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“All men have stars, but they are not the same things for 

different people. For some, who are travelers, the stars 

are guides. For others they are no more than little lights 

in the sky. For others, who are scholars, they are 

problems… But all these stars are silent. You – you alone 

will have stars as no one else has them.”  
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Abstract 

The robust association between socioeconomic status (SES) and health is well 

established. The gradient between SES and health tends to be higher at lower levels of 

SES. Individuals from low-income families (low economic status) are more likely to be 

affected by a wide range of health problems. Also, low-income people are more likely to 

experience chronic stress due to their income level (leading to many life challenges). 

Psychosocial factors are crucial resources for low-income groups in coping with stress 

and maintaining good health. Although studies have shown that protective psychosocial 

factors affect health, the influence of these factors on the association between income and 

health and quality of life requires further research. The aim of the thesis was to investigate 

the effects of protective psychosocial factors (i.e., sense of coherence (SOC) and 

personality traits) on income gradients in self-reported oral and general health and quality 

of life following Wilson and Cleary's conceptual model of health-related quality of life 

(HRQoL). Specifically, the main effect and interaction effect of these psychosocial 

factors and total household income on health and quality of life outcome measures were 

evaluated. 

A total of five studies were conducted in this thesis to explore the aim using outcome 

measures in the order of Wilson and Cleary's model: (i) studies 1 and 2 investigated the 

effects of protective psychosocial factors (SOC and "Big Five" personality traits, 

respectively) and income on functional health, (ii) studies 3 and 4 investigated effects of 

SOC and personality traits (respectively) and income on general health perceptions, (iii) 

study 5 investigated effects of personality traits and income on the overall quality of life. 

All studies used the baseline data from the Dental Care and Oral Health Study (DCOHS, 

2015-2016) collected by self-reported surveys sent to a random cohort of 12,245 South 
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Australian adults aged 18 years or older. Factorial ANOVA and multivariable Poisson 

regression models were used to conduct cross-sectional analyses. 

Findings showed that SOC and personality traits were positively associated with better 

self-rated oral and general health and quality of life. The protective effect of these factors 

against poor self-reported health and quality of life was found at all income levels. Also, 

these psychosocial factors modified the association between income and health and 

quality of life outcome measures. Their modifying effect was associated with lower levels 

of poor self-reported oral and general health and quality of life across all income levels. 

However, there were greater health and quality of life gains (in absolute terms) for low-

income individuals by having these protective psychosocial factors. The evidence 

provided by the current thesis suggests the possibility and importance of incorporating 

psychosocial factors into multidimensional programs to reduce health inequalities. 
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1 Chapter 1: Introduction  

 The concept of Health inequality  

Social inequalities in health, notably those caused by income gradients, have been a 

widespread issue for decades (Marmot & Bell, 2016). A growing body of literature 

explores the association between socioeconomic status (SES) and health. Health follows 

a social gradient, with those lower on the social ladder having poorer health status and 

life expectancy than those higher up. The social determinants of health have received 

much attention in the past decade, particularly after the World Health Organisation 

launched the Social Determinants of Health Commission in 2005. The main report of this 

commission, Closing the gap in a generation, was published in 2008 (Commission on 

Social Determinants of Health, 2008), followed by the 2011 Rio Political Declaration on 

Social Determinants of Health (World Health Organization, 2011), which pledged efforts 

to reduce health inequities. 

The term "health inequalities" denotes differences that adversely affect disadvantaged 

population groups, particularly socially disadvantaged groups (Arcaya et al., 2015; 

Kawachi et al., 2002). Given that the comparisons implicitly underpin the definition of 

health inequalities, established methods have always compared disadvantaged social 

groups with their privileged counterparts. These comparisons have extensively focused 

on the relationship between SES (such as income, education, employment status, and 

living conditions) and health outcomes, indicating that low SES is associated with poor 

health and an increased risk of morbidity (Marmot & Bell, 2016).  

Health inequalities can occur at any stage of life and unfairly affect people's opportunities 

for good health and quality of life (Trannoy et al., 2010). Jusot et al. (2013) found that 
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46% of social inequalities in health result from unequal opportunities related to childhood 

circumstances. Part of the Gross Domestic Product (GPD) is spent on welfare losses 

caused by health inequality, which results in economic and social costs to society 

(Mackenbach et al., 2011). Also, developing better policy interventions could potentially 

reduce these inequalities (Woodward & Kawachi, 2000). Therefore, finding effective 

solutions to tackle health inequalities is a major concern for governments and 

policymakers. To better understand SES inequalities in health, a multidisciplinary 

approach to address them is imperative. 

