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“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-
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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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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 



Chapter 1 - Introduction 

 

 

3 

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 
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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) (Jāhāna 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 
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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 km2, 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, I 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, I 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). 

• 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). 

• 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, I 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 
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1) What are the determinants of 

dental service inequalities in a 

developed country such as 

Australia? 

Systematically identify 

determinants of dental 

service inequality in a 

developed country such as 

Australia 

3 

2) How related are inequalities and 

universal health coverage in dental 

services in a developed country 

such as Australia? 

Systematically identify 

determinants of dental 

service inequality in a 

developed country such as 

Australia 

4  

3) How can dental service inequality 

be conceptualised 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 

5 
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2
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4) What are the mechanisms of 

financial barriers in adult dental 

services among Australian public 

and private sectors? 

Identify financial barriers in 

dental services among 

private and public patients 

7 

(chapter 

6 is the 

required 

method) 

5) How are socioeconomic, oral 

health habits and behavioural 

variables associated with 

Australian adult dental service 

utilisation patterns?  

Identify how education and 

behavioural variables (e.g. 

Smoking, Tooth brushing) 

are associated with 

Australian adult dental 

service utilisation patterns 

8 

(chapter 

6 is the 

required 

method) 

 Final discussion and conclusion 9 
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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. 
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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, I 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 III.  
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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 

IV.  
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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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Mediation Analysis 

I was interested in investigating the inequality mechanisms in dental services. Thus, in 

empirical studies in chapters 7 and 8, I used mediation analysis. This chapter explains 

the method used in those studies in detail. In this chapter, I cover when to use 

meditation. Then, I look at the traditional methods in a linear setting. I present the 

counterfactual mediation as the statistical method of this thesis. Then, I continue this 

section by introducing the concepts and terminologies of the counterfactual theory, 

followed by the assumptions that need to be considered. I 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, I explain how to conduct this method in the presence 

of multiple mediators. Finally, I 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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- If a household’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). 

 

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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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 = β
1
+ 𝑎𝑋 + e1, 

𝑌 = β
2
+ 𝑑𝑋 + 𝑏𝑀 + e2, 

𝑌 = β
3
+ 𝑡𝑋 + e3. 

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*b).  

 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 Hernán 

2008, Gvozdenović 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(0))] 

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(0))] 

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(1)) -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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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: 

g(E[Y(x,M(x'))]) = β
0
+ β

1
x +β

2
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: 

g(E[Y(x,M(x'))]) = β
0
+ β

1
x +β

2
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 (1, 2) may correspond to the coefficients of the 
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MSM (0, 1) 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[WXY|X=x] 

and 

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

Based on the IPTW, Wx is the ratio of the probability of being exposed or not being 

exposed under the control condition. θx(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: 

Wx=
pr(X=x)

θx(C)
, Where θx(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): 

W= 
pr(X=1)

θ1(C)
×

θM(0)(C)

θM(1)(C)
 

Here θM(x)(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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W= 
θM(0)(C)

θM(1)(C)
 

Therefore, it is possible to rewrite the natural mediation effects as follows: 

NIE= E[W1 Y(X=1)]-E[WY(X=1)] 

and  

NDE= E[WY(X=1)]-E[W0 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, M1 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, M1 and M2 values should be independent of each 

other.  

Under these assumptions, the total effect is: 

E[ Y(1, M1(1), M2(1)) -Y (0, M1(0), M2(0))] 

and the direct effect (X -> Y) is: 

E[ Y(1, M1(0), M2(0)) -Y (0, M1(0), M2(0))] 
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the total indirect effect can decompose into the indirect effect through M1 (X -> M1 -> 

Y): 

 E[ Y(1, M1(1), M2(0)) -Y (1, M1(0), M2(0))]                         

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

E[ Y(1, M1(1), M2(1)) -Y (1, M1(1), M2(0))]                    (a) 

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

be rewritten as following regardless of M1 value: 

            E[ Y(1, M1(0), M2(1)) -Y (1, M1(0), M2(0))]           (b) 

However, if M1 affects M2 (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 M1 

on Y through M2 (X -> M1->M2 -> Y): 

E[ Y(1,M1(1),M2(1)) -Y (1,M1(1),M2(0))] - E[ Y(1,M1(0),M2(1)) -Y (1,M1(0),M2(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 (M1-Mn), 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 𝑀1 × 𝑅𝑀𝑃𝑊 𝑓𝑜𝑟 𝑀2 × …× 𝑅𝑀𝑃𝑊 𝑓𝑜𝑟 𝑀𝑛. 
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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-> M2 -> Y, still can use this approach.  

A generalised natural effect model in case of multiple mediators from M1- Mn and 

axillary exposures X1- Xn is: 

g(E[Y(X,M1(X 
1),…, Mn(X 

n)]) = β
0
+ β

1
X +∑ β

n
X n

   n

 n=1

 

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

approach with the modified following steps: 

1- Fit a model 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 -> M1 -> M2 ->Y 

will not be decomposed.  

2- Construct an extended dataset containing new auxiliary exposures (Table 1). 

This could be done by repeating each observation Kn 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 

RMPW approach. 

 

Figure 4. Pre-treatment unmeasured confounders 
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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:   

WP= 
pr(X=1)

θ1

×
θM(0)(C,P)

θM(1)(C,P)
 

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 (WP  RMPW with considering 

P) and the original propensity weight W.  

𝑆𝐵𝑁𝐼𝐸 =  𝑁𝐼𝐸 − 𝑁𝐼𝐸𝑃 

= {𝐸[𝑊1 𝑌(𝑋 = 1)] − 𝐸[𝑊𝑌(𝑋 = 1)]}  −   {𝐸[𝑊1 𝑌(𝑋 = 1)] − 𝐸[𝑊𝑃𝑌(𝑋 = 1)]} 

 =  𝐸[(𝑊𝑃  − 𝑊), 𝑌|𝑋 = 1] 

=  𝑐𝑜𝑣(𝑊𝑃  − 𝑊, 𝑌|𝑋 = 1) + 𝐸[𝑊𝑃  − 𝑊|𝑋 = 1]⏟            
𝑓𝑜𝑟𝑚𝑢𝑙𝑎 𝑐 = 𝐸[𝑊𝑝|𝑋=1]−𝐸[𝑊|𝑋=1] =1−1=0

× 𝐸[𝑌|𝑋 = 1] 

=  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: 

E[W|X=1]=∫∑
θM(0)(c)

θM(1)(c)
×pr(M=m|X=1,C=c)f(c|X=1)

m

dc

c

 =∫∑ θM(0)(c)f(c|X=1)

m

dc

c

 

=∫ 1f(c|X=1) dc
c

= 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 (ơ) and Rho (ρ):  

SBNIE = ơ×ρ 

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

ơ= √var(WP-W|X=1) 

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

the outcome: 

ρ=corr (W
P
-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:  

SBNDE = -ơ×ρ. 

