of all variables are given in Table
A of the Appendix S1. The mean age of the population was
48.1+18.2years, with 51.0% being female. Almost 60% of the
population had an income of less than 80000 AUD. The rate
of delayed visits (Model 1) and prevented treatments (Model 2)
due to cost was 36.3% and 44.0%, respectively, in the popula-
tion. An unadjusted bivariate analysis depicted a significant as-
sociation between the exposure and outcomes in both models
(Pearson Correlation of the chi-square table: -0.12 and -0.15, p-
value <0.001 for Model 1 and 2, respectively). To clarify, 29.2% of
high-income individuals reported an avoided dental visit (Model
1) because of cost; in contrast, it was 41.6% in the lower-income
group. In Model 2, with a similar pattern, 34.5% of higher-income
individuals compared to 50.7% of lower-income individuals, re-
ported prevented dental treatments due to cost. More details of
the bivariate analysis are available in Table B in the Appendix S1.
Table C in the Appendix S1 also includes cross-tabulationa be-
tween the exposure and the mediators.
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Table 1 shows that the mediators' total indirect effects were
small in both models. However, the direct effect of income was ev-
idently significant in both models. The odds ratio (OR) of the direct
effect was 2.13 (95% Cl 1.72, 2.60) for avoided or delayed dental vis-
its (Model 1) and 1.98 (95% Cl 1.67, 2.35) for prevented treatments
(Model 2). According to these findings, if the potential outcome dis-
tribution of each individual changes to their counterfactual exposure
distribution and their mediators are drawn from their counterfactual
exposure (lower/higher income) distribution, then the odds of expe-
riencing financial burden on receiving dental visits or services will be
almost twice (lower compared to the higher-income group).

Table 2 shows the total effect and effect decomposition of medi-
ation effects. The total effect was 2.01 (95% Cl 1.70, 2.37) for Model
1 and 1.89 (95% Cl 1.63, 2.22) for Model 2. Decomposing the total
indirect shows that the odds ratio for each mediator is very close
to 1 in both models. According to these findings, most of the total
effect results from the total direct effect of income. Figure A in the
Appendix S1 illustrates the odds ratios as shown in Table 2.

Bias due to omitting the currently adjusted confounders was
measured for both models. Based on the sensitivity analysis, omitting
any of the observed confounders did not change the conclusion of
statistical inference. Hence, the mediation analysis is not sensitive to
any single unmeasured confounder bias (Table D & E in the Appendix
S1). There is a possibility that the results could be biased for a cumu-
lative unmeasured confounder bias. However, the interaction with
the two measured confounders with higher biases (Education * Oral
Health Status) did not change the statistical inference.

4 | DISCUSSION

According to the research question, these findings support that in-
come status reduces the financial burden on the utilization of den-

tal services. However, the analysis found no effect of insurance and
concession cards on the financial burden of dental service utilization.

TABLE 1 Direct effect of income
(direct effect) and the total mediating
effect of income through the service
sector, concession cards and insurance
(total indirect effect) on the financial
burden of dental services (avoided or
delayed visits and treatments)

AUD)

mediators

Age 40-59 year (Reference: 18-39 year)
Age 2 60year (Reference: 18-39 year)

Sex (Reference: Male)

Education (Reference: <Year12/Certificate)
Country of birth (Reference: Australia)

Residential location (Reference: Capital area)

Direct effect of income (Reference: 280000

Total indirect effect of income through all

5
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Other researchers have reported various factors associated
with the utilization of dental services.!*!>?? For example, Srivastava
et al.?® using the 2004-06 Australian National Survey of Oral Health,
declared that dental service use was 43% higher in insured individu-
als than uninsured Australians.

The findings of the study showed that the indirect effect was
negligible (OR=1), which means that in the studied population, the
level of household income through mediators is ineffective in avoid-
ance or prevention of dental visits and treatments. In fact, regardless
of the status of the mediators (i.e., insurance status, CCH status and
service sector), the status of the outcomes will be the same among
groups with different levels of income.

This is a challenging finding. Individuals with insurance, own-
ership of a concession card and those attending the public den-
tal sector may be expected to receive more services.!#1%22:23
However, the findings of this study should be used to determine
whether these factors alone or in conjunction with income level
are causally influential on the financial burden of dental services.
The negligible effect of insurance may be due to the fact that most
insurance coverage includes basic hospital services. In addition,
governmental benefit packages also include less expensive dental
services. With regard to concession card ownership, this analysis
is more challenging because a concession cardholder can receive
dental services at a lower cost in the public sector. So, the ques-
tion arises as to why having a card had a negligible effect on the fi-
nancial burden of dental service utilization? Concession cards may
not work correctly for various reasons, such as the fact that the
card owners are not adequately targeted or the service coverage
is insufficient to reduce the financial burden of dental service uti-
lization. Only around 20% of eligible people actually receive public
dental service in Australia. Waiting lists are too long.?? According
to the data in Table B (Appendix S1), around 38.4% of participants
had a concession card. These figures were 58.8% for low-income
and 10.7% for high-income individuals. Furthermore, 7.0% of
higher-income people received public services. This confirms that

Model 1 Model 2

OR (95% Cl)

2.13(1.72,2.60) 1.98(1.67,2.35)

0.94(0.85, 1.06) 0.95(0.90, 1.03)

1.15(0.93,1.42)
0.43(0.35,0.54)
1.36(1.15, 1.63)
0.86(0.72,1.04)
1.18 (0.96, 1.46)
1.18(0.98, 1.47)

1.26(1.03, 1.56)
0.66(0.53,0.81)
1.29(1.09,1.52)
0.74 (0.63, 0.88)
1.55(1.24,1.91)
1.11(0.91, 1.35)

Note: Model 1, Avoided or delayed dental visit by cost; Model 2, Prevented dental treatment by

cost.

Abbreviations: Cl, confidence intervals; OR, odds ratio.
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Table A —Variables of interest distributions among the different sample population

Response Sample Weighted Sample Imputed
(n=4494) (n=4494) Weighted
All Complete All Complete Sample
responses Cases responses Cases (n=4494)
(n=4494)  (n=3831) (n=4494) (n=3836)
Age (years)
18 -39 046(21.0)  843(22.0) | 1649(36.7) = 1449(37.8)  1649(36.7)
40 - 59 1720(38.3)  1532(40.0) 1516(33.7) 1355(35.3) | 1516(33.7)
>60 1828(40.7)  1456(38.0) | 1329(29.6) | 1031(26.9) | 1329(29.6)
Sex
Male 1976(44.0) 1695(44.2) | 2203(49.0) | 1899(49.5) | 2203(49.0)
Female 2517(56.0) 2136(55.8) | 2290(51.0) = 1937(50.5)  2291(51.0)
Country of Birth
Australia 3464(77.1)  3028(79.0) = 3575(79.6) | 3137(81.8)  3641(81.0)
Other Countries 936(20.8) = 803(21.0) 827(18.4) 699(18.2) = 853(19.0)
Missing 94(2.1) 92(2.0)
Income (AUD) (Exposure)
>80,000 1640(36.5)  1601(41.8) | 1774(39.5) | 1732(45.2) @ 1907(42.4)
<80,000 2420(53.8) 2230(58.2) | 2291(51.0) @ 2104(54.8)  2587(57.6)
Missing 434(9.7) 429(9.5)
Education
<Year12/Certificate 2689(59.8) 2250(58.7) | 2622(58.3) = 2183(56.9)  2682(59.7)
Diploma/Degree 1713(38.1)  1581(41.3) | 1784(39.7) | 1653(43.1) @ 1812(40.3)
Missing 92(2.0) 88(2.0)
Residential Location
Capital area 3373(75.1) 2899(75.7) = 3474(77.3) | 2983(77.8) | 3474(77.3)
Non-capital area 1121(24.9)  932(24.3) | 1020(22.7) | 853(22.2) | 1020(22.7)
Self-Reported Oral Health
Poor 534(11.9) 437(11.4) 511(11.4) 419(10.9) | 517(11.5)
Good to Excellent 3924(87.3) 3394(88.6) = 3953(88.0) & 3417(89.1) | 3977(88.5)
Missing 36(0.8) 30(0.6)
Dental Visit Avoidance (Outcome one)
No 2873(63.9) 2476(64.6) | 2837(63.1) @ 2441(63.6) 2861(63.7)
Yes 1570(35.0)  1355(35.4) | 1612(35.9) @ 1395(36.4)  1633(36.3)
Missing 51(1.1) — 46(1.0) --- —
Cost Prevented Treatments
(Outcome two)
No 2432(54.1)  2120(55.3) | 2489(55.4) @ 2158(56.3)  2516(56.0)
Yes 2001(44.5) 1711(44.7) | 1951(43.4) | 1678(43.7) @ 1978(44.0)
Missing 61(1.4) 53(1.2)
Dental Service Sector
(Mediator one)
Private 3778(84.1)  3354(87.5) = 3696(82.2) & 3295(85.9) @ 3783(84.2)
Public 599(13.3)  477(12.5) 677(15.1) 541(14.1) = 711(15.8)
Missing 117(2.6) 121(2.7)
Private Insurance Status (Mediator two)
No 1295(28.8)  1047(27.3) | 1359(30.2) | 1100(28.7) | 1376(30.6)
Yes 3157(70.3)  2784(72.7) | 3092(68.8) = 2736(71.3) | 3118(69.4)
Missing 42(0.9) 43(1.0)
Concession Card Holding Status (Mediator three)
No 2554(56.8) 2301(60.1) | 2747(61.1) = 2475(64.5) @ 2769(61.6)
Yes 1909(42.5)  1530(39.9) | 1710(38.1) | 1361(35.5) @ 1725(38.4)
Missing 31(0.7) 37(0.8)

Note: Data reported as the number of cases (Percent), Missing cases less than five have not been reported.
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Table B. Distribution of individuals who reported an avoided or delayed dental visits or treatments
across the exposure, mediators and confounders variables

Delayed/Avoided dental Prevented Treatments
visits (Model 1) (Model 2)
No Yes Total No Yes Total

1350 558 1908 1232 676 1908

Income High (70.8) | (29.2) | (100.0) | (64.6) | (35.4) | (100.0)
Low 1511 | 1075 | 258 | 1285 | 1302 | 2587

(58.4) | (41.6) | (100.0) | (49.7) | (50.3) | (100.0)

Private 2515 | 1269 | 3784 | 2202 | 1581 | 3783

Dental (66.5) | (33.5) | (100.0) | (58.2) | (41.8) | (100.0)
Service 347 | 364 711 315 | 396 711

Sector (M1)  Public 48.8) | (512) | (100.0) | 44.3) | (55.7) | (100.0)

604 | 772 1376 | 556 | 820 1376
43.9) | (56.1) | (100.0) | (40.4) | (59.6) | (100.0)
2257 | 861 3118 | 1960 | 1158 | 3118

(72.4) | (27.6) | (100.0) | (69.9) | (37.1) | (100.0)

Private No
Insurance
Status (M2) Yes

1770 999 2769 1608 1162 2770

Concession ~ No 63.9) | (36.1) | (100.0) | (58.1) | (41.9) | (100.0)

Card
Holding Ve 1091 | 634 1725 909 816 1725
Status (M3) (63.2) | (36.3) | (100.0) | (52.7) | (47.3) | (100.0)

996 | 653 1649 | 949 [ 700 1649
(60.4) | (39.6) | (100.0) | (57.6) | (42.4) | (100.0)
885 | 631 1516 | 767 | 749 1516
(58.4) | (41.6) | (100.0) | (50.6) | (49.4) | (100.0)
980 | 348 1328 | 800 | 529 1329

18- 39

Age (years)  40-59

260 3.8 | 262) | (100.0) | 602) | 39.8) | (100.0)

oo 1466 | 736 | 2202 | 1304 | 899 | 2203

Sex 66.6) | 33.4) | 100.0) | (59.2) | (40.8) | (100.0)
Fetnale 1395 | 897 | 2202 | 1212 | 1079 | 2201

60.9) | 39.1) | (100.0) | (52.9) | @7.1) | (100.0)

R 2328 | 1314 | 3642 | 2102 | 1539 | 3641

Country of 63.9) | 36.1) | 100.0) | 57.7) | (423) | (100.0)
Birth , . 533 | 319 | 852 | 414 | 438 | 852
Outside Australia 62.6) | 37.4) | 100.0) | 48.6) | (51.4) | (100.0)

. 1661 | 1021 | 2682 | 1422 | 1260 | 2682

Education Sl Tt 61.9) | 38.1) | (100.0) | (53.0) | 47.0) | (100.0)
Diploma/Dearee 1201 | 611 | 1812 | 1095 | 717 | 1812

' 663) | 33.7) | (100.0) | (60.4) | (39.6) | (100.0)

T Capitalaren 2234 | 1241 | 3475 | 1957 | 1517 | 3474
Residential 643) | 357 | 100.0) | 563) | (43.7) | (100.0)

Location I 627 | 392 1019 | 559 | 461 1020
p 61.5) | (38.5) | (100.0) | 54.8) | (45.2) | (100.0)

162 | 355 517 135 | 382 517
(31.3) | 68.7) | 100.0) | 26.1) | (73.9) | (100.0)
2699 | 1278 | 3977 | 2381 | 1596 | 3977

67.9) | (32.1) | (100.0) | (59.9) | (40.1) | (100.0)

Poor
Oral Health
Good to Excellent
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Model 1, Avoided or Delaved‘

Model 2, Prevented Dental

Treatment by Cost

v

Dental Visit by Cost

09 1

e

1.1 1.3

=

1.5 17

]

1.9 21 23 25 2.7

Figure A- Effect decomposition of the total effect income on the financial burden of dental services
(avoided visits or treatments because of cost) into the direct effect and the total mediating effect of

income through the service sector, concession cards and insurance (total indirect effect) showing the
odds ratio for natural effect models

Table C. Bivariate table of income and mediators

) Private Insurance Status Concession Card Holding
Dental Service Sector (M1)
M2) Status (M3)

Private | Public | Total No Yes Total No Yes Total

High 1774 133 1907 289 1619 1908 1703 | 204 1907
Income 93.0% | 7.0% | 100.0% | 15.1% | 84.9% | 100.0% | 89.3% | 10.7% | 100.0%

Low | 2009 578 2587 1087 1500 | 2587 1066 1521 2587
77.7% | 22.3% | 100.0% | 42.0% | 58.0% | 100.0% | 41.2% | 58.8% | 100.0%
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Table D. Sensitivity analysis of pre-treatment confounders. Model

Effect Size of NIE Effect Size of NDE
P Bi Modifi | Modified OR Bi Modifi Modified OR
o 35 | edOR |  (95% CI) 185 | ed OR (95% CI)

Age 0477 | 0.046 | 0.022 | 0.984 | [0.965.1.004] | -0.022 | 1.718 | [1.443.2.052]

Sex 0.022 | 0.005 0 1.006 | [0.986,1.026] 0 1.680 | [1.413,2.010]

Education | 0.052 | -0.001 0 1.006 | [0.986, 1.026] 0 1.680 | [1.413,2.010]

Oral Health | 0.089 | 0.145 | -0.013 | 0.993 | [0.973,1.013] | -0.013 | 1.702 | [1.430,2.034]

C°§$hy of 1 0038 | 0.005 0 1.006 | [0.986,1.026] 0 1.680 | [1.413,2.010]

RfS‘de.n“al 0.053 | 0.005 0 1.006 | [0.986, 1.026] 0 1.680 | [1.413,2.010]

ocation

Education*

Ocal Hoattt, | 0107 | 0128 | 0014 | 0.992 | [0.972.1.012] | -0.014 | 1704 | [1.432,2.036]

Note: Model 1, Avoided or Delayed Dental Visit by Cost; OR, Odds Ratio; CI, Confidence Intervals;
o = standard deviation of weight discrepancy:; P= correlation between the weight discrepancy and the
outcome; Bias= o *P; NIE, Natural Indirect Effect; NDE, Natural Direct Effect.

Table E. Sensitivity analysis of pre-treatment confounders. Model2

Effect Size of NIE Effect Size of NDE
o P Bias Modifi | Modified OR Bias Modifi | Modified OR
edOR |  (95% CI) edOR |  (95% CI)

Age 0.477 | -0.012 | -0.006 | 1.013 | [0.997.1.029] | 0.006 | 1.667 | [1.422.1.966]

Sex 0022 | 0017 | © 1.008 | [0.991,1.024] [ © 1.677 | [1.429,1.976]

Education | 0.052 | -0.003 | © 1.007 | [0.991.1.023] [ © 1.677 | [1.429, 1.976]

Oral Health | 0.089 | 0.126 | 0.011 | 0.996 | [0.980,1.012] | -0.011 | 1.695 | [1.446,2.000]

Conury °f1 0038 | 0.018 | 0.001 | 1.006 | [0.990,1.023] | -0.001 | 1679 | [1.430,1978]

R;“’S‘de.‘mal 0.053 | -0.008| © 1.008 | [0.991,1.024] | 0 1.677 | [1.429,1.976]

ocation

Education*

Ocal Healy | 0107 | 0110 | 0.012 | 0.995 | [0.979,1.011] | -0.012 | 1.697 | [1.448,2.000]

Note: Model 2, Prevented Dental Treatment by Cost; OR, Odds Ratio; CIL, Confidence Intervals; o =
standard deviation of weight discrepancy: P= correlation between the weight discrepancy and the
outcome; Bias= o *P
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Linkage to the thesis

In this chapter, the same approach as the previous chapter was used to examine how
individual-level determinants affect the acceptability of using services from the access
angle of the triangle and consequently affect another angle of the triangle of inequality,
service utilisation. Also, it was examined how health policies from the provision angle
which construct the availability of public services, may modify this path. From this
perspective, it was examined how education through behavioural mediators such as
tooth brushing, smoking and oral health status affect dental services utilisation patterns.
The effect modification of service sectors (Public or Private) on these mediation paths

was additionally examined.

Highlights

- Lower educational attainment is associated with higher odds of emergency and
treatment visits in comparison with routine dental check-ups or examinations.

- Low education, regardless of the status of behavioural mediators (smoking and
tooth brushing) and oral health, leads to less dental service utilisation.

- This adverse situation improves among people who attend public services.

Note: Supplementary information of the paper in this chapter is available in

appendix V.
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Abstract

Objective

The aim of this study was to investigate how education level affects dental service
utilisation patterns in the Australian adult population. This study tested how education
level mediated these service patterns through behavioural mediators such as smoking,
tooth brushing and oral health status and investigated these mediation effects in
different dental service providers.

Method

Following the flexible mediation approach, the direct and indirect effects of education
through behavioural mediators on dental service utilisation patterns (time of last dental
visit, reason for last dental visit and frequency of seeking dental care) were calculated
for the South Australian population from the Dental Care and Oral Health Study.
Results

Participants with lower educational attainment were 33% (Odds Ratio: 0.67, 95% CI
0.56 - 0.78) and 38% (Odds Ratio: 0.62, 95% CI 0.53 - 0.74). less likely than their
counterparts with higher education to visit a dentist or to receive dental care in the last
12 months, respectively. Low education was associated with a 23% increase in odds of
receiving emergency and treatment services (Odds Ratio: 1.23, 95% CI 1.05 - 1.43)
compared to routine dental check-ups or examinations

Conclusion

Low education, regardless of oral health behaviours and status, reduces the odds of
dental service utilisation in terms of frequency of seeking dental care and time of last

dental visit. There is more tendency towards receiving emergency and treatment
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services compared to routine dental check-ups or examinations in participants with
lower educational attainment.
Keywords

Education, Oral Health, Dentistry, Health literacy
Introduction

Dental diseases are among the most well-attended public health issues due to their
universal prevalence and direct impact on quality of lifel. Considering the importance
of oral health as a major component of general health, this is also believed to be highly
associated with socio-economic status®. Several studies have been implemented to
outline socio-economic proxy factors affecting oral health, such as health literacy and
education. Many studies have demonstrated the association between education and

dental care utilisation worldwide®®.

In two comprehensive reviews, Ghanbarzadegan et al. (2021) examined various factors
that lead to inequality in dental services. They considered three dimensions of
utilisation, provision and access as different dimensions of inequality in dental services
(Triangle of Inequality in dental services). In this model, education level impacts the
two dimensions of access and utilisation of services. People with lower levels of
education have less acceptance of dental services, affecting their service utilisation.
Therefore, differences in education levels can lead to inequality in utilisation and access

to dental care®’.

Ju et al. (2021), using a robust methodology, investigated the mediation mechanisms of

education and oral health literacy and behaviours on tooth loss among Australian adults.
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They found a 40% reduction in self-reported missing teeth among lower educated

individuals®.

These findings show the importance of education in achieving optimal oral health
status. However, there is not enough knowledge on the mechanisms by which education
may affect dental service patterns through behaviours and attitudes and how these
mechanisms may vary in different service provider sectors. Understanding the outcome
of these disparities may magnify the importance of education as one of the social

determinants of health.

Therefore, the aim of this study was to measure the effect of education level on
Australian adults’ dental service utilisation patterns and investigate how these service
patterns may be influenced by other mediating factors such as oral health habits (tooth
brushing and smoking) and oral health status. These service patterns were the time of
the last dental visit, dental visit reason and the frequency of dental visiting. Also, how
these mediation paths may be modified in different dental service provider sectors was
tested by testing the effect modification of attending public or private sectors on the

mediation paths of education and service utilisation patterns.

Methods

Baseline data collected from the Dental Care and Oral Health Study (DCOHS) were
used. DCOHS was a state dental survey conducted from 2015 to 2019 in South
Australia. Self-completed questionnaires were collected from randomly selected
participants using the Australian Electoral Roll. Data were weighted by age and sex

using the Australian Bureau of Statistics’ 2015 population estimates to ensure estimates
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were representative of the South Australian adult population. Out of 12,245 South
Australians, with a response rate of 44.6%, 4,494 individuals participated in the survey
by returning the questionnaire. More information on the DCOHS sampling method,
size and power calculation is available in Song’s PhD thesis (2020)°. Ethical approval
was provided by the University of Adelaide Human Research Ethics Committee (H-

288-2011), and the participants’ identity and information were kept confidential.
Variables of interest

Figure 1 illustrates the thematic view of data analysis according to the research
question. This Interaction Directed Acyclic Graph (IDAG) is a combination of two
regular Directed Acyclic Graphs (DAG) in which one modifies the other'®. IDAGs
illustrate how interactions can modify causal mechanisms. To investigate how these
mediated mechanisms of education (exposure) and oral health habits (mediators) on
dental service utilisation (outcomes) differ in different service sectors (public versus
private), the interaction of service sectors on these mediated paths (IDAG) was
checked. The main DAG (i.e., mediation DAG) was drawn to test the direct and indirect
effects of education level on dental service utilisation patterns (models 1, 2 and 3)
through a mediation path. These mediators were tooth brushing habits, smoking and
oral health status. In this mediation, it was hypothesised that the first two mediators
influence the third (oral health status). How different service sectors modify these
mediation effects (IDAG) was tested as well by measuring the effect modification of a
baseline confounder (Service sector). According to Figure 1, we elaborate on the

variables’ definitions and ordering.

Education (Exposure)
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The highest level of education was recorded. Categories were “No schooling”,
“Completed primary school”, “Some high school”, “Completed High School”,
“Vocational training”, and “University degree” (including university degrees, diplomas
and tertiary education). From a legal sense, it is compulsory to finish high school in
South Australia unless approved in some circumstances (full-time work or starting
vocational training, which is also captured in our study). Therefore, education was
dichotomised into <12 Year/Certificate, including people with any level of high school
or vocational training (Coded as 1) and >12 Year/Diploma (Coded as 0) for individuals

with a diploma or university degrees.

Mediators

The mediation included three mediators as follows: Tooth Brushing (Mediator one),
Smoking (Mediator two), and Oral Health Status (Mediator three). Information
regarding tooth brushing habits was collected. Brushing at least once or more daily was
coded as 1; if the daily brushing times were less than one, it was coded as 2. Participants
were asked about their cigarette smoking status; participants who did not smoke were
coded as 1, while those who did smoke were coded as 2. Participants were asked to rate
their dental health and choose from each of these categories: “Very poor”, “Poor”,
“Good”, “Very Good”, and “Excellent”. Self-reported oral health status of participants
was dichotomised as poor when their responses were “Very poor” or “Poor” and

coded as 2; otherwise, it was recorded as good and coded as 1.

Outcomes
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Our models include three outcomes related to dental visiting patterns: Last dental visit
(Outcome for model one), Reason for visit (Outcome for model two), and Frequency
of dental care (Outcome for model three). Participants were asked about the last time
they visited a dental professional (including dentist, dental specialist, oral health
therapist, dental hygienist, dental therapist, dental technician, denturist or dental
prosthetist). When it was less than 12 months ago, responses were coded as 0 and other
times were coded as 1. If the main reason for the last dental visit was for an emergency
or treatment, it was coded as 1; for examination or check-up, it was coded as O.
Participants were asked how often they seek care from a dental professional; at least

once annually, responses were coded as 1 and otherwise coded as 0.

Confounders

The confounder variables included in the mediation models were the last dental service
sector (private=0, public =1), Age (18-39 years old =0, 40-59 years old =1, and greater
than or equal to 60 years old=2), Gender (male=0, female=1), Country of Birth
(Australia=0, Other=1), Residential location (greater Adelaide area =0, other places=1),
Hosehold untaxed income (>$80,000 =0, <$80,000=1) and self-reported general health

status (good=0, poor=1).

As education levels influence the households income, we have not adjusted our
outcome models for income. However, to calculate the mediators’ probability weights,

two of the mediators’ models, oral health status and smoking, were adjusted for income.

Statistical Analysis
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The counterfactual analysis compares what happened and what would have happened
at different levels of exposure. It measures what happened and what would have
happened if we went back in time and gave the same person the same or different
exposure. Counterfactual Meditation Analysis is one of the approaches that can be used
to analyse the mechanisms between exposure and outcome through mediators. In these
analyses, it is necessary to consider a series of cross-world assumptions. These
assumptions are described below and are based on the fact that there should not be any
unmeasured confounder violating the mediation pathways. In addition to this, when
there are several mediators which affect each other (as in Figure 1), these assumptions
are violated. Therefore, the flexible mediation method with multiple mediators
approach'**2, which is an extension of Counterfactual mediation analysis3, was used
to overcome this problem by not decomposing this as individual pathways but using
the joint analogues effects. With this approach, the total effect is decomposed into direct
and indirect effects. The direct effect is the change in the outcome when everyone in
the population who had their exposure level switched from higher to lower education
level, but the distribution of the mediators was set to those of higher educated
individuals. In the same way, the indirect effect expresses the change in the dental
service utilisation patterns when the exposure has been set to that of the lower educated
group, but the distribution of the mediators changed to what it would be of the lower

educated individuals!!1214,

Finally, the effect modification of different provider sectors as a baseline confounder

in our different marginal structural models (Geeglm * Provider Sector) was measured.
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This accounted for the impact of education levels on the mediation paths in the public

and private sectors.

Dichotomising multicategory variables may cause homogeneity and loss of
information. Although this study followed a robust methodology, most of the variables
were dichotomised for various reasons. Several concepts are hard to visualise when
using a ¢ continuous-valued exposure with the potential outcome approach. On the
other hand, a binary exposure has a clear and direct interpretation as it corresponds to
the randomised trials exposed and control groups. For example, suppose that the
exposure is a dichotomous variable that takes values 1 and 0; when the
patient/individual in the observed data is exposed (X = 1), their counterfactual value
which the exposure can take is the not exposed state, (X = 0). However, if the observed
exposure is a continuous-valued variable, then the corresponding counterfactual values
are a distribution compared to a single value. Using a whole distribution of potential
outcomes can be challenging both in terms of interpretation as well as defining
randomised trials corresponding to the distribution. Second, as we are using the
mediator weights, these will be from the density functions, which can be unstable.
Similar to exposure effect interpretation, the decomposition effect interpretation can be

complex too.

Inference from the analysis and findings have no causal interpretation in the presence
of unmeasured confounders. Therefore, this study was conducted under the assumption
that there should be no unmeasured confounder between exposure-outcome, exposure-
mediator, mediator-outcome, and no exposure-induced mediator outcome confounder.