Health inequalities can be explained by material (e.g., income), behavioural (e.g., 

personal lifestyle choices and health-related behaviours), and psychosocial factors (e.g., 

individual dispositional factors and personality characteristics). Studying health 

inequality requires a deeper understanding of the relationship between socioeconomic, 

behavioural, and psychosocial factors. The main factors contributing to poorer health in 

socioeconomically disadvantaged groups encompass lower education levels, lower 

income levels, and higher unemployment rates (Tsakos et al., 2011; Watson & Nilam, 

2017). 

 

 Health inequalities and income gradients 

Income gradients in oral and general health are well established (Bernabé et al., 2015; 

Sabbah et al., 2007), showing that households with lower incomes have poorer general 

and oral health than those with higher incomes. There are similarities in the SES gradient 

in subjective oral and general health (Borrell et al., 2004; Sabbah et al., 2007). The 

gradient between SES and oral and general health tend to be higher at lower levels of SES 

(low income and education) (Sabbah et al., 2007). Also, the SES gradients "were 
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attenuated" after adjusting for confounders (namely sociodemographic variables, 

smoking, health insurance, and diabetes) but still were present (Sabbah et al., 2007). Also, 

the link between oral and general health has been explored, showing that they have 

common risk factors and poor oral and general health influence one another (Sabbah et 

al., 2019). 

Low-income households report poorer self-ratings and higher general and oral health 

problems  (Mejia et al., 2014; Sabbah et al., 2007; Tsakos et al., 2011), such as heart 

disease (Blackwell et al., 2014), diabetes (Blackwell et al., 2014), asthma and its 

complications (Simon et al., 2003), physical disability and limitations (Marra et al., 2004), 

obesity and related health problems (Speirs et al., 2016), higher rates of tooth loss (Seerig 

et al., 2015), higher risk of oral cancer (Conway et al., 2008), periodontal problems 

(Sabbah et al., 2009) and greater prevalence of untreated dental decay (Dye & Thornton-

Evans, 2010; Mejia et al., 2018; Sanders, 2008). According to Chetty et al. (2016), life 

expectancy has increased by about 2.5 years over the past two decades for the top 5% of 

the income distribution but not for the bottom 5%. They also found that health behaviours 

and environmental characteristics were associated with life expectancy differences. 

Sabbah, et al. (2009) found that the income-related inequalities in oral health outcomes 

were still observed after adjusting for oral health behaviours, suggesting the complexity 

of the underlying factors. 

On the other hand, the impact of health problems (poor health) on low-income households 

can be devastating. Disruption of employment (negative impact on household income), 

additional financial burdens for the household (e.g., increased health care expenses), and 

additional household responsibilities (e.g., caring for a sick family member) can all have 

detrimental effects on low-income households. 
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1.2.1 How income affects health 

Low income affects health through several mechanisms. To better understand the 

relationship between low income and poor oral and general health, three broad categories 

of factors are considered: clinical, behavioural, and environmental (Sisson, 2007). 

Behavioural and environmental factors are closely intertwined. 

 

1.2.1.1 Clinical factors 

These factors refer to income-related disadvantages (e.g., difficulty affording preventive 

healthcare and treatments). Low-income individuals face greater barriers due to income 

disadvantages when seeking medical care than those with higher incomes, namely, low 

probability of having health insurance, and access to primary and speciality healthcare 

services (such as new medical technologies and medication) (Andersen et al., 2002). 

Health benefits are less likely to be offered by their employers (Shartzer et al., 2018). Due 

to cost concerns, those low-income individuals without health insurance are less likely to 

receive regular medical care (McWilliams, 2009). Sanders reported that low-income 

Australian adults had less access to private health insurance (due to their inability to 

afford it) and therefore had to rely on public services or pay the fixed fees for private 

dental care out of pocket (Sanders, 2008).  

It should be noted that these factors are based on the "materialist" explanations (Sisson, 

2007), which are different from the "material" explanations (Macintyre, 1997). The 

material explanations argue that income and wealth are the primary determinants of health 

inequalities and explain the link between SES and material resources (e.g., food, housing, 
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services, and other essentials) (Davie et al., 1972; Sisson, 2007). On the other hand, 

materialist explanations focus on the individuals' SES-related factors, such as limited 

access to healthcare due to socioeconomic disadvantages (e.g., financial hardship) (Blane 

et al., 1997; Sisson, 2007). 