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 (Wp) 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 RMPWp for all mediators 

were measured using the discrepancy between the new RMPWp 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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Paper 4 
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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 life1. Considering the importance 

of oral health as a major component of general health, this is also believed to be highly 

associated with socio-economic status2. 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 worldwide3-5. 

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 care6,7. 

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 

individuals8.  

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)9. 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 other10. 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 0. 

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 

approach11,12, which is an extension of Counterfactual mediation analysis13, 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 individuals11,12,14.  

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 c 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 confounders15. 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 

confounders16. 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 (ơ: standard deviation of mediators’ weights 

discrepancy) and Rho (ρ: 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% 

CI 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 education4. 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 education17. 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 effect18. 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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Figure 1- Directed Acyclic Graph illustrating the data analysis of the mediation 

analysis 

  











Chapter 8 - Education effect on Dental Services Utilisation Patterns in Different Sectors 

 

136 

References  

1. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C. The global burden of oral 

diseases and risks to oral health. Bulletin of the World Health Organization. 2005;83:661-

669. 

2. Capurro DA, Davidsen M. Socioeconomic inequalities in dental health among middle-aged 

adults and the role of behavioral and psychosocial factors: evidence from the Spanish 

National Health Survey. International journal for equity in health. 2017;16(1):1-9. 

3. Guiney H, Woods N, Whelton HP, Morgan K. Predictors of utilisation of dental care 

services in a nationally representative sample of adults. 2011. 

4. Listl S. Inequalities in dental attendance throughout the life-course. Journal of dental 

research. 2012;91(7_suppl):S91-S97. 

5. Liu Y, Li Z, Walker MP. Social disparities in dentition status among A merican adults. 

International dental journal. 2014;64(1):52-57. 

6. Ghanbarzadegan A, Balasubramanian M, Luzzi L, Brennan D, Bastani P. Inequality in 

dental services: a scoping review on the role of access toward achieving universal health 

coverage in oral health. BMC oral health. 2021;21(1):1-11. 

7. Ghanbarzadegan A, Bastani P, Luzzi L, Brennan D. Inequalities in utilization and provision 

of dental services: a scoping review. Systematic reviews. 2021;10(1):1-11. 

8. Ju X, Jamieson LM, Mejia GC, Mittinty MN. Effect of oral health literacy on self‐reported 

tooth loss: A multiple mediation analysis. Community dentistry and oral epidemiology. 

2021. 

9. Song Y. Dentist-patient relationships and oral health-related quality of life 2020. 

10. Nilsson A, Bonander C, Strömberg U, Björk J. A directed acyclic graph for interactions. 

International journal of epidemiology. 2021;50(2):613-619. 



Chapter 8 - Education effect on Dental Services Utilisation Patterns in Different Sectors 

 

137 

11. Lange T, Rasmussen M, Thygesen LC. Assessing natural direct and indirect effects through 

multiple pathways. American journal of epidemiology. 2014;179(4):513-518. 

12. 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). 

13. Greenland S, Robins JM. Identifiability, exchangeability, and epidemiological confounding. 

International journal of epidemiology. 1986;15(3):413-419. 

14. Hong G, Deutsch J, Hill HD. Ratio-of-mediator-probability weighting for causal mediation 

analysis in the presence of treatment-by-mediator interaction. Journal of Educational and 

Behavioral Statistics. 2015;40(3):307-340. 

15. Imai K, Keele L, Yamamoto T. Identification, inference and sensitivity analysis for causal 

mediation effects. Statistical science. 2010;25(1):51-71. 

16. Hong G, Qin X, Yang F. Weighting-based sensitivity analysis in causal mediation studies. 

Journal of Educational and Behavioral Statistics. 2018;43(1):32-56. 

17. Piotrowska DE, Pędziński B, Jankowska D, Huzarska D, Charkiewicz AE, Szpak AS. 

Socio-economic inequalities in the use of dental care in urban and rural areas in Poland. 

Annals of Agricultural and Environmental Medicine. 2018;25(3):512-516. 

18. 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. 

 



Chapter 8 - Education effect on Dental Services Utilisation Patterns in Different Sectors 

 

138 

  



 

 

 

Chapter 9 – Final Consideration 



Chapter 9 - Final Consideration 

 

140 

In the early stages of designing this thesis, although I knew the focus of my thesis would 

be socioeconomic inequality, I 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 I was pursuing the goal that the results of this thesis be practical and 

not merely a report of inequality indicators, I 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. I 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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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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Table S2- Determinants of inequality in utilization and provision of dental services in 

OECD countries 

Main themes Sub-themes Sub-sub themes 
Coun

t 
References 

Utilization of Services 

Individual 

determinants 

 

Demographic 

determinants 

Gender 18 (1-18) 

Race and ethnicity 25 (8, 9, 19-41) 

Nationality /Mother 

nationality 
4 (3, 4, 42, 43) 

Age 42 

(10, 11, 14, 15, 18, 22, 

27-31, 33, 36, 38, 44-

71) 

Marital status 3 (3, 38, 46) 

Self-rated 

health status 

Functional abilities 4 (67, 72-74) 

Quality of life 3 (75-77) 

Special health 

needs/minorities 
3 (31, 51, 78) 

Oral health status 10 
(8, 9, 28, 31, 47, 57, 

72, 79-81) 

Disease and health status 8 
(5, 16, 24, 32, 37, 46, 

77, 82) 

Social 

determinants 

 

social status 

Residential location 20 
(6, 14, 26, 27, 30, 36, 

83-96) 

Vulnerable groups 9 
(8, 26, 29, 30, 37, 64, 

66, 97, 98) 

Population density 1 (94) 

Occupation /employment 5 (12, 99-102) 

Immigrant and refugees 11 
(6, 8, 32, 41, 68, 71, 

97, 103-106) 

 

Literacy 

Education level 32 

(1, 3, 5, 10, 13, 18, 20-

22, 37-39, 43, 59, 65, 

72, 78, 82, 86, 99-102, 

107-115) 

Health literacy 4 (78, 112, 116, 117) 

 Income 58 (1, 3, 5, 9-11, 14, 17, 

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

determinants 

Micro-

economic 

 

 

 

 

 46, 47, 51, 52, 58, 61, 

66, 73, 79, 80, 85, 86, 

88, 103, 106, 107, 109, 

118-141) 

Wealth 7 
(10, 73, 109, 124, 127, 

140, 142) 

poverty 11 
(13, 33, 49, 54, 82, 95, 

97, 120, 124, 129, 143) 

 

Macro-

economic 

Macro-Economic 

crisis/condition 
5 (100, 104, 144-146) 

Macroeconomic revenue 

collection 
1 (147) 

Gini index 5 (7, 47, 79, 118, 136) 

GDP per capita/Country 

revenue 
2 (147, 148) 

Economic disparities 4 (83, 84, 87, 108) 

Cultural 

determinants 

Macro 

cultural 

factors 

Time and technology 9 (101, 135, 149-155) 

Environmental condition 1 (84) 