For this reason, sensitivity analysis was carried out to understand the nature of the
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unmeasured confounders®. Hong et al. (2018) introduced weighting-based sensitivity
analysis in causal mediation studies by calculating the propensity weights of mediators.
In this approach, bias due to omitting currently adjusted confounders (i.e., observed
pre-treatment confounders) can be an approximate prediction of probable unmeasured
confounders®®. This possible bias can be measured by step-by-step elimination of
observed confounders and by calculating the difference in the new and previous
mediators’ distribution weights. They introduced two sensitivity parameters that
estimate the bias size. By this bias estimate size, the new effect estimates affected by
unmeasured confounders can be calculated. This bias size equals the multiplication of
two sensitivity parameters, Sigma (o: standard deviation of mediators’ weights
discrepancy) and Rho (p: correlation between the mediators’ weights discrepancy and
the outcome). The original approach and their R package are for models with one
mediator. As mediation paths in this study included multiple mediators and interactions,
Hong’s codes were modified, and the mediators’ weight discrepancy was calculated by
multiplying each mediator’s weight discrepancy and calculating the total mediators’

weights.

All analyses were conducted using RStudio version 1.3.1056 and R version 4.0.4. To
handle missingness, a multiple imputation technique was utilised using the Mice
package. Mediation effects were measured by the Geepack package, and all three
models were adjusted for confounders (service sector, age, gender, income, general
health status, country of birth and residential location). Bootstrap assessment was done
with 1000 repetitions and estimates were reported with 95% confidence intervals. R

codes for mediation analysis are available in the supplement file.
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Results

Findings are based on the imputed weighted sample. The mean age was 48.1 + 18.2
years, with 49.0 % being male. Individuals with a higher education level (having a
university degree) were 59.5 % of the population. People whose last dental visit was
more than twelve months ago or having less than one dental visit in the last year were
41.5 % and 44.8 %, respectively (Models 1 & 3). Most participants (60.1 %) went for
an examination or check-up, while 39.9 % visited because of an emergency or treatment
during their last dental visit (Model 2). Further distribution of variables is given in

Table A - supplementary file.

According to the crosstabulation results, delayed (more than twelve months ) last dental
visit (Model 1) was more prevalent (45.4%) in the group with low education compared
to the highly-educated group (35.7%). Similarly, in Model 3, 49.8% of the low
education group, compared to 37.3% of the highly-educated group, reported a dental
visit less than once a year. Investigating the last dental visit frequency reason depicted
that 66.6% of highly educated individuals visited a dentist for a dental check-up or an
examination, and 33.4% of those visited their dentist because of an emergency or
treatment. In comparison, 55.7% of people with low education visited their dentist for
a check-up or an examination, and 44.2% visited for an emergency or treatment (Model
3). According to these findings, less educated individuals visited a dentist less
frequently and mainly to receive emergency treatments rather than routine dental

check-ups.

Table 1 depicts the results of the mediation models with the decomposition of the total

indirect effect and are adjusted for confounder variables. In model 1, the direct effect
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of education on the time of the last dental visit was 0.67 (95% CI 0.56, 0.78), which is
interpreted as the odds of a favourable dental visit in the last 12 months would be 33 %
less if changing the distribution of potential outcomes of individuals to their
counterfactual exposure distribution (Changing education level from high to low) and
keeping their mediators’ distributions at the observed level (high educated individuals).
Considering this interpretation, the odds of the direct effect were 1.23 (95% CI 1.05,
1.43) and 0.62 (95% CI 0.53, 0.74) for model 2 and model 3, respectively. The odds
ratios of indirect effect for all models were close to one, and this could be interpreted
as no more changes could be expected in favourable visiting patterns after a
simultaneous change of the distribution of exposure in observed high-educated
individuals to their counterfactual level and the mediators’ distributions to their
counterfactual mediators’ distributions of low education individuals. In other words,
lower levels of education, regardless of oral health status, smoking status and brushing,

can affect the use of dental services.

In the lower section of Table 1, results show the effect modification of a baseline
confounder (i.e., dental service providing sector). This shows how the direct and
indirect effects would be in various dental service sectors. In other words, it shows the
odds of outcomes for low education individuals who visited the public sector compared
to their counterparts with different education and service sector. The odds ratio of
indirect effect for all three models with no change kept at close to one, but the odds
ratio for the direct effect changed to 1.30 (95% CI 0.77, 2.03) for Model 1, 1.24 (95%
Cl 0.78, 2.03) for Model 2 and 1.40 (95% CI 0.87, 2.35) for Model 3. In general

individuals with low education didn’t have proper dental service utilisation (models 1
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and 3); however, those individuals with low education who visited a public sector had

higher odds of proper dental service utilisation compared to the others.

According to the sensitivity analysis (Table B — Supplementary file), omitting currently
adjusted confounders did not change the direct effect estimate. There are some
negligible changes for the indirect effect, but new estimates in all models are still very
close to one. Although results show no sensitivity to the omission of currently adjusted
confounders, there is still a possibility of cumulative unmeasured confounders and

measurement biases.
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Discussion

This analysis sought to model how education affects dental service utilisation patterns
in Australian adults and how these education effects were mediated by some measured
health behaviours. The findings suggest that low-education individuals are less likely
to have a dental visit in one year or to have received dental services at least once a year,

respectively.

According to the findings, low education level was associated with a less favourable
utilisation of dental services (Models 1 and 3). This inverse association between the use
of dental services and low education has been reported in other studies. Listl (2012), in
a study of socio-economic inequalities through the lifespan in thirteen European
countries, reported that people with less education utilised dental services less than their
counterparts with more education®. Also, Piotrowska et al. (2018) reported that the use
of dental services in people with less education was almost half compared to people
with more education®’. Besides the association with dental visiting frequency, this study
showed that low education was associated with more emergency and treatment visits

compared to routine dental check-ups (Model 2).

Another notable finding was the results of the effect modification measurement, which
indicated a relative improvement of the dental service patterns in the patients referred
to the public sector. It can be interpreted that public services, to some extent, reduce
this disparity in the use of dental services between people with different levels of

education.
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These findings provide new information on the impact of education on dental services
utilisation patterns. Despite education having a direct effect on dental services
utilisation, there was no indirect effect of education on dental utilisation through oral
health status and behaviours. These findings support the policy idea that universal
health coverage (UHC) and extension of public services may lead to an increase in
dental service utilisation for low education individuals who suffers from low utilisation

regardless of their oral health attitudes.

One of the strengths of this research was the use of robust counterfactual multiple
mediation analysis. Due to the lack of software support, the statistical aspects of this
study were performed independently by writing new codes. The large population and
the use of weighted South Australian representative data were other strengths of this

study.

These findings may not be completely free of bias, and there could be some biases due
to cumulative unmeasured confounders and measurement errors, yet no method has
been introduced for handling these. Most of the variables were self-reported, and as it
is mentioned in the method section, by dichotomising the exposure, there is a chance
of information loss. In addition, dichotomisation may lead to measurement error by
coarsening the value into a broader category which could lead to an underestimation of
the mediated effect and an overestimation of the direct effect'®. However, to keep the
analysis simple and to have a clear interpretation, we agreed to use dichotomised
variables. Therefore, the results must be interpreted with caution as they can be
sensitive to the cut point used in exposure dichotomisation. The DAG in this study

illustrated the hypothesised ordering of the variables in a cross-sectional context.
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However, the real ordering between confounding factors, exposure, mediators and
outcomes is still unclear. Thus, longitudinal studies with clear temporal ordering are

needed to validate the findings of this study.

Conclusion

In conclusion, low education reduces the odds of optimal dental service utilisation. The
direct effect of low education regardless of mediation paths through smoking, tooth
brushing, and oral health status reduces the odds of dental service utilisation, in terms
of frequency of seeking dental care and times visiting a dentist annually. However, in
terms of the reason for seeking dental care, lower education increases the odds of
receiving emergency and treatment services. So, the key message is that if all persons
with low education have their education like that of the high education level in the

observed data, then the gaps in dental service utilisation may reduce.
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Service Sector (Z)

. \\ /r Service Utilisation

Education (X) Tooth Brushing Smoking Oral Health Status Patterns (Y)

O =

A

@\ \m (M3)
AM1X
AM3X
X: Exposure Y: Outcome
M 1-3: Mediators Z: Basline confounder which is tested for effect modification

A: Used to illustrate this path modifed by the interaction of service sector (Z)

Confounders: Service Sector, Age, Gender, General Health Status, Country of Birth, Residential Location
+ [Income (for mediators 2 and 3 models )]

Figure 1- Directed Acyclic Graph illustrating the data analysis of the mediation

analysis
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Table 1- Direct effect of education and the total mediating effect of education
through various mediators on dental service utilisation patterns

Model 1

Model 2

Model 3

OR (95% CI)

(Intercept)

1.66 (1.29 - 2.09)

0.28 (0.22 — 0.36)

1.72 (1.37 - 2.18)

Direct effect of education
(Reference: Diploma/Degree)

0.67 (0.56 - 0.78)

1.23 (1.05 — 1.43)

0.62 (0.53 - 0.74)

Total indirect effect of education
through all mediators
Indirect effect of
brushing (Mediator1)
Indirect effect of smoking
Status (Mediator 2)
Indirect effect of oral health

tooth

1.01 (0.96 - 1.05)
1.00 (0.96 - 1.03)
1.00 (1.00 - 1.01)

1.01 (0.97 - 1.04)

0.99 (0.95 — 1.03)
1.00 (0.97 — 1.03)
1.00 (0.99 — 1.00)

0.99 (0.97 — 1.02)

1.00 (0.96 - 1.05)
1.00 (0.97 - 1.04)
1.00 (1.00 - 1.01)

1.00 (0.96 - 1.03)

0.67 (0.57 - 0.78)

1.22 (1.05 - 1.40)

0.63 (0.54 - 0.73)

status (Mediator 3)
Total Effect (direct + indirect
effect)
Service  Sector  (Reference:
Private)
Age 40 — 59 year (Reference: 18
— 39 year)
Age >60 year (Reference: 18 —39
year)

Gender (Reference: Male)
General Health
(Reference: Good Status)
Country of Birth (Reference:
Australia)

Residential Location (Reference:
Capital Area)

Status

0.28 (0.18 - 0.43)
1.26 (1.02 - 1.54)

2.08 (1.69 — 2.62)
1.17 (0.98 - 1.42)
0.56 (0.39 - 0.77)

1.10 (0.88 - 1.33)

0.65 (0.52 - 0.79)

1.70 (1.15 — 2.49)
2.11(1.72-2.67)

2.34 (1.87 - 2.94)
0.83 (0.71 — 0.99)
2.04 (1.43 -2.83)

1.22 (0.99 — 1.52)

1.60 (1.33 — 1.95)

0.21 (0.13 - 0.32)
1.01 (0.82 - 1.24)

1.73 (1.37 - 2.16)
1.35 (1.13 - 1.60)
0.51 (0.36 - 0.73)

0.97 (0.79 - 1.21)

0.58 (0.47 - 0.70)

Mediation Effects after Effect Modification of a Baseline Confounder (i.e., Service Sector)
(Reference: High-educated individuals who went to private sector)

Direct Effect of Education:

Sector

1.30 (0.78 - 2.15)

1.24 (0.78 — 2.03)

1.40 (0.87 - 2.35)

Indirect effect of tooth brushing
(Mediatorl) : Sector

Indirect effect of smoking status
(Mediator 2) : Sector

Indirect effect of oral health
status (Mediator 3) : Sector

0.99 (0.95 - 1.02)
0.99 (0.98 - 1.00)

0.99 (0.95 - 1.08)

1.00 (0.95 — 1.06)
1.00 (0.99 — 1.05)

1.00 (0.94 — 1.05)

0.99 (0.96 - 1.03)
0.99 (0.98 - 1.00)

1.00 (0.94 - 1.12)

Note: Model 1, Time of last dental visit (Reference: More than 12 Months ago); Model
2 (Reference: Examination or Check-up), Reason of the last dental visit; Model 3,
Frequency of dental care (Reference: Less than once a year); OR, Odds Ratio; CI,

Confidence Intervals.
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Table A — Distributions of variables among the different sample population

Response Sample Weighted Sample Imputed
(n=4494) (n=4494) Weighted
All Complete All Complete | Sample
responses Cases responses Cases (n=4494)
(n=4494) (n=3657) | (n=4494) | (n=3678)
Age (years)
18 -39 946(21.0) | 821(22.5) ' 1649(36.7) | 1412(38.4) | 1649(36.7)
40 - 59 1720(38.3) | 1470(40.2) | 1516(33.7) | 1302(35.4) | 1516(33.7)
>60 1828(40.7) | 1366(37.3) | 1329(29.6) | 964(26.2) | 1329(29.6)
Gender
Male 1976(44.0) | 1610(44.0) | 2203(49.0) | 1818(49.4) | 2204(49.0)
Female 2517(56.0) | 2047(56.0) | 2290(51.0) | 1860(50.6) | 2290(51.0)
Country of Birth
Australia 3464(77.1) | 2901(79.3) | 3575(79.6) | 3015(82.0) | 3646(81.1)
Other Countries 936(20.8) | 756(20.7) @ 827(18.4) | 663(18.0) | 848(18.9)
Missing 94(2.1) — 92(2.0) --- ---
Income (AUD)
>80,000 1640(36.5) | 1553(42.5) | 1774(39.5) | 1686(45.8) | 1924(42.8)
<80,000 2420(53.8) | 2104(57.5) | 2291(51.0) | 1992(54.2) | 2570(57.2)
Missing 434(9.7) --- 429(9.5) —
Education (Exposure)
Diploma/Degree 1713(38.1) | 1539(42.1) | 1784(39.7) | 1616(43.9) | 1819(40.5)
<Yearl2/Certificate 2689(59.8) | 2118(57.9) | 2622(58.3) | 2062(56.1) | 2675(59.5)
Missing 92(2.0) -—- 88(2.0) --- ---
Residential Location
Capital area 3373(75.1) 2783 3474(77.3) | 2880(78.3) | 3474(77.3)
(76.1)
Non-capital area 1121(24.9) | 874(23.9) | 1020(22.7) | 798(21.7) | 1020(22.7)
General Health Status
Poor 272 (6.1) 197(5.4) 248(5.5) 178(4.8) 252(5.6)
Good to Excellent 4154 (92.4) | 3460(94.6) | 4181(93.0) | 3499(95.2) | 4242(94.4)
Missing 68 (1.5) --- 65(1.5) -—- ---
Dental Service Sector
Private 3778(84.1) | 3210(87.8) | 3696(82.2) | 3165(86.1) ' 3786(84.2)
Public 599(13.3) | 447(12.2) | 677(15.1) | 512(13.9) | 708(15.8)
Missing 117(2.6) --- 121(2.7) --- -—-
Tooth Brushing
(Mediator one)
At least once daily 4057 (90.2) | 3430(93.8) | 4046(90.0) | 3422(93.0) | 4147(92.3)
Less than once daily 304 (6.8) 227(6.2) 329(7.3) 256(7.0) 347(7.7)
Missing 133 (3.0) --- 119(2.7) --- -—-
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Response Sample Weighted Sample Imputed
Table 1 Continue (n=4494) (n=4494) Weighted
All Complete All Complete Sample
responses Cases responses Cases (n=4494)
(n=4494) (n=3657) | (n=4494) | (n=3678)
Smoking Status
(Mediator two)
No 3903 (86.8) | 3251(88.9) | 3876(86.2) | 3238(88.1) | 3938(87.6)
Yes 521 (11.6) | 406(11.1) | 546(12.2) | 439(11.9) | 556(12.4)
Missing 70 (1.6) --- 72(1.6) -—- ---
Oral Health Status
(Mediator three)
Poor 534(11.9) | 408(11.2) | S11(11.3) | 395(10.7) | S15(11.5)
Good to Excellent 3924(87.3) | 3249(88.8) | 3953(88.0) | 3283(89.3) | 3979(88.5)
Missing 36(0.8) --- 30(0.7) -—- ---
Last Dental Visit
(Outcome: Model 1)
More than 12 months 1743(38.7) | 1354(37.0) | 1858(41.4) | 1456(39.6) | 1865(41.5)
ago
Less than 12 months 2735(60.9) | 2303(63.0) | 2622(58.3) | 2221(60.4) | 2629(58.5)
ago
Missing 16(0.4) --- 14(0.3) --- —
Reason for Last Dental
Visit (Outcome: Model
2)
Examination or Check- | 2491(55.4) | 2124(58.1) | 2650(59.0) 2257 2701(60.1)
up (61.4)
Emergency or 1869(41.6) | 1533(41.9) | 1715(38.2) | 1421(38.6) | 1793(39.9)
Treatment
Missing 134(3.0) — 129(2.9) --- —
Frequency of Dental
Care (Outcome: Model
3)
Less than once a year 1820(40.5) | 1482(40.5) | 1910(42.5) | 1570(42.7) | 2011(44.8)
At least once a year 2527(56.2) | 2175(59.5) | 2444(54.4) | 2107(57.3) | 2483(55.2)
Missing 147(3.3) --- 140(3.1) --- -—-

Note: Data reported as the number of cases (Percent), Missing cases less than five have

not been reported.
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Table B. Sensitivity analysis of pre-treatment confounders.

T | B T | B8
) ® Syl S0~ @ Syl S0~
) -9 = = B2 S = 520
2 2 QO Sz 2 2O gz
= =0 = =0
Model 1
Sector 0.024 | -0.080 | -0.002 ] 1.01 | [0.96, 1.05] | 0.002 | 0.67 | [0.56, 0.78]
Age 0.298 | 0.054 | 0.016 | 1.00 | [0.94,1.03] | -0.016 | 0.68 | [0.57,0.79]
Gender 0.011 |-0.055 | -0.001 | 1.01 | [0.96,1.05] | 0.001 | 0.67 | [0.56,0.78]
Income 0.028 | -0.026 | -0.001 | 1.01 | [0.96,1.05] | 0.001 | 0.67 | [0.56,0.78]
General v
Honlth 0.024 | -0.039 | -0.001 | 1.01 | [0.96,1.05] | 0.001 | 0.67 | [0.56,0.78]
gi"r‘t'l‘l“ry °fl 0003 | 0036 | o |101 0961051 o |o067][056 078]
Residential | o 007 | 0027 o |101|[096.1.05| o |0.67][056. 078]
location
Model 2
Sector 0.024 | -0.062 [ -0.001 | 0.99 | [0.95,1.04] | 0.001 | 1.23 | [1.05, 1.42]
Age 0.298 | -0.088 | -0.026 | 1.01 | [0.97,1.06] | 0.026 | 1.20 | [1.02, 1.39]
Gender 0011 |-0038| 0 |099 [[095103]| o |123][105 1.42]
Income 0.028 | -0.088 | -0.002 | 0.99 | 0.95,1.04] | 0.002 | 1.23 | [1.05, 1.42]
General v v
Hoar 0.024 |-0010] 0 |099 |[095103]] o |123][1.05 142]
gi"r‘t'l':“y °fl 0004 | 0065| 0 |099 | 095 1031| o |123][105 142
Residential | 505 [.0039| 0 |099 | [095.1.03]| o |[1.23|[105 1.42]
location
Model 3
Sector 0.024 | -0.068 [ -0.002 ] 1.01 | [1.00, 1.01] | 0.002 | 0.62 | [0.53, 0.74]
Age 0298 | 0.09 | 0.027 | 0.98 | [0.98,0.99] | -0.027 | 0.64 | [0.54,0.76]
Gender 0.011 |-0.058 | -0.001 | 1.00 | [0.99, 1.01] | 0.001 | 0.62 | [0.53, 0.74]
Income 0.028 | -0008| o0 | 101 |[100,1.01]] o |o0.62]][0.53,0.74]
General v
oy 0.024 | -0.025 | -0.001 | 1.00 | [0.99,1.01] | 0.001 | 0.62 | [0.53,0.74]
Country ofl 004 | o 0 |100][099,101]] o0 |o062][0.53,0.74]
Birth
Residential | o 005 | 0000 o0 | 100 [099,1011| o0 |o062][053 074]
location

Note: Model 1, Time of last dental visit; Model 2, Reason of the last dental visit; Model
3, Frequency of dental care; OR, Odds Ratio; CI, Confidence Intervals; o = standard
deviation of weight discrepancy; P= correlation between the weight discrepancy and
the outcome; Bias= o xP; *, The OR confidence interval’s side changed; NIE, Natural
Indirect Effect; NDE, Natural Direct Effect.
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Chapter 9 - Final Consideration

In the early stages of designing this thesis, although I knew the focus of my thesis would
be socioeconomic inequality, 1 was not sure what aspects of it to study. It could be
specified from many angles such as the Australian Oral Health Care System structure,
oral health professional distribution, Indigenous health, migrant and Culturally and
Linguistically Diverse (CALD) communities. Inequality can be measured with
different approaches, and therefore the choice of study method was my other concern.
Finally, given that | was pursuing the goal that the results of this thesis be practical and
not merely a report of inequality indicators, | decided to investigate the mechanisms
that lead to inequality in dental services. Having a more accurate understanding of
effective mechanisms would enable policymakers to address inequality much better.
Therefore, mediation analysis was used to investigate the socioeconomic mechanisms
of inequality. As mentioned in Chapter 6, these studies are suitable for answering the

questions that one factor leads to a final effect through other variables.

Nevertheless, conducting studies with correct modelling requires appropriate
background knowledge, so the literature was reviewed in the first phase. Within the
systematic review methodologies, scoping reviews are a comprehensive methodology
for answering policy questions by providing a concept map of determinants of the
subject. Such a concept map provides an upstream perspective for policymakers and
researchers to consider various influential factors.

Scoping reviews in the first and second chapters were done in the context of member
countries of the Organisation for Economic Co-operation and Development (OECD).
If it was limited to Australia, the content analysis might not be saturated due to the
small number of included studies and, therefore, might be inaccurate. Thus, more
comprehensive determinants were identified by considering the countries with a similar
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context. Based on the number of included studies, these studies are the most
comprehensive review studies on the issue of inequality in dental services to date,
which led to the formation of the first conceptual model in this field. Therefore, the

existing knowledge gap was partially resolved.

Following this step, the second phase began accordingly. In this phase, the cutting-edge
flexible mediation analysis using the Ratio of Mediator Probability Weighting
(RMPW) approach was utilised to investigate an Australian adult population
representative at the South Australian level. This approach is superior to other methods
as it is not model specific. Using the RMPW approach for sensitivity analysis was
another strength of this PhD project. Few studies have utilised this methodology for
their sensitivity analysis. Conducting this analysis having multiple mediators was one
of the novelties of this project. R functions and codes used in chapters 7 and 8 modify
existing methods to suit a multiple mediator mediation analysis. These codes can

greatly facilitate future studies using the same method.

It is not always possible to conduct a perfect randomised clinical trial. For example,
ethical considerations or particular variable measurements may be limiting. Time and
cost may be other limitations. In such cases, other approaches may be considered

accordingly.

Cross-sectional data were used in this thesis. Although DCOHS is a comprehensive
survey that carefully studied the target population and collected multiple variables,
there would inevitably be measurement and nonresponse biases. The education effect

on various service utilisation patterns was investigated through behavioural mediators.
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However, the variable that was not measured was health literacy, which may affect

health behaviours regardless of academic education.

The counterfactual mediation analysis has advantages over simple regression models.
It enables us to test the models in which each variable has its location. Models
appropriately test the theories and confounders and mediators with their hypothesised
relations. However, in regressions, variables, regardless of their locations in the
proposed models and confounding mechanisms, are being put together. Another
advantage of our approach was the sensitivity analysis which enabled us to test the
sensitivity of our models’ inferences for unmeasured confounders.

Although robust statistical methodology was used in this thesis, there were limitations
in some statistical aspects due to the models' complexity. There is currently no
statistical package that measures biases due to cumulative unmeasured confounders and
measurement errors, so mediation results should be interpreted with caution. According
to the explanations given in Chapter 6, the weighting of the binary mediator was more
facilitated when we had several mediators. Because of this, the variables were
dichotomised, accepting the fact that a considerable amount of information might be
lost.

According to this PhD project, it is concluded that different intertwined factors lead to
inequality in dental services. These factors may vary in different contexts and should
be considered accordingly. These determinants form inequality structures in dentistry
in the three main dimensions of access, utilisation and provision.

The results of empirical studies showed that household income level, regardless of
insurance status, concession card status, and last dental visit, causes avoidance or delay

in receiving dental services. These findings are important because, contrary to what was
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initially expected, it has been shown that these facilitators do not help reduce the
financial burden on dental services for low-income adult individuals in the current
situation. Policymakers and researchers are encouraged to examine why these
facilitators have not reduced the financial burden of receiving dental services and check
whether these facilitators have adequately targeted the vulnerable groups.

In Chapter 8, it was found that low education increases the odds of receiving emergency
and treatment services compared to routine dental check-ups and examinations.
Regardless of smoking, tooth brushing and oral health status, a lower level of education
can reduce the utilisation of dental services by around a third. This utilisation gap was
somewhat improved in people who had access to public services.

These results show the importance of the underlying structural inequality determinants,
such as income or education level. It is complicated and almost impossible to change
such characteristics, but this emphasises the importance of assiduous policymaking in
this field. For example, considering that the disparities in service utilisation improved
in less-educated people referred to the public sector, it should be examined whether the
extension of services, individuals or the number of public providers could improve
service utilisation in the lower socioeconomic status groups. It should then be
investigated whether such improvement in the utilisation of dental services can improve
oral health outcomes. Another question that arises in the economic dimension is why
the facilitators such as insurance, concession cards and public services did not reduce
the financial burden in low-income individuals. Have these facilitators properly
targeted vulnerable people? Is the coverage of dental services and expenses enough to

reduce the financial burden? According to economic models, whom dental services
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cover? Econometric modelling studies could well address such questions that would
eventually lead to evidence-based oral health policies.

This thesis addressed the initial questions by redefining the concepts and investigating
some of the mechanisms that led to inequality in dentistry and consequently clarified
the importance of this issue from new perspectives. | believe that this is the essence of
researching in general and hope that by examining such aspects, the final impact, which

is the reduction of inequality in dental services, will eventually be reached.

“Since all things have causes, the knowledge of anything is not
acquired or complete unless it is known by its causes.”

~ Avicenna (973-1037) ~
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Appendix IT

Dental care and oral health study PART A

PART A contains questions about your oral health status, dental visits, dental insurance, financial burden due to dental
care, impact of oral health on your daily life and issues related to your satisfaction with dental care and the dental system in
Australia. Instructions on how to answer each question are provided at beginning of the question.

- Tooth brushing habits [Please mark with a CROSS or WRITE your answer, where required]

A. In the last week, how many times did you brush your teeth? (times) B ' NIL go to Question 1 D now
B. If you said you brushed your teeth at least once a week, [] Less than one minute [] About 2 minutes
how long on average do you spend on brushing your teeth?
[] About one minute I:] About 3 minutes
|:| About 1*minutes D More than 3 minutes

D About 2 minutes

C. In the last week, how many times did you use an electric tooth brush? (times)
D. In the last week, how many times did you use dental floss? (times)
E. In the last week, how many times did you use a mouth rinse/wash? (times)

F_ If you used a mouth rinse or mouth wash, write the name of the product you used here:

Number of teeth [Please mark with a CROSS or WRITE your answer, where required]

A. Do you have any of your own natural teeth? [[] Yes. I have some or all of my natural teeth

[C] No, I have none of my natural teeth e ' NO go to Question 3 now

B. There are 16 teeth, including wisdom teeth, in the UPPER jaw. How many of these 16 teeth do you have in your upper
jaw? Do not count false teeth. If you have no teeth in your upper jaw write ‘nil’.

| have (number) of teeth in my UPPER jaw.

C. There are 16 teeth, including wisdom teeth, in the LOWER jaw. How many of these 16 teeth do you have in your lower
jaw? Do not count false teeth. If you have no teeth in your lower jaw write ‘nil”.

I have (number) of teeth in my LOWER jaw.

Dentures [Please mark with a CROSS]
Dentures are artificial teeth that can be removed.

A. Do you wear a denture in your UPPER jaw? [ Yes ] No

B. Do you wear a denture in your LOWER jaw? ~ [] Yes O N

n Oral and general health [Please mark with a CROSS]

A. How would you rate your dental health? [] Excellent [] Verygood [] Good [] Poor [] Verypoor
B. How would you rate your general health? ] Excellent [] Verygood [ ] Good [ ] Poor [ ] Verypoor
Questions 1 to 4 Page 2 of 12
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Dental care and oral health study PART A

n Dental visits [Please mark with a CROSS or WRITE your answer, where required]

A. When was your last visit fo a

dental professional?
(Includes dentist, dental specialist, oral health therapist, dental

Less than 12 months ago E] Five to less than ten years ago

One to less than two years ago Ten years or more

o

hygienist, dental therapist, dental technician, denturist or dental Goto
prosthetist) Two to less than five years ago Never attended
B. What was the main reason for your Examination or check-up

last dental visit? Treatment (not for relief or pain)

Emergency/relief of pain
C. How often do you usually seek care from a More than two times a year [] Once every two years
dental professional? .
(Includes dentist, dental speialist, oral health therapist, dental Two times a year ] Less often than once every two
hygienist, dental therapist, dental technician, denturist or dental O years

prosthetisf)

D. Where did you go for your last dental visit? Private dental practice

OO0 OO ooo ood

Public dental clinic (including dental hospital, community clinic)

o« [T

E. Please write the name of the suburb or postcode of
the clinic where you made your last dental visit ?

subub postcode
F. Overall, how many... In the last One year to
12 months two years ago

1 |...dental appointments have you attended...............c.cc........