 

1.2.1.2 Behavioural and environmental factors 

Behavioural factors focus on unhealthy behaviours and risk factors (e.g., smoking, 

drinking, unhealthy diet, lack of exercise) that are more prevalent among low-income 

groups (Lynch et al., 1997; Martikainen et al., 2003). According to the behavioural 

explanations, low-income individuals are more likely to engage in health-damaging 

behaviours, resulting in poorer health and higher rates of health problems (Sanders, 

2008). Also, environmental factors such as challenging living conditions and poor 

neighbourhoods significantly affect behavioural risk factors. The possible underlying 

reasons could be a combination of some of the following explanations: 

(i) Inadequate education and knowledge, limited learning opportunities, and 

negative attitudes towards healthy behaviours (Pampel et al., 2010; Singh et al., 

2019); 

(ii) Low-income individuals have difficulty affording healthy activities (such as the 

gym) and healthy diets (fruits, vegetables, and less sugar, which are more 

expensive (Drewnowski & Specter, 2004) and less filling than cheap refined 

carbohydrate products with high sugar (Turrell, 1998)). Also, as opposed to poor 

access to healthy foods (Larson et al., 2009), they have easier access to energy-

dense foods and fast-food restaurants (Turrell et al., 2002).   
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(iii) Living in a poor neighbourhood due to low income gives low-income individuals 

greater access to tobacco sellers (Yu et al., 2010). Poor neighbourhoods typically 

have more tobacco retailers due to historically used marketing strategies (Brown-

Johnson et al., 2014; Yu et al., 2010). 

(iv) Low-income communities lack shared spaces that promote physical activity (e.g. 

parks, sidewalks and bike paths) (Dahmann et al., 2010). 

(v) Their living conditions limit their access to cessation counselling services, while 

they experience high chronic stress because of their stressful life situations 

(Robinette et al., 2016). 

(vi) Low-income people are also more likely to experience high levels of stress and 

stressful life situations (Evans et al., 2005) (e.g., due to financial and material 

hardship and living conditions and neighbourhood (Robinette et al., 2016)), 

which are linked to (and promote) unhealthy behaviours and poor dietary habits 

(Lampard et al., 2013; Lumeng et al., 2014; Michels et al., 2012).  

 

 Health inequalities from the psychosocial perspective 

The psychosocial perspective is also used to explain health inequalities, according to 

which psychological stress is experienced differently by people from different SES 

(Kawachi et al., 2002). It should be noted that low-income groups are more likely to 

experience a high level of long-term chronic stress (such as long-term unemployment or 

the stress associated with affordability and living conditions) (Aneshensel, 2009; Steptoe 

& Feldman, 2001). Also, it is more difficult for low-income individuals to overcome 

barriers they face since they have less power and resources (such as difficulty affording 

health care because of low income). The variance in health could be explained beyond 



 

 

7 
 

conventional risk factors (e.g., health behaviour) through psychosocial factors, which are 

interconnected determinants of health and quality of life. Psychosocial factors are 

described in a separate section (See 1.7). 

Psychosocial epidemiology investigates how interactions with the social environment 

affect people's health. Psychosocial factors influence individuals through psychological 

mechanisms/responses to social conditions. Individuals' interactions with their social 

environments can directly (such as through biological responses to stress) or indirectly 

(i.e., through health behaviours) affect their health (Siegrist & Marmot, 2004). The direct 

pathway is also reflected in the notion of biological embodiment. This concept was 

developed by Krieger (2005) from the biopsychosocial paradigm (which is explained in 

subsection 1.3.2). The biological embodiment framework argues how adverse social 

conditions and socioeconomic disadvantages can trigger pathobiological reactions, 

negatively impact the biological system, and ultimately result in health problems and 

disease (Adler & Ostrove, 1999; Krieger, 2005). Chronic stress plays a significant role in 

this concept: as a response to socioeconomic adversity, which can lead to health problems 

or an elevated risk of disease (Blane et al., 2013). 

Psychosocial theories significantly influence public health policies by addressing the role 

of psychosocial factors in response to stress (Egan et al., 2008). A range of different 

explanations and models with a focus on psychosocial factors have been posited to shed 

light on health inequalities. It is important to note that despite their differences in details, 

they all acknowledge the role of psychosocial factors in the association between SES and 

health. These contemporary explanations should not be considered as competing 

approaches but rather as different aspects contributing to a broader understanding of the 

underlying issues of health inequalities (Sanders, 2008). 
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1.3.1 Psychosocial environment 

According to the "psychosocial environment", the factors contributing to health 

inequalities go beyond material determinants. The "psychosocial environment" 

explanation states that damaging, undesirable and stressful life situations, restricted 

control over life, and limited social support lead to poorer health outcomes for 

socioeconomically disadvantaged people (Soskolne & Manor, 2010). As one of the most 

important explanations for health inequalities, this concept highlights the influence of 

psychosocial and environmental factors in relating SES to health through mediating links 

to health-related behaviours and biological reactions. In other words, health inequalities 

can be exacerbated by poor psychosocial environments, i.e., through the combined 

influence of psychosocial and environmental factors (such as SES) on health (White, 

2005). Therefore, individuals' coping mechanisms against stress (i.e., response to stress) 

within the psychosocial environment affect their health. 