Micro 

cultural 

factors 

Oral health behavior 6 (5, 30, 38, 57, 85, 156) 

Primary language spoken 

(Fluency) 
5 (36, 41, 68, 71, 157) 

lifestyle 6 
(5, 14, 57, 67, 114, 

158) 

Attitude 8 
(32, 42, 71, 76, 77, 85, 

117, 139) 

Provision of Services 

Health policy 

Policy 

implementatio

n 

Appropriate policies 7 
(63, 132-134, 143, 159, 

160) 

Target population 

concentration 
1 (87) 

National interventions 8 
(63, 111, 141, 153, 

159-163) 

Policy 

Formulation 

Health basic 

insurance/public insurance 

13 

 

(11, 15, 18, 35, 38, 41, 

66-69, 78, 89, 91, 106, 

111, 114, 116, 119, 

120, 135, 137, 138, 
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(Insurance) 140, 143, 148, 155, 

164-172) 

Supplementary insurance 35 (126, 134, 166, 173) 

Private insurance 5 (9, 18, 125, 174, 175) 

cardholder status 2 (91, 176) 

Availability 

of services 

Type of 

available 

services 

Advice services /regular 

visiting pattern 
10 

(15, 36, 42, 91, 139, 

155, 158, 165, 168, 

177) 

Emergency visits 7 (68, 69, 90, 178-181) 

Service coverage 4 (28, 63, 80, 182) 

Specialized services 8 
(7, 22, 44, 61, 84, 88, 

102, 183) 

Preventive care 13 

(3, 11, 31, 38, 98, 99, 

113, 115, 121, 164, 

171, 184, 185) 

Pharmacists Consultation 1 (180) 

School dental nurses and 

dental hygienists 
1 (186) 

Distribution 

of services 

Geographic location /dentist 

distribution 
15 

(11, 39, 88, 90, 93, 

126, 137, 171, 172, 

180, 185, 187-190) 

Distribution of dental 

schools 
3 (148, 188, 191) 

Management 

of services 

Inadequate private services 1 (182) 

Waiting time in public 

sector 
2 (105, 161) 

Cost of service 11 

(16, 60, 69, 91, 106, 

140, 148, 157, 165, 

192, 193) 

Service Satisfaction 1 (179) 

Dentists recall and follow 

up 
2 (92, 130) 
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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 

Search 

Strategy 

(#1 AND #2 AND #3) [Title/Abstract] 

#1  “Dental Health Surveys” OR “Oral Health Disparities” OR 

“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 

Science 

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 "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 S3- Determinants of access to dental services 

 

Dimensio

ns of 

access 

Main 

determina

nts  

Sub determinants  Numbe

r of 

articles 

References  

 

 

 

 

Acceptabil

ity 

Family 

condition  

Existence of an elderly member in the family  6 (1-6) 

Existence of a child in the family 10 (5, 7-15) 

Families living in poverty 1 (16) 

Race / ethnic minority /Aboriginality of the 

family 

11 (6, 17-26) 

Occurring Pregnancy 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 (17) 

Culture  Fear of dental treatment or phobias 1 (5) 

Oral health beliefs  1 (17) 

Victimization 1 (17) 

Poor oral health behaviors  1 (2) 

 

 

 

 

 

Financial  

Health 

demands  

Unmet oral healthcare needs 4 (21, 29-31) 

Health problems 1 (32) 

Poor oral condition 2 (2, 31) 

Affordabilit

y of 

services  

Income  14 (1, 2, 10, 11, 15, 

18, 20, 21, 32-37) 

Health insurance  13 (4, 11, 13, 16, 

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) 

 

 

 

Physical  

Availability 

of services 

Oral health delivery system 5  (15, 30, 34, 

43, 44) 

Public coverage of dental services 4 (31, 39, 44, 45) 

Dentists visits/Preventive care 6 (4, 23, 33, 38, 

46, 47) 

Specialized treatment 1 (7) 

Virtual dental home 1 (10) 

Long waiting time 3 (15, 38, 48) 

High proportion of dentists 3 (11, 23, 49) 

Shelter based care 1 (17) 

Access to oral hygiene products 2 (4, 19) 

Pensioners 1 (15) 

Socio-

environmen

tal factors  

Refugees  1 (48) 

Immigrants  2 (6, 21) 

Disadvantages people 2 (15, 23) 

Geographic

al distance 

Geographic access  12 (21, 24, 25, 43, 

50-57) 

Travelling time  1 (13) 

Using public transportation 1 (1) 
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Rural populations 2 (19, 21) 

Living in census areas 1 (23) 

Living in the regions outside major cities 1 (1) 

 

 

 

Figure S1- Number of Published Studies by country 

 

 

Figure S2- Number of Published Studies every 5 years 
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Appendix V – Supplementary tables and 

R Codes Used in Paper 4 and 5 
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Supplementary tables of paper 4 

R Codes for Paper 4 

Mediation 

#####################################################################

# 

#####################################################################

# 

#####################################################################

# 

######Income Based Socio-economic Inequalities in Utilization of###### 

################Dental Services: A Mediation Analysis ################ 

#####################################################################

# 

#####################################################################

# 

#####################################################################

# 

###########################start of the COde########################## 

#libraries 

library(VGAM) 

library(haven) 

library(mice) 

library(mitools) 

library(geepack) 

library(mitml) 

library(pbapply) 

library(ggplot2) 

#####################################################################

# 

#data set 

MED2 <- read_sav("~/Desktop/phd/mediation/MED3.sav") 
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View(MED2) 

#####################################################################

# 

#Imputation 

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$Income_di_X <- as.factor(med2Imp$Income_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) 

 

################### Define the function for Bootstrap ################# 

effectSep1 <- function(med2Imp) 

{ 

#########################start of the Function######################## 

# 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$ATemp <- med2Imp$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) 
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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 

#####################################################################

# 

# Data Expansion  

levelofincome <- unique(med2Imp$Income_di_X) 

med2Imp$newID <- 1:nrow(med2Imp) 

med2Imp1 <- med2Imp 

med2Imp2 <- med2Imp 

med2Imp1$Income_di_XStar1 <- levelofincome[1] 

med2Imp2$Income_di_XStar1 <- levelofincome[2] 

tempmed2imp <- rbind(med2Imp1,med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Income_di_XStar2 <- levelofincome[1] 

med2Imp2$Income_di_XStar2 <- levelofincome[2] 

tempmed2imp <- rbind(med2Imp1, med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Income_di_XStar3 <- levelofincome[1] 

med2Imp2$Income_di_XStar3 <- levelofincome[2] 

newmed2imp <- rbind(med2Imp1, med2Imp2) 

#####################################################################

# 

#Weighting  
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#M Weight 

newmed2imp$ATemp <- newmed2imp$Income_di_X 

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

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

 

newmed2imp$ATemp <- newmed2imp$Income_di_XStar1 

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

tempindirM1 <- ifelse(newmed2imp$pubpriv_M, temp, 1-temp) 

newmed2imp$weightM1 <- tempindirM1/TempDirM1 

#M2 Weight 

newmed2imp$ATemp <- newmed2imp$Income_di_X 

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

TempDirM2 <- ifelse(newmed2imp$insured_L1, temp, 1-temp) 