2 |...dental examinations have you had

3 |...clean and scale procedures have you had..........................

4 | __fillings have you had

5 | ..teeth have you had extracted (removed)...........ccceeueuenneee

G. Have you had any other dental ] Noother treatmentin the last 12 months || Gum treatment (periodontal treatment)
F(‘:er:;;n ;2 lr;;m L?:(t(:s?] months? D Professional fluoride application D Adjustment, reline or rebase denture(s)
D New denture(s) prepared or fixed |:| Orthodontics
I:] Oral surgery (besides extraction) D Crown or bridge treatment

[] other treatment (please specify)

n Future dental visits [Please mark with a CROSS]

A. Do you need to make a dental visitnow? [ ] vYes (] No —

B. What do you need the dental visit for? [] checkup [ ] Treatment (not for relief of pain) [ ] ~ Emergencylrelief of pain

C. How soon do you think you need [J inless than a week [] From three months to less than six
a check-up or freatment? [] From one week to less than a month months

D From one month to less than three months D Six months or more

Questions 5to 6 Page 3 of 12
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Dental care and oral health study PARTA

Financial burden [Please mark with a CROSS or CIRCLE your answer, where required]

A. During the last 12 months, have you avoided or delayed visiting a dental professional (] Yes [
because of cost?
B. Has cost prevented you from having any dental treatment that was recommended Y N
by a dental professional? LI ves 0w
> Did you take up an alternative lower cost option for the treatment that was recommended? [ ] Yes O N
> Which dental treatments were prevented by cost? [ ] Fillings ] Root canal
(Please CROSS as many as applicable) [ extractions [] Dentures made
D Scale and clean D Orthodontic treatment
|:| Dental implants E] Cosmetic freatment (eg. bleaching)
D Gum treatments (periodontal) I:] Replace amalgams with white
D Dental crown or bridge D Others
C. In the last 12 months how much of a
financial burden have dental visits been to you? ¢ [_] None O Hardyany [ Aitte [] ﬁulzeg:
D. At most times of the year, how much difficulty
would you have paying a $150 bill out of ] None [ Hardly any ] aitte [ Akt
your own pocket?
E. Overall, how satisfied are you with your current financial situation?
Totally dissatisfied Totally satisfied
0 1 2 3 4 5 6 7 8 9 10
F. Overall, how satisfied are you with the material standards of your life?
Totally dissatisfied Totally satisfied
0 1 2 3 4 5 6 7 8 9 10
G. Relative to others, how would you rate your financial position?
Worse than most Better than most
0 1 2 3 4 5 6 7 8 9 10
H. Do you hold any of these concession cards? [ Health Care Card [] othercard
D Pensioner Concession Card |:| None of the above
D Commonwealth Seniors Card D Don't know
I. Do you have private health insurance (including hospital or ancillary/extras insurance, excluding Medicare)
[C] Yes. I have private health insurance [C] No, Ido not have private health insurance
v
> What best describes your private health insurance status? [] combined hospital & ancillary/extras cover
D Hospital cover only
D Ancillary/extras only cover

Question 7 Page 4 of 12
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Dental care and oral health study PART A

n Impact of oral health on your daily life

==
HHHE
HE L
HOW OFTEN during the PAST YEAR £l 8 3
o >
PleassCRCLE 1 2 3 (4 5
1. Have you had trouble pronouncing any words because of problems with your 1l 213lals

teeth, mouth or dentures?

2. Have you felt that your sense of taste has worsened because of problems with
your teeth, mouth or dentures?

3. Have you had painful aching in your mouth? 1(2|3|4(5

4. Have you found it uncomfortable to eat any foods because of problems with
your teeth, mouth or dentures?

5. Have you been self-conscious because of your teeth, mouth or dentures? 11 2131als

6. Have you felt tense because of problems with your teeth, mouth or dentures? 1|12 (3 |45

7. Has your diet been unsatisfactory because of problems with your teeth, mouth
or dentures?

8. Have you had to interrupt meals because of problems with your teeth, mouth 1 1213lals
or dentures?

9. Have you found it difficult to relax because of problems with your teeth, mouth
or dentures?

10. Have you been a bit embarrassed because of problems with your teeth, mouth
or dentures?

11. Have you been a bit irritable with other people because of problems with your
teeth, mouth or dentures?

12. Have you had difficulty doing your usual jobs because of problems with your
teeth, mouth or dentures?

13. Have you felt that life in general was less satisfying because of problems with
your teeth, mouth and dentures?

14. Have you been totally unable to function because of problems with your teeth,

mouth or dentures?
15. Have you had pain in the face, jaw, temple, in front of ear,
. 1|23 |4]5
orin the ear?
16. Have you broken or chipped a natural tooth? 1 (2 |3|4]5

17. Have you had sensitive teeth, for example due to hot
or cold food or drinks?

18. Have you had any teeth that have become loose by themselves
without some injury?

19. Have you had sore gums? 11213lals

Question 8 Page 5 of 12
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Dental care and oral health study PART A

n Dental fear [Please CROSS the appropriate box]

Do you feel afraid or distressed Notatal []| Alite afrad ] Moderately afraid 0 Very afraid ] Extremely afraid

when going to the dentist? or distressed or distressed or distressed or distressed
Dentist trust
These questions relate to Dentist Trust. In general... Please CIRCLE a number for each stafement

1. Dentists care about their patients’ health just as much or more as their patients do.

2. Sometimes dentists care more about what is best for them, than about
patients dental needs.

3. Dentists are extremely thorough and careful. 1| 2| 3|4]|s
4. You completely trust dentists decisions about which dental treatments are best. 1|1 2| 3|45
5. Dentists think only about what is best for their patients. 12| 3|4/|5

6. Dentists are totally honest in telling their patients about all the different treatment options
available for their conditions.

7. Sometimes dentists do not pay full attention to what patients are trying to tell them. 12| 3[4]5
8. Dentists always use their very best skills and effort on behalf of their patients. 12| 3[4]5
9. You have no worries about putting your oral health in the hands of the dentist. 12| 3|45
10. A dentist would never mislead you about anything. 112 |3 |4 |5
11. Allin all, you trust dentists completely. 112 (3|45

Dental care satisfaction

A Have you ever visited a dentistbefore? ~ [] Yes ] N

B. These questions relate to your LAST DENTAL VISIT.

Please CIRCLE a number for each statement :Z:;?e‘)é 5":;‘?2

1. | was satisfied with the dental care | received.

2. 1 would like to have had more explanation of my dental treatment options. 112345

3. The dental surgery had everything needed to provide my dental care. 11 2| 3|4l s

4. The dental care | received did not improve my dental health. 1l 21 3lals

5. | was able to make the dental visit as promptly as | felt was necessary. 1| 2| 3|45

6. The dental professional explained whether there were any patient costs and how much, il 2l alals

before beginning the treatment.

7. The dental professional | saw explained well what treatment was needed. 1|2 | 3[4 |5

8. | am confident that | received good dental care at my last visit. 12| 3[4 |5

9. There are things about dental care | received that could have been better. 1|12 | 3|4 |s
Questions 9 to 11 Page 6 of 12
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Dental care and oral health study

PART B

PART B asks questions about your general health and impact of general health on your daily life. Instructions on how to
answer each question are provided at beginning of each question.

General health information [Please mark with a CROSS or WRITE where required]

A. What is your current HEIGHT?

B. What is your current WEIGHT?

centimetres

kilograms

-
OR feet/ inches
OR pounds

C. Do you have any of these chronic medical conditions? [Please CROSS all that apply]

1. Asthma [Ji 9. cataracts (] i 17. Hypothyroidism ]
2. Chronic bronchitis or emphysema ] | 10. Glaucoma [] i 18. Rheumatic fever U
3. Hypertension or high blood pressure [ ] i 11. Osteoporosis ] i 19. A bleeding problem ]
4. Aheart condition or heart attack [ ] | 12. Hip fracture [] i 20.Deafness O
5. High cholesterol |:| 13. A cancer or malignancy D 21. Diagnosed with dementia E]
6. A stroke or “mini strokes" (TIA) ] 14.Adiagnosed depression [[]} 22 Diagnosed with Aizheimer's disease |:|
7. Diabetes O 15. Parkinson's disease ] 23. Artificial joints, heart valves or prosthesis |:|
8. Arthritis [J¢ 16.Epilepsy [[] i 24.Other medical conditions (please specify) ]
D. Which of these statements best describe your cigarette smoking status?
L] I'smoke daily > A) On average, | smoke (number)
[ 1'smoke occasionally ».  cigarettes per day.
»: B) | used to smoke (number)
t > . —
] 1do not smoke now but | used to cigarettes per day,
] 1 have never smoked C) | stopped smoking years ago.
n Your general health today [Please CROSS one box only for each question]
A. MOBILITY | have no problems walking n | have some problems m Iam confined to bed. n
about. walking about.
B. SELF CARE I have no problems with 0 | have some problems with 0 | am unable to wash or (]
(eg. Washing, dressing) self care. washing and dressing myself. dress myself.
C. USUAL ACTIVITIES I have no problems performing | have some problems m I'am unable to perform
(eg. household work, family, my usual activities. D performing my usual activities. my usual activities. D
leisure)
D. PAIN/DISCOMFORT I have no pain I have moderate pain or m I have extreme pain or 0
or discomfort. D discomfort. discomfort.
E. ANXIETY/DEPRESSION i |am not anxious ] | am moderately anxious or | am extremely anxious
or depressed. depressed. D or depressed. D
Questions 12 to 13 Page 7 of 12
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Dental care and oral health study PART B

(LY Life satisfaction, social support and work [Please CIRCLE a number that best represents your perspective]

A. The following statements seek views on levels of life satisfaction s":;fe'g
1. In most ways my life is close to my ideal.
2. The conditions of my life are excellent. 1 2 3 4 5
3. | am satisfied with my life. 1 2 3 4 5
4. So far | have acquired the important things | want in my life. 1 2 3 4 5
5. If | could live my life over, | would change almost nothing. 1 2 3 4 5
B. The following statements are about social support. 31';:;1".; suggrge'z
1. There is a special person who is around when | am in need. 1 2 3 4 5
2. There is a special person with whom | can share joys and sorrows. 1 2 3 4 5
3. My family really tries to help me. 1 2 3 4 5
4. | get the emotional help and support | need from my family. 1 2 3 4 5
5. | have a special person who is a real source of comfort to me. 1 2 3 4 5
6. My friends really try to help me. 1 2 3 4 5
7. 1 can count on my friends when things go wrong. 1 2 3 4 5
8. | can talk about my problems with my family. 1 2 3 4 5
9. | have friends with whom | can share my joys and sorrows. 1 2 3 4 5
10. There is a special person in my life who cares about my feelings. 1 2 3 4 5
11. My family is willing to help me make decisions. 1 2 3 4 5
12. | can talk about my problems with my friends. 1 2 3 4 5
ok sty el e comeed o, >
Strongly Strongly
disagree agree
1. After work, | am too tired for leisure activities, family time or house chores. 1 2 3 4 5
2. | have so much work to do that it takes away from my personal interests. 1 2 3 4 5
3. My family/friends dislike how often | am preoccupied with work while | am at home.| 1 2 | 3 4 | 5
4. Work takes up time that I'd like to spend with family or friends. 1 2 3 4 | 5
5. | am often too tired at work because of the things | have to do at home. 1 2 3 4 5
6. My superiors and peers dislike how often | am preoccupied with my personal life
while at work. 1 2 3 4 5
7. My personal demands are so great that they interfere with my work. 1 2 3 4 5
8. My personal life takes up time that I'd like to spend at work. 1 2 3 4 5
Question 14 Page 8 of 12
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Dental care and oral health study PART B

(5N General health [Please CIRCLE a number that best represents your perspective]

A. The following statements are about your general health. :::;geli
I I

1. | take responsibility in caring for my health.

2. No matter how hard | try my health does not turn out the way | would like. 1 2] 3| 4|5
3. ltis difficult for me to find effective solutions to health problems that come my way. 1 2 | 3| 4|5
4. | succeed in the projects | undertake to improve my health. 1 2 | 3 4 | 5
5. | am generally able to achieve my goals with respect to health. 11 23| 4|5
6. 1 am usually unsuccessful in making changes to things about my health ; ) A P
that | don't like.
7. Generally, my plans for my health don’t work out well. 1 2 | 3| 4|5
8. | am able to do things for my health as well as most other people. 1 2 | 3| 4| 5
>

B. The following statements ask questions about stress. While answering é ig % : .

Can you please consider “ How often during the Past year...” H K H E 3
Please CIRCLE 1. 2 3 @) s

1. Have you felt upset because of something that happened unexpectedly? 1 2 3 4 5
2. Have you felt unable to control the important things in life? 1 2 3 4 5
3. Have you felt either nervous or stressed? 1 2 3| 4| 5
4. Have you dealt successfully with irritating life hassles? 1 2| 3| 4| 5
5. Have you effectively coped with important changes in your life? 1 2| 3| 4| s
6. Have felt confident about your ability to handle your personal problems? 1 2| 3| 4 5
7. Have you felt things were not going your way? 11 2] 3] 4| 5
8. Have you felt unable to cope with all things that you had to do? Tt 2] 3] 415
9. Have you felt able to control irritations in your life? 1 2| 3 | 4[5
10. Have you felt you were on the top of things? 1 2 3 4 5
11. Have you felt angered because of things that happened outside your control? 1 2| 3| 4| 5
12. Have you found yourself thinking about all the things that you have to accomplish? 1 2 3 4 5
13. Have you felt able to control the way you spend your time? 1 2| 3| 4| 5
14. Have you felt difficulties were piling up so high that you could not overcome them? 1 2| 3| 4| 5

(LB Social and health system values [Please CIRCLE a number that best represents your opinion]

Strongly
1. The community is responsible for ensuring everyone is able to receive dental care. 1 2| 3| 4| 5
2. People with similar dental problems should be provided with the same dental care. 1 2 3 4 5
Questions 15 to 16 Page 9 of 12
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LIfl Personality traits [Please CIRCLE the number that best represents your answer]

Here are a number of personality traits that may or may not apply to you. Please indicate the extent to which you agree
or disagree with each statement. You should rate the extent to which the pair of traits applies to you, even if one charac-
teristic applies more strongly than the other.
| see myself as: soondy oty st duoger | awie modemely  stong
1. Extraverted, enthusiastic 1 2 3 4 5 6 7
2. Cniical, quarrelsome 1 2 3 4 5 6 7
3. Dependable, self-disciplined 1 2 3 4 5 6 7
4. Anxious, easily upset 1 2 3 4 5 6 7
5. Open to new experiences, complex 1 2 3 4 5 6 7
6. Reserved, quiet 1 2 3 4 5 6 7
7. Sympathetic, warm 1 2 3 4 5 6 7
8. Disorganised, careless 1 2 3 4 5 6 7
9. Calm, emotionally stable 1 2 3 4 5 6 7
10. Conventional, uncreative 1 2 3 4 5 6 7
m Orientation to life [Please CIRCLE the number that best represents your answer]
Do you sk ElEN
1. Feel that the things that happen to you in your life are hard to understand? 1 2 3
2. See a solution to problems and difficulties that other people find hopeless? 1 2 3
3. Feel that your dally life is a source of personal satisfaction? 1 2 3
(LB Wellbeing [Please CIRCLE the number that best represents your answer]
HOW OFTEN during the PAST MONTH: :;":r:: "‘h ':“t‘;:n ‘;f m": ":’ef t’,‘w"ji‘ ri 4 mﬁ"ﬁ‘: " ‘
1. Did you feel tired out for no good reason? 1 2 3 4 5
2. Did you feel nervous? 1 2 3 4 5
3. Did you feel so nervous that nothing could calm you down? 1 2 3 4 5
4. Did you feel hopeless? 1 2 3 4 5
5. Did you feel restless or fidgety? 1 2 3 4 5
6. Did you feel so restless you could not sit still? 1 2 3 4 5
7. Did you feel depressed? 1 2 3 4 5
8. Did you feel that everything was an effort? 1 2 3 4 5
9. Did you feel so sad that nothing could cheer you up? 1 2 3 4 5
10. Did you feel worthless? 1 2 3 4 5
Questions 17 to 19 Page 10 of 12
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PARTC

PART C asks generic questions about your background, education, diet and work. Instructions on how to answer each

question are provided at beginning of each question.

A1. My usual daily serves of fruit: (serves)

Number

B1. Since same time last year, my fruit consumption:

cooking or preparing food?

B2. Since same time last year, my vegetable oonsumption:[] Increased [ | Decreased

C1. How often is salt used in your household for [] Veryoften

C2. How often is salt added to food at the table? [ | Veryoften

AN Diet [Please WRITE an appropriate number or choose from the options provided]

A2. My usual daily serves of vegetables: (serves)

Number

[] Increased [ ] Decreased [] stayed about the same

[] stayed about the same

[] Notused

[] Rarely
(] Rarely

[] Occasionally

D Occasionally [:| Not used

A. Please write your YEAR OF BIRTH

B. Please mark your GENDER

O do

C. In which country were you born?

D. Are you of Aboriginal or Torres Strait Islander
origin?

E. What is the main language you speak at home?

F. What is your current marital status?

. Do you have children?

OOodoOo oo go

-

> Please provide the ages of your children
starting with your oldest child (in years/months)

2.
H. What is the HIGHEST level of education you have [ ]
completed? ]
L]
I. Where did you complete your highest education? [ ]
U

Weneral information [Please CROSS or WRITE your answer, where required]

L[]

Male
Female
Australia D Other country (please specify)
v

Which year did you migrate D:]:D

to Australia?
No D Yes, Torres Strait Islander
Yes, Aboriginal D Yes, Aboriginal & Torres Strait Islander
English

Other (please specify)

Single, never married |:| Divorced
Married or de facto partnership L] Separated
Widowed
Yes
5
3. 5.
4. 6.
No schooling completed [ Completed high school
Completed primary school D Vocational training
Some high school L] University degree/Tertiary qualification
In Australia
In other country (please specify)

Question 20 to 21

Page 11 of 12
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y78 Work related information

A_ Are you currently employed? L] Yes, full time [] Yes, partime (] No, not currently working
B. Please select an option that best  [_] Managers [ ] Clerical and administrative workers
1 ?
describes the work you do? [ ] Professionals (] sales workers
[ Technicians and trade workers ] Machinery operators and drivers
[] community and personal service workers [] Labourers

C. Which of the following best describes the position you hold within your business or organisation?

] Managerial [] Supervisory [C] Non-management/Non-supervisory
v v v
D1. How would you describe your  D2. Do you participate in making policy ~ D3. As an official part of your job,
management position? decisions such as products or do you supervise the work of other
services delivered, people employed, employees or tell other employees
L] Top budgets and so forth? what work to do?
U
O o [ Yes O Yes
[] ™iddie
L] N O N
D Lower
E. How many people contribute to your household ] onlyME
income? [ Myself and my PARTNER

[:] Myself, my partner and OTHERS (including children, parents)

F. Which category does your total household income [] Less than $20,000 ] $100,001 to $120,000

(before tax) fall into? Include any salaries, Pensions, [ 20001 to $40,000 [ $120,001 to $140,000
allowances, benefits etc. from all persons in the

household. (Please CROSS one box only) ] $40001 o $60,000 [ $140.001 to $160,000
D $60,001 to $80,000 D $160,001 to $180,000
D $80,001 to $100,000 D More than $180,000

Please feel free to write here if you have any suggestions/comments:

TRACK THE STUDY PROGRESS AND RESULTS BY VISITING OUR WEBSITE:

www.adelaide edu.au/arcpoh/dentalcarestudy

If you would like future correspondence by email please provide us with your email address

THE UNIVERSITY e box below:

oADELAIDE
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Paper 1 Search Strategies Syntax
TOTAL: 5546 Included 193

PubMed (2763 articles)

((("Dental Health Surveys'[Mesh]) OR ( "Dental Care"[Mesh] OR ( "Oral
Health"[Mesh] OR "Dental Health Services"[Mesh] )) AND ((((("Socioeconomic
Factors"[Mesh]) OR "Hierarchy, Social"[Mesh]) OR ( "Healthcare Disparities”[Mesh]
OR "Health Status Disparities”[Mesh] )) OR "Social Determinants of Health"[Mesh])
OR "Social Class"[Mesh])) AND (((("dental services"[Title/Abstract]) OR ("dental
visits"[Title/Abstract])) OR ("utilization" [Title/Abstract])) OR (“provision”
[Title/Abstract])) OR (“use of services"[Title/Abstract]))

Scopus (2293 articles)

TITLE-ABS-KEY ("oral health™) OR TITLE-ABS-KEY ("Dental Health Surveys") OR
TITLE-ABS-KEY ("Dental Health Services") OR TITLE-ABS-KEY ("dental care™)
AND TITLE-ABS-KEY ("Socioeconomic Factors”) OR TITLE-ABS-KEY("Social
Hierarchy”) OR TITLE-ABS-KEY((Inequalities) OR TITLE-ABS-KEY("Social
Disparities”) OR TITLE-ABS-KEY ("Social Gradient") OR TITLE-ABS-KEY ("Health
Status™) OR TITLE-ABS-KEY ("socioeconomic disadvantage”) OR TITLE-ABS-
KEY ("socioeconomic inequalities”) OR TITLE-ABS-KEY("Social Determinants")
AND TITLE-ABS-KEY (“dental services™) OR TITLE-ABS-KEY ("dental visits") OR
TITLE-ABS-KEY ("utilization") OR TITLE-ABS-KEY (provision) OR TITLE-ABS-
KEY ("use of services")

WOS (154 articles)

TS= ("Dental Health Surveys" OR "Dental Care" OR "Oral Health" OR "Dental Health
Services")

AND

TS= ("Socioeconomic Factors” OR "Hierarchy, Social” OR "Healthcare Disparities”
OR "Health Status Disparities” OR "Social Determinants of Health” OR "Social Class™)

AND

TS= ("dental services™ OR "dental visits" OR "utilization™ OR "provision™ OR "use of
services")
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ProQuest (336 articles)

noft(("Dental Health Surveys" OR "Dental Care" OR "Oral Health" OR "Dental Health

Services")) AND noft(("Socioeconomic Factors" OR "Hierarchy, Social" OR
"Healthcare Disparities" OR "Health Status Disparities" OR "Social Determinants of
Health" OR "Social Class") ) AND noft(("dental services" OR "dental visits" OR
"utilization" OR "provision" OR "use of services"))

Table S1- Data extraction form of Paper 1

Key
Determinants

Study of the study

Study Study Year |Design Study | (in the scopes
Title/aim | population place | f utilization,
access,
provision,
equality)

No | Author

0w

166



Appendix 11

Table S2- Determinants of inequality in utilization and provision of dental services in

OECD countries
. n
Main themes | Sub-themes Sub-sub themes Cci[u References
Utilization of Services
Gender 18 (1-18)
Race and ethnicity 25 (8,9, 19-41)
Natlona_llty /Mother A (3.4, 42, 43)
i nationality
Demographic
determinants (10, 11, 14, 15, 18, 22,
Age 42 27-31, 33, 36, 38, 44-
71)
Individual Marital status 3 (3, 38, 46)
determinants Functional abilities 4 (67,72-74)
Quiality of life 3 (75-77)
Special health
: . 3 31,51,78
Self-rated needs/minorities ( )
health status
(8,9, 28,31, 47,57,
Oral health status 10 72.79-81)
. (5, 16, 24, 32, 37, 46,
Disease and health status 8 77 82)
. . (6, 14, 26, 27, 30, 36,
Residential location 20 83-6)
(8, 26, 29, 30, 37, 64,
Vulnerable groups 9 66, 97, 98)
social status Population density 1 (94)
Social Occupation /employment 5 (12, 99-102)
determinants . f (6,8,32,41,68,71,
Immigrant and refugees 11 97, 103-106)
(1,3,5, 10, 13, 18, 20-
: 22, 37-39, 43, 59, 65,
Education level 32 72,78, 82, 86, 99-102.
Literacy 107-115)
Health literacy 4 (78,112, 116, 117)
Income 58 (1,3,5,9-11, 14, 17,

20-23, 33, 36-38, 43,

167




Appendix 11

Micro- 46, 47,51, 52, 58, 61,
economic 66, 73, 79, 80, 85, 86,
88, 103, 106, 107, 109,
118-141)
(10, 73, 109, 124, 127,
Wealth 7 140, 142)
overt 1 (13, 33, 49, 54, 82, 95,
P y 97, 120, 124, 129, 143)
Economic Macro-Economic
determinants crisis/condition > (100. 104, 144-146)
Macroeconom_lc revenue L (147)
collection
Macro- Gini index 5 (7,47,79, 118, 136)
economic _
GDP perr :\?srlltaéCountry ) (147, 148)
Economic disparities 4 (83, 84, 87, 108)
Macro Time and technology 9 (101, 135, 149-155)
cultural : —
factors Environmental condition 1 (84)
Oral health behavior 6 (5, 30, 38, 57, 85, 156)
Cultural Primary language spoken
determinants Micro (Fluency) 5 (36,41, 68, 71, 157)
cultural (5,14, 57, 67, 114
factors lifestyle 6 158)
. (32,42, 71,76, 77, 85,
Attitude 8 117, 139)
Provision of Services
Appropriate policies 7 (63, 132-134, 143, 159,
160)
Policy -
. : Target population
implementatio g€t pop . 1 (87)
N concentration
Health policy National interven . (63, 111, 141, 153,
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Table S1- The final search strategy of the scoping review
Databases | PubMed, ProQuest, ISI Web of Science, Scopus

Limitations | Time limits 01.01.2000 to 08.08.2020
Language English
General (#1 AND #2 AND #3) [Title/Abstract]
Search #1 | “Dental Health Surveys” OR “Oral Health Disparities” OR
Strategy “Dental Health” OR “Oral Health”

#2 | “Socioeconomic Factors” OR “Social Hierarchy” OR
“Inequalities” OR “Social Disparities” OR “Social
Gradient*” OR “Health Status*” OR “socioeconomic
disadvantage” OR “‘socioeconomic inequalities” OR “Social
Determinants” OR “Socio Economic Status”

#3 | ("Dental services" OR "Dental visits" OR "Access")
PubMed | ((("Dental Health Surveys"[Mesh]) OR ( "Oral Health"[Mesh] OR
( "Dental Care"[Mesh] OR "Dental Health Services"[Mesh] ))
AND ((((("Socioeconomic Factors"[Mesh]) OR "Hierarchy,
Social"[Mesh]) OR ( "Healthcare Disparities"[Mesh] OR "Health
Status Disparities"[Mesh] )) OR "Social Determinants of
Health"[Mesh]) OR "Social Class"[Mesh])) AND (((("dental
services"[Title/Abstract]) OR ("dental visits"[Title/Abstract])) OR
("access" [Title/Abstract]))

Scopus TITLE-ABS-KEY ("oral health”) OR TITLE-ABS-KEY ("Dental
Health Surveys™) OR TITLE-ABS-KEY ("Dental Health Services™)
OR TITLE-ABS-KEY("dental care”) AND TITLE-ABS-
KEY ("Socioeconomic Factors”) OR TITLE-ABS-KEY("Social
Hierarchy") OR TITLE-ABS-KEY (Inequalities) OR TITLE-ABS-
KEY("Social Disparities™) OR  TITLE-ABS-KEY("Social
Gradient") OR TITLE-ABS-KEY("Health Status") OR TITLE-
ABS-KEY ("socioeconomic disadvantage”) OR TITLE-ABS-
KEY ("socioeconomic inequalities™) OR TITLE-ABS-
KEY("Social Determinants™) AND TITLE-ABS-KEY ("dental
services") OR TITLE-ABS-KEY ("dental visits") OR TITLE-ABS-
KEY ("access")

Web of TS= ("Dental Health Surveys” OR "Dental Care" OR "Oral Health"
Science OR "Dental Health Services")