 

1.3.2 Biopsychosocial model 

The biopsychosocial model focuses on the person's perception of their health and how 

they cope with health problems and stressors. Engel (1977) proposed this model as a 

holistic alternative to the traditional biomedical model, a biological approach to disease 

that focuses on treatment (Fava & Sonino, 2007). In his perspective, biological responses 

are not the only contributory factor to disease. The biopsychosocial model considers 

biological, psychosocial, and social factors as interconnected determinants of health and 

disease (Fava & Sonino, 2007). As opposed to treating the disease as an isolated issue, 
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this model considers the whole person affected by many factors and experiences 

(Molyneux, 2022). Among psychosocial factors, stressful life situations, repeated 

exposure to environmental stressors, psychological distress, psychological wellbeing, and 

resilience could be considered (Fava & Sonino, 2017). 

The biopsychosocial model argues that chronic stressors (e.g., low SES) can interact with 

psychosocial factors to cause stress-related biological reactions (e.g., inflammatory and 

hormonal responses). The biological responses to stress could be hormonal, such as 

increased cortisol levels. The disruption of cortisol production is associated with health 

problems, such as obesity (Miller et al., 2013). This interaction between low SES-related 

stressors with psychosocial factors adversely affects health (Bolton & Gillett, 2019). This 

model provides insight into the individual's perception of their health, attitudes towards 

it, and coping strategies (such as preventions, treatments and follow-ups). The 

biopsychosocial model explains how people's reactions, their psychosocial resources and 

the interaction between their social and psychological factors could affect health.  

A paradigm shift from the biomedical to the biopsychosocial health model has led to the 

development of subjective health and wellbeing measures. The biopsychosocial model's 

significance can be explored from a patient-centred perspective. Patients' subjective 

experiences and perceptions regarding their health have become an integral part of an 

accurate diagnosis and treatment (Engel, 1977). 

 

 Patient-reported health outcomes 

Patients' perspectives have become increasingly important in measuring health outcomes 

in the last few decades. In tandem with the development of the biopsychosocial model, 

patient-based outcomes have received increased attention, with a focus on health-related 
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quality of life (HRQoL) (Brennan et al., 2019). The term "patient-reported outcome" 

(PRO) refers to "any report of the status of a patient's health condition that comes directly 

from the patient without interpretation of the patient's response by a clinician or anyone 

else" (Food and Drug Administration, 2006). Patient-reported outcome measures 

(PROMs) are the instruments that measure PROs using self-report questionnaires 

(usually). Healthcare decision-makers should access the data collected using PROMs to 

ensure they know the outcomes that matter most to patients. PROMs could be generic 

(evaluate general aspects of health) or disease-specific (evaluate the aspects of health 

related to a specific disease) (Fayers & Machin, 2013). Some of the most common 

PROMs are generic, such as the Short Form 36 (SF-36) (Ware Jr & Sherbourne, 1992) 

and the EuroQol (EQ-5D) (Van Reenen et al., 2018). Such instruments generally measure 

several domains and generate a profile of scores. 

Patient-reported health outcomes are defined as health measures (i.e., PROMs) from the 

patient's perspective (patient's perception and interpretation of their health, i.e., subjective 

health) (Fayers & Sprangers, 2002; Valderas & Alonso, 2008). These health measures 

include several self-reported instruments which assess patients' perceptions of their 

health, the symptoms they are experiencing and recommended treatment effects 

(Williams et al., 2016). By using patient-reported health outcomes, researchers can better 

understand the effect of healthcare interventions and treatments from the patient's 

perspective (Williams et al., 2016). Also, some important health outcomes are not directly 

(or physiologically) measurable and are required to be assessed through these instruments 

(e.g., the perception of pain and depression) (Williams et al., 2016). Therefore, patient-

reported health outcomes provide valuable insights and a better understanding of the 

individual's health over objective health evaluations (professional assessments such as 

blood tests) (DeWalt & Revicki, 2008).  
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A wide range of health-related concepts can be assessed using PROMs (Cella et al., 2015), 

namely: 

(i) HRQoL reflects the multidimensional construct of the individual's health, 

including physical, mental, social, and emotional wellbeing (Torrance, 1987). 

This concept is well defined by Patrick and Erickson (1993): "the value assigned 

to the duration of life as modified by the impairments, functional states, 

perceptions, and social opportunities that are influenced by disease, injury, 

treatment, or policy." 