 

newmed2imp$ATemp <- newmed2imp$Income_di_XStar2 

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

tempindirM2 <- ifelse(newmed2imp$insured_L1, temp, 1-temp) 

newmed2imp$weightM2 <- tempindirM2/TempDirM2 

#M3 Weight 

newmed2imp$ATemp <- newmed2imp$Income_di_X 

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

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

 

newmed2imp$ATemp <- newmed2imp$Income_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 

#####################################################################

# 

# natural effect modelling 

################### 

#model1 Visit Avoidance 

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

model1 <- geeglm(avoid_Y1 ~ factor(Income_di_X) + factor(Income_di_XStar1) + 

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) 

################### 

#Collect and return estimates 

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

#########################End of the Function######################## 

} 

#######################For BootStrap Analysis####################### 

######################Run Function 5000 times####################### 

######################and Collect all Estimates##################### 

bootstrapEffectEsts1 <- pbreplicate(10^3, 

effectSep1(med2Imp[sample(1:nrow(med2Imp),size=nrow(med2Imp),replace=T),])) 

#########################Computing the table######################## 

outputTabel1 <- matrix(NA, ncol=6, nrow=5) 

boot1 <- t(apply(bootstrapEffectEsts1, 1, quantile, c(0.5,0.025,0.975))) 

Ftablefullmodel1 <- exp(boot1) 

TotalIndirecteffect1 <- exp(apply(boot1[c(3,4,5),],2,sum))  

Totaleffect1 <- apply(bootstrapEffectEsts1[c(2,3,4,5),],2,sum) 
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temp <- rbind(bootstrapEffectEsts1, Totaleffect1, 

bootstrapEffectEsts1[c(2,3,4,5),]/rbind(Totaleffect1,Totaleffect1,Totaleffect1,Totaleff

ect1)) 

tempQuant <- t(apply(temp, 1, quantile, c(0.5,0.025,0.975))) 

outputTabel1[,1:3] <- rbind(tempQuant[c(2,3,4,5,11),]) 

outputTabel1[1:4,4:6] <- tempQuant[12:15,] 

#exp table 

Ftable_oddsratio_model1 <- matrix(NA, ncol=6, nrow=5) 

temptablel1<- exp(outputTabel1[,1:3]) 

Ftable_oddsratio_model1[,1:3] <- temptablel1[,1:3] 

Ftable_oddsratio_model1[,4:6] <- outputTabel1[,4:6] 

#########################Drawing  the Plot######################## 

#plot 

# Create labels 

boxLabels = c("Direct Effect", "Indirect Effect through M1", "Indirect Effect through 

M2", "Indirect Effect through M3", "Total Effect") 

df1 <- data.frame((yax = length(boxLabels):1), boxOdds = 

Ftable_oddsratio_model1[,1], boxCILow = Ftable_oddsratio_model1[,2], boxCIHigh 

= Ftable_oddsratio_model1[,3]) 

# Plot 

(p1 <- ggplot(df1, 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')) 

##########################End of the Code########################## 
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Sensitivity Analyses 

 

#####################################################################

# 

#####################################################################

# 

#####################################################################

# 

######Income Based Socio-economic Inequalities in Utilization of###### 

################Dental Services: A Mediation Analysis ################ 

#####################################################################

# 

#########################sensitivity analysis######################### 

#####################################################################

# 

 

#libraries 

library(haven) 

library(pbapply) 

########################NOTE: write 

ESTIMATES######################### 

 

#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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#####################################################################

# 

#data set 

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

 

#########################Weight full######################## 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm2) * 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) 

med2Imp$ATemp <- med2Imp$ex 

FitM3 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + education + ohealth + cob + 

residency, data = med2Imp, family = "binomial")  

# Assess intertwined casual pathways 

#####################################################################

# 

# Data Expansion  

levelofincome <- unique(med2Imp$ex) 

med2Imp$newID <- 1:nrow(med2Imp) 

med2Imp1 <- med2Imp 

med2Imp2 <- med2Imp 

med2Imp1$exStar1 <- levelofincome[1] 

med2Imp2$exStar1 <- levelofincome[2] 
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tempmed2imp <- rbind(med2Imp1,med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$exStar2 <- levelofincome[1] 

med2Imp2$exStar2 <- levelofincome[2] 

tempmed2imp <- rbind(med2Imp1, med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$exStar3 <- levelofincome[1] 

med2Imp2$exStar3 <- levelofincome[2] 

newmed2imp <- rbind(med2Imp1, med2Imp2) 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

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

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 

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$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 

 

#####################################################################   

################Sensitivity for pretreatment confounders############# 

##################################################################### 

#AGE=c1 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c1 <- glm(factor(dm1) ~ 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 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

temp_c1 <- predict(FitM1_c1, type = "response", newdata = newmed2imp) 

TempDirM1_c1 <- ifelse(newmed2imp$dm1, temp_c1, 1-temp) 

 

newmed2imp$ATemp <- newmed2imp$exStar1 

temp_c1 <- predict(FitM1_c1, type = "response", newdata = newmed2imp) 

tempindirM1_c1 <- ifelse(newmed2imp$dm1, temp_c1, 1-temp_c1) 

newmed2imp$weightM1_c1 <- tempindirM1_c1/TempDirM1_c1 

#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_c1 <- 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_c1) 

 

newmed2imp$ATemp <- newmed2imp$exStar3 

temp_c1 <- predict(FitM3_c1, type = "response", newdata = newmed2imp) 

tempindirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_c1) 

newmed2imp$weightM3_c1 <- tempindirM3_c1/TempDirM3_c1 

# Total Mediators weights  

newmed2imp$medweight_c1 <- newmed2imp$weightM1_c1 * 

newmed2imp$weightM2_c1 * newmed2imp$weightM3_c1 

# total Weight including survey weight 

newmed2imp$TW1 <- newmed2imp$medweight_c1 * newmed2imp$weight 

 

#####################################################################

# 

#sex=c2 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c2 <- glm(factor(dm1) ~ 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 <- glm(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 <- glm(factor(dm3) ~ factor(ATemp) + age + education + ohealth + cob + 

residency, data = med2Imp, family = "binomial")  
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# Assess intertwined casual pathways 

#####################################################################

# 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

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

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 

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$dm2, 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$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 

 

#####################################################################

# 

#####################################################################

# 

#education= c3 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c3 <- glm(factor(dm1) ~ 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) 

med2Imp$ATemp <- med2Imp$ex 

FitM3_c3 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + ohealth + cob + 

residency, data = med2Imp, family = "binomial")  

# Assess intertwined casual pathways 

#####################################################################

# 
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#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

temp <- predict(FitM1_c3, type = "response", newdata = newmed2imp) 

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 

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$dm3, temp, 1-temp) 
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newmed2imp$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 