AND

TS= ("Socioeconomic Factors” OR "Hierarchy, Social" OR
"Healthcare Disparities” OR "Health Status Disparities” OR
"Social Determinants of Health” OR "Social Class")

AND

TS= ("dental services" OR "dental visits" OR "access")

ProQuest | noft(("Dental Health Surveys” OR "Dental Care” OR "Oral Health"
OR "Dental Health Services")) AND noft(("Socioeconomic
Factors” OR "Hierarchy, Social” OR "Healthcare Disparities” OR
"Health Status Disparities” OR "Social Determinants of Health"
OR "Social Class™) ) AND noft(("dental services” OR "dental
visits" OR "Access"))
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Table S2- Data extraction form of the scoping review

No | Author

Study
Title/aim

Study
population

Year

Study
Design

Study
place

Key
Determinants
of the study

(in the scopes
of access

equality)

® o o o
0w
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Table S3- Determinants of access to dental services

Dimensio Main Sub determinants Numbe | References
ns of determina r of
access nts articles
Family Existence of an elderly member in the family 6 (1-6)
condition Existence of a child in the family 10 (5, 7-15)
Families living in poverty 1 (16)
Race / ethnic minority /Aboriginality of the 11 (6, 17-26)
; famil
ACC?tF;/tab” Occurring Pregnang/y in the family 2 (27, 28)
Member living alone 1 (2)
Education level of the whole family 1 (20)
Primary language spoken 2 (5, 19)
Number of children at the shelter 1 @an
Culture Fear of dental treatment or phobias 1 (5)
Oral health beliefs 1 @an
Victimization 1 @an
Poor oral health behaviors 1 (2)
Health Unmet oral healthcare needs 4 (21, 29-31)
demands Health problems 1 (32)
Poor oral condition 2 (2,31)
Affordabilit Income 14 (1,210, 11, 15,
y of . 18, 20, 21, 32-37)
. . . Health insurance 13 (4,11, 13, 16,
Financial services 18, 21, 31, 33,
34, 36, 38-40)
Cost of services (Out of pocket payment) 2 (33, 41)
Medicaid and Medicare 1 (10)
Federal government's funding 2 (14, 42)
Availability Oral health delivery system 5 (15, 30, 34,
of services _ _ 43, 44)
Public coverage of dental services 4 (31, 39, 44, 45)
Physical Dentists visits/Preventive care 6 (4, 23, 33, 38,
46, 47)
Specialized treatment 1 @)
Virtual dental home 1 (10)
Long waiting time 3 (15, 38, 48)
High proportion of dentists 3 (11, 23, 49)
Shelter based care 1 a7
Access to oral hygiene products 2 (4,19)
Pensioners 1 (15)
Socio- Refugees 1 (48)
environmen Immigrants 2 (6, 21)
tal factors Disadvantages people 2 (15, 23)
Geographic access 12 (21, 24, 25, 43,
Geographic 50-57)
al distance Travelling time 1 (13)
Using public transportation 1 (€3]
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Rural populations 2 (19, 21)
Living in census areas 1 (23)
Living in the regions outside major cities 1 (1)

Number of Published Studies by country

20
18
16
14
12
10
8
6
4
: 11 1 [
0 | l | | | | I . | | | |
Switz Uk USA
Aust Cana| . ..  Den Euro Fran japa | Kore Nor Pola Spai Swe Neh -
. Chile Italy erlan UK
ralia da mark pe ce n a 'way nd n | den d erlan Cana
d da

mTotal 8 4 1 2 1 1 1 3 4 1 2 2 1 1 4 1 19 1

Figure S1- Number of Published Studies by country

Figure S2- Number of Published Studies every 5 years
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Supplementary tables of paper 4
R Codes for Paper 4
Mediation

HHHEHBHH B B B AR
#

HRH B R R R R R R R R R R R R R R R R R
#

HHEHBHH B B B
#

#iHH#HH# Income Based Socio-economic Inequalities in Utilization of###H#H##
HuHHEHEHH##H#Dental Services: A Mediation Analysis ###H#HHHHEHHEHHH

TR R R R R R
#

R R R B R R R R R R R R R R R R R
#

TR R R R R
#

HUHHHHHHT R Hstart of the COde#tHHtHHHHHHH TR
#libraries

library(VGAM)

library(haven)

library(mice)

library(mitools)

library(geepack)

library(mitml)

library(pbapply)

library(ggplot2)

T T T R T R T T T R T R
#

#data set
MED?2 <- read_sav("~/Desktop/phd/mediation/MED3.sav")
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View(MED2)

R R R R R R R R R R R R R R R R R R R R

#

#lmputation

med2Imp <- mice(MED2, M=10, seed=123)

med2Imp <- complete(med2Imp)

med2Imp$agegroup_new <- as.factor(med2Imp$agegroup_new)
med2Imp$sex <- as.factor(med2Imp$sex)

med2Imp$Education_new <- as.factor(med2Imp$Education_new)
med2Imp$Iincome_di_X <- as.factor(med2Imp$Iincome_di_X)
med2Imp$Self_O_health_new <- as.factor(med2Imp$Self O _health_new)
med2Imp$COB <- as.factor(med2Imp$COB)

med2Imp$Residential_locatip_new <- as.factor(med2Imp$Residential_locatip_new)

i Define the function for Bootstrap #t###HHHHHHIHEHEHHH
effectSepl <- function(med2Imp)

{

HEHEHEHHHHEHEHE S tart of the FunctiontHHHHHHEHHEHHHHEHHEHE
# fit Models for Mediators

# Fit a Model for M1 (PubPriv)

med2Imp$ATemp <- med2Imp$income_di_X

FitM1 <- glm(factor(pubpriv_.M) ~ factor(ATemp) + factor(insured L1)
factor(concard_new L2) + agegroup_ new + sex + Education_new
Self_O_health_new + COB + Residential_locatip_new, data = med2Imp ,family
"binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2lmp$income_di_X

FitM2 <- glm(factor(insured_L1) ~ factor(ATemp) + agegroup _new + sex
Education_new + Self O health_new + COB + Residential _locatip_new, data
med2Imp, family = "binomial”)

# Fit a Model for M3 (concard)

nm + +

+
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med2Imp$ATemp <- med2Imp$income_di_X

FitM3 <- glm(factor(concard_new_L2) ~ factor(ATemp) + agegroup_new + sex +
Education_new + Self O health_ new + COB + Residential_locatip_new, data =
med2Imp, family = "binomial™)

# Assess intertwined casual pathways

HHHEHBHH B BB B B R R
#

# Data Expansion

levelofincome <- unique(med2Imp$income_di_X)
med2Imp$newID <- 1:nrow(med2Imp)

med2Impl <- med2Imp

med2Imp2 <- med2Imp
med2Impl$income_di_XStarl <- levelofincome[1]
med2Imp2$Income_di_XStarl <- levelofincome[2]
tempmed2imp <- rbind(med2Impl,med2imp2)
frecaets

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$income_di_XStar2 <- levelofincome[1]
med2Imp2$Income_di_XStar2 <- levelofincome[2]
tempmed2imp <- rbind(med2Impl, med2Imp2)
HitH#

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$Income_di_XStar3 <- levelofincome[1]
med2Imp2$income_di_XStar3 <- levelofincome[2]
newmed2imp <- rbind(med2Imp1, med2Imp2)

T T T R T R T R T R T R R
#

#Weighting
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#M Weight
newmed2imp$ATemp <- newmed2imp$Iincome_di_X
temp <- predict(FitM1, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$pubpriv_M, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Income_di_XStarl

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$pubpriv_M, temp, 1-temp)
newmed2imp$weightM1 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Iincome_di_X

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2impSinsured_L1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Iincome_di_XStar2

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$insured_L1, temp, 1-temp)
newmed2imp$weightM2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Iincome_di_X

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$concard_new_L2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Iincome_di_XStar3

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$concard_new_L2, temp, 1-temp)
newmed2imp$weightM3 <- tempindirM3/TempDirM3

# Total Mediators weights
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newmed2imp$medweight <- newmed2imp$weightM1 * newmed2imp$weightM2 *
newmed2imp$weightM3

# total Weight including survey weight
newmed2imp$totalweight <- newmed2imp$medweight * newmed2imp$weight

HHHEHBHH B B P B
#

# natural effect modelling

HHBHH B

#modell Visit Avoidance

newmed2imp <- newmed2imp[order(newmed2imp$newID), ]

modell <- geeglm(avoid_Y1 ~ factor(Income_di_X) + factor(Income_di_XStarl) +
factor(Income_di_XStar2) + factor(Income_di_XStar3) + agegroup_new + sex +
Education_new + COB + Residential_locatip_new, data = newmed2imp, family =
"binomial”, weights= totalweight, id=newmed2imp$newID)

IR

#Collect and return estimates

return(coef(model1)[1:10])

HHHEHEHHHHEHEHEHHHHHHHHEN Oof the FunCtionfHHEHHEHIHHHHIHIHEHHHEHTE
}

HEHHHHEHHEHHHHAHEHHEHFOr BootStrap AnalysiStHtHHHHEHIHHHHHHHHIHHT
HEHEHEHHHHEHEHE R UN Function 5000 timeSHHHHEHEHEHHHEHHEHHHE
M and Collect all EStimateStHHHHHHHHHHIHIHEHHHE

bootstrapEffectEstsl <- pbreplicate(10"3,
effectSepl(med2Imp[sample(1:nrow(med2Imp),size=nrow(med2Imp),replace=T),]))

HEHHHHHEHH A Computing the tablef I
outputTabell <- matrix(NA, ncol=6, nrow=5)

bootl <- t(apply(bootstrapEffectEstsl, 1, quantile, ¢(0.5,0.025,0.975)))
Ftablefullmodell <- exp(bootl)

TotalIndirecteffectl <- exp(apply(bootl[c(3,4,5),],2,sum))

Totaleffectl <- apply(bootstrapEffectEsts1[c(2,3,4,5),],2,5um)
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temp <- rbind(bootstrapEffectEsts1, Totaleffectl,
bootstrapEffectEsts1[c(2,3,4,5),]/rbind(Totaleffectl, Totaleffectl, Totaleffectl, Totaleff
ectl))

tempQuant <- t(apply(temp, 1, quantile, ¢(0.5,0.025,0.975)))
outputTabell[,1:3] <- rbind(tempQuant[c(2,3,4,5,11),])
outputTabell[1:4,4:6] <- tempQuant[12:15,]

#exp table

Ftable oddsratio_modell <- matrix(NA, ncol=6, nrow=5)
temptablel1l<- exp(outputTabell[,1:3])
Ftable_oddsratio_modell[,1:3] <- temptablel1[,1:3]
Ftable_oddsratio_modell1[,4:6] <- outputTabell[,4:6]
HUHHHHHHHHHHHH R Drawing  the PIOtHH#HHIBHHHHHHTHHHT R
#plot

# Create labels

boxLabels = c¢("Direct Effect”, "Indirect Effect through M1", "Indirect Effect through
M2", "Indirect Effect through M3", "Total Effect")

dfl <- data.frame((yax = length(boxLabels):1), boxOdds =
Ftable_oddsratio_modell[,1], boxClLow = Ftable_oddsratio_modell[,2], boxCIHigh
= Ftable_oddsratio_model1l[,3])

# Plot
(p1 <- ggplot(dfl, aes(x = boxOdds, y = boxLabels)) +
geom_vline(aes(xintercept = 1), size = .5, linetype = 'dashed’) +
geom_errorbarh(aes(xmax = boxCIHigh, xmin = boxCILow), size = 1.3, height =
.5, color ="black’) +
geom_point(size = 3.5, color = 'blue’) +
theme_bw() +
theme(panel.grid.minor = element_blank()) +
scale_x_continuous(breaks = seq(0.1,2,0.1) ) +
coord_trans(x ='log10") +

ylab(") +
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xlab('Odds ratio (log scale)) + scale_y discrete(limits = rev) +
geom_hline(aes(yintercept = 1.5), size = 1, linetype = 'solid"))

HHHHHHHHHHHHHREN Of the CodetHHHHHHHHTHHHIHHHHHHHHHE

216



Appendix V

Sensitivity Analyses

HRH B R R R R R R R R R R R R R R R R R
#

HHEHBH BB B B
#

HRH R R R R R R R R R R R R R R R R R R
#

#i##H###Income Based Socio-economic Inequalities in Utilization of######
HiHHHHEHEHEHHA#H Dental Services: A Mediation Analysis ##HHHHHHHHIHEH

TR R R R T
#

HHHHHHHHEHEHHHHHHEESENSITIVItY analySISHEHHHHEHHEHHEHHHHTHEHE

R R R R B R R R R A R R R R R R R
#

#libraries
library(haven)

library(pbapply)

HEHBHHHHHHAH R HHHAHANOTE: write
ESTIMATESHEHHHHHAHHHHBHIHIHIHHHHHH

#estimate and standard error for NDE
est.de = 0.754236198

CIL_NDE = 0.54009825

CIU_NDE = 0.95566755

#estimate and standard error for NIE
est.ie = -0.061052363
CIL_NIE = -0.15995461
CIU_NIE = 0.05781965
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HRH B R R R R R R R R R R R R R R R R R
#

#data set

med2Imp <- read_sav("~/Desktop/phd/mediation/MED2Imp.sav")

HHHHHHEHHHHHEH W eight Tul HHHHHEHEHHEHHHE
# fit Models for Mediators

# Fit a Model for M1 (PubPriv)

med2Imp$ATemp <- med2Imp$ex

FitM1 <- glm(factor(dm1) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + age + sex +
education + ohealth + cob + residency, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Ilmp$ATemp <- med2Imp$ex

FitM3 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

S T R R R R R
#

# Data Expansion

levelofincome <- unique(med2Imp$ex)
med2Imp$newID <- 1:nrow(med2Imp)
med2Impl <- med2Imp

med2Imp2 <- med2Imp
med2Impl$exStarl <- levelofincome[1]

med2Imp2$exStarl <- levelofincome[2]
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tempmed2imp <- rbind(med2Imp1,med2imp2)
HHHH

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$exStar2 <- levelofincome[1]
med2Imp2%$exStar2 <- levelofincome[2]
tempmed2imp <- rbind(med2Impl, med2Imp2)
HHHH

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$exStar3 <- levelofincome[1]
med2Imp2$exStar3 <- levelofincome[2]
newmed2imp <- rbind(med2Impl, med2Imp2)

TR R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)
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newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dma3, temp, 1-temp)
newmed2imp$weightM3 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight <- newmed2imp$weightM1 * newmed2imp$weightM2 *
newmed2imp$weightM3

# total Weight including survey weight

newmed2imp$TW <- newmed2imp$medweight * newmed2imp$weight

HHHHHHH A
HiHHHHEHEHEHEHAH Sensitivity for pretreatment confounders#tiHHHEHHE

HHHHHH R
#AGE=cl

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)

med2Imp$ATemp <- med2Imp$ex

FitM1_c1 <- glm(factor(dm1l) ~ factor(ATemp) * factor(dm2) * factor(dm3) + sex +
education + ohealth + cob + residency, data = med2Imp ,family = "binomial™)
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# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2_c1 <- glm(factor(dm2) ~ factor(ATemp) + sex + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$ex

FitM3_c1 <- glm(factor(dm3) ~ factor(ATemp) + sex + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

R R R B R R R R R R R R R R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp_cl <- predict(FitM1_c1, type = "response™, newdata = newmed2imp)

TempDirM1_c1 <- ifelse(newmed2imp$dm1, temp_cl, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp_cl <- predict(FitM1_c1, type = "response”, newdata = newmed2imp)
tempindirM1_c1 <- ifelse(newmed2imp$dm1, temp_c1, 1-temp_cl)
newmed2imp$weightM1 cl <- tempindirM1_c1l/TempDirM1_cl

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp_c1 <- predict(FitM2_c1, type = "response", newdata = newmed2imp)

TempDirM2_c1 <- ifelse(newmed2imp$dm2, temp_c1, 1-temp_c1)

newmed2imp$ATemp <- newmed2imp$exStar2
temp_cl <- predict(FitM2_c1, type = "response™, newdata = newmed2imp)
tempindirM2_c1 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2_c1 <- tempindirM2_c1/TempDirM2_c1
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#M3 Weight
newmed2imp$ATemp <- newmed2imp$ex
temp_c1 <- predict(FitM3_c1, type = "response”, newdata = newmed2imp)

TempDirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_cl)

newmed2imp$ATemp <- newmed2imp$exStar3

temp_cl <- predict(FitM3_c1, type = "response”, newdata = newmed2imp)
tempindirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_cl)
newmed2imp$weightM3_c1 <- tempindirM3_c1/TempDirM3_c1

# Total Mediators weights

newmed2imp$medweight_cl <- newmed2imp$weightM1_c1 *
newmed2imp$weightM2_c1 * newmed2imp$weightM3_c1

# total Weight including survey weight

newmed2imp$TW1 <- newmed2imp$medweight_cl * newmed2imp$weight

R R R B R R R R R R R R R R R R R
#

#sex=c2

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$ex

FitM1_c2 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
education + ohealth + cob + residency, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2_c2 <- gim(factor(dm2) ~ factor(ATemp) + age + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$ex

FitM3_c2 <- gim(factor(dm3) ~ factor(ATemp) + age + education + ohealth + cob +
residency, data = med2Imp, family = "binomial™)
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# Assess intertwined casual pathways

R R R R R R R R R R R R R R R R R R R R

#

HHHEHBHH B PP B

#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1_c2, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1_c2, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 c2 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2_c2, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2_c2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c2, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
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newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3_c2, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dma3, temp, 1-temp)
newmed2imp$weightM3_c2 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c2 <- newmed2imp$weightM1_c2 *
newmed2imp$weightM2_c2 * newmed2imp$weightM3_c2

# total Weight including survey weight

newmed2imp$TW2 <- newmed2imp$medweight_c2 * newmed2imp$weight

R R R B R R R R R R R R R R R R R R
#

TR R R R R
#

#education=c3

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$ex

FitM1_c3 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
sex + ohealth + cob + residency, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2_c3 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Ilmp$ATemp <- med2Ilmp$ex

FitM3_c3 <- gim(factor(dm3) ~ factor(ATemp) + age + sex + ohealth + cob +
residency, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways
T
#
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HHEHBHH B BB P AR

#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1_c3, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1_c3, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c3 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2_c3, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2_c3, type = "response", newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2_c3 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c3, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3
temp <- predict(FitM3_c3, type = "response”, newdata = newmed2imp)

tempindirM3 <- ifelse(newmed2imp$dma3, temp, 1-temp)
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newmed2imp$weightM3_c3 <- tempindirM3/TempDirM3
# Total Mediators weights

newmed2imp$medweight_c3 <- newmed2imp$weightM1_c3 *
newmed2imp$weightM2_c3 * newmed2imp$weightM3_c3

# total Weight including survey weight
newmed2imp$TW3 <- newmed2imp$medweight_c3 * newmed2imp$weight

HHEHBHH B BB B
#

HRH B R R R R R R R R R R R R R R R R R R R R
#

#ohealth=c4

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Ilmp$ATemp <- med2Ilmp$ex

FitM1_c4 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
sex + education + cob + residency, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Ilmp$ATemp <- med2Ilmp$ex

FitM2_c4 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + education + cob +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$ex

FitM3_c4 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + education + cob +
residency, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

HEHHH B R R BB R R
#

T T T R T R T T T R R R R
#

#Weighting
#M Weight

newmed2imp$ATemp <- newmed2imp$ex
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temp <- predict(FitM1_c4, type = "response", newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1_c4, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c4 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2_c4, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2_c4, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c4 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c4, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3_c4, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dma3, temp, 1-temp)
newmed2imp$weightM3_c4 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight _c4 <- newmed2imp$weightM1_c4 *
newmed2imp$weightM2_c4 * newmed2imp$weightM3_c4

# total Weight including survey weight
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newmed2imp$TW4 <- newmed2imp$medweight_c4 * newmed2imp$weight

R R R R R R R R R R R R R R R R R R R R
#

HHHEHBHH B PP B
#

#cob=c5

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$ex

FitM1_c5 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
sex + education + ohealth + residency, data = med2Imp ,family = "binomial")

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2_c5 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + education + ohealth +
residency, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$ex

FitM3_c5 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + education + ohealth +
residency, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

S T R R R R R
#

HEHHH B R R R B B R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1_c5, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl
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temp <- predict(FitM1_c5, type = "response", newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c5 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2_c5, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2_c5, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2_c5 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c5, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3_c5, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c5 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c5 <- newmed2imp$weightM1_c5 *
newmed2imp$weightM2_c5 * newmed2imp$weightM3_c5

# total Weight including survey weight
newmed2imp$TWS5 <- newmed2imp$medweight_c5 * newmed2imp$weight

HEHHEH R R R B
#

S T R T R T R T R R R T
#
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#residency=c6

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Ilmp$ATemp <- med2Ilmp$ex

FitM1_c6 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
sex + education + ohealth + cob, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$ex

FitM2_c6 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + education + ohealth +
cob, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$ex

FitM3_c6 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + education + ohealth +
cob, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

R R R R B R R R R R R R R R R R R R R
#

TR R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1_c6, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1_c6, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c6 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex
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temp <- predict(FitM2_c6, type = "response", newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2

temp <- predict(FitM2_c6, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2_c6 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c6, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3_c6, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dma3, temp, 1-temp)
newmed2imp$weightM3_c6 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c6 <- newmed2imp$weightM1_c6 *
newmed2imp$weightM2_c6 * newmed2imp$weightM3_c6

# total Weight including survey weight
newmed2imp$TW6 <- newmed2imp$medweight_c6 * newmed2imp$weight

HEHHH B R R B B R R
#

#education-ohealth =c34

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Ilmp$ex

FitM1_c34 <- glm(factor(dm1l) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
sex + cob + residency, data = med2Imp ,family = "binomial)

# Fit a Model for M2 (insured)
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med2Ilmp$ATemp <- med2Ilmp$ex

FitM2_c34 <- glm(factor(dm2) ~ factor(ATemp) + age + sex + cob + residency, data

= med2Imp, family = "binomial™)
# Fit a Model for M3 (concard)
med2Ilmp$ATemp <- med2Ilmp$ex

FitM3_c34 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + cob + residency, data =

med2Imp, family = "binomial™)

# Assess intertwined casual pathways

HRH B R R R R R R R R R R R R R R R R R R R R

#

TR R R R T

#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM1_c34, type = "response"”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStarl

temp <- predict(FitM1_c34, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 ¢34 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM2_c34, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar2
temp <- predict(FitM2_c34, type = "response”, newdata = newmed2imp)

tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
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newmed2imp$weightM2_c34 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$ex

temp <- predict(FitM3_c34, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$exStar3

temp <- predict(FitM3_c34, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c34 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight c34 <- newmed2imp$weightM1 _c34 *
newmed2imp$weightM2_c34 * newmed2imp$weightM3_c34

# total Weight including survey weight

newmed2imp$TW34 <- newmed2imp$medweight_c34 * newmed2imp$weight

R R R R B R R R R R R R R R R R R R
#

S T R R R R R
#

HEHHHHEHEHHHHHEHEHHEHHH A Sensitivity BIAS #HHHHHHHHHHIHEHHH
#cl
sigmal = sd((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$ex == 1])

rhol = cor((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$ex == 1],
newmed2imp[newmed2imp$ex == 1, "y1"])

bias_NIE1 = sigmal * rhol
bias_ NDEL1 = -bias_NIE1

#c2
sigma2 = sd((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$ex == 1])
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rho2 = cor((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$ex
newmed2imp[newmed2imp$ex == 1,"y1"])

bias NIE2 = sigma2 * rho2
bias NDE2 = -bias_NIE2
#c3

sigma3 = sd((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$ex ==

rho3 = cor((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$ex
newmed2imp[newmed2imp$ex == 1, "y1"])

bias NIE3 = sigma3 * rho3
bias NDE3 = -bias_NIE3
#c4d

sigma4 = sd((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$ex ==

rhod = cor((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$ex
newmed2imp[newmed2imp$ex == 1, "y1"])

bias_NIE4 = sigma4 * rho4
bias NDE4 = -bias_NIE4
#ch

sigmab = sd((-newmed2imp$TWS5 + newmed2imp$TW)[newmed2imp$ex ==

rho5 = cor((-newmed2imp$TW5 + newmed2imp$TW)[newmed2imp$ex
newmed2imp[newmed2imp$ex == 1, "y1"])

bias_NIE5 = sigma5 * rho5
bias NDE5 = -bias_NIE5
#c6

sigma6 = sd((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$ex ==

rho6 = cor((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$ex
newmed2imp[newmed2imp$ex == 1, "y1"])

bias_NIE6 = sigma6 * rho6
bias_ NDE6 = -bias_NIE6
#c34

11)

11)

11)

11)

1],

1],

1,

1,

1,

sigma34 = sd((-newmed2imp$TW34 + newmed2imp$TW)[newmed2imp$ex == 1])
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rho34 = cor((-newmed2imp$TW34 + newmed2imp$TW)[newmed2imp$ex == 1],
newmed2imp[newmed2imp$ex == 1, "y1"])

bias NIE34 = sigma34 * rho34
bias. NDE34 = -bias_NIE34

R Modified Estimates ##HHHHHHHHHHHEHHHHHE

HAHHHHAHAHAHHHHHHAHH SENS FUNCT ION#HAHHEHEHBHHHHIH
sens = function(est.ori, effect) {

left = est.ori[paste0("CIL_", effect)]

right = est.ori[paste0("CIU_", effect)]

if (est.ori[paste0("CIL_", effect)] < 0 & est.ori[paste0("CIU_",

effect)] >0) {
if (get(pasteO("bias_", effect)) < left | get(pasteO("bias_",
effect)) > right) {
sens = "*"

ky

else {

Sens =

ky

}
if (est.ori[paste0("CIL_", effect)] > 0) {

if (get(pasteO("bias_", effect)) >= left) {
sens = "*"

¥

else {

sens =

¥
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}
if (est.ori[paste0("CIU_", effect)] <0) {

if (get(pasteO("bias_", effect)) <= right) {

sens = "*"
}
else {
sens ="
}
}
return(sens)
}

HHHEHEHHHHEHEHE A Modified Estimates #HEHHHHEHHEHHHHEH
est.ori = ¢(NIE1 = est.ie, CIL_NIE1 = CIL_NIE, CIU_NIE1 = CIU_NIE,

NDEL =est.de, CIL_NDE1 = CIL_NDE, CIU_NDE1 = CIU_NDE)
#cl=age
sensitivity NIE1 = sens(est.ori, "NIE1")
sensitivity NDE1 = sens(est.ori, "NDE1")

modified_NIE_cl = est.ori["NIE1"] - bias_NIE1
modified_NDE_c1 = est.ori["NDE1"] - bias_ NDE1
modifiedCIL_NIE_c1 = est.ori["CIL_NIE1"] - bias_NIE1
modifiedCIU_NIE_c1 = est.ori["CIU_NIE1"] - bias_NIE1
modifiedCIL_NDE_c1 = est.ori["CIL_NDE1"] - bias_ NDE1
modifiedCIU_NDE_c1 = est.ori["CIU_NDE1"] - bias NDE1
bias_c1 = c(round(sigmal, 3), round(rhol, 3), round(bias_NIEL,
3), sensitivity NIEL1, round(modified NIE cl1, 3),

paste0("[",

round(modifiedCIL_NIE_c1, 3),",", round(modifiedCIU_NIE_c1,
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3), "1, round(bias_NDEL1, 3), sensitivity NDE1,
round(modified_NDE_c1, 3), paste0("["*, round(modifiedCIL_NDE _c1,
3), """, round(modifiedCIU_NDE_c1, 3), ")

HHEHBH BB B B
#

est.ori = ¢(NIE2 = est.ie, CIL_NIE2 = CIL_NIE, CIU_NIE2 = CIU_NIE,
NDE?2 = est.de, CIL_NDE2 = CIL_NDE, CIU_NDE2 = CIU_NDE)