(ii) General perceptions of health and wellbeing (Fayers & Sprangers, 2002); 

(iii) Functional status describes the behaviours and abilities to perform specific tasks 

and activities, namely: physical and cognitive functions (Cohen & Marino, 

2000). 

(iv) Symptoms are usually categorised as symptoms associated with disease and/or 

treatment (Cleeland, 2007). They encompass different types of symptoms: 

physical, psychophysical, and psychological. 

(v) Quality of life reflects the individual's perception of all aspects of their lives and 

how different factors affect their overall quality of life and satisfaction 

(McKenna, 2011). The World Health Organisation describes it as "individuals' 

perception of their position in life in the context of the culture and value systems 

in which they live and in relation to their goals, expectations, standards and 

concerns" (WHOQOL Group, 1995). 

(vi) The patient's experience reflects the individual's experience with health care and 

their satisfaction with care, treatment and services (Lewis, 1994). 
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Several conceptual models have been developed to explain the interrelationship between 

various patient outcome measures. Among them, Wilson and Cleary's conceptual model 

presented a taxonomy of patient outcome measures based on their underpinning health 

concepts (Wilson & Cleary, 1995). Their model presented particular causal relationships 

between different health concepts through the integration of biopsychosocial and quality-

of-life models (a social science paradigm focusing on wellbeing and functioning 

dimensions) (Wilson & Cleary, 1995). 

 

 Wilson and Cleary's conceptual model of HRQoL 

A conceptual model integrating psychosocial and clinical approaches to health care was 

proposed by Wilson and Cleary (1995) (Figure 1.1). They developed a model to assess 

health outcomes that links biological and physiological factors (objective health) to 

HRQoL (subjective health) (Ojelabi et al., 2017). Their conceptual model is the most 

cited framework of HRQoL in the literature (Bakas et al., 2012; Ferrans et al., 2005; 

Villalonga-Olives et al., 2014). A key feature of their conceptual model is the 

incorporation of concepts of the biopsychosocial model and PROs by highlighting the 

role of characteristics of the individual and environment in explaining the causal 

relationship between health and quality of life (Ojelabi et al., 2017). This model suggests 

a relationship between the individual's characteristics ("patient-specific factors" such as 

personality) and their functional health, HRQoL, general health perceptions, and overall 

quality of life (Wilson & Cleary, 1995). This consistent model is applicable to all 

individuals regardless of their age and health status, and the real-world application of the 

model is plausible (Bakas et al., 2012). 
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 Maintaining good health despite low income 

Despite the given explanations about the income inequalities in health, it should be noted 

that some low-income individuals are able to maintain good health even with severe 

stressors resulting from low income (Bonanno, 2005; Chen et al., 2011; Mizuta et al., 

2020). Also, this is not to claim that "all" low-income individuals are necessarily prone 

to health-damaging behaviours because of the explanations provided about behavioural 

and environmental factors affecting their health. Speirs et al. (2016) reported that not all 

low-income individuals lead unhealthy lifestyles and engage in unhealthy behaviours. 

Although low-income people are at an increased risk for poor health and unhealthy 

behaviours, some remain healthy and adopt health-promoting behaviours regardless of 

the limited resources available to them due to their socioeconomic disadvantage (Speirs 

et al., 2016). Research has shown that some low-SES individuals remain healthy despite 

facing socioeconomic adversity and even dealing with chronic diseases (such as asthma 

(Chen et al., 2011)), cumulative physiological risk (allostatic risk (Chen et al., 2012)), 

and common cold (Cohen et al., 2004). 

In light of these findings, the factors that could protect the health of those who face 

socioeconomic adversity and hardship should be considered. It should be borne in mind 

that stress plays a key role in psychological mechanisms that connect low SES to poor 

health (Adler et al., 1994; Chen, 2004). Also, as explained earlier (See 1.3), low-income 

people are more likely to experience a high level of long-term chronic stress. More 

importantly, an individual's ability to cope with stress effectively is influenced by 

psychosocial factors (Carver & Connor-Smith, 2010) (i.e., protective psychosocial factors 

that help effective coping with stress; See 1.7). Protective psychosocial factors are 

valuable resources for low-SES people in coping with stressors (Adler & Snibbe, 2003). 
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Therefore, some low SES individuals may have enhanced and effective coping responses 

(strategies) to stressors as the result of having protective psychosocial factors. Studies 

have shown that people who are able to cope with chronic stress from low-SES situations 

successfully are equipped with psychosocial factors (psychological characteristics) that 

protect them from poor health or disease (Atal & Cheng, 2016; Cohen et al., 2004; Mizuta 

et al., 2020; Speirs et al., 2016). Low-SES people have limited resources and face many 

barriers, so they could reap benefits from protective psychosocial factors as valuable 

resources in coping strategies with chronic stress (Adler & Snibbe, 2003; Mizuta et al., 

2020). This perspective is consistent with the individual differences in psychological 

responses and/or coping mechanisms to stress.  