#####################################################################

# 

#####################################################################

# 

#ohealth=c4 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c4 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age + 

sex + education + cob + residency, data = med2Imp ,family = "binomial")  

# Fit a Model for M2 (insured) 

med2Imp$ATemp <- med2Imp$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 

#####################################################################

# 

#####################################################################

# 

#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$ATemp <- newmed2imp$exStar1 

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$dm2, 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$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 
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newmed2imp$TW4 <- newmed2imp$medweight_c4 * newmed2imp$weight 

#####################################################################

# 

#####################################################################

# 

#cob=c5 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c5 <- glm(factor(dm1) ~ 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 

#####################################################################

# 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

temp <- predict(FitM1_c5, type = "response", newdata = newmed2imp) 

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 
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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$TW5 <- newmed2imp$medweight_c5 * newmed2imp$weight 

#####################################################################

# 

#####################################################################

# 
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#residency=c6 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c6 <- glm(factor(dm1) ~ 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 

#####################################################################

# 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

temp <- predict(FitM1_c6, type = "response", newdata = newmed2imp) 

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 

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$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 

#####################################################################

# 

#education-ohealth =c34 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$ex 

FitM1_c34 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm2) * factor(dm3) + age + 

sex + cob + residency, data = med2Imp ,family = "binomial")  

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

FitM2_c34 <- glm(factor(dm2) ~ factor(ATemp) + age + sex  + cob + residency, data 

= med2Imp, family = "binomial")  

# Fit a Model for M3 (concard) 

med2Imp$ATemp <- med2Imp$ex 

FitM3_c34 <- glm(factor(dm3) ~ factor(ATemp) + age + sex + cob + residency, data = 

med2Imp, family = "binomial")  

# Assess intertwined casual pathways 

#####################################################################

# 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$ex 

temp <- predict(FitM1_c34, type = "response", newdata = newmed2imp) 

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

 

newmed2imp$ATemp <- newmed2imp$exStar1 

temp <- predict(FitM1_c34, type = "response", newdata = newmed2imp) 

tempindirM1 <- ifelse(newmed2imp$dm1, temp, 1-temp) 

newmed2imp$weightM1_c34 <- tempindirM1/TempDirM1 

#M2 Weight 

newmed2imp$ATemp <- newmed2imp$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$dm2, temp, 1-temp) 
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newmed2imp$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 

 

#####################################################################

# 

#####################################################################

# 

############################### Sensitivity BIAS ##################### 

#c1 

sigma1 = sd((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$ex == 1]) 

rho1 = cor((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1, "y1"]) 

bias_NIE1 = sigma1 * rho1 

bias_NDE1 = -bias_NIE1 

 

#c2 

sigma2 = sd((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$ex == 1]) 
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rho2 = cor((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1,"y1"]) 

bias_NIE2 = sigma2 * rho2 

bias_NDE2 = -bias_NIE2 

#c3 

sigma3 = sd((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$ex == 1]) 

rho3 = cor((-newmed2imp$TW3 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1, "y1"]) 

bias_NIE3 = sigma3 * rho3 

bias_NDE3 = -bias_NIE3 

#c4 

sigma4 = sd((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$ex == 1]) 

rho4 = cor((-newmed2imp$TW4 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1, "y1"]) 

bias_NIE4 = sigma4 * rho4 

bias_NDE4 = -bias_NIE4 

#c5 

sigma5 = sd((-newmed2imp$TW5 + newmed2imp$TW)[newmed2imp$ex == 1]) 

rho5 = cor((-newmed2imp$TW5 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1, "y1"]) 

bias_NIE5 = sigma5 * rho5 

bias_NDE5 = -bias_NIE5 

#c6 

sigma6 = sd((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$ex == 1]) 

rho6 = cor((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$ex == 1], 

newmed2imp[newmed2imp$ex == 1, "y1"]) 

bias_NIE6 = sigma6 * rho6 

bias_NDE6 = -bias_NIE6 

#c34 

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 

 

############################### Modified Estimates #################### 

 

 

########################SENS FUNCTION####################### 

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(paste0("bias_", effect)) < left | get(paste0("bias_",  

                                                         effect)) > right) { 

      sens = "*" 

    } 

    else { 

      sens = "" 

    } 

  } 

  if (est.ori[paste0("CIL_", effect)] > 0) { 

    if (get(paste0("bias_", effect)) >= left) { 

      sens = "*" 

    } 

    else { 

      sens = "" 

    } 
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  } 

  if (est.ori[paste0("CIU_", effect)] < 0) { 

    if (get(paste0("bias_", effect)) <= right) { 

      sens = "*" 

    } 

    else { 

      sens = "" 

    } 

  } 

  return(sens) 

} 

############################### Modified Estimates ####################  

est.ori = c(NIE1 = est.ie, CIL_NIE1 = CIL_NIE, CIU_NIE1 = CIU_NIE,  

            NDE1 = est.de, CIL_NDE1 = CIL_NDE, CIU_NDE1 = CIU_NDE) 

#c1= age 

sensitivity_NIE1 = sens(est.ori, "NIE1") 

sensitivity_NDE1 = sens(est.ori, "NDE1") 

 

modified_NIE_c1 = 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(sigma1, 3), round(rho1, 3), round(bias_NIE1,  

                                                    3), sensitivity_NIE1, round(modified_NIE_c1, 3), 

paste0("[",  

                                                                                                            

round(modifiedCIL_NIE_c1, 3), ",", round(modifiedCIU_NIE_c1,  
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3), "]"), round(bias_NDE1, 3), sensitivity_NDE1,  

            round(modified_NDE_c1, 3), paste0("[", round(modifiedCIL_NDE_c1,  

                                                         3), ",", round(modifiedCIU_NDE_c1, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE2 = est.ie, CIL_NIE2 = CIL_NIE, CIU_NIE2 = CIU_NIE,  

            NDE2 = 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_NDE2"] - 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), "]"), round(bias_NDE2, 3), sensitivity_NDE2,  

            round(modified_NDE_c2, 3), paste0("[", round(modifiedCIL_NDE_c2,  

                                                         3), ",", round(modifiedCIU_NDE_c2, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE3 = est.ie, CIL_NIE3 = CIL_NIE, CIU_NIE3 = CIU_NIE,  

            NDE3 = est.de, CIL_NDE3 = CIL_NDE, CIU_NDE3 = CIU_NDE) 

#c3= education  
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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), "]"), round(bias_NDE3, 3), sensitivity_NDE3,  

            round(modified_NDE_c3, 3), paste0("[", round(modifiedCIL_NDE_c3,  

                                                         3), ",", round(modifiedCIU_NDE_c3, 3), "]")) 

#####################################################################

# 

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 

modifiedCIU_NIE_c4 = est.ori["CIU_NIE4"] - bias_NIE4 

modifiedCIL_NDE_c4 = est.ori["CIL_NDE4"] - 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), "]"), round(bias_NDE4, 3), sensitivity_NDE4,  

            round(modified_NDE_c4, 3), paste0("[", round(modifiedCIL_NDE_c4,  

                                                         3), ",", round(modifiedCIU_NDE_c4, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE5 = est.ie, CIL_NIE5 = CIL_NIE, CIU_NIE5 = CIU_NIE,  