#c2= sex

sensitivity NIE2 = sens(est.ori, "NIE2")

sensitivity NDE2 = sens(est.ori, "NDE2")

modified_NIE_c2 = est.ori["NIE2"] - bias_NIE2

modified_NDE_c2 = est.ori["NDE2"] - bias_ NDE2

modifiedCIL_NIE_c2 = est.ori["CIL_NIE2"] - bias_NIE2

modifiedCIU_NIE_c2 = est.ori["CIU_NIE2"] - bias_NIE2

modifiedCIL_NDE_c2 = est.ori["CIL_NDE2"] - bias_ NDE2

modifiedCIU_NDE_c2 = est.ori["CIU_NDEZ2"] - bias NDE2

bias_c2 = c(round(sigma2, 3), round(rho2, 3), round(bias_NIE2,

3), sensitivity NIE2, round(modified_NIE_c2, 3),
paste0("[",

round(modifiedCIL_NIE_c2, 3),",", round(modifiedCIU_NIE_c2,

3), "1, round(bias_NDEZ2, 3), sensitivity NDEZ2,
round(modified_NDE_c2, 3), paste0("["", round(modifiedCIL_NDE_c2,
3),",", round(modifiedCIU_NDE_c2, 3), "))

S T A R T R T T T R R e
#

est.ori = ¢(NIE3 = est.ie, CIL_NIE3 = CIL_NIE, CIU_NIE3 = CIU_NIE,
NDE3 =est.de, CIL_NDE3 = CIL_NDE, CIU_NDE3 = CIU_NDE)
#c3= education

237



Appendix V

sensitivity NIE3 = sens(est.ori, "NIE3")

sensitivity NDE3 = sens(est.ori, "NDE3")

modified_NIE_c3 = est.ori["NIE3"] - bias_NIE3
modified_NDE_c3 = est.ori["NDE3"] - bias_ NDE3
modifiedCIL_NIE_c3 = est.ori["CIL_NIE3"] - bias_NIE3
modifiedCIU_NIE_c3 = est.ori["CIU_NIE3"] - bias_NIE3
modifiedCIL_NDE_c3 = est.ori["CIL_NDE3"] - bias_ NDE3
modifiedCIU_NDE_c3 = est.ori["CIU_NDE3"] - bias NDE3
bias_c3 = c(round(sigma3, 3), round(rho3, 3), round(bias_NIE3,

3), sensitivity NIE3, round(modified_NIE_c3, 3),
paste0("[",

round(modifiedCIL_NIE_c3, 3),",", round(modifiedCIU_NIE_c3,

3), "1, round(bias_NDE3, 3), sensitivity NDES3,
round(modified_NDE_c3, 3), paste0("["", round(modifiedCIL_NDE_c3,
3), ™", round(modifiedCIU_NDE_c3, 3), ")

HEHHH B R B BB R
#

est.ori = ¢(NIE4 = est.ie, CIL_NIE4 = CIL_NIE, CIU_NIE4 = CIU_NIE,
NDE4 = est.de, CIL_NDE4 = CIL_NDE, CIU_NDE4 = CIU_NDE)

#c4= ohealth

sensitivity NIE4 = sens(est.ori, "NIE4")

sensitivity NDE4 = sens(est.ori, "NDE4")

modified_NIE_c4 = est.ori["NIE4"] - bias_NIE4

modified_NDE_c4 = est.ori["NDE4"] - bias_ NDE4

modifiedCIL_NIE_c4 = est.ori["CIL_NIE4"] - bias_NIE4

modifiedCIU_NIE_c4 = est.ori["CIU_NIE4"] - bias_NIE4

modifiedCIL_NDE_c4 = est.ori["CIL_NDEA4"] - bias_ NDE4

modifiedCIU_NDE_c4 = est.ori["CIU_NDE4"] - bias_ NDE4
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bias_c4 = c(round(sigma4, 3), round(rho4, 3), round(bias_NIE4,

3), sensitivity NIE4, round(modified NIE_c4, 3),
paste0("[",

round(modifiedCIL_NIE c4, 3), ",", round(modifiedCIU_NIE_c4,

3), "1, round(bias_NDEA4, 3), sensitivity NDE4,
round(modified_NDE_c4, 3), paste0("["", round(modifiedCIL_NDE_c4,
3), ",", round(modifiedCIU_NDE_c4, 3), ")

R R R R B R R R R R R R R R R R R R R
#

est.ori = ¢(NIE5 = est.ie, CIL_NIE5 = CIL_NIE, CIU_NIE5 = CIU_NIE,
NDES5 = est.de, CIL_NDES5 = CIL_NDE, CIU_NDES5 = CIU_NDE)

#c5=cob

sensitivity NIES = sens(est.ori, "NIE5")

sensitivity NDES = sens(est.ori, "NDE5")

modified_NIE_c5 = est.ori["NIE5"] - bias_NIE5

modified_NDE_c5 = est.ori["NDE5"] - bias_ NDE5

modifiedCIL_NIE_c5 = est.ori["CIL_NIE5"] - bias_NIE5

modifiedCIU_NIE_c5 = est.ori["CIU_NIE5"] - bias_NIE5

modifiedCIL_NDE_c5 = est.ori["CIL_NDE5"] - bias_ NDE5

modifiedCIU_NDE_c5 = est.ori["CIU_NDE5"] - bias_ NDE5

bias_c5 = c(round(sigmab5, 3), round(rho5, 3), round(bias_NIES5,

3), sensitivity NIE5, round(modified NIE_c5, 3),
paste0("[",

round(modifiedCIL_NIE_c5, 3), ",", round(modifiedCIU_NIE_c5,

3), "]"), round(bias_NDES5, 3), sensitivity NDED5,
round(modified NDE_c5, 3), pasteO("["", round(modifiedCIL_NDE_c5,
3), ™", round(modifiedCIU_NDE_c5, 3), ")
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HHEHBHH B BB P AR
#

est.ori = ¢(NIE6 = est.ie, CIL_NIE6 = CIL_NIE, CIU_NIE6 = CIU_NIE,
NDES6 = est.de, CIL_NDE6 = CIL_NDE, CIU_NDE6 = CIU_NDE)

#c6=residency

sensitivity NIE6 = sens(est.ori, "NIE6")

sensitivity NDE6 = sens(est.ori, "NDE6")

modified_NIE_c6 = est.ori["NIE6"] - bias_NIE6

modified_NDE_c6 = est.ori["NDE6"] - bias_ NDE6

modifiedCIL_NIE_c6 = est.ori["CIL_NIE6"] - bias_NIE6

modifiedCIU_NIE_c6 = est.ori["CIU_NIE6"] - bias_NIE6

modifiedCIL_NDE_c6 = est.ori["CIL_NDEG6"] - bias_ NDE6

modifiedCIU_NDE_c6 = est.ori["CIU_NDEG6"] - bias_ NDE6

bias_c6 = c(round(sigma6, 3), round(rho6, 3), round(bias_NIES,

3), sensitivity NIE6, round(modified_NIE_c6, 3),
paste0("[",

round(modifiedCIL_NIE_c6, 3), ",", round(modifiedCIU_NIE_c6,

3), "1, round(bias_NDES, 3), sensitivity NDES,
round(modified_NDE_c6, 3), pasteO("["*, round(modifiedCIL_NDE_c6,
3), ",", round(modifiedCIU_NDE_c®6, 3), "1")

S T R R R R R
#

est.ori = c(NIE34 =est.ie, CIL_NIE34 = CIL_NIE, CIU_NIE34 = CIU_NIE,
NDE34 = est.de, CIL_NDE34 = CIL_NDE, CIU_NDE34 = CIU_NDE)

#c34= education-ohealth

sensitivity NIE34 = sens(est.ori, "NIE34")

sensitivity NDE34 = sens(est.ori, "NDE34")

modified_NIE_c34 = est.ori["NIE34"] - bias_NIE34

modified_NDE_c34 = est.ori["NDE34"] - bias_ NDE34
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modifiedCIL_NIE_c34 = est.ori["CIL_NIE34"] - bias_NIE34
modifiedCIU_NIE_c34 = est.ori["CIU_NIE34"] - bias_NIE34
modifiedCIL_NDE_c34 = est.ori["CIL_NDE34"] - bias_ NDE34
modifiedCIU_NDE_c34 = est.ori["CIU_NDE34"] - bias_ NDE34
bias_c34 = c(round(sigma34, 3), round(rho34, 3), round(bias_NIE34,

3), sensitivity NIE34, round(modified_NIE_c34,
3), paste0("[",

round(modifiedCIL_NIE_c34, 3), ",", round(modifiedCIU_NIE_c34,

3), "M, round(bias_NDE34, 3), sensitivity NDE34,
round(modified_NDE_c34, 3), pasteO("[", round(modifiedCIL_NDE_c34,
3), ",", round(modifiedCIU_NDE_c34, 3), "1"))

R R R R B R R R R R R R R R R R R R
HEHBH R AR

Sensitivity_Analysis <- matrix(NA, ncol=10, nrow=7)
Sensitivity Analysis [1, 1:10] <- bias_c1[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity_Analysis [2, 1:10] <- bias_c2[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity_Analysis [3, 1:10] <- bias_c3[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity Analysis [4, 1:10] <- bias_c4[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity _Analysis [5, 1:10] <- bias_c5[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity Analysis [6, 1:10] <- bias_c6[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity_Analysis [7, 1:10] <- bias_c34[c(1,2,3,4,5,6,7,8,9,10)]

Sensitivity_Analysis <- as.data.frame(Sensitivity Analysis)

colnames(Sensitivity _Analysis) = ¢("sigma”, "rho", "bias_NIE",
" "modified_NIE", "modifiedCI_NIE", "bias_NDE",
" "modified_NDE", "modifiedCl_NDE")
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R Codes for Paper 5
Mediation Analysis

HRH B R R R R R R R R R R R R R R R R R
#

HHEHBH BB B B
#

#iHH#HH# Income Based Socio-economic Inequalities in Utilization of######
HiHHHEH A Dental Services: A Mediation Analysis ##HHHHHHHHH
HHHHHHHHHHH R E i cati ONHHHHHHEHHEHHIHHHHHHEHHEH

R R R B R R R R R R R R R R R R R
#

TR R R R R
#

HUHHHHHH R start of the COde#tHHHHHHHHHH TR
#libraries

library(VGAM)

library(haven)

library(dplyr)

library(mice)

library(mitools)

library(geepack)

library(mitml)

library(pbapply)

library(ggplot2)

S T R R R R R
#

#data set

MED?2 <- read_sav("/Volumes/users1/a1785821/Desktop/phd/education
mediation/mednew21.sav")

View(MED2)

MED?2 <- MED2%>%mutate_if(is.character, as.factor)
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HHEHBHH B BB B R B R
#

#Imputation

med2Imp <- mice(MED2, M=10, seed=123)

med2Imp <- complete(med2imp)

med2Imp$age <- as.factor(med2Ilmp$age)

med2Imp$Sex <- as.factor(med2Imp$Sex)

med2Imp$Education_X <- as.factor(med2Imp$Education_X)
med2Imp$Income <- as.factor(med2Imp$Iincome)

med2Imp$COB <- as.factor(med2Imp$COB)

med2Imp$Residential <- as.factor(med2Imp$Residential)

med2Imp$Ghealth <- as.factor(med2Imp$Ghealth)

HiHHHEHEHHHH# Define the function for Bootstrap ###HHHHHHEHHERHHH
effectSepl <- function(med2Iimp)

{

HUHHHHHT T Start of the Function## TR
# fit Models for Mediators

# Fit a Model for M1 (Oral Health)

med2Imp$ATemp <- med2lmp$Education_X

FitM1 <- gIlm(factor(Ohealth_M1) ~ factor(ATemp) * factor(Smoke_M2) *
factor(Brush_M3) + Income + sector + age + Sex + Ghealth + COB + Residential, data
= med2Imp ,family = "binomial")

# Fit a Model for M2 (Smoke)

FitM2 <- glm(factor(Smoke_Mz2) ~ factor(ATemp) + Income + sector + age + Sex +
Ghealth + COB + Residential, data = med2Imp, family = "binomial")

# Fit a Model for M3 (Brunshing)

FitM3 <- gilm(factor(Brush_M3) ~ factor(ATemp) * factor(Smoke_M?2) + sector+ age
+ Sex + Ghealth + COB + Residential, data = med2Imp, family = "binomial")

T T R T R T T T R
HEHEHEHH B

# Data Expansion
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levelofeducation <- unique(med2Imp$Education_X)
med2Imp$newID <- 1:nrow(med2Imp)

med2Impl <- med2Imp

med2Imp2 <- med2Imp
med2Impl$Education_XStarl <- levelofeducation[1]
med2Imp2$Education_XStarl <- levelofeducation[2]
tempmed2imp <- rbind(med2Impl,med2imp2)

HHHH

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$Education_XStar2 <- levelofeducation[1]
med2Imp2$Education_XStar2 <- levelofeducation[2]
tempmed2imp <- rbind(med2Impl, med2Imp2)
HitH#

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$Education_XStar3 <- levelofeducation[1]
med2Imp2$Education_XStar3 <- levelofeducation[2]
newmed2imp <- rbind(med2Imp1, med2Imp2)

S T R R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)
TempDirM1 <- ifelse(newmed2imp$Ohealth_M1, temp, 1-temp)
newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)

tempindirM1 <- ifelse(newmed2imp$Ohealth_M1, temp, 1-temp)
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newmed2imp$weightM1 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)
TempDirM2 <- ifelse(newmed2imp$Smoke_Mz2, temp, 1-temp)
newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$Smoke_M2, temp, 1-temp)
newmed2imp$weightM2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)
TempDirM3 <- ifelse(newmed2imp$Brush_M3, temp, 1-temp)
newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$Brush_M3, temp, 1-temp)
newmed2imp$weightM3 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight <- newmed2imp$weightM1 * newmed2imp$weightM2 *
newmed2imp$weightM3

# total Weight including survey weight
newmed2imp$totalweight <- newmed2imp$medweight * newmed2imp$weight

S T R R R R R
#

# natural effect modeling

HHHHHHH A

#modell Visit Avoidance

newmed2imp <- newmed2imp[order(newmed2imp$newID), ]

modell <- geeglm(Last_Y1 ~ (factor(Education_X) + factor(Education_XStarl) +
factor(Education_XStar2) + factor(Education_XStar3)) * sector + age + Sex + Ghealth
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+ COB + Residential, data = newmed2imp, family = 'binomial’, weights= totalweight,
id=newmed2imp$newID)

TR T

#Collect and return estimates

return(coef(model1)[1:16])

HHHHHHEHHHHHHHHHHHEN of the Function#HHHHEHHIHHIHHHHEHHEHHH
}

HHHHHHEHHEH A FOr BootStrap AnalySiStHHHHEHHHHHIHEHHEH
HHUHHHHEHHHHHHHH#R UN Function 5000 timeSHHHHHEHHEHHIHHHEHEHHE
A A and Collect all EstimatestHHHHHHHHEHHIHHHHE

bootstrapEffectEstsl <- pbreplicate(3,
effectSepl(med2Imp[sample(1:nrow(med2Imp),size=nrow(med2Imp),replace=T),]))

HEHHHHIHEH R Computing the tablef IR
outputTabell <- matrix(NA, ncol=6, nrow=5)

bootl <- t(apply(bootstrapEffectEstsl, 1, quantile, ¢(0.5,0.025,0.975)))
Ftablefullmodell <- exp(bootl)

Totaleffectl <- apply(bootstrapEffectEsts1[c(2,3,4,5),],2,5um)
Totalindirecteffectl <- apply(bootstrapEffectEsts1[c(3,4,5),],2,sum)

temp <- rbind(bootstrapEffectEsts1, Totaleffectl,
bootstrapEffectEsts1[c(2,3,4,5),]/rbind(Totaleffectl, Totaleffectl, Totaleffectl, Totaleff
ectl), Totalindirecteffectl)

tempQuant <- t(apply(temp, 1, quantile, ¢(0.5,0.025,0.975)))
outputTabell[,1:3] <- rbind(tempQuant[c(2,3,4,5,17),])

outputTabell[1:4,4:6] <- tempQuant[18:21,]

#exp table

Ftable_oddsratio_modell <- matrix(NA, ncol=6, nrow=5)

temptablel1<- exp(outputTabell[,1:3])

Ftable_oddsratio_modell1[,1:3] <- temptablel1[,1:3]
Ftable_oddsratio_modell[,4:6] <- outputTabell[,4:6]

HEHHHH R R Drawing  the PlotHHHHH BT I
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#plot
# Create labels

boxLabels = c("Direct Effect”, "Indirect through M1", "Indirect through M2", "Indirect
through M3", "Total Effect")

dfl <- data.frame((yax = length(boxLabels):1), boxOdds =
Ftable_oddsratio_modell[,1], boxClLow = Ftable_oddsratio_modell[,2], boxCIHigh
= Ftable_oddsratio_modell[,3])

# Plot

(p1 <- ggplot(dfl, aes(x = boxOdds, y = boxLabels)) +
geom_vline(aes(xintercept = 1), size = .5, linetype = 'dashed’) +
geom_errorbarh(aes(xmax = boxCIHigh, xmin = boxClLow), size = 1.3, height =
.5, color ="black’) +

geom_point(size = 3.5, color = 'blue’) +

theme_bw() +

theme(panel.grid.minor = element_blank()) +
scale_x_continuous(breaks = seq(0.1,1.8,0.1) ) +

coord_trans(x ='log10") +

ylab(") +

xlab('Odds ratio (log scale)))+ scale_y discrete(limits = rev) +
geom_hline(aes(yintercept = 1.5), size = 1, linetype = 'solid")

HHUHHHHHIHHHHHHHHEN Of the Code#tHHHHHHHHHIHIHHIHHH
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Sensitivity Analysis

HRH B R R R R R R R R R R R R R R R R R
#

HHEHBH BB B B
#

HRH R R R R R R R R R R R R R R R R R R
#

##Education effect on Dental Services Utilisation Patterns in Different Sectors: ####
HHHHHHHEHHEHHEH A A Multiple Mediation Analysis #HHHHEHHEHHEHEHHEHHEHE

TR R R R R R
TR R R R R

HHHHHHHHEHEHHHHHHEESENSITIVItY analySISHEHHHHEHHEHHEHHHHTHEHE

R R R B R R R R R R R R R R R R R
#

#libraries
library(haven)

library(pbapply)

HHHHHHH TN OTE: write
ESTIMATESHEHHHHHAHHHHBHIHIHIHHHHHH

#estimate and standard error for NDE
est.de = -0.405340737

CIL_NDE =-0.57079726

CIU_NDE =-0.248848933

#estimate and standard error for NIE
est.ie = 0.012670171
CIL_NIE = -0.04331834
CIU_NIE = 0.050459304
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HRH B R R R R R R R R R R R R R R R R R
#

#data set

med2Imp <- read_sav("~/Desktop/education mediation/MED3Imp.sav")

HHUHHHHHHHHHH W eight Tul HHEHHEHHEHHEH
# fit Models for Mediators

# Fit a Model for M1 (Oral Health)

med2Imp$ATemp <- med2lmp$Education_X

FitM1 <- gIm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + sector +
age + Sex + Income + Ghealth + COB + Residential, data = med2Imp ,family =
"binomial™)

# Fit a Model for M2 (Smoke)

FitM2 <- glm(factor(dm2) ~ factor(ATemp) + sector + age + Sex + Income + Ghealth
+ COB + Residential, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (Brushing)

FitM3 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex +
Ghealth + COB + Residential, data = med2Imp, family = "binomial)

S T R R R R R
#

# Data Expansion
levelofeducation <- unique(med2Imp$Education_X)
med2Imp$newID <- 1:nrow(med2Imp)
med2Impl <- med2Imp
med2Imp2 <- med2Imp
med2Impl$Education_XStarl <- levelofeducation[1]
med2Imp2$Education_XStarl <- levelofeducation[2]
tempmed2imp <- rbind(med2Imp1,med2imp2)
HitH#
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med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$Education_XStar2 <- levelofeducation[1]
med2Imp2$Education_XStar2 <- levelofeducation[2]
tempmed2imp <- rbind(med2Impl, med2Imp2)
HitH#

med2Impl <- tempmed2imp

med2Imp2 <- tempmed2imp
med2Impl$Education_XStar3 <- levelofeducation[1]
med2Imp2$Education_XStar3 <- levelofeducation[2]
newmed2imp <- rbind(med2Imp1, med2Imp2)

TR R R R R T
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2
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temp <- predict(FitM2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight <- newmed2imp$weightM1 * newmed2imp$weightM2 *
newmed2imp$weightM3

# total Weight including survey weight

newmed2imp$TW <- newmed2imp$medweight * newmed2imp$weight

HHHBHHH R R
HiHHHHEHE A Sensitivity for pretreatment confounders#i#iHHHH#HE

HHHHHHH A
#AGE=cl

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)

med2Imp$ATemp <- med2Imp$Education_X

FitM1_c1 <- glm(factor(dml) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + sector
+ Sex + Income + Ghealth + COB + Residential, data = med2Imp ,family =
"binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$Education_X
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FitM2_c1 <- glm(factor(dm2) ~ factor(ATemp) + sector + Sex + Income + Ghealth +
COB + Residential, data = med2Imp, family = "binomial")

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$Education_X

FitM3_c1 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + Sex +
Ghealth + COB + Residential, data = med2Imp, family = "binomial')

# Assess intertwined casual pathways

HHEHBHH B B B
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp_cl <- predict(FitM1_c1, type = "response™, newdata = newmed2imp)

TempDirM1_cl <- ifelse(newmed2imp$dml, temp_c1, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp_cl <- predict(FitM1_c1, type = "response", newdata = newmed2imp)
tempindirM1_cl <- ifelse(newmed2imp$dm1, temp_cl, 1-temp _cl)
newmed2imp$weightM1_c1 <- tempindirM1_c1/TempDirM1_cl

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp_cl <- predict(FitM2_c1, type = "response”, newdata = newmed2imp)

TempDirM2_c1 <- ifelse(newmed2imp$dm2, temp_c1, 1-temp_cl)

newmed2imp$ATemp <- newmed2imp$Education_XStar2
temp_cl <- predict(FitM2_c1, type = "response”, newdata = newmed2imp)
tempindirM2_c1 <- ifelse(newmed2imp$dm2, temp, 1-temp)
newmed2imp$weightM2_c1 <- tempindirM2_c1/TempDirM2_c1
#M3 Weight
newmed2imp$ATemp <- newmed2imp$Education_X
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temp_c1 <- predict(FitM3_c1, type = "response", newdata = newmed2imp)

TempDirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_cl)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp_c1 <- predict(FitM3_c1, type = "response™, newdata = newmed2imp)
tempindirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_cl)
newmed2imp$weightM3_cl <- tempindirM3_c1/TempDirM3_cl

# Total Mediators weights

newmed2imp$medweight_cl <- newmed2imp$weightM1_cl *
newmed2imp$weightM2_c1 * newmed2imp$weightM3_c1

# total Weight including survey weight

newmed2imp$TW1 <- newmed2imp$medweight_cl * newmed2imp$weight

R R R B R R R R R R R R R R R R R
#

#sex=c2

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$Education_X

FitM1_c2 <- glm(factor(dm1) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + sector
+ age + Income + Ghealth + COB + Residential, data = med2Imp ,family =
"binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2lmp$Education_X

FitM2_c2 <- glm(factor(dm?2) ~ factor(ATemp) + sector + age + Income + Ghealth +
COB + Residential, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2lmp$Education_X

FitM3_c2 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age +
Ghealth + COB + Residential, data = med2Imp, family = "binomial")

# Assess intertwined casual pathways
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HHEHBHH B BB P AR

#

R R R R R R R R R R R R R R R R R R R R

#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c2, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c2, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 c2 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c2, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c2, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c2 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3_c2, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3
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temp <- predict(FitM3_c2, type = "response", newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c2 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c2 <- newmed2imp$weightM1_c2 *
newmed2imp$weightM2_c2 * newmed2imp$weightM3_c2

# total Weight including survey weight

newmed2imp$TW2 <- newmed2imp$medweight_c2 * newmed2imp$weight

TR R R R T
#

R R R R B R R R R R R R R R R R R R R
#

#income= c3

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$Education_X

FitM1_c3 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm?2) * factor(dm3) + sector
+ age + Sex + Ghealth + COB + Residential, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$Education_X

FitM2_c3 <- glm(factor(dm2) ~ factor(ATemp) + sector + age + Sex + Ghealth +
COB + Residential, data = med2Imp, family = "binomial")

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2lmp$Education_X

FitM3_c3 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex +
Ghealth + COB + Residential, data = med2Imp, family = "binomial")

# Assess intertwined casual pathways

HEHHEH B R B
#

S R T R T R T T T T R T
#
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#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c3, type = "response", newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c3, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 c3 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c3, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c3, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c3 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3_c3, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3_c3, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c3 <- tempindirM3/TempDirM3

# Total Mediators weights
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newmed2imp$medweight_c3 <- newmed2imp$weightM1_c3 *
newmed2imp$weightM2_c3 * newmed2imp$weightM3_c3

# total Weight including survey weight
newmed2imp$TW3 <- newmed2imp$medweight_c3 * newmed2imp$weight

HHEHBH BB B B
#

R R R R R R R R R R R R R R R R R AR R
#

#Ghealth=c4

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$Education_X

FitM1_c4 <- glm(factor(dm1) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + sector
+ age + Sex + Income + COB + Residential, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2lmp$Education_X

FitM2_c4 <- glm(factor(dm2) ~ factor(ATemp) + sector + age + Sex + Income +
COB + Residential, data = med2Imp, family = "binomial)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2lmp$Education_X

FitM3_c4 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex +
COB + Residential, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

HEHHH B R R BB R R
#

S T R R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c4, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
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newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c4, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c4 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c4, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c4, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c4 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3_c4, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3_c4, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c4 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c4 <- newmed2imp$weightM1 c4 *
newmed2imp$weightM2_c4 * newmed2imp$weightM3_c4

# total Weight including survey weight

newmed2imp$TW4 <- newmed2imp$medweight_c4 * newmed2imp$weight
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HHEHBHH B BB P AR
#

R R R R R R R R R R R R R R R R R R R R
#

#cob=c5

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$Education_X

FitM1_c5 <- glm(factor(dm1) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + sector
+ age + Sex + Income + Ghealth + Residential, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$Education_X

FitM2_c5 <- glm(factor(dm2) ~ factor(ATemp) + sector + age + Sex + Income +
Ghealth + Residential, data = med2Imp, family = "binomial")

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2lmp$Education_X

FitM3_c5 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex +
Ghealth + Residential, data = med2Imp, family = "binomial")

# Assess intertwined casual pathways

HEHHH B R R BB R
#

T T T R R R T T
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c5, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c5, type = "response”, newdata = newmed2imp)
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tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c5 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c5, type = "response”, newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c5, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c5 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3_c5, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3_c5, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c5 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c5 <- newmed2imp$weightM1 c5 *
newmed2imp$weightM2_c5 * newmed2imp$weightM3_c5

# total Weight including survey weight
newmed2imp$TWS5 <- newmed2imp$medweight_c5 * newmed2imp$weight

T T T R T R T T T R R R R
#

HEHHEH B R R
#

#residency=c6
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# fit Models for Mediators
# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2lmp$Education_X

FitM1_c6 <- glm(factor(dm1) ~ factor(ATemp) * factor(dmz2) * factor(dm3) + sector
+ age + Sex + Income + Ghealth + COB, data = med2Imp ,family = "binomial)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$Education_X

FitM2_c6 <- glm(factor(dm?2) ~ factor(ATemp) + sector + age + Sex + Income +
Ghealth + COB, data = med2Imp, family = "binomial™)

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$Education_X

FitM3_c6 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex +
Ghealth + COB, data = med2Imp, family = "binomial™)

# Assess intertwined casual pathways

R R R R B R R R R R R R R R R R R R
#

R R R R B R R R R R R R R R R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c6, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c6, type = "response”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1 c6 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c6, type = "response”, newdata = newmed2imp)
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TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c6, type = "response", newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c6 <- tempindirM2/TempDirM2

#M3 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM3_c6, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3_c6, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c6 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight_c6 <- newmed2imp$weightM1 c6 *
newmed2imp$weightM2_c6 * newmed2imp$weightM3_c6

# total Weight including survey weight
newmed2imp$TW6 <- newmed2imp$medweight_c6 * newmed2imp$weight

S T R R R R R
#

#sector =c34

# fit Models for Mediators

# Fit a Model for M1 (PubPriv)
med2Imp$ATemp <- med2Imp$Education_X

FitM1_c34 <- glm(factor(dml) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age +
Sex + Income + Ghealth + COB + Residential, data = med2Imp ,family = "binomial™)

# Fit a Model for M2 (insured)
med2Imp$ATemp <- med2Imp$Education_X
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FitM2_c34 <- glm(factor(dm2) ~ factor(ATemp) + age + Sex + Income + Ghealth +
COB + Residential, data = med2Imp, family = "binomial")