Also, not all low-SES individuals have protective psychosocial factors that could help 

improve coping with stress. This is another reason for the robust association between low 

SES and poor health. However, studies have shown that even among low-SES people, 

some individuals have protective psychosocial factors, and therefore they "beat the odds" 

and have efficient coping mechanisms which could protect them against the adverse 

effects of socioeconomic disadvantage on health (Atal & Cheng, 2016; Chen et al., 2012; 

Cohen et al., 2004; Mizuta et al., 2020; Speirs et al., 2016; Turiano et al., 2014). 

Moreover, a study by Makoge et al. (2019) assessed the factors associated with coping 

with health challenges. They showed that social factors and income were not associated 

with the coping ability of individuals who were in poverty (due to their low income). 

These authors argued that the coping strategies of those in poverty against diseases were 

strongly influenced by their protective psychosocial factors (Makoge et al., 2019). The 

study by Lachman and Weaver (1998) revealed that low SES adults with higher levels of 

protective psychosocial factors (perceived control) had better self-reported health and 

experienced fewer acute physical symptoms and functional limitations than those with 
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low SES with lower levels of these psychosocial factors. Most importantly, their self-

reported health outcomes, acute physical symptoms and functional limitations were very 

similar to those of high SES groups. Low-income families with protective psychosocial 

factors tend to engage in healthy behaviours (such as a healthy diet) and health-promoting 

activities (such as physical activities) and handle stressful situations better, which in turn 

help them to remain healthy (despite their limited resources) (Speirs et al., 2016). A study 

by Mizuta et al. (2020) showed that protective psychosocial factors are able to 

significantly improve dental health for those who live below the poverty line. They 

reported an association between the protective psychosocial factors of low-income 

Japanese guardians and lower caries prevalence among their children (Mizuta et al., 

2020). Protective psychological factors can buffer the adverse health effects of low SES 

(Atal & Cheng, 2016; Chen et al., 2011; Lachman & Weaver, 1998). Also, protective 

psychosocial factors can protect children against the adverse dental caries effects of low 

SES (Tomazoni et al., 2019).  

These findings provide empirical evidence which suggests that protective psychosocial 

factors could confer significant health benefits among those affected by socioeconomic 

adversity (such as low income) (Zilioli et al., 2017). Besides, the association between low 

income, health and quality of life can be explained by psychosocial factors, which could 

act as effect modifiers (previously known as moderating factors (Knol & VanderWeele, 

2012)) rather than mediating factors (Zilioli et al., 2017).  

 



 

 

16 
 

 Psychosocial factors  

In health research and social epidemiology, the term "psychosocial" broadly refers to 

factors related to an individual's psychological characteristics and social environment that 

influence health (Long & Cumming, 2013). The psychological characteristics influence 

individuals' mechanisms/responses to social factors (e.g., SES). Social factors refer to the 

individual's relationship (interaction) with their environment, namely: SES, 

neighbourhood characteristics, race, and family background (Long & Cumming, 2013). 

The psychosocial factors comprise protective psychological resources (such as self-

efficacy, personal control, personality traits and sense of coherence (SOC)) and 

psychological risk factors (such as stress, anxiety, depression and hopelessness) (Thomas 

et al., 2020). The significant role of psychosocial factors in population health has been 

shown (Kawachi, 2002; Marmot & Siegrist, 2004). While psychosocial risk factors 

(particularly stress) negatively affect oral and general health (Acabchuk et al., 2017; 

Brennan et al., 2019; Marcenes & Sheiham, 1992), personality traits (Huang et al., 2017; 

Thomson et al., 2011) and strong SOC (Flensborg-Madsen et al., 2005; Savolainen et al., 

2009) (as psychosocial resources) have been documented to have positive effects. When 

faced with socioeconomic adversity that exacerbates several factors that lead to poor 

health and quality of life, psychosocial resources play an important role (See earlier 1.6). 