            NDE5 = est.de, CIL_NDE5 = CIL_NDE, CIU_NDE5 = CIU_NDE)  

#c5= cob 

sensitivity_NIE5 = sens(est.ori, "NIE5") 

sensitivity_NDE5 = 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(sigma5, 3), round(rho5, 3), round(bias_NIE5,  

                                                    3), sensitivity_NIE5, round(modified_NIE_c5, 3), 

paste0("[",  

                                                                                                            

round(modifiedCIL_NIE_c5, 3), ",", round(modifiedCIU_NIE_c5,  

                                                                                                                                                     

3), "]"), round(bias_NDE5, 3), sensitivity_NDE5,  

            round(modified_NDE_c5, 3), paste0("[", round(modifiedCIL_NDE_c5,  

                                                         3), ",", round(modifiedCIU_NDE_c5, 3), "]")) 
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#####################################################################

# 

est.ori = c(NIE6 = est.ie,  CIL_NIE6 = CIL_NIE, CIU_NIE6 = CIU_NIE,  

            NDE6 = 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_NDE6"] - bias_NDE6 

modifiedCIU_NDE_c6 = est.ori["CIU_NDE6"] - bias_NDE6 

bias_c6 = c(round(sigma6, 3), round(rho6, 3), round(bias_NIE6,  

                                                    3), sensitivity_NIE6, round(modified_NIE_c6, 3), 

paste0("[",  

                                                                                                            

round(modifiedCIL_NIE_c6, 3), ",", round(modifiedCIU_NIE_c6,  

                                                                                                                                                     

3), "]"), round(bias_NDE6, 3), sensitivity_NDE6,  

            round(modified_NDE_c6, 3), paste0("[", round(modifiedCIL_NDE_c6,  

                                                         3), ",", round(modifiedCIU_NDE_c6, 3), "]")) 

#####################################################################

# 

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), "]"), round(bias_NDE34, 3), sensitivity_NDE34,  

             round(modified_NDE_c34, 3), paste0("[", round(modifiedCIL_NDE_c34,  

                                                           3), ",", round(modifiedCIU_NDE_c34, 3), "]"))    

 

#####################################################################

#################### 

 

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) = c("sigma", "rho", "bias_NIE", 

                                   "", "modified_NIE", "modifiedCI_NIE", "bias_NDE", 

                                   "", "modified_NDE", "modifiedCI_NDE") 
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R Codes for Paper 5 

Mediation Analysis  

#####################################################################

# 

#####################################################################

# 

######Income Based Socio-economic Inequalities in Utilization of###### 

################Dental Services: A Mediation Analysis ################ 

################################Edication############################# 

#####################################################################

# 

#####################################################################

# 

###########################start of the COde########################## 

#libraries 

library(VGAM) 

library(haven) 

library(dplyr) 

library(mice) 

library(mitools) 

library(geepack) 

library(mitml) 

library(pbapply) 

library(ggplot2) 

#####################################################################

# 

#data set 

MED2 <- read_sav("/Volumes/users1/a1785821/Desktop/phd/education 

mediation/mednew21.sav") 

View(MED2) 

MED2 <- MED2%>%mutate_if(is.character, as.factor) 
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#####################################################################

# 

#Imputation 

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

med2Imp <- complete(med2Imp) 

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

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

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

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

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

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

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

################### Define the function for Bootstrap ################# 

effectSep1 <- function(med2Imp) 

{ 

#########################start of the Function######################## 

# fit Models for Mediators 

# Fit a Model for M1 (Oral Health) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM1 <- glm(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_M2) ~ factor(ATemp) + Income + sector + age + Sex + 

Ghealth + COB + Residential, data = med2Imp, family = "binomial") 

# Fit a Model for M3 (Brunshing) 

FitM3 <- glm(factor(Brush_M3) ~ factor(ATemp) * factor(Smoke_M2) + sector+ age 

+ Sex  + Ghealth + COB + Residential, data = med2Imp, family = "binomial") 

###################################################### 

################ 

# Data Expansion 
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levelofeducation <- unique(med2Imp$Education_X) 

med2Imp$newID <- 1:nrow(med2Imp) 

med2Imp1 <- med2Imp 

med2Imp2 <- med2Imp 

med2Imp1$Education_XStar1 <- levelofeducation[1] 

med2Imp2$Education_XStar1 <- levelofeducation[2] 

tempmed2imp <- rbind(med2Imp1,med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Education_XStar2 <- levelofeducation[1] 

med2Imp2$Education_XStar2 <- levelofeducation[2] 

tempmed2imp <- rbind(med2Imp1, med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Education_XStar3 <- levelofeducation[1] 

med2Imp2$Education_XStar3 <- levelofeducation[2] 

newmed2imp <- rbind(med2Imp1, med2Imp2) 

#####################################################################

# 

#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_XStar1 

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_M2, 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 

#####################################################################

# 

# natural effect modeling 

################### 

#model1 Visit Avoidance 

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

model1 <- geeglm(Last_Y1 ~ (factor(Education_X) + factor(Education_XStar1) + 

factor(Education_XStar2) + factor(Education_XStar3)) * sector + age + Sex + Ghealth 



Appendix V 

 

 

246 

+ COB + Residential, data = newmed2imp, family = 'binomial', weights= totalweight, 

id=newmed2imp$newID) 

################### 

#Collect and return estimates 

return(coef(model1)[1:16]) 

#########################End of the Function######################## 

} 

#######################For BootStrap Analysis####################### 

######################Run Function 5000 times####################### 

######################and Collect all Estimates##################### 

bootstrapEffectEsts1 <- pbreplicate(3, 

effectSep1(med2Imp[sample(1:nrow(med2Imp),size=nrow(med2Imp),replace=T),])) 

#########################Computing the table######################## 

outputTabel1 <- matrix(NA, ncol=6, nrow=5) 

boot1 <- t(apply(bootstrapEffectEsts1, 1, quantile, c(0.5,0.025,0.975))) 

Ftablefullmodel1 <- exp(boot1) 

Totaleffect1 <- apply(bootstrapEffectEsts1[c(2,3,4,5),],2,sum) 

Totalindirecteffect1 <- apply(bootstrapEffectEsts1[c(3,4,5),],2,sum) 

temp <- rbind(bootstrapEffectEsts1, Totaleffect1, 

bootstrapEffectEsts1[c(2,3,4,5),]/rbind(Totaleffect1,Totaleffect1,Totaleffect1,Totaleff

ect1),Totalindirecteffect1) 

tempQuant <- t(apply(temp, 1, quantile, c(0.5,0.025,0.975))) 

outputTabel1[,1:3] <- rbind(tempQuant[c(2,3,4,5,17),]) 

outputTabel1[1:4,4:6] <- tempQuant[18:21,] 