# Fit a Model for M3 (concard)
med2Imp$ATemp <- med2Imp$Education_X

FitM3_c34 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + age + Sex + Ghealth
+ COB + Residential, data = med2Imp, family = "binomial")

# Assess intertwined casual pathways

HHEHBHH B B B
#

R R R R B R R R R R R R R R R R R R R
#

#Weighting

#M Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM1_c34, type = "response”, newdata = newmed2imp)

TempDirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStarl

temp <- predict(FitM1_c34, type = "response"”, newdata = newmed2imp)
tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp)
newmed2imp$weightM1_c34 <- tempindirM1/TempDirM1

#M2 Weight

newmed2imp$ATemp <- newmed2imp$Education_X

temp <- predict(FitM2_c34, type = "response", newdata = newmed2imp)

TempDirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar2

temp <- predict(FitM2_c34, type = "response”, newdata = newmed2imp)
tempindirM2 <- ifelse(newmed2imp$dmz2, temp, 1-temp)
newmed2imp$weightM2_c34 <- tempindirM2/TempDirM2
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#M3 Weight
newmed2imp$ATemp <- newmed2imp$Education_X
temp <- predict(FitM3_c34, type = "response”, newdata = newmed2imp)

TempDirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)

newmed2imp$ATemp <- newmed2imp$Education_XStar3

temp <- predict(FitM3_c34, type = "response”, newdata = newmed2imp)
tempindirM3 <- ifelse(newmed2imp$dm3, temp, 1-temp)
newmed2imp$weightM3_c34 <- tempindirM3/TempDirM3

# Total Mediators weights

newmed2imp$medweight ¢34 <- newmed2imp$weightM1 c34 *
newmed2imp$weightM2_c34 * newmed2imp$weightM3_c34

# total Weight including survey weight

newmed2imp$TW34 <- newmed2imp$medweight_c34 * newmed2imp$weight

R R R B R R R R R R R R R R R R R
#

S T R R R R R
#

HEHBHHHHEHH R Sensitivity BIAS #HHHHHHHHHTH T
#cl

sigmal = sd((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$Education_X
== 1])

rhol = cor((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$Education X
== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias_NIE1 = sigmal * rhol
bias_NDE1 = -bias_NIE1

#c2

sigma2 = sd((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp3$Education_X
== ]_])
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rho2 = cor((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$Education_X
== 1], newmed2imp[newmed2imp$Education_X ==1,"y1"])

bias NIE2 = sigma2 * rho2
bias NDE2 = -bias_NIE2
#c3

sigma3 = sd((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$Education_X
== 1])

rho3 = cor((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$Education_X
== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias_NIE3 = sigma3 * rho3
bias NDE3 = -bias_NIE3
#c4d

sigma4 = sd((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$Education_X
== 1])

rho4 = cor((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$Education_X
== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias_NIE4 = sigma4 * rho4
bias_ NDE4 = -bias_NIE4
#ch

sigmab = sd((-newmed2imp$TWS5 + newmed2imp$TW)[newmed2imp$Education_X
== 1])

rho5 = cor((-newmed2imp$TW5 + newmed2imp$TW)[newmed2imp$Education_X
== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias_NIE5 = sigma5 * rho5
bias NDES5 = -bias_NIE5
#c6

sigma6 = sd((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$Education_X
== ]_])

rho6 = cor((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$Education_X
== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias_NIE6 = sigma6 * rho6
bias NDE6 = -bias_NIE6
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#c34

sigma34 = sd((-newmed2imp$TW34 +
newmed2imp$TW)[newmed2imp$Education_X == 1])

rho34 = cor((-newmed2imp$TW34 +
newmed2imp$TW)[newmed2imp$Education_X == 1],
newmed2imp[newmed2imp$Education_X == 1, "y1"])

bias NIE34 = sigma34 * rho34
bias NDE34 = -bias_NIE34

A Modified Estimates ##HHHHHHHHHEHHHEH

HEHHHHRHAHAHHHHHH SENS FUNCT IO N#HAHHHHEHBHAHHH IR
sens = function(est.ori, effect) {

left = est.ori[paste0("CIL_", effect)]

right = est.ori[paste0("CIU_", effect)]

if (est.ori[paste0("CIL_", effect)] < 0 & est.ori[paste0("CIU_",

effect)] >0) {
if (get(pasteO("bias_", effect)) < left | get(pasteO("bias_",
effect)) > right) {
sens = "*"

ky

else {

Sens =

ky

}
if (est.ori[paste0("CIL_", effect)] > 0) {

if (get(pasteO("bias_", effect)) >= left) {
sens = "*"

¥
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else {

Sens =

}

}
if (est.ori[paste0("CIU_", effect)] <0) {

if (get(pasteO("bias_", effect)) <= right) {

sens = "*"
}
else {
sens ="
}
}
return(sens)
}

HUHHHHHHHHHH R Modified Estimates #HfHH T
est.ori = ¢(NIE1 = est.ie, CIL_NIE1 = CIL_NIE, CIU_NIE1 = CIU_NIE,

NDEL =est.de, CIL_NDE1 = CIL_NDE, CIU_NDE1 = CIU_NDE)
#cl=age
sensitivity NIE1 = sens(est.ori, "NIE1")
sensitivity NDE1 = sens(est.ori, "NDE1")

modified_NIE_cl = est.ori["NIE1"] - bias_NIE1
modified_NDE_c1 = est.ori["NDE1"] - bias_ NDE1
modifiedCIL_NIE_c1 = est.ori["CIL_NIE1"] - bias_NIE1
modifiedCIU_NIE_c1 = est.ori["CIU_NIE1"] - bias_NIE1
modifiedCIL_NDE _c1 = est.ori["CIL_NDE1"] - bias_ NDE1
modifiedCIU_NDE_c1 = est.ori["CIU_NDE1"] - bias_ NDE1
bias_c1 = c(round(sigmal, 3), round(rhol, 3), round(bias_NIE1,
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3), sensitivity_NIE1, round(modified_NIE_c1, 3),
paste0("[",

round(modifiedCIL_NIE_c1, 3),",", round(modifiedCIU_NIE_c1,

3), "1, round(bias_NDEL1, 3), sensitivity NDEL,
round(modified_NDE_c1, 3), paste0("["", round(modifiedCIL_NDE c1,
3), ",", round(modifiedCIU_NDE_cl, 3), ")

HHHEHBHH B BB B BB
#

est.ori = ¢(NIE2 = est.ie, CIL_NIE2 = CIL_NIE, CIU_NIE2 = CIU_NIE,
NDE?2 = est.de, CIL_NDE2 = CIL_NDE, CIU_NDE2 = CIU_NDE)

#C2= sex

sensitivity NIE2 = sens(est.ori, "NIE2")

sensitivity NDE2 = sens(est.ori, "NDE2")

modified_NIE_c2 = est.ori["NIE2"] - bias_NIE2

modified_NDE_c2 = est.ori["NDE2"] - bias_ NDE2

modifiedCIL_NIE_c2 = est.ori["CIL_NIE2"] - bias_NIE2

modifiedCIU_NIE_c2 = est.ori["CIU_NIE2"] - bias_NIE2

modifiedCIL_NDE_c2 = est.ori["CIL_NDE2"] - bias_ NDE2

modifiedCIU_NDE_c2 = est.ori["CIU_NDEZ2"] - bias_ NDE2

bias_c2 = c(round(sigma2, 3), round(rho2, 3), round(bias_NIE2,

3), sensitivity_NIE2, round(modified_NIE_c2, 3),
paste0("[",

round(modifiedCIL_NIE_c2, 3),",", round(modifiedCIU_NIE_c2,

3), "1, round(bias_NDEZ2, 3), sensitivity NDE2,
round(modified NDE_c2, 3), pasteO("["", round(modifiedCIL_NDE_c2,
3), ",", round(modifiedCIU_NDE_c2, 3), "1")

T R T R T R T R R R R
#
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est.ori = ¢(NIE3 = est.ie, CIL_NIE3 = CIL_NIE, CIU_NIE3 = CIU_NIE,
NDE3 = est.de, CIL_NDE3 = CIL_NDE, CIU_NDE3 = CIU_NDE)

#c3= education

sensitivity NIE3 = sens(est.ori, "NIE3")

sensitivity NDE3 = sens(est.ori, "NDE3")

modified_NIE_c3 = est.ori["NIE3"] - bias_NIE3

modified_NDE_c3 = est.ori["NDE3"] - bias_ NDE3

modifiedCIL_NIE_c3 = est.ori["CIL_NIE3"] - bias_NIE3

modifiedCIU_NIE_c3 = est.ori["CIU_NIE3"] - bias_NIE3

modifiedCIL_NDE_c3 = est.ori["CIL_NDE3"] - bias_ NDE3

modifiedCIU_NDE_c3 = est.ori["CIU_NDE3"] - bias_ NDE3

bias_c3 = c(round(sigma3, 3), round(rho3, 3), round(bias_NIE3,

3), sensitivity NIE3, round(modified_NIE_c3, 3),
paste0("[",

round(modifiedCIL_NIE_c3, 3),",", round(modifiedCIU_NIE_c3,

3), "1, round(bias_NDE3, 3), sensitivity NDES3,
round(modified_NDE_c3, 3), pasteO("["*, round(modifiedCIL_NDE_c3,
3), ™", round(modifiedCIU_NDE_c3, 3), ")

HEHHH B R B BB R R
#

est.ori = c(NIE4 = est.ie, CIL_NIE4 = CIL_NIE, CIU_NIE4 = CIU_NIE,
NDE4 = est.de, CIL_NDE4 = CIL_NDE, CIU_NDE4 = CIU_NDE)

#c4= ohealth

sensitivity NIE4 = sens(est.ori, "NIE4")

sensitivity NDE4 = sens(est.ori, "NDE4")

modified_NIE_c4 = est.ori["NIE4"] - bias_NIE4

modified_NDE_c4 = est.ori["NDE4"] - bias_ NDE4

modifiedCIL_NIE_c4 = est.ori["CIL_NIE4"] - bias_NIE4
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modifiedCIU_NIE_c4 = est.ori["CIU_NIE4"] - bias_NIE4
modifiedCIL_NDE_c4 = est.ori["CIL_NDE4"] - bias_ NDE4
modifiedCIU_NDE_c4 = est.ori["CIU_NDEA4"] - bias NDE4
bias_c4 = c(round(sigma4, 3), round(rho4, 3), round(bias_NIE4,

3), sensitivity NIE4, round(modified_NIE_c4, 3),
paste0("[",

round(modifiedCIL_NIE c4, 3), ",", round(modifiedCIU_NIE_c4,

3), "1, round(bias_NDE4, 3), sensitivity NDE4,
round(modified_NDE_c4, 3), pasteO("["", round(modifiedCIL_NDE_c4,
3), ™", round(modifiedCIU_NDE_c4, 3), ")

R R R B R R R R R R R R R R R R R
#

est.ori = ¢(NIE5 = est.ie, CIL_NIE5 = CIL_NIE, CIU_NIE5 = CIU_NIE,
NDES5 = est.de, CIL_NDE5 = CIL_NDE, CIU_NDE5 = CIU_NDE)

#c5=cob

sensitivity NIES5 = sens(est.ori, "NIE5")

sensitivity NDES = sens(est.ori, "NDE5")

modified_NIE_c5 = est.ori["NIE5"] - bias_NIE5

modified_NDE_c5 = est.ori["NDE5"] - bias_ NDE5

modifiedCIL_NIE_c5 = est.ori["CIL_NIE5"] - bias_NIE5

modifiedCIU_NIE_c5 = est.ori["CIU_NIE5"] - bias_NIE5

modifiedCIL_NDE_c5 = est.ori["CIL_NDE5"] - bias_ NDE5

modifiedCIU_NDE_c5 = est.ori["CIU_NDE5"] - bias_ NDE5

bias_c5 = c(round(sigmab5, 3), round(rho5, 3), round(bias_NIES5,

3), sensitivity NIE5, round(modified NIE_c5, 3),
paste0("[",

round(modifiedCIL_NIE_c5, 3), ",", round(modifiedCIU_NIE_c5,
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3), "1, round(bias_NDES5, 3), sensitivity NDED5,
round(modified_NDE_c5, 3), paste0("["*, round(modifiedCIL_NDE_c5,
3), ",", round(modifiedCIU_NDE_c5, 3), ")

HHEHBH BB B B
#

est.ori = ¢(NIE6 = est.ie, CIL_NIE6 = CIL_NIE, CIU_NIE6 = CIU_NIE,
NDES6 = est.de, CIL_NDE6 = CIL_NDE, CIU_NDE6 = CIU_NDE)

#c6=residency

sensitivity NIE6 = sens(est.ori, "NIE6")

sensitivity NDEG6 = sens(est.ori, "NDEG6")

modified_NIE_c6 = est.ori["NIE6"] - bias_NIE6

modified_NDE_c6 = est.ori["NDE6"] - bias_ NDE6

modifiedCIL_NIE_c6 = est.ori["CIL_NIE6"] - bias_NIE6

modifiedCIU_NIE_c6 = est.ori["CIU_NIE6"] - bias_NIE6

modifiedCIL_NDE_c6 = est.ori["CIL_NDEG6"] - bias_ NDE6

modifiedCIU_NDE_c6 = est.ori["CIU_NDEG6"] - bias NDE6

bias_c6 = c(round(sigma6, 3), round(rho6, 3), round(bias_NIES,

3), sensitivity _NIE6, round(modified_NIE_c6, 3),
paste0("[",

round(modifiedCIL_NIE_c6, 3), ",", round(modifiedCIU_NIE_c6,

3), "1, round(bias_NDES, 3), sensitivity NDES,
round(modified_NDE_c6, 3), paste0("["", round(modifiedCIL_NDE_c6,
3), ™", round(modifiedCIU_NDE_c®6, 3), ")

S T R T R T R T R T T T R T
#

est.ori = c(NIE34 = est.ie, CIL_NIE34 = CIL_NIE, CIU_NIE34 = CIU_NIE,
NDE34 = est.de, CIL_NDE34 = CIL_NDE, CIU_NDE34 = CIU_NDE)
#c34= education-ohealth
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sensitivity NIE34 = sens(est.ori, "NIE34")

sensitivity NDE34 = sens(est.ori, "NDE34")

modified_NIE_c34 = est.ori["NIE34"] - bias_NIE34
modified_NDE_c34 = est.ori["NDE34"] - bias_ NDE34
modifiedCIL_NIE ¢34 = est.ori["CIL_NIE34"] - bias_NIE34
modifiedCIU_NIE_c34 = est.ori["CIU_NIE34"] - bias_NIE34
modifiedCIL_NDE_c34 = est.ori["CIL_NDE34"] - bias_ NDE34
modifiedCIU_NDE_c34 = est.ori["CIU_NDE34"] - bias_ NDE34
bias_c34 = c(round(sigma34, 3), round(rho34, 3), round(bias_NIE34,

3), sensitivity NIE34, round(modified_NIE_c34,
3), paste0("[",

round(modifiedCIL_NIE_c34, 3), ",", round(modifiedCIU_NIE_c34,

3), "M, round(bias_ NDE34, 3), sensitivity NDE34,
round(modified_NDE_c34, 3), pasteO("[", round(modifiedCIL_NDE_c34,
3), ",", round(modifiedCIU_NDE_c34, 3), ")

T T R R R R R T
IHEH R

Sensitivity _Analysis <- matrix(NA, ncol=10, nrow=7)
Sensitivity_Analysis [1, 1:10] <- bias_c1[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity Analysis [2, 1:10] <- bias_c2[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity_Analysis [3, 1:10] <- bias_c3[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity_Analysis [4, 1:10] <- bias_c4[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity Analysis [5, 1:10] <- bias_c5[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity _Analysis [6, 1:10] <- bias_c6[c(1,2,3,4,5,6,7,8,9,10)]
Sensitivity _Analysis [7, 1:10] <- bias_c34[c(1,2,3,4,5,6,7,8,9,10)]

Sensitivity Analysis <- as.data.frame(Sensitivity Analysis)
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colnames(Sensitivity Analysis) = c("sigma”, "rho", "bias_NIE",
", "modified_NIE", "modifiedCI_NIE", "bias_NDE",
", "modified_NDE", "modifiedCI_NDE")

HRH B R R R R R R R R R R R R R R R R R R R
HEHBHEHEHH AR
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Editor's comments

You provided a detailed and constructive response letter to the previous reviewer's
comments. However, not all of the points made in that letter were included in the
revised manuscript. Given that the reviewer made some extremely pertinent points (&
was an eminent analytic methodologist and expert in causal inference), | feel you could
include more of your responses within the manuscript discussion section in particular.
Think carefully about this in your revision; it will act to strengthen your manuscript and

add to important debates in this area.

Thank you so much. We have made the necessary changes as per request. Please see

our response and the reference to the related lines the paper.

- Abstract: "This article aimed to investigate how education level affects dental service
utilisation patterns in the Australian adult population’ should be "The aim of the study

was to investigate .....

Corrected (Line 30)

- Please include keywords that use Medical Subject Headings (MeSH) as these help
with indexing and searching in MEDLINE/PubMed and other databases

(https://www.nlm.nih.gov/mesh/meshhome.html)

we have used MeSh terms. (line 51)

Education (MeSH Unique ID: D004493), Oral Health (MeSH Unique ID: D009909),

Dentistry (MeSH Unique ID: D003813), Health literacy (MeSH Unique ID: D057220)
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- The manuscript needs to be re-written in the 3rd (not 1st person) throughout (i.e.
remove all 'we' and 'ours'. For example, 'Also, we tested how these mediation paths'

would be 'How these mediation paths may be moderated....'

All sections are revised accordingly.

- Your 'variables of interest' and 'statistical analysis' sections are not reader-friendly at
present. Have a think about the best way to present your analysis which will enable the
readers of CDOE (who will not all be highly proficient in statistical methods) to take
away the key message(s). For example, in the former, it is not necessary to have all of
your variables listed one after the other which is too list-like. Think about re-structuring
for example, into sub-sections for exposure, mediators, outcomes, confounders, and
link to the DAG figure. Similarly, your analysis section needs to be re-structured around

the objectives of the study (or study hypotheses/research questions).

All sections are revised accordingly.

- Please re-write your results around objectives (or research questions/hypotheses). Use
these to structure the section. We usually advise one paragraph per table. Don't start of
your results section referring to a table in the supplementary file. What are the key

findings that you want your readers to take away from your work?

All sections are revised accordingly.

- In the discussion, please use full paragraphs that link from one to the next. For
example, this is not a full paragraph and does not lead nicely into the next paragraph:

‘While in our study, low education level was associated with a less favourable utilisation
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of the dental services (Models 1 and 3), it led towards more emergency and treatment

visits compared to routine dental check-ups (Model 2)'.

All sections are revised accordingly.

Reviewer(s)' Comments to Author:

Reviewer: 1

Comments to the Author

Overall, authors have responded to reviewers concerns in sufficient details. One of my
main suggestions is to clearly specify that the temporal ordering between confounding
factors, exposure, mediators and the outcomes is unclear; which is a key undisputed
criterion for causal inference. Thus, longitudinal studies with clear temporal ordering

are needed to validate the findings of this study.

It is added to the discussion. Line 285

Previous responses

Comments on CDOE-22-032

1- The authors sought to model how education affects dental service utilisation
patterns in Australian adults, and how these education effects were mediated by some

measured health behaviors. They estimated natural effects on the odds ratio scale.

. Response:

We agree with you. Even though the models are called vastly natural effect models in
the literature and that is why we have used similar terminology. However, we are aware

these effects are interventional analogous effects since we have multiple mediators. To
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mitigate any risk of misunderstanding we used the general terms of direct and indirect

effects and added this to the method:

“These assumptions are violated. Therefore, the flexible mediation method with
multiple mediators approachl1,12 which is an extension of Counterfactual mediation
analysis 13 was used to overcome this problem by not decomposing this as individual
pathways but using the joint analogues effects. With this approach, the total effect is

decomposed into direct and indirect effects.” Lines 154-158

2- | found the hypothetical causal structure somewhat perplexing, because “oral
health status” was defined as a mediator. Indeed, it seems plausible that education
would affect oral heath status, which would in turn motivate service utilization. But the
problem is that the outcome of service utilization also affects later oral health status,
leading to reverse causation. This can be handled in a longitudinal setting in which each
outcome affects subsequent mediator, but the authors did not model the data in this
way, nor is this indicated in the DAG in Figure 1, suggesting a serious causal
misspecification. People who do not see a dentist have worse oral health, which means

that outcome affects mediator.

. Response:

We agree with you then in the sense that if we had longitudinal data we should have
investigated this as the way you suggested but this is a one-off survey and we are not
making any causal claims. This is the condensed DAG, if we had the longitudinal data
then the extended version includes the longitudinal component. In re ality, what you
are saying regarding the longitudinal analysis might be true however we should

acknowledge that this is a cross-sectional analysis. Our current DAG is to show how
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the data is generated and acknowledge what variables should come after each other. We
mentioned this as one of the limitations and encouraged other researchers to investigate
these mechanisms in a longitudinal context. On the other hand, it is not well evidenced
and the long-term effect of dental visits on oral health is controversial. The possibility
of a "healthy user effect” has been postulated (Thomson, 2010). Recent randomised
trials found no effect on dental caries of those visiting the dentist more often (Clarkson

et al. 2021, Wang et al. 1992). However, this is added as a limitation. Line 154-158

3- There is also a drawback that all mediators are self-reported, and subject to
desirability bias (i.e. in a survey of oral health, brushing your teeth is a “better” answer
than admitting to not brushing teeth). Moreover, the oral health status variable was a
subjective categorization (very poor, poor, good, etc) and therefore it is not obvious
that everyone has the same expectations of what constitutes “very good” oral health;
this perception could easily be a function of educational level, which implies a

misclassification that is dependent on exposure.

. Response:

We would like to draw your attention to the conclusion where we have mentioned that
the results were conducted as if there was an absence of measurement error and we
acknowledged that there might be measurement bias. So in presence of measurement
error, the estimated effect may go in either direction. Thank you for highlighting this
however in the medical literature where we can always conduct the clinical examination
in large-scale surveys, self-reported measurements are a valid form of data gathering.

However, this is added as a limitation. Line 279
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4- I am concerned that participants could be as young as 18 years of age, but the
educational exposure is dichotomized as university graduate or less than university
graduate. Clearly, 18 year olds cannot yet be university graduates, even if they will
eventually be university graduates, leading to a group that does not have the opportunity

for exposure by virtue of their age.

. Response:

We agree with your points that well-defined exposures are needed and for this, we have
re-labelled education as < 12 years of study and > 12 years of study. From a legal sense,
it is compulsory to finish high school in South Australia unless approves in some
circumstances (full-time work or starting vocational training which is also captured in
our study). Indigenous Australians also got the right to education since so back and by
the time of this study, they had the chance and access to education. According to these,

we assume that there is no violation of consistency assumption occurred.

It provides a clear conceptual cut point that is identifiable and meaningful, and it
enables the testing of the idea that a higher level of education confers some degree of
advantage in terms of oral health. If education is predictive of better oral
health/utilisation then an understanding of the benefits of education could potentially
be of policy relevance. For example, if literacy was the main issue, then efforts to

ameliorate the disadvantage of lack of literacy could be attempted. Lines 111-113
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5- On page 7 is a lengthy discussion to justify the loss of information from
dichotomizing variables. It is clear, as the authors argue, that this is more convenient
for them. But this convenience comes at the expense of tremendous loss of information,
and the authors do not discuss this cost. For example, measurement error in the
mediators (and dichotomization is a form of measurement error, by coarsening the
value into a broader category) leads to underestimation of the mediated effect and

overestimation of the direct effect, a consequence that is not discussed:

VanderWeele TJ, Valeri L, Ogburn EL. The role of measurement error and
misclassification in mediation analysis: mediation and measurement error.

Epidemiology. 2012 Jul;23(4):561-4.

. Response: we agree with these points you raised. However, for sure are aware
that this was not for our convenience. This is not difficult to have multi-category
exposure and this is possible to calculate the effect of the change from levels 1->2 and
1->3 of the exposure but yet this is not possible to estimate the change from levels 2-
>3 of an exposure with 3 levels. Although dichotomisation may lead to information
loss but it assists researchers and policymakers have a better insight with a direct
interpretation when we have potential outcomes. Also, if we have a continuous-valued
variable, then the corresponding counterfactual values are a distribution that is less
stable compared to a single value. Also, it would be more challenging in terms of
defining randomised trials corresponding to the distribution. Even in a three-armed
RCT defining potential outcomes is difficult. Similarly, the decomposition effect could
be difficult to interpret. For these reasons we dichotomised most of the variables

however the findings should be interpreted with caution as they may be sensitive to the
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cut point used in exposure dichotomisation. We agree that is comes with a cost but at
the same time, it comes with different kinds of benefits. To acknowledge your comment

we have cited the paper you recommend and added this to the limitations:

“These findings may not be completely free of bias, and there could be some biases due
to cumulative unmeasured confounders and measurement errors, yet no method has
been introduced for handling these. Also, as it is mentioned in the method section, by
dichotomising the exposure, there is a chance of information loss. In addition,
dichotomisation may lead to measurement error, by coarsening the value into a broader
category which could lead to underestimation of the mediated effect and overestimation
of the direct effect. However, to keep the analysis simple and to have a clear
interpretation we agreed to use dichotomised variables. Therefore, the results must be
interpreted with caution as they can be sensitive to the cut point used in exposure

dichotomisation.” Lines 277-284

6- On page 9 the outcome frequencies are described, and it is clear that many of
the outcomes are common (i.e. >10% frequency). Under these circumstances, OR >

RR, and the causal decomposition will fail due to non-collapsibility of the OR:

Vanderweele TJ, Vansteelandt S. Odds ratios for mediation analysis for a dichotomous

outcome. Am J Epidemiol. 2010 Dec 15;172(12):1339-48.

. Response:

There are two different concepts that you are bringing together which are using OR and
interpreting OR as RR anon-collapsibility of OR. We agree with you that OR should
interpret similar to RR and we are not interpreting OR as RR. If we had captured RR

and interpreted it as it is in a cross-sectional situation it was true because it was the
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prevalence then. However, capturing OR does not create a problem (in decomposition
or elsewhere) even if it is non-collapsible. We are not clear about what you are referring
to as collapsibility; however, if you are referring to the collapsibility to the mediation
then we would like to say that collapsibility has got nothing to do with mediation.
Decomposition and the non-collapsibility of OR in Vanderweele and Vansteelandt’s
method are not relevant to the mediation effect. Let’s see what collapsibility is. Let X
denote the exposure, Y the outcome and C the confounder, then the coefficient of
regression models in the presence of a confounder (e.g., stratification by gender) cannot
be added up to create the total effect if we calculate OR. But with RR, we can calculate
the total effect by having the decomposed coefficient of different levels of confounder.
The mediated effect has a separate formula therefore it is not affected by this. Even at
the end of the Vanderweele paper which you cited, it is mentioned that their method
was described for a continuous outcome and for a binary mediator although the method
could be similar no similar problem exists. On top of these, our approach is a different
approach, They have used a product and difference approach we used a counterfactual

approach using the marginal structure models

Please see:

Lange T, Rasmussen M, Thygesen LC. Assessing natural direct and indirect effects

through multiple pathways. American journal of epidemiology. 2014;179(4):513-518.

Steen J, Loeys T, Moerkerke B, Vansteelandt S. Medflex: an R package for flexible
mediation analysis using natural effect models. Journal of Statistical Software.

2017;76(11).
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7- At the bottom of page 9, the authors interpret an NIE estimate close to the null
as follows: “In other words, lower levels of education, regardless of oral health status,
smoking status and brushing, can affect the use of dental services.” If you think about
this, it is an impossible interpretation. The authors are claiming that use of dental
services is affected only by education, and not in any way by the conditions inside
someone’s mouth. By this logic, giving someone a toothache will not send them to the

dentist, but giving them a university degree will. This is substantively impossible.

. Response:

First, it is clear that self-reported oral health is different from dental pain and there are
lots of asymptomatic poor oral health situations which do not motivate patients to visit
a dentist for example patients may keep remained roots for years. Even as you said
when the intolerable pain exists, the levels of education don’t matter on whether to visit
a dentist or not and these are what we capturaned also. Second, it should not interpret
as the indirect effect is separate from the direct effect the correct interpretation is to
define the change in indirect effect following a change in direct effect for example we
should say by changing the level of education we can see this huge change in dental
visits however after this counterfactual change we cannot see a significant change
because education through oral health or tooth brushing status (mediators) on service
utilisation. This does not imply the same interpretation as yours and just says that the
indirect effect of education through oral health status on service utilisation was
minimal. Also, education is currently taking a lot of effects and it is not showing effect
as an average indirect effect. Even if it is not showing the individual indirect effect, the

average is going to zero because there might be some positive and negative effects that
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balanced each other towards zero effect. If we could somehow the individual effects
then we might be able to see which is the true individual indirect effect is but with
interventional analogous effects this is not possible. Even with one mediator, we might
be able to test the causal null hypothesis (Yxm=Yxm) but having multiple we can not

test the individual causal null hypothesis.