In this thesis, the terms "strong" and "weak" in this context refer to the relative strength 

of the protective psychosocial factors (such as SOC and personality traits) which could 

influence successful coping with stress, not to imply any value judgement as to the worth 

of individuals (or somehow complicit as victims). 
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1.7.1 Sense of coherence  

Evidence of positive health outcomes in adverse circumstances has led to a paradigm shift 

from a pathogenic model to a model based on health and wellbeing. In 1979, Aaron 

Antonovsky introduced the concept of "Salutogenesis-of the origins of health" in his book 

Health, Stress and Coping (Antonovsky, 1979). He flipped the conventional question of 

what causes diseases and asked what factors enabled people to remain healthy even in 

challenging and difficult environments (adverse situations) (Antonovsky, 1979, 1987, 

1995). His Salutogenesis model was inspired by a number of survivors of concentration 

camps of the Second World War that maintained good health and life despite what they 

had been through (Lindström & Eriksson, 2006). The fundamental concepts of the 

Salutogenic model are the SOC and general resistant resources (GRR) (Antonovsky, 

1979, 1987, 1993). 

SOC is the individual's adaptive dispositional orientation (personality disposition) that 

reflects the ability to cope with stressors and adverse experiences (Volanen, 2011). SOC 

is the individual's outlook on life that enables them to perceive external and internal life's 

stressors as: (i) comprehensible (i.e., understandable, predictable, explainable and 

ordered), (ii) manageable (i.e., the ability to manage stressors and having sufficient and 

available resources to cope with them), and (iii) meaningful (viewing stressors as 

challenges worthwhile to engage with and cope with) (Antonovsky, 1987, 1993). 

According to Antonovsky, four types of life experiences can influence SOC development 

(Idan et al., 2017). These are consistency (comprehensibility component), load balance 

(manageability component), participation in shaping outcomes (meaningfulness 

component) and emotional closeness (meaningfulness component) (Idan et al., 2017). 

The life experiences related to the meaningfulness component are based on the 
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importance of an individual's power, role and participation in decisions related to their 

future and emotional bonds, closeness, and belonging to their social groups (Idan et al., 

2017). 

Strong SOC (referring to the relative strength of the concept of SOC, i.e. high coherence) 

can mitigate and ameliorate stress by affecting coping strategies (Kaplan, 2005). People 

who have strong SOC are better able to control their life situations (particularly the 

challenging and difficult ones) (Richardson & Ratner, 2005). They are more capable of 

coping with daily stress than others (Super et al., 2016). Furthermore, they are more likely 

to have a positive attitude and viewpoint and higher self-esteem, which are key to 

effectively managing stress (Bernabé et al., 2009). They adopt healthy behaviours and 

health-promoting approaches (resulting from strong SOC), which enable them to cope 

with stressors that affect their health (regardless of the limited resources available (Speirs 

et al., 2016)). They are more resilient to health problems when faced with similar adverse 

situations. Strong SOC is associated with better health outcomes (Eriksson & Lindström, 

2006). SOC has modifying effects (previously known as moderation effects) on health in 

stressful circumstances (Eriksson & Lindström, 2006). 

According to Antonovsky (1987), GRRs are "phenomena that provide one with sets of 

life experiences characterised by consistency, participation in shaping outcomes and an 

underload-overload balance". GRRs are manageability, meaningfulness and 

comprehensibility resources. To put it simply, GRRs are life experiences and resources 

that influence and shape SOC, including social support, knowledge and intellectual 

resources, financial resources, coping strategies, self-identity, cultural factors (such as 

cultural commitment, cohesion, and stability), sense of belonging, ritualistic practices, 

religion and spirituality, and individual's mentality (Horsburgh & Ferguson, 2012; Idan 
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et al., 2017). GRRs improve individuals' health by helping them adopt healthy behaviours 

(e.g., healthy diet, regular exercise and physical activities, regular health check-ups) and 

helping them avoid risky behaviours (e.g., smoking, unhealthy lifestyle and diet, heavy 

drinking) (Savolainen et al., 2009). 

Despite the importance of manageability resources (financial factors), they are not the 

only resources to help people cope in the face of adversity. In difficult economic 

circumstances (such as low income), individuals' successful coping abilities are 

influenced by other GRRs more than just their financial resources. It is extraordinary just 

how little manageability resources are needed if the sense of meaningfulness is strong. In 

a study of unemployed migrant women (Slootjes et al., 2017), strong SOC was linked to 

the meaningfulness of what they had been through (their experiences) and GRRs, 

including social support, religion, sense of belonging, helping others and shared 

narratives of empowerment. These resources helped them feel more consistent, get a 

better load balance, and find meaning in challenging situations than those with weak SOC 

(referring to the relative strength of the concept of SOC, i.e. low coherence) (Slootjes et 

al., 2017). Also, SOC has been shown to be affected by healthy behaviour regardless of 

individuals' education and social class (Wainwright et al., 2007). In a study by Makoge 

et al. (2019), the coping ability of poverty-stricken individuals was strongly associated 

with their SOC (as the individual's dispositional factors) and not associated with their 

income and social factors.  Low-income families who have strong SOC were shown to 

adopt health-promoting behaviours, avoid unhealthy behaviours and cope with stress 

more successfully than those with weak SOC (Speirs et al., 2016). These families had 

good family functioning or resilience, and SOC could help them be resilient to 

environmental factors (such as inadequate physical activity spaces and easier access to 
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energy-dense foods) (Speirs et al., 2016). Strong SOC can also protect children from the 

detrimental effects of low SES on dental caries (Tomazoni et al., 2019). 