#exp table 

Ftable_oddsratio_model1 <- matrix(NA, ncol=6, nrow=5) 

temptablel1<- exp(outputTabel1[,1:3]) 

Ftable_oddsratio_model1[,1:3] <- temptablel1[,1:3] 

Ftable_oddsratio_model1[,4:6] <- outputTabel1[,4:6] 

#########################Drawing  the Plot######################## 



Appendix V 

 

 

247 

#plot 

# Create labels 

boxLabels = c("Direct Effect", "Indirect through M1", "Indirect through M2", "Indirect 

through M3", "Total Effect") 

df1 <- data.frame((yax = length(boxLabels):1), boxOdds = 

Ftable_oddsratio_model1[,1], boxCILow = Ftable_oddsratio_model1[,2], boxCIHigh 

= Ftable_oddsratio_model1[,3]) 

# Plot 

(p1 <- ggplot(df1, 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(0.1,1.8,0.1) ) + 

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') 

##########################End of the Code########################## 
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Sensitivity Analysis  

 

#####################################################################

# 

#####################################################################

# 

#####################################################################

# 

##Education effect on Dental Services Utilisation Patterns in Different Sectors: #### 

################### A Multiple Mediation Analysis ###################### 

#####################################################################

##################################################################### 

#########################sensitivity analysis######################### 

#####################################################################

# 

 

#libraries 

library(haven) 

library(pbapply) 

########################NOTE: write 

ESTIMATES######################### 

 

#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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#####################################################################

# 

#data set 

med2Imp <- read_sav("~/Desktop/education mediation/MED3Imp.sav") 

 

#########################Weight full######################## 

# fit Models for Mediators 

# Fit a Model for M1 (Oral Health) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM1 <- glm(factor(dm1) ~ 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")  

#####################################################################

# 

# Data Expansion  

levelofeducation <- unique(med2Imp$Education_X) 

med2Imp$newID <- 1:nrow(med2Imp) 

med2Imp1 <- med2Imp 

med2Imp2 <- med2Imp 

med2Imp1$Education_XStar1 <- levelofeducation[1] 

med2Imp2$Education_XStar1 <- levelofeducation[2] 

tempmed2imp <- rbind(med2Imp1,med2Imp2) 

#### 
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med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Education_XStar2 <- levelofeducation[1] 

med2Imp2$Education_XStar2 <- levelofeducation[2] 

tempmed2imp <- rbind(med2Imp1, med2Imp2) 

#### 

med2Imp1 <- tempmed2imp 

med2Imp2 <- tempmed2imp 

med2Imp1$Education_XStar3 <- levelofeducation[1] 

med2Imp2$Education_XStar3 <- levelofeducation[2] 

newmed2imp <- rbind(med2Imp1, med2Imp2) 

#####################################################################

# 

#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_XStar1 

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$dm2, 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 

 

#####################################################################   

################Sensitivity for pretreatment confounders############# 

##################################################################### 

#AGE=c1 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM1_c1 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm2) * 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 

#####################################################################

# 

#Weighting  

#M Weight 

newmed2imp$ATemp <- newmed2imp$Education_X 

temp_c1 <- predict(FitM1_c1, type = "response", newdata = newmed2imp) 

TempDirM1_c1 <- ifelse(newmed2imp$dm1, temp_c1, 1-temp) 

 

newmed2imp$ATemp <- newmed2imp$Education_XStar1 

temp_c1 <- predict(FitM1_c1, type = "response", newdata = newmed2imp) 

tempindirM1_c1 <- ifelse(newmed2imp$dm1, temp_c1, 1-temp_c1) 

newmed2imp$weightM1_c1 <- tempindirM1_c1/TempDirM1_c1 

#M2 Weight 

newmed2imp$ATemp <- newmed2imp$Education_X 

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

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

 

newmed2imp$ATemp <- newmed2imp$Education_XStar2 

temp_c1 <- 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_c1) 

 

newmed2imp$ATemp <- newmed2imp$Education_XStar3 

temp_c1 <- predict(FitM3_c1, type = "response", newdata = newmed2imp) 

tempindirM3_c1 <- ifelse(newmed2imp$dm3, temp_c1, 1-temp_c1) 

newmed2imp$weightM3_c1 <- tempindirM3_c1/TempDirM3_c1 

# Total Mediators weights  

newmed2imp$medweight_c1 <- newmed2imp$weightM1_c1 * 

newmed2imp$weightM2_c1 * newmed2imp$weightM3_c1 

# total Weight including survey weight 

newmed2imp$TW1 <- newmed2imp$medweight_c1 * newmed2imp$weight 

 

#####################################################################

# 

#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(dm2) * factor(dm3) + sector 

+ age + Income + Ghealth + COB + Residential, data = med2Imp ,family = 

"binomial")  

# Fit a Model for M2 (insured) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM2_c2 <- glm(factor(dm2) ~ factor(ATemp) + sector + age + Income + Ghealth + 

COB + Residential, data = med2Imp, family = "binomial")  

# Fit a Model for M3 (concard) 

med2Imp$ATemp <- med2Imp$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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#####################################################################

# 

#####################################################################

# 

#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_XStar1 

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$dm2, 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 

 

#####################################################################

# 

#####################################################################

# 

#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(dm2) * 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$ATemp <- med2Imp$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 

#####################################################################

# 

#####################################################################

# 
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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_XStar1 

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$dm2, 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 

#####################################################################

# 

#####################################################################

# 

#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(dm2) * factor(dm3) + sector 

+ age + Sex + Income + COB + Residential, data = med2Imp ,family = "binomial")  

# Fit a Model for M2 (insured) 

med2Imp$ATemp <- med2Imp$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$ATemp <- med2Imp$Education_X 

FitM3_c4 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex  + 

COB + Residential, data = med2Imp, family = "binomial")  

# Assess intertwined casual pathways 

#####################################################################

# 

#####################################################################

# 

#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_XStar1 

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$dm2, 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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#####################################################################

# 

#####################################################################

# 

#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(dm2) * 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$ATemp <- med2Imp$Education_X 

FitM3_c5 <- glm(factor(dm3) ~ factor(ATemp)*factor(dm2) + sector + age + Sex + 

Ghealth + Residential, data = med2Imp, family = "binomial")  

# Assess intertwined casual pathways 

#####################################################################

# 

#####################################################################

# 

#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_XStar1 

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$dm2, 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$TW5 <- newmed2imp$medweight_c5 * newmed2imp$weight 

#####################################################################

# 

#####################################################################

# 

#residency=c6 
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# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM1_c6 <- glm(factor(dm1) ~ factor(ATemp) * factor(dm2) * 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(dm2) ~ 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 

#####################################################################

# 

#####################################################################

# 

#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_XStar1 

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) 



Appendix V 

 

 