8- At the bottom of page 10, the authors write “Moreover, this is one finding and
this needs to be substantiated repeatedly and with trials to establish any causal effects.”
But this is problematic because the authors have elected to report natural direct and

indirect effects, and these cannot be estimated from trials:

Naimi Al, Kaufman JS, MacLehose RF. Mediation misgivings: ambiguous clinical and
public health interpretations of natural direct and indirect effects. Int J Epidemiol. 2014

Oct;43(5):1656-61.

Briefly, the reason this can’t be assigned in a trial is that there is no way in a trial to
make someone be exposed but to have the mediator that they would have
(counterfactually) if they were unexposed. It is possible in a trial to obtain the controlled

direct effects, but not the natural effects.

. Response: Now, we believe with having a better definition of the mediation
effects in the presence of multiple mediators as interventional analogous effects some
of your comments are answered. In regards to this specific comment, we have removed

this in the updated version of the manuscript.
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9- It is also rather inexplicable that the authors write: “It is for these reasons, the
estimates presented here do not have any causal interpretation, but are decomposed
effects.” The mediation analysis is explicitly causal, and so to say that it has no causal
interpretation raises the question of what interpretation it does have. This is especially
perplexing because throughout the rest of the paper the authors say that it is causal, for
example on page 11 in the discussion section: “One of the strengths of this research
was the use of robust counterfactual multiple mediation analysis and decomposition of
total casual effect into Natural Direct and Indirect Effects.” The authors seem to

contradict themselves.

. Response: Thank you, we have removed that paragraph. As we said having
multiple mediators these effects are interventional analogous effects and we have
corrected this as well, although in the literature they have been vastly used as natural

effects.

10-  There is also a consistency assumption violation for the effect of university
education because there is no mechanism conceivable by which every member of the
population can be forced to receive a university education. Indeed, if a university degree
were simply bestowed on every individual, it would not affect their oral health

utilization. This is a difficult problem for this choice of exposure:

Kaufman JS. Commentary: Causal Inference for Social Exposures. Annu Rev Public

Health. 2019 Apr 1;40:7-21.

. Response:

Please see the response to your comment #2.
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11-  In sum, this is an interesting effort, but has a number of substantive and
methodological problems, and it would take some considerable work to remedy these
problems. What | would recommend is to consider the mediation by these variables
without considering an intervention on education, but simply by asking what proportion
of the observed education disparity would be eliminated by controlling the

intermediates:

Naimi Al, Schnitzer ME, Moodie EE, Bodnar LM. Mediation Analysis for Health

Disparities Research. Am J Epidemiol. 2016 Aug 15;184(4):315-24.

It will also be necessary to conduct the modeling on the RR or RD scales, given the
noncollapsibility problems of the OR. Finally, one needs longitudinal data for the
effects of health service utilization on subsequent oral health status, or else removing

oral health as a mediator, and instead making it one of the outcomes.

. Response:

We have tried to respond to your comments on longitudinal analysis (we have cross-
sectional data and we acknowledged the measurement error and also this is not
evidenced that oral health affects dental service utilisation), noncollapsibility of OR
(these are interventional analogous effects and since we have not interpreted these as
RR, it is no problem) and consistency assumption (a better definition of exposure is
provided where individuals are not prevented by virtue of their age ) there is no
methodological problem. also as interventional analogous effects are themselves

directly a controlled effect at the individual level there is no need to change the
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methodology. We hope these responses were sufficient enough to make the utilised

methodology limitations and benefits clear.
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Collaborated Paper 1: Challenges in the provision and utilization of oral health
services among the Australian Indigenous population: a scoping review

Reprint permission received from Springer Nature (order number: 5175631176233,
24" Oct 2021):

Reprinted by permission from Springer Nature: Springer Nature, J Public Health
(Berl.), Challenges in the provision and utilization of oral health services among the
Australian Indigenous population: a scoping review, Bastani, P., Sarikhani, Y.,
Ghanbarzadegan, A. et al., Copyright © 2021, advanced online publication, October
16, 2021, https://doi.org/10.1007/s10389-021-01661-4 .
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Challenges in the provision and utilization of oral health services
among the Australian Indigenous population: a scoping review

Peivand Bastani' () - Yaser Sarikhani? - Arash Ghanbarzadegan® - Faezeh Ostovar® - Mahnaz Samadbeik® -
Lisa Jamieson?

Received: 2 April 2021 /Accepted: 28 September 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Background Access to dental services are particularly important among Indigenous populations at a global level. This scoping
review aimed to investigate challenges in the provision and utilization of oral health services among Indigenous Australians.
Methods This scoping review was conducted up to June 10, 2020. Five main databases were searched, including PUBMED,
SCOPUS, ISI Web of Science, EMBASE and PROQUEST. Thematic analysis was used to analyse the data applying MAX
QDA software. For a better understanding of the themes and subthemes, a thematic network was presented.

Results Results show that there are six main themes and 14 sub-themes affecting Indigenous Australians’ utilization and
provision of oral health services. Personal characteristics, socio-economic status and challenges regarding access were the main
factors influencing utilization of oral health services. The findings suggest that challenges relating to public health, policymaking
and service provision can affect Indigenous Australians’ provision to oral health services.

Conclusion Benefits in Indigenous Australian access and utilization of oral health services may improve if policy makers at both
national and local levels increase resourcing in this important public health sector. A deeper understanding of the social and

cultural nuances driving Indigenous Australians’ reluctance to attend for dental care is crucial.

Keywords Utilization - Provision - Oral health - Dental health - Indigenous Australian
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Introduction

Oral health is an integral component of public health. Optimal
oral health leads to an increase in quality of life and general
health (Baiju et al. 2017). Limitations in dental public health
systems, however, can lead to insufficient oral health
(Mohammadpour et al. 2020). Various studies have focused
on the effects of these challenges on vulnerable groups and
minorities (Dahlan et al. 2019; Petersen et al. 2005).

One of the most vulnerable groups in Australia is the
Indigenous community, which comprises approximately 3%
of Australia’s total population (Fredericks et al. 2020; Tiwari
et al. 2018). Indigenous Australians have much poorer oral
health, irrespective of indictor used, than their non-
Indigenous counterparts (Irving et al. 2017). For example,
Indigenous Australians have a higher rate of dental caries,
more untreated teeth, more periodontal problems, lower levels
of oral health literacy and lower reported quality of life com-
pared to other people in the community (Irving et al. 2017;
Parker and Jamieson 2010; Tynan et al. 2020).

@ Springer
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Various challenges have been posed in providing dental
services to Indigenous Australians. These include fears of
judgement, geographical access, higher costs of preventive
and curative services, long waiting times and poor oral health
literacy (Durey et al. 2016a; Durey et al. 2016b). There is
some evidence that an under-utilization of dental services
can worsen and intensify the oral health conditions of
Indigenous Australians (Butten et al. 2020).

One of the key goals of the Australian Government is
to provide adequate access to dental services and to re-
duce oral health inequality among Indigenous and non-
Indigenous Australians (Donato and Segal 2013).
Indigenous Australians (those identifying as Aboriginal
and/or Torres Strait Islander) are prioritized in the oral
health plans at both a national and state-level(Spencer
and Harford 2001). However, access and utilization of
dental public health services among Indigenous
Australians remains low (Dyson et al. 2014; Irving et al.
2017; Nguyen 2008). This has many consequences, with
dental problems leading to emotional, physical and finan-
cial impacts (Butten et al. 2020), as well as feelings of
shame about personal appearance and self-esteem(Tynan
et al. 2020).

Given the lack of empirical evidence on the challenges
in the utilization and provision of oral health services for
Indigenous Australians, it became apparent that a scoping
study was needed. Therefore, this scoping review aimed
to investigate the challenges in the provision and utiliza-
tion of oral health services among Indigenous Australians
to enable policymakers to make equitable and fair choices
regarding funding for oral health services.

Method

This scoping review was conducted up to June 10, 2020.
We implemented content analysis and thematic network
answer the question: ‘what are the main challenges in
provision and utilization of the oral health services among
Indigenous Australians. The scoping review instrument
developed by Arksey and O’Malley (Arksey and
O'Malley 2005) was applied to construct a comprehensive
map of evidence on the research question (Munn et al.
2018). The following 6 steps were thus used (Arksey
and O'Malley 2005):

—  Identifying the research question

— Identifying relevant studies

—  Study selection

—  Charting the data

—  Collating, summarizing and reporting the results
—  Consultation exercise (optional)
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Identifying the research question

The research question of a scoping review determines the
scope of the study and provides the parameters for the initial
search. At the same time, a scoping review question should
include the population, content and context (PPC) of the study
(Arksey and O'Malley 2005).

In this study, the population comprised Indigenous
Australians. The content was the challenges and barriers in
the provision and utilization of oral health services. The con-
text was the historical, social, cultural and political nuances
that have shaped Indigenous Australian health and wellbeing
for the past 250 years.

The research question for this study was finalized as: ‘what
are the main challenges of oral health provision and utilization
among Indigenous Australians’?

Identifying the relevant studies

Five scientific databases were searched systematically from
January 1, 2000, to June 10, 2020. These included
PUBMED, SCOPUS, PROQUEST, EMBASE and Web of
Science. The search was conducted by applying the following
keywords: oral health, dental health, oral care, oral hygiene
and delivery, provision, providing, utilization, use, access and
challenges, problems, barriers, obstacles, indigence, native,
aboriginal, original Australian, Torres Strait Islander and
Australia. The logical operator OR was used between the syn-
onymous keywords, and the logical operator AND was ap-
plied to combine them. Table 1 shows details of the search
strategy of the scoping review.

Study selection

Using the above search strategy, 187 articles were selected.
This was reduced to 151 after exclusion of duplicates. The
manuscripts were first scanned by their titles and abstracts
by two of the researchers separately (YS and FO). The select-
ed abstracts were saved in libraries applying EndNote X7.1,
by Thomson Reuters. A PRISMA flowchart summarizes this
process (Fig. 1). The full texts were then studied individually.
In the event of a disagreement (about two of the articles), a
third researcher (AG) read the paper to achieve consensus.
Inclusion criteria included papers with full English text, qual-
itative or quantitative designs and original research articles or
reviews. Three related reviews were included by the research
team’s consensus in order to improve the included data and
enrich the synthesis. It is notable that these three reviews in-
cluded relevant and rich data related to the present research
question but their aims and research questions were not sim-
ilar to our review. Exclusion criteria included only abstracts in
English, letters, commentaries and editorials.
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Table 1 Search strategy of the

scoping review PUBMED

SCOPUS

EMBASE

PROQUEST

Web of
Science

(((((“Oral health’ [Title/Abstract] OR ‘Dental Health’ [Title/Abstract] OR ‘oral hygiene’
[Title/Abstract] OR ‘oral care’ [Title/Abstract] OR dental[Title/Abstract])) AND (delivery
[Title/Abstract] OR provision [Title/Abstract] OR providing [Title/Abstract] OR utilization
[Title/Abstract] OR use [Title/Abstract] OR usage [Title/Abstract] OR access
[Title/Abstract] OR accessibility[Title/Abstract])) AND (challenges [Title/Abstract] OR
problems [Title/Abstract] OR shortcomings [Title/Abstract] OR barriers [Title/Abstract] OR
deficits [Title/ Abstract] OR obstacles| Title/Abstract])) AND (Indigenous| Title/Abstract] OR
Native[Title/Abstract] OR Aboriginal[Title/Abstract] OR original[ Title/Abstract])) OR
Torres Strait Islander|[Title/ Abstract])) AND (Australian[Title/Abstract] OR
Australia[Title/Abstract])

(TITLE-ABS-KEY (‘Oral health’ OR ‘Dental Health” OR ‘oral hygiene” OR ‘oral care’ OR
dental) AND TITLE-ABS-KEY (delivery OR provision OR providing OR utilization OR
use OR usage OR access OR accessibility) AND TITLE-ABS-KEY (challenges OR
problems OR shortcomings OR barriers OR deficits OR obstacles) AND TITLE-ABS-KEY
(indigenous OR native OR aboriginal OR original OR Torres Strait Islander) AND
TITLE-ABS-KEY (Australian OR Australia))

TITLE, ABSTRACT, KEYWORDS: (‘oral health’ OR ‘dental health’ OR ‘oral hygiene’ OR
‘oral care’ OR dental AND (delivery OR provision OR providing OR utilization OR use OR
usage OR access OR accessibility) AND (challenges OR problems OR shortcomings OR
barriers OR deficits OR obstacles) AND (indigenous OR native OR aboriginal OR original
OR Torres Strait Islander) AND (Australian OR Australia)

TITLE: (‘Oral health’ OR ‘Dental Health’ OR ‘oral hygiene’ OR ‘oral care’ OR dental OR oral)
AND (delivery OR provision OR providing OR utilization OR use OR usage OR access OR
accessibility) AND ab(challenges OR problems OR shortcomings OR barriers OR deficits
OR obstacles) AND ab(Indigenous OR Native OR Aboriginal OR original OR Torres Strait
Islander AND ab(Australian OR Australia)

TITLE: (‘Oral health’ OR ‘Dental Health” OR ‘oral hygiene’” OR ‘oral care’ OR dental) AND
ALL FIELDS: (delivery OR provision OR providing OR utilization OR use OR usage OR

access OR accessibility) AND ALL FIELDS: (challenges OR problems OR shortcomings
OR barriers OR deficits OR obstacles) AND ALL FIELDS: (Indigenous OR Native OR
Aboriginal OR original) OR Torres Strait Islander AND ALL FIELDS: (Australian OR

Australia)

Charting the data

A data extraction form was applied according to the aim of the
study. This form contained the author’s name, study title,
study topic, study design, year and place of publication and
key determinants of specialty selection. After all the included
articles were extracted, a content-analysis approach was
applied.

Collating, summarizing and reporting the results

Thematic analysis was used to summarize and categorize the
data. Thematic analysis is an inductive approach for content
analysis in order to make themes from the data content
(Thomas and Harden 2008). Analysis was conducted via six
steps as follows: In the first step, familiarization with data
occurs through reading of the content several times. Then
the initial codes were identified based on the research question
and study aim. After reviewing these preliminary codes, the
final codes were created. The final codes were merged and
categorized to create sub-themes. In the fifth step, the main
themes were refined and labelled. Finally, for a better under-
standing of the themes and subthemes, the results were both

tabulated and a thematic network was presented applying
MAX QDA software for qualitative data analysis.

Results

As indicated in Fig. 1, of the 187 initially included articles, 24
were selected for the scoping review. All 24 manuscripts ex-
cept one was published between 2007 and 2020. Thirteen
articles (54.2%) involved quantitative data and six (25%)
followed a qualitative approach. One study (4.1%) adopted a
mix method approach, with the remaining four manuscripts
being review articles (12.5%) or discussion papers (4.1%)
(Table 2).

There were six main themes and 14 sub-themes identified
that indicated the challenges of oral health provision and uti-
lization in the Indigenous Australian context (Table 3).

The first theme was identified as ‘personal characteristics’,
with five sub-themes, including age, sex, physiological status,
psychological status and health literacy status (Table 3). These
themes demonstrated how oral health utilization can be influ-
enced and shaped by the personal characteristics of
Indigenous Australians. Among the personal characteristics,
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Articles retrieved from| |Articles retrieved from| |Articles retrieved from
Embase ProQuest
5 (25) (42) (51)
-.§ [ l ]
£ Articles retrieved from Articles retrieved from
5 PubMed Scopus
= (23) L Total articles extracted from all databases | (45)
187
Articles deleted after title scan ‘ Duplicate articles removed
J
(o))
E Y
£
T Articles selected after title scan and duplicate deletion
n
v
Abstracts meeting the inclusion criteria
E (34)
>
1
2 Full-text studies included for final analysis
- (24)

Fig. 1T The PRISMA flowchart of the scoping review

age is considered as a determinant criterion. Children
(Jamieson et al. 2006; Patel et al. 2017), teenagers (Butten
et al. 2020) and elders (Amarasena et al. 2015) are supposed
as the important age groups. Moreover, women (Amarasena
et al. 2015; Butten et al. 2020; Jamieson et al. 2014) are more
vulnerable to lack of access and utilization to oral health ser-
vices. Oral health literacy was considered as a risk indicator
for poor self-reported oral health outcomes among the indig-
enous groups (Parker and Jamieson 2010). Low levels of oral
health literacy may contribute to lack of attention to oral health
and late and emergency dental referrals (Irving et al. 2017);
therefore, it will be important for the policy makers to identify
more vulnerable groups and help them to become informed.
The second theme identified was socio-economic status.
This theme comprised economic status and social and cultural
status of the Indigenous Australian population that poses
many challenges in the utilization of oral health services.
Financial concerns of the families (Butten et al. 2019; Jones
et al. 2014), transportation problems (Jones et al. 2016; Tynan
et al. 2020) and living in remote areas (Kruger et al. 2008)
were among some of the economic challenges of oral health
utilization. Cultural barriers included difficulty in
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communication (Parker et al. 2012), language barriers (Jones
et al. 2016) and low self-efficiency(Jamieson et al. 2014).

Public health limitations are among other challenges that
restrict provision of optimal oral health services among
Indigenous Australians. Public health issues in this regard
are divided into public health behaviours and public health
facilities. The main concept among the Indigenous population
according to our findings include beliefs (Tynan et al. 2020)
and perceptions (Amarasena et al. 2014) that affect oral
health-related behaviours. These behaviours range from daily
tooth brushing and fluoride toothpaste use to consumption of
sugary foods and carbonated beverages (Dimitropoulos et al.
2018). Along with public behaviours, public facilities can af-
fect a population’s provision to oral health services. Our find-
ings indicated that the communities which have inadequate
levels of natural fluoride in the drinking water and high levels
of dental caries need greater access to dental public health
facilities (Ehsani and Bailie 2007). Water fluoridation units
in the more populated remote Indigenous communities (i.e.
more than 500 people) (Ehsani and Bailie 2007) is a good
example of an equitable and cost-saving dental public health
intervention.
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Table 2 Main characteristics of the included studies

Author Year Study topic Study sample Study design
Amarasena 2015 Studying the relationship among scocil and psychological factors 289 participants via convenience Quantitative
[21] and oral health sampling

Amarasena 2014 Investigating the behaviours and perceptions related to oral health 181 participants (>22 years) Quantitative
[22]

Butten 2020 Exploring the impact of oral health among children A purposefull sample of women with a  Qualitative
[12] child

Butten 2019 Exploring the families’ experiences about oral health 20 parents Qualitative
[23]

Campbell 2015 Investigating the activities done by ACCHS Online survey on 50 providers and Mixed-method
[24] interview with a purposeful sample

Dimitropoulos 2018 Determination of the children’s oral health needs and barriers and 94 children between 5 to 12 yers Quantitative
[25] fasilitators of access to these services

Durey 2016 The experience of inequality in oral health related to the context and Related literature Critical review
[10] structure

Durey 2017 Exploring the barriers and fasilitatos of access to oral services 52 participants including patents and Qualitative
[26] carers

Ehsani 2007 Assessing the feasibility and estimating the costs of water 2 small plans of fluoridation Quantitative
[27] fluoridation

Green 2010 Highlighting the problems and their causes and the improving - Discussion
[28] actions paper
Irving 2017 Identifying the factors that lead to the oral health attitides and Children higher that 14 years old Quantitative
[7] behaviours

Jones 2016 Exploring the causes for attending the oral health services or none 49 participants via purposeful sampling  Qualitative
[29]

Parker 2010 Examining the relationship among health literacy in the scope of 468 people in the ages of 17 to 72. Quantitative
9] oral health and the related outcomes

Patel 2017 Examining the interventions’ outcomes with the aim of reducing ~ Related literature Narrative
[30] differences and inequalities in oral services Review
Schluter 2017 Reporting the status of oral health, oral behaviours and satisfaction Adults with the age of upper 20 Quantitative
[31] of the appearance

Slater 2001 Investigating the association between socio-economic status and 521,016 cases referred to oral health Quantitative
[32] preventive treatment oral services centres

Smith 2007 A survey on the people’s status of oral health and their oral health 999 participants during 2 years Quantitative
[33] behaviours

Tynan 2020 Exploring the community’s viewpoints towards oral health and the Focus groups discussion Qualitative
[8] ways of improvement in rural areas

Jamieson 2014 Investigating the relationship between self-efficacy and the staus of 446 women that were pregnant Quantitative
[34] oral health and the QOL as well

Jones 2014 The association among oral health access and oral health literacy ~ 310 participants Quantitative
[35] and social and economical and behavioural status

Parker 2012 Presenting a framefork for oral health services according to the Adult participants Qualitative
[36] children’s need

Williams 2011 Synthesizing the barriers to oral health appling a holistic approach Related literature Review

[37]

Jamieson 2006 Assessing the effect of location on necessary needs in the field of 326,099 children between 4 to 14 years  Quantitative
[38] oral health

Kruger 2008 Investigating the status of oral health and the related needs in adults 177 Aborginal workers in health field Quantitative
[39]

Policy making challenges, including resource allocation
and the governments’ actions and interventions, are consid-
ered as the fourth challenges of provision to oral health ser-
vices (Table 3). Allocating adequate funding to the oral health
needs of Indigenous Australians (Ehsani and Bailie 2007;
Green and Blinkhorn 2010) was the strongest sub-theme.
Including programs that aimed to reduce early childhood car-
ies, increasing services to remote communities, developing
the role of Aboriginal health workers, improving oral health

literacy, establishing water fluoridation and providing peri-
odontal therapy are some effective interventions that can be
compounded by the complex interplay between psychosocial
and cultural determinants of both Indigenous Australians and
oral health professionals. Public health behaviour and public
health facilities were two of the sub-themes in this regard.
Service provision challenges were identified as the fifth
theme influencing oral health provision among Indigenous
Australians. The emphasis on surgeries as opposed to
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Table 3

Challenges of provision and utilization of oral health services among the Australian Indigenous population

Main themes Sub-themes Final codes
Personal characteristics Age Older ages
The teenage years
Early childhood
Sex Being female

Socio-economic status

Public health challenges

Policy making challenges

Service providing
challenges

@ Springer

Physiological status

Psychological status

Health literacy status

Economic challenges

Social and cultural challenges

Public health behaviours

Public health facilities

Recourse generation and
allocation

Actions and interventions

Preventive services

Oral health providers

Pregnancy

Perceived severity and pain

Dental history

High levels of psychological distress

Low self-efficacy

Fear

Parents’ limited oral health knowledge

Low health literacy and wrong perceptions

Lack of information

Brushing and utilizing fluoride toothpaste

Oral health awareness

Financial concerns and shortage of resources
Transportation problems

Worrying about the future

Juggling multiple priorities

Living in a rural locations

Remote communities’ poor status of oral health /high treatment needs
Urban Indigenous families

Rural dwellers’ poorer status towards oral health

Lack of access to safe environment with no cultural barriers
Auvailability and access to appropriate services
Problem-based visit of the dentist (pain existed, emergency services)
Language barriers

Difficulty communicating with clients

Health beliefs

Limitted access to the personal toothbrush

Minimum use of toothpaste with fluoride

Restricted permanent tooth brushing

Diets full of sugary foods and soft drinks

Non-optimal oral health behaviours and perceptions
Water fluoridation

Living conditions

Oral hygiene

Considerable approval from the public dental services
Competing demands on limited budgets/adequate funding
Policy and organizational practices

Lack of effective interventions

Effective policies, management and funding responsibility
Integration strategies designed for Aboriginal oral health
Prevention of risk indicators

Integrating health care system with dental services

Lack of comprehensive primary health care models
Diagnoses and treatments ended to oral surgery

Ignoring prevention, restricting cost of services, increasing sugary products’

marketing
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Table 3 (continued)

Main themes Sub-themes

Final codes

Unfairness and differentiation from health care providers

Oral health services’ providers lack of knowledge

Access to reliable manufacturers and suppliers of equipment

Access challenges Financial access

Contacting’s difficulty with patients

Appointments” high rate of failure and cancelation

Problems in patterns of attendance

Cost of services (specially in women).

Non-financial access

Consent issues

Geographic barriers in accessing oral health services

Individuals challenges the same as access to dental services

preventive services was noted (Slater 2001), together with
lack of integration between preventive primary health care
systems and dental services (Schluter et al. 2017; Smith
et al. 2007). A lack of an existing comprehensive primary
health care model (Campbell et al. 2015) can lead to a de-
crease in provision of oral health services. It was apparent that
many Indigenous Australians were unaware of how to make
an emergency dental visit and had limited understanding of
the prevention of dental disease (Jones et al. 2014).

Finally, access challenges, including financial and non-
financial access, were among other identified challenges that
reduce Indigenous Australian utilization of dental services.
Difficulties in contacting patients (Parker et al. 2012), geo-
graphic barriers in accessing oral health services (Williams
et al. 2011) and high rates of failure to attend appointments
(Parker et al. 2012) contribute to this. Cost of dental services
(Durey et al. 2017; Schluter et al. 2017) was a significant
barrier restricting many Indigenous Australians’ access to oral
health services.

For a better understanding of the challenges impacting the
utilization and provision of oral health services among
Indigenous Australians, Fig. 2 clarifies the conceptual map
of the present scoping review through a thematic network.

Public health
challenges

Provision
challenges

Policy making
challenges

Service providing
challenges

Oral Health

Discussion

Our findings indicate that many Indigenous Australians en-
counter challenges and barriers in the utilization and provision
of oral health services. Our findings are corroborated by El-
Yousfi et al. (2019), who identified three categories of deter-
minants as the barrier to oral health services among vulnerable
groups. These three determinants include individual, organi-
zational and policy level barriers (El-Yousfi et al. 2019) that
can be matched to the present results to some extent.

The present results have shown that age (children, teen-
agers, elderly), sex, physiological status, psychological status
and oral health literacy status can decrease oral health utiliza-
tion among Indigenous Australians. Hernandez-Palacios et al.
(2015) identified that sex, low income and low educational
level have a significant influence on the self-perceived oral
health status of elderly Mexicans (Hernandez-Palacios et al.
2015). Lee et al. (2014) described how sex, marital status,
income level and educational levels influenced oral health
utilization among residents of Ohio in the United States (Lee
ct al. 2014).

Similar to our findings regarding socio-economic status,
El-Yousfi et al. (2019) described how ‘cultural differences in

Personal
characteristics

Utilization
challenges

Socioeconomic
status

Access
challenges

Figure 2 The conceptual framework and the thematic map of the scoping review.

@ Springer

297



Appendix VI

J Public Health (Berl.): From Theory to Practice

oral healthcare seeking behaviour’ was one cultural barrier
and the ‘limited ability to express need for dental treatment’
as the main economic challenge (El-Yousfi et al. 2019). Watt
etal. (2019) provided evidence that Indigenous populations at
a global level are vulnerable adult population groups in utiliz-
ing oral health services. They described how a population’s
social class, income, education, psychosocial factors and so-
cial relationships are considered as the intermediate determi-
nants that affect the utilization of oral health services (Watt
etal. 2019). Biordi et al. (2015) also emphasized how barriers
to utilize oral health care remain significant in low-income
children (Biordi et al. 2015). In the Indigenous Australian
context, access to social supportive packages may help over-
come the economic barriers of oral health care utilization.

Watt et al. described how resources were an enabler to
access oral health services (Watt et al. 2019), with Dahlan
etal. (2019) also referring to social support as a determinant
of access to oral health care among immigrants and ethnic
minorities (Dahlan et al. 2019). A study among the
Canadian population emphasized how cost is a huge barrier
to accessing oral health care along with the clients’ oral
health literacy, fear and anxiety (Zangiabadi et al. 2017).
Tour findings identify public health challenges as one of the
barriers to provision of oral health services among
Indigenous Australians. This is supported by Levesque
et al. (2013) who emphasized that ability to perceive health
care needs containing health beliefs, expectations and liter-
acy can lead to access to health care services (Levesque
et al. 2013). Similarly, Gostemeyer et al. (2019) indicated
that lack of oral health knowledge, beliefs and behaviours
can act as barriers to access oral health care. They described
how oral hygiene of patients was a determinant barrier in
provision of oral and dental treatment (Gostemeyer et al.
2019). Regular dental visits together with access to water
fluoridation and other public health interventions are both
beneficial and cost-effective in this regard.