262 

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

 

newmed2imp$ATemp <- newmed2imp$Education_XStar2 

temp <- predict(FitM2_c6, type = "response", newdata = newmed2imp) 

tempindirM2 <- ifelse(newmed2imp$dm2, temp, 1-temp) 

newmed2imp$weightM2_c6 <- tempindirM2/TempDirM2 

#M3 Weight 

newmed2imp$ATemp <- newmed2imp$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 

#####################################################################

# 

#sector =c34 

# fit Models for Mediators 

# Fit a Model for M1 (PubPriv) 

med2Imp$ATemp <- med2Imp$Education_X 

FitM1_c34 <- glm(factor(dm1) ~ 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 

#####################################################################

# 

#####################################################################

# 

#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_XStar1 

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$dm2, 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$medweight_c34 <- newmed2imp$weightM1_c34 * 

newmed2imp$weightM2_c34 * newmed2imp$weightM3_c34 

# total Weight including survey weight 

newmed2imp$TW34 <- newmed2imp$medweight_c34 * newmed2imp$weight 

 

#####################################################################

# 

#####################################################################

# 

############################### Sensitivity BIAS ##################### 

#c1 

sigma1 = sd((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$Education_X 

== 1]) 

rho1 = cor((-newmed2imp$TW1 + newmed2imp$TW)[newmed2imp$Education_X 

== 1], newmed2imp[newmed2imp$Education_X == 1, "y1"]) 

bias_NIE1 = sigma1 * rho1 

bias_NDE1 = -bias_NIE1 

 

#c2 

sigma2 = sd((-newmed2imp$TW2 + newmed2imp$TW)[newmed2imp$Education_X 

== 1]) 
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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 

#c4 

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 

#c5 

sigma5 = sd((-newmed2imp$TW5 + newmed2imp$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_NDE5 = -bias_NIE5 

#c6 

sigma6 = sd((-newmed2imp$TW6 + newmed2imp$TW)[newmed2imp$Education_X 

== 1]) 

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 

 

############################### Modified Estimates #################### 

 

 

########################SENS FUNCTION####################### 

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(paste0("bias_", effect)) < left | get(paste0("bias_",  

                                                         effect)) > right) { 

      sens = "*" 

    } 

    else { 

      sens = "" 

    } 

  } 

  if (est.ori[paste0("CIL_", effect)] > 0) { 

    if (get(paste0("bias_", effect)) >= left) { 

      sens = "*" 

    } 
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    else { 

      sens = "" 

    } 

  } 

  if (est.ori[paste0("CIU_", effect)] < 0) { 

    if (get(paste0("bias_", effect)) <= right) { 

      sens = "*" 

    } 

    else { 

      sens = "" 

    } 

  } 

  return(sens) 

} 

############################### Modified Estimates ####################  

est.ori = c(NIE1 = est.ie, CIL_NIE1 = CIL_NIE, CIU_NIE1 = CIU_NIE,  

            NDE1 = est.de, CIL_NDE1 = CIL_NDE, CIU_NDE1 = CIU_NDE) 

#c1= age 

sensitivity_NIE1 = sens(est.ori, "NIE1") 

sensitivity_NDE1 = sens(est.ori, "NDE1") 

 

modified_NIE_c1 = 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(sigma1, 3), round(rho1, 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), "]"), round(bias_NDE1, 3), sensitivity_NDE1,  

            round(modified_NDE_c1, 3), paste0("[", round(modifiedCIL_NDE_c1,  

                                                         3), ",", round(modifiedCIU_NDE_c1, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE2 = est.ie, CIL_NIE2 = CIL_NIE, CIU_NIE2 = CIU_NIE,  

            NDE2 = 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_NDE2"] - 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), "]"), round(bias_NDE2, 3), sensitivity_NDE2,  

            round(modified_NDE_c2, 3), paste0("[", round(modifiedCIL_NDE_c2,  

                                                         3), ",", round(modifiedCIU_NDE_c2, 3), "]")) 

#####################################################################

# 
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est.ori = c(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), "]"), round(bias_NDE3, 3), sensitivity_NDE3,  

            round(modified_NDE_c3, 3), paste0("[", round(modifiedCIL_NDE_c3,  

                                                         3), ",", round(modifiedCIU_NDE_c3, 3), "]")) 

#####################################################################

# 

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_NDE4"] - 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), "]"), round(bias_NDE4, 3), sensitivity_NDE4,  

            round(modified_NDE_c4, 3), paste0("[", round(modifiedCIL_NDE_c4,  

                                                         3), ",", round(modifiedCIU_NDE_c4, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE5 = est.ie, CIL_NIE5 = CIL_NIE, CIU_NIE5 = CIU_NIE,  

            NDE5 = est.de, CIL_NDE5 = CIL_NDE, CIU_NDE5 = CIU_NDE)  

#c5= cob 

sensitivity_NIE5 = sens(est.ori, "NIE5") 

sensitivity_NDE5 = 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(sigma5, 3), round(rho5, 3), round(bias_NIE5,  

                                                    3), sensitivity_NIE5, round(modified_NIE_c5, 3), 

paste0("[",  

                                                                                                            

round(modifiedCIL_NIE_c5, 3), ",", round(modifiedCIU_NIE_c5,  
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3), "]"), round(bias_NDE5, 3), sensitivity_NDE5,  

            round(modified_NDE_c5, 3), paste0("[", round(modifiedCIL_NDE_c5,  

                                                         3), ",", round(modifiedCIU_NDE_c5, 3), "]")) 

#####################################################################

# 

est.ori = c(NIE6 = est.ie,  CIL_NIE6 = CIL_NIE, CIU_NIE6 = CIU_NIE,  

            NDE6 = 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_NDE6"] - bias_NDE6 

modifiedCIU_NDE_c6 = est.ori["CIU_NDE6"] - bias_NDE6 

bias_c6 = c(round(sigma6, 3), round(rho6, 3), round(bias_NIE6,  

                                                    3), sensitivity_NIE6, round(modified_NIE_c6, 3), 

paste0("[",  

                                                                                                            

round(modifiedCIL_NIE_c6, 3), ",", round(modifiedCIU_NIE_c6,  

                                                                                                                                                     

3), "]"), round(bias_NDE6, 3), sensitivity_NDE6,  

            round(modified_NDE_c6, 3), paste0("[", round(modifiedCIL_NDE_c6,  

                                                         3), ",", round(modifiedCIU_NDE_c6, 3), "]")) 

#####################################################################

# 

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_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), "]"), round(bias_NDE34, 3), sensitivity_NDE34,  

             round(modified_NDE_c34, 3), paste0("[", round(modifiedCIL_NDE_c34,  

                                                           3), ",", round(modifiedCIU_NDE_c34, 3), "]"))    

 

#####################################################################

#################### 

 

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") 

 

 

 

#####################################################################

#################### 
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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), I 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 approach11,12 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- I 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 (Уxm=Ӯxm) 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 AI, 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 I 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 AI, 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, 

24th 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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Collaborated Paper 2: Provision of dental services for vulnerable groups: a 

scoping review on children with special health care needs 
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