Policy makers have a multi-disciplinary role in improv-
ing provision of the oral health services. They can set the
agenda to include wider discussion around provision of
oral services, advocate stakeholders and allocate more re-
sources to this area. Designing and managing of effective
population-level interventions can be considered by na-
tional and local policy makers to support the oral health
needs of all socially excluded populations, Indigenous
Australians among them.

Balasubramanian et al. (2019) have shown that some
problems in dental service utilization arise from narrow
approaches to dental education and imbalances among the
skills, jobs and competencies of oral service providers.
Macro challenges of the health care system exist, includ-
ing imbalanced geographic distribution and an increasing
divide between the ‘professions’ interests and needs of the
population (Balasubramanian et al. 2019). These problems
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can restrict both access and utilization of oral health
services.

Limitations

Study limitations include: a quantitative approach for
analysing oral health indicators among Indigenous
Australians would have provided useful information in con-
junction with the scoping review. That would have enabled
the present results to be triangulated with the face to face
interviews from Indigenous participants to better explore
other probable reasons of challenges in the utilization of
oral health services. Moreover, similar to any other system-
atic review, the present scoping review should be consid-
ered along with other sources to minimize the probability of
bias in data iclusion and data synthesis.

Conclusion

Our findings indicate that the utilization and provision of
oral health services for Indigenous Australians can be re-
stricted via personal and socioeconomic factors.
Challenges relating to policy making, service providing,
public health and access can affect their utilization and
provision. Policy makers at a national and local level
can plan to decrease these limitations although most need
long-term, multidisciplinary interventions.
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Abstract

Background: The provision of dental services for children with special health care needs (CSHCN) needs to be
considered by policymakers. This study is aimed to explore the determinant factors affecting dental and oral services
provision for this vulnerable group.

Methods: A review was conducted applying the 9-steps approach. Five scientific databases of PUBMED, SCOPUS,
Web of Science and PROQUEST and EMBASE were searched up to 10.07.2021, applying appropriate keywords. The-
matic analysis was used to analyse the extracted data, and a conceptual map was developed according to JBl manual
for evidence synthesis.

Results: From the abstracts of the 136 articles that fulfilled the inclusion criteria, 56 articles were included. Five main
themes were identified as determinants affecting the provision of dentistry services for CSHCN, including needs
assessment, policy advice, oral health interventions, providers' perception and access barriers. According to the devel-
oped conceptual map, assessing the needs of CSHCN can lead to particular policy advice. Regarding the policies,
appropriate oral health interventions can be presented. These interventions, along with providers' perception about
service delivery to CSHCN and the barriers to access them, determine the provision of dentistry services for CSHCN.,

Conclusions: An effective needs assessment of CSHCN and their parents/carers can lead to evidence-informed
policymaking and applicable policy advice according to the needs. Then policymakers should develop interven-
tions to improve the community’s health literacy, as well as support the seeking behaviours for appropriate services.
Policymakers should also consider how to limit the barriers to accessing oral and dental health by CSHCN to decrease
disparities.

Keywords: Dentistry service, Provision, Children with special health care needs, Dental health, Oral health, Disparity

Introduction

People with special health care needs (SHCN) are
defined as those having long-term physical, behavioural,
emotional and developmental conditions that require
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conditions affect a wide range of the world’s population at
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all ages and social classes, but its prevalence varies from
region to region. Based on the World Health Organiza-
tion’s report on disability, the estimated population of
Children with Special Health Care Needs (CSHCN)
among 14-year-old and younger individuals with “mod-
erate or severe disability” and “severe disability” were 93
million and 13 million, respectively as the prevalence of
disability for them were 5.1 and 0.7% in 2004 [3]. This
prevalence was reported by the U.S. Department of
Health and Human Services in 2009-2010. According to
this report, 15.1% of American children (about 11.2 mil-
lion children) had special health care needs [4]. This can
directly cause a financial burden for those families with
CSHCN because of their healthcare expenditures [5].

People with special needs are considered as high-risk
and vulnerable groups, not only because of the prob-
lems caused by disability but also because of the limita-
tions that society imposes on them. In some societies,
people with special needs are usually kept out of society
and have limited access to educational and health facili-
ties [6]. These conditions directly affect general health
and, consequently their oral health [7, 8]. In general,
CSHCN is at higher risk for health problems. They have
less access to oral health services, and their underlying
conditions can affect their oral health status [9]. Many of
them have sensory and motor disabilities, which makes
attending a routine dental appointment difficult [10, 11].
It was reported that 62.5% of the children’s parents/car-
ers admitted that their children had difficulty brushing
their teeth [12]. Also, the parents/carers of these children
often delay dental treatment due to anxiety [13]. On the
other hand, dentists are less likely to treat people with
special needs for various reasons [14]. Numerous other
factors, such as the economic status, parental informa-
tion levels, drug therapies, and systemic conditions, are
related to the oral health status of these children [15-18].

While many potential barriers are reported for the
provision of dental services to the general population,
these issues become more considerable for CSHCN.
For instance, the nonavailability of dentists is reported
as a major barrier to access dental care services [19].
Other barriers of providing dental services include lack
of appropriate government policies and dental benefit
schemes [20]. These barriers can be intensified for peo-
ple with any kind of disability, particularly children. Some
of these barriers are related to physical, structural, geo-
graphical, professional, or behavioural determinants that
can simply restrict their access to the oral and dental
health services [21], and the others are related to the gov-
ernments and health policymakers to provide more com-
prehensive and accessible packages for them.

More than what was stated, it is important to notice
that according to the reports, the prevalence of caries in
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CSHCN is higher than in other children [9]. The most
common oral diseases in this group are the higher
prevalence of dental caries and periodontal disease [22,
23]. Considering all the above, the issue becomes more
highlighted, and various ways are applied to reduce the
problems of people with special needs to receive dental
services such as creating ramps for the disabled, proper
restroom, dental chairs suitable for wheelchairs, increas-
ing various courses for parents/carers and dental stu-
dents, etc. All these interventions greatly depend on
the provision of the appropriate services according to
CSHCN" needs. In this regard, many universities also
offer courses for undergraduate students to increase the
willingness of graduate dentists to treat people with spe-
cial health needs by treating in their clinical hours [24,
25].

Therefore, according to evidence and to the best of our
knowledge, it is obvious that CSHCN as a vulnerable
group requires to be mentioned from all the aspects of
their health as well as dental and oral health and provid-
ing dental services along with preventive oral interven-
tions should be considered for them, but the question is
that what are the main determinant factors affecting on
dental and oral services provision in children with special
health care needs.

In order to answer this question and because of the lack
of a comprehensive systematic framework for updated
studies in this area, this scoping review aimed to review
and update the literature and develop the conceptual
boundaries of the topic for the provision of dental and
oral services in children with special health care needs.

Method

Scoping reviews are generally conducted to indicate the
nature and extent of the research evidence [26]. The pre-
sent scoping review has adopted the 9-step approach
proposed by Peters et al. (2015) according to the JBI man-
ual of evidence synthesis [27].

1. Defining and arranging the objective and question
of the scoping review

At the first step, the research team defined the objective
of the review, which was achieving a conceptual
map for dental services provision of CSHCN. With
this purpose, the review question was aligned as
follows: “what are the main determinants of dental
services’ provision in CSHCN™?

1. Developing and aligning the inclusion criteria with
the objective and question

First, the PCC that stands for participants, concept
and context was developed as follows: the popula-
tion is defined as the dental services provided for
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CSHCN, the concept includes the provision of den-
tal services in CSHCN. Context also includes the
social, cultural, political, financial and technologi-
cal aspects that surround the content. According
to this, the inclusion criteria were all the articles
having the English full-text in any qualitative or
quantitative designs, mix-methods, commentaries,
viewpoints and editorials with the aim of dentistry
services provision for CSHCN. The conference
proceedings, policy papers, reviews, guidelines and
instructions were excluded.

IIl. Describing the planned approach to evidence
searching and selecting

In this step, the search strategy was designed applying
the related keywords the same as dental health,
oral health, dentistry, oral hygiene, special health
care needs, disability, special needs, unmet needs,
child and children and other synonymous words or
phrases. To achieve more sensitivity, the Boolean
operator OR was used between all the synonyms,
and the operator AND was applied to combine
them. The search limitations were the English lan-
guage and the time limit between 01.01.2000, up to
10.07.2021. Table A-Supplement reports the search
strategy syntax.

IV. Searching for the evidence

Five scientific databases of PUBMED, SCOPUS, ISI
Web of Science and PROQUEST and EMBASE
were searched systematically, applying the search
strategy’s keywords (Table A-Supplement). Google
Scholar was also searched at the last stage for
searching according to the titles.

V. Selecting the evidence

The following systematic search was conducted step by
step according to the PRISMA [28] flowchart for
clarifying the results from the search of the data-
bases, removing the duplications, reviewing the
articles via their titles and abstracts and select-
ing the related articles according to the objective
of the review, retrieving the full texts and finally
going through the reference lists for a hand-search
through Google Scholar. The PRISMA flowchart
shows the details in Fig. 1.

VL. Extracting the evidence

A data extraction form was designed according to the
study’s objective. This form contains some infor-
mation such as the name of the author, the year of
publishing the study, study place, aim of the study,
study design, study setting and the main results as
the determinants of the provision of dental services
in CSHCN.

VIL Charting the evidence
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In this step, the data is charted and summarized
descriptively and with the logic of achieving the
objective of the study. This chart distinctly shows
the characteristics of the included studies accord-
ing to the data of the extraction form (Table B-Sup-
plement).

Summarizing the evidence in accordance

with the objective and question.

In order to categorize and summarize the data, the the-
matic analysis was used via six following steps: First,
the extracted data from the full-text of the articles were
reviewed several times and compared with the original
text, then the coding process was started, and the appro-
priate labels were assigned to the initial codes, in another
word, in an open coding process, the meaningful units
of the extracted data which better answer to the review’s
research question were highlighted and labeled as the ini-
tial codes. Then, in the third step, the initial codes were
reviewed and integrated to achieve the final codes. The
finalized codes became integrated, refined and catego-
rized one more time, to reach the sub-themes according
to the study’s objective. In the fifth step, the main themes
were appeared by categorizing the sub-themes accord-
ing to their main concepts, these main themes finally
were reviewed and labelled, and at the last step, the main
themes and sub-themes were tabulated for better illustra-
tion and comprehension. MAXQDA software version 10
was used to analyze the data.

VIIIL. Consultation of experts

This step (consultation of experts) is recommended
throughout the scoping review according to the JBI
manual for evidence synthesis [27]. As the final aim
of the scoping review is to develop the conceptual
boundaries of the topic and achieve a final map to
show the graphic logical relationships between the
main themes and sub-themes. In this step, a the-
matic network was illustrated applying VISIO plan
software, and the final map was consulted with 3
of the experts in the scope of health policymaking
and oral health. These three experts have a related
academic education as well as scientific reputation
in the area of oral and dental health policymaking.
For this purpose, after.

finalyzing the “data charting” and tabulating the results
of main and sub-themes, a virtual mini-expert
panel was conducted with three aforementioned
experts and two of the researchers who are experts
in the area of oral and dental health policymaking.
The main results were presented and discussed via
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Fig. 1 PRISMA flowchart of the scoping review

the virtual panel, and the viewpoints of the experts
were achieved to become sure of the compre-
hensiveness and robustness of the results and the
appropriatness of the suggested map.

Results

Results show that among 136 articles’ abstracts that ful-
filled the inclusion criteria, 56 full texts were included
to be analysed (Fig. 1). Table B-Supplement shows the
characteristics of these articles. According to Fig. 2,
most of the included articles were conducted in the
USA (45%).

Considering the type of study, Fig. 3 shows that most of
the included articles have a cross-sectional design (69%),
qualitative studies were in the second order (12%).

Finally, other descriptive results demonstrated that
most of the articles were published in 2020 that can indi-
cate the highlighted significance of the issue among the
researchers (Fig. 4).

The thematic analysis of the data has summarized in
Table 1. Five main themes and 47 related sub-themes are
created according to Table 1. The main themes include
providers' perception, need assessment, access barriers,
policy advice and interventions for oral health improve-
ment, determining the main dimensions of the dental
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Table 1 Dimensions to be considered for children with special needs’ dentistry service

Main dimensions Sub-dimensions References

Need assessment Caries-risk assessment [29]
Improving the health literacy (children, parents and caregivers) [29-33]
Quality of care of caregivers and caregivers burden [34,35]
Poor oral hygiene status [9]
Utilize preventive dental care [36,37]
Dentist visit/Timely referral to the dentists [35,37-39]
Difficulty in performing proper tooth brushing [31]
Level of intellectual disability [8]

Providers perception Dentists" feelings and perceptions [40]
Paediatricians'/dentists” knowledge and experience [35,39,41,42]
Dentists® specialized training like empathy training [15,35,38]
Preparedness and willingness of dental care providers [24]
Communication skills [42]
Complexity of the child’s medical condition [43]
Oral hygiene challenges [43]
Inadequately motivation [35]
Fear of the dentist and health care providers [44]

Access Challenging behaviours [25,32,43,45]

barriers Inadequate insurance coverage [8, 25, 46, 47)
Low demand from parents [48]
Community disagreement regarding fluoride [48]
Social-economic status and lower-income [9,49-51]
Dissatisfaction with dental treatments [44]
Costs and financial burden [49]
Familial and cultural influences on oral care habits [49]
Location and equipment of the dental offices [41]
Physical barriers inaccessibility to a dental office [41]
Limited agency resources [49]
Lack of training program for undergraduate and Curricular changes [44,52]
Affordability [8,43]

Policy Engaging non-dental providers [53]

advice Restrictive administrative and system-level policies [53]
Coordination between community-based organizations, health providers, and advocates [54, 55]
Increased experience for general dentists through residency training [44]
Improving special care dentistry training [44, 54]
Increasing the number of general dentists [54]
Dental community in coordination with early intervention providers. [55]
Engagement of multidisciplinary professionals in CSHCN's checkups [56]
Proposing health-care delivery services that increase coordination and access [57]
Development of effective oral health programs [30, 571

Oral health improvement Training to brush the teeth with the help of pictures [32,44, 58]

interventions Basic training of dental professionals in sign language [44]
Additional training and education dentist [40, 44, 59]
The increasing role of teacher towards dental health care children with special needs [60, 61]
Community-based and preventive interventions [36,62,63]
Improve all caregivers'oral hygiene skills [63]57
Incorporate oral health education into nursing curricula [59]
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and oral services' provision that are needed to be consid-
ered. More descriptions of each of these dimensions are
as follows:

Providers’ perception

Providers’ perception toward service providing for
CSHCN includes nine sub-themes. This theme is really
important and easily can influence the quantity and qual-
ity of the service provision to CSHCN. The providers'
negative feelings and perception [40], along with their
inadequate knowledge and experience in communicating
with these children [41], can affect the access and ten-
dency of the CSHCN and their families to utilize dental
services. Furthermore, other emotional reactions by the
providers, the same as fear [44] or lack of motivation [35]
can intensify this problem.

In this regard, according to DeLucia et al. [24] and Ady-
anthaya et al. [41], the dentistry students with more expe-
rience of working with children with special needs, had
a greater tendency and satisfaction of providing services
to CSHCN. Improving the educational curriculums and
changing their direction toward experimental learning
of these patients were among those recommendations
that would affect the dentists’ perception [44]. At the
same time, more comprehensive knowledge of dentists
may cause better perception. So, focusing on training
and empowering dentists and their teams with the spe-
cial skills and knowledge of working with CSHCN can
improve their perception and performance [29].

Intervention for oral health improvement

This theme includes seven sub-themes that all present
effective interventions in a wide range of those interven-
tions with the aim of empowering the children with spe-
cial health care needs, their parents and caregivers and
those interventions with the target of enabling dentists,
nurses, paediatricians and other healthcare providers to
provide more effective services or offer more timeliness
referral for dental cares.

Different studies have pointed to various interven-
tions in this regard. For instance, integrating oral and
dental health education in the nursing curriculum was
among one of the interventions for reaching a better oral
in children with special health needs [52]. According
to the evidence, improving the attitudes of dentists and
other care providers lead to an effective understanding of
CSHCN'’s needs and consequently hone the quality of the
services [59]. Another suggested intervention was train-
ing and enabling the dental service providers in the scope
of using sign language, particularly for working among
hearing-impaired patients [60]. Other interventions pro-
posed a reimbursement system providing additional pay-
ments to those practitioners who work with CSHCN [15,
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43]. Such interventions, along with those suggested cre-
ating a calm and peaceful environment in dental clinics
for decreasing the sense of fear and anxiety [44] of the
children with special needs, may lead to improving their
oral health status.

Need assessment

Need assessment, as the other theme of provision of
dental services in children with special needs, includes
eight sub-themes. Summarizing and synthesizing all, this
theme shows the different and complex needs of CSHCN
in the area of oral and dental services. Although some of
their needs are obvious and evidence-based, the same as
their poorer status of oral hygiene [9] and their physical
or intellectual problems in performing tooth brushing
and other routine care [31], the others may be consid-
ered as unmet needs and should be regarded by the oral
health policymakers as well. Preventive dental services
are among the latter one. These kinds of services are
more considerable compared the specialized treatments.
Thus regarding the preference of preventive dental health
services, the need assessment should pay attention to
these needs and the other risk factors together with pov-
erty and restrictions related to disabilities in CSHCN [8].
Medical unmet needs can also be considered as an inten-
sive predictor of unmet dentistry needs [49]. So it can be
used as an indicator for population need assessment, and
the later policies and plans can be implicated based on
this. At the same time, oral health promotional behav-
iours such as routine dental visits and tooth brushing
can have a strong relationship with the status of decayed
teeth in CSHCN [61].

Policy advice

Policy advice consists of ten sub-themes. This advice and
directions are mainly to try to increase the intra-secto-
ral coordination as well as multidiciplinary team-based
activities and improve the community-based service
delivery based on the children’s needs. In this regard,
one of the main effective policies is health care providers’
collaboration. This policy can significantly improve the
access of children with special needs to dental services
[53]. At the same time, policies which aimed at the pro-
vision of comprehensive preventive and treatment ser-
vices for CSHCN can be much more effective than those
concentrated only on one separate service [49]. It would
be clear that policies directed to reducing the barriers of
access to services for CSHCN can be much effective [53].

Access barriers

Access barriers consist of 13 sub-themes in three clas-
sifications of geographical and physical access, cultural
and behavioural access and finally the financial access.
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Among the factors related to financial access, inappropri-
ate insurance coverage is considered as one of the main
barriers that can greatly affect the CSHCN’s access. In
this regard, evidence confirms that insured children with
special needs have a better status of oral health along
with having fewer problems in dental visits and fewer
unmet needs [46, 47]. Another access barrier is the socio-
economic status of families with children with special
health needs. This can lead to poor oral health in CSHCN
[49, 53]. More than economic barriers, other restrictions
in resources, administrative limitations and referral sys-
tem problems along with high costs of the services also
can affect the families’ demand for dental services [44,
48]. Among other considerable barriers, we can point to
the lack of eager and skilful dentists in some regions for
working with CSHCN [51, 54].

Finally, at the last step of the scoping review, a mini
expert panel was conducted, including two of the
researchers (PB and AG) and three other experts in
the fields of health policymaking and oral health. Via
this mini panel session, the pre-stated dimensions that
affected the dentistry services’ provision for children with
special needs were presented, and open discussions were
conducted about the main themes and sub-themes, and
their relations and the final conceptual map of the study
was formed. According to this developed conceptual
map, oral and dental health need assessment of CSHCN’s
services is considered as a starting and fundamental
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point. According to this need assessment containing both
the obvious and declared needs and the unmet needs of
CSHCN, the policymakers can set new agendas for poli-
cymaking, and in this regard, new policy advice can be
formulated. According to these policies, appropriate oral
health interventions can be presented. These interven-
tions can be targeted at the CSHCN, their parents or car-
egivers or the dentists, nurses, paediatricians and other
healthcare providers. At the same time, the perceptions
of the providers, including their motivations, fears, expe-
riences, knowledge and feeling toward providing services
to the CSHCN, can greatly affect the quantity and quality
of the provision of oral and dental services to CSHCN.
More than these determinants, the geographical and
physical access to the provided services along with the
cultural and behavioural access and, of course, the finan-
cial access to the service that is provided for CSHCN can
intensively affect the utilization of these services and the
children’s oral and dental health (Fig. 5).

Discussion

Findings show that the critical oral health need assess-
ment of the children with special needs can be considered
as a start point of the conceptual map of providing dental
services. This need assessment should distinctly cover a
vast range of oral health services, from the unmet needs
of the children to their preventive and treatment needs.
Oral hygiene improvement is an area of consideration

Fig. 5 The conceptual map achieved from the scoping review
A

Need assessment
for CSHCN

Policy advice

Oral health
interventions

Access barriers N Provision of ’ Providers’
“1 dentistry ‘ perception
\ services for |
CSHCN
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in this regard. Alkhabuli et al. (2019) have emphasized
that oral hygiene among Emiratis children with special
needs was recorded as good, fair, or poor according to
the Simplified Oral Hygiene Index [60]. Another impor-
tant requirement is educating CSHCN’s parents about
their children oral health needs, which can widely affect
the reduction of unmet needs [31]. So, considering dif-
ferent perspectives to achieve a comprehensive need
assessment can help policymakers move toward more
applicable plans and valuable interventions.

According to the present results, review findings, need
assessment is an important input for policy advice. Evi-
dence shows that those countries that suffer apparent
and need-based policies in the area of oral and dental
health, specialy for the high-risk groups can not achieve
the oral health goals for the whole community in general
and the high-risk groups in a particular perspective [64].
Ghanbarzadegan et al, (2021) have mentioned policy
formulation and policy implementation as two determi-
nants of inequality in the provision of dental services. It
means that lack of evidence-informed policies based on a
comprehensive need assessment can lead to inappropri-
ate policymaking and inequality [65]. For this purpose,
these policies should be integrated the assessed needs
to the provision of services via making collaboration
with health care providers. In other words, dental ser-
vices can lead to better oral health in children with spe-
cial health care needs only if policymakers move toward
an integrated health care system focused on preventive
oral care. According to Hashmi et al. (2019), receiving
preventive oral health among CSHCN was reported low.
In particular, children registered in managed care pro-
grams that had preventive cares coverage also had a bet-
ter oral health condition compared to those unregistered
[60]. This evidence can clarify the role of policies such
as health services integration in CSHCN. Other poli-
cies which aim for the access of CSHCN to dental ser-
vices can be considered as well. These policies vary from
increasing the CSHCN’s insurance coverage to increasing
geographical access to the dental clinics and also improv-
ing the cultural access, for instance, improving the chil-
dren and their parents/carers’ health literacy. So, it is
critical for the policymakers to formulate and implement
applied policies according to their local condition with
the aim of increasing the CSHCN's oral health access and
utilization.

According to the current map, the policy advice based
on the primary need assessment have led to appropriate
interventions to improve oral health among CSHCN. In
this regard, health care systems can implement appro-
priate and effective interventions according to their
resources, social and cultural context. For instance,
Krishnan et al., (2019) suggested some ergonomic and
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psychological interventions such as allocating separated
soundproof rooms, playing relaxing music and decreasing
the dental instruments’ extra noises in clinics for CSHCN
[44]. Other interventions for decreasing the sense of fear
or anxiety of CSHCN can be reached according to the
health system’s facilities and resources. Other interven-
tions can focus on preventive and oral hygiene practices
such as tooth brushing training by using educational vid-
eos or posters and with the assistance of trained teachers
and social media. Considering the mutual relationship
among the CHSCN’s needs, the evidence-informed poli-
cies, and the applied interventions is a critical and signifi-
cant issue for the policymakers. In this regard, Bastani
et al. (2021) have also emphasized that lack of effective
and practical interventions, policies and practices can be
considered as a challenge for the provision and utilization
of oral health services [66].

According to the present results, these interventions
based on policies advice and previous need assessment
can affect the provision of dental services positively in
CSHCN. At the same time, providers’ perceptions can
widely influence service provision. Adyanthaya et al.,
(2017) claimed that the most significant barriers as per-
ceived by the practitioners were their level of training and
motivation [41]. The importance of perception will inten-
sify knowing that the oral health practitioners’ knowl-
edge, attitudes and perceptions can greatly affect their
practices and performances. Altman et al. (2018) claimed
that negative perception of health care providers associ-
ated with lack of adequate capacity and skills could cause
difficulties in service utilization in CSHCN [67]. Another
aspect of the importance of providers’ perception in pro-
viding care to CSHCN is the comprehensive interaction
of CSHCN, their families and the health care system with
the health care providers’ capacities and perceptions.
So it is recommended to reinforce dental practitioners’
practical skills and positive attitudes toward working for
CSHCN.

Finally, the present results indicate that although the
need assessment, policies advice, oral health interven-
tions, and the providers’ perception can highly affect the
provision of dental services to CSHCN, barriers to access
these services can directly restrict the provision process
and outcomes. These barriers in any kind of geographi-
cal, social, cultural or financial can restrict the children
and their families access and affect the provision of oral
health services in its intermediate or final indexes such
as the DMFT index. Bahadori et al,, (2013) emphasized
that the cost of services, inconvenience, fear, organiza-
tion, and patient-dentist relationship are counted as bar-
riers to access to dental services [68]. At the same time,
the World’s report on disability (2011) has divided access
barriers into health cares in three main dimensions of
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financial and affordability, barriers to service delivery and
human resources barriers [69]. All these access barriers
can widely influence the receiving of routine services like
dental visits. It is obvious that any change or reduction in
access and utilization of dental services by CSHCN can
threaten their oral health status as well hamper the per-
formance of the health care system in service provision.
According to what was discussed, the present frame-
work could be applied in different settings. A comprehen-
sive and multi-perspective approach of need assessment
can be applied as a basis for evidence-informed policy-
making. For this porpuse, both determined and unmet
needs of the CSHCN should be considered. Such policies
can be accompanied by practical interventions and prac-
tices that cover the aimed group’s needs of oral and den-
tal health. It would be obvious that considering different
aspects of access to oral and dental health services such
as cultural, geographical and financial access can facili-
tate and develop provision and utilization of the services
by all the population as well as the CSHCN. As similarly
Ghanbarzadegan et al., (2022) have pointed to the accept-
ability of oral and dental services by the population and
physical and financial aspects as the main determinants
of access to dental health [70]. Thus, it can be concluded
that for developing such a framework, the policymakers
not should pay sufficient attention to the CSHCN'’s needs
and formulate the policies and design the interventions
according to their special needs but also, they should
thouroghly consider both the providers' perception and
the aspects of access to the services by the consumers.

Limitations

Although the scoping reviews give a comprehensive con-
ceptual map on the effective determinants on a specific
scope, the result of this study can be enriched by apply-
ing face to face interviews with some of the children
with special health care needs, their parents/carers, oral
health practitioners and the health care providers to
achieve a broad view. Another limitation of the study can
be related to including only published papers in English.

Strengths

The main strength of the study is presenting not only the
main and sub-dimensions of dentistry services' provi-
sion for children with special health care needs but also
trying to illustrate the relations among these dimensions
through a conceptual map. Such a map can shed the light
for policymakers for better provision of dentistry services
for this vulnerable group. To the best of our knowledge,
such a comprehensive scoping review that can shed the
light for policymakers to identify the main determinants
and design the applied intervention has not been pre-
sented before.
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Conclusion

The present findings illustrate a conceptual map of
the provision of dental services in children with spe-
cial health care needs. According to this map, an effec-
tive need assessment from this community, including
the children and their parents/carers may lead to evi-
dence-informed policymaking and applicable policy
advice according to the needs. Such a comprehensive
need assessment can be useful in setting new agendas
of policymaking or opening the windows in formulat-
ing or implementing new policies to improve dentistry
services' provision for CSHCN. Then, the policymakers
and oral health providers should seek suitable interven-
tions to improve the community’s health literacy, as well
as support behaviours of seeking appropriate services by
CSHCN. Such interventions can fade the unmet dentistry
needs of these children and finally achieve a better status
of their oral health. It is also achieved by the results that
the policymakers should pay enough attention to restrict-
ing the barriers of access to dental services in children
with special health care needs. Developing insurance
coverage as well as decreasing financial, geographical and
social barriers are among some strategies for improv-
ing more access to dentistry services by the CSHCN and
reducing inequality and disparities.
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