 

1.7.2 Personality traits 

The reason some individuals have different reactions to stress in similar life situations 

than others could be explained by their dispositional personality traits (Costa et al., 1996). 

It should be noted that although SOC and personality traits are correlated, these two 

concepts are not exactly the same (explained further in the discussion section, See 9.2). 

An individual's ability to successfully cope with chronic stress in low SES life situations 

results from their personality traits and coping behaviours (Bosma et al., 1999; Körner et 

al., 2003). Personality traits reflect one's characteristic patterns of thoughts, feelings, 

actions, and behaviours (Chapman et al., 2011). There are several ways to define 

personality, but most researchers use Allport's definition (1961): "Personality is a 

dynamic structure within the person consisting of psychosocial-physical systems 

determining their characteristic behaviours and thoughts."  

In the past, researchers tried to identify personality traits to evaluate people's behaviour. 

Gordon Allport (one of the pioneers in studying traits) found over four thousand words 

that described different traits, which he classified into three levels (Mautz et al., 2020). A 

simplified version of Cattell's sixteen main personality traits was still too complicated 

(Cornwell & Greenidge, 2020). Later, a five-dimension personality model was developed 

and further explained by several researchers (Such as Goldberg, McCrae and Costa), also 

known as the "Big five" (Digman, 1990). The "Big five" refers to the five main traits that 

interact to form the individual's personality and are associated with the coping 
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mechanisms (Connor-Smith & Flachsbart, 2007; Kardum & Krapić, 2001), known as the 

acronym CANOE or OCEAN:  

(i) Openness to experience: being open-minded, curious, having mental adaptability 

and flexibility, and willing to embrace new experiences; 

(ii) Conscientiousness: being self-organised, responsible, diligent, goal-directed and 

reliable; 

(iii) Extraversion: having positive emotions, enthusiasm and the ability to socialise 

and interact with others;  

(iv)  Agreeableness: affinity for affection, trust, cooperation and altruism and helping 

others; and 

(v) Neuroticism (as opposed to emotional stability): having negative emotions, being 

emotionally unstable, irritability, moodiness, and tendency to experience sadness 

and anxiety (Funder, 2013). 

The association between high scores for openness, conscientiousness, extraversion, and 

agreeableness and low scores for neuroticism (i.e., high scores for emotional stability) 

with better oral and general health have been reported (Stephan et al., 2020). Individuals 

with strong extraversion, conscientiousness, openness and agreeableness regularly 

engage in more physical activity (Rhodes & Smith, 2006) and have healthy diets (Weston 

et al., 2020) compared to those with weaker traits (referring to the relative strength of the 

concept of personality traits) that lead to better health (Stephan et al., 2020). Strong 

neuroticism is associated with poor wellbeing and health as well as a high level of 

depression, stress and health complaints (Löckenhoff et al., 2012; McCrae & Costa, 

2003). Those with strong neuroticism do not exercise regularly and have risky health 

behaviours (unhealthy diet, smoking, excessive alcohol consumption) that negatively 

affect their health (Elran-Barak et al., 2019; Stephan et al., 2020). Strong 
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conscientiousness and agreeableness are positively associated with healthy behaviours as 

well as less drinking and smoking (Allen et al., 2015). 

Personality traits play an important role in influencing adaptive behaviours and coping 

mechanisms under stressful circumstances. Strong conscientiousness and agreeableness 

are positively associated with effective coping strategies (Bartley & Roesch, 2011; 

Karimzade & Besharat, 2011). Individuals with strong extraversion (Vollrath, 2001) and 

openness (Penley & Tomaka, 2002) use active coping strategies in stressful situations. 

On the other hand, strong neuroticism is associated with poor coping mechanisms (Costa 

et al., 1996).  

Given that living with low income leads to a greater chance of experiencing negative 

experiences and high stress, having personality traits that help individuals cope 

effectively with stressors, be more stable, and make better health choices would be 

beneficial to those with low incomes. The significant role of personality traits as 

beneficial psychosocial resources for low-SES individuals has been reported (Atal & 

Cheng, 2016; Chapman et al., 2011; Elliot et al., 2017; Packard et al., 2012). The effect 

of social adversity on health for individuals with personality traits related to poor health 

(such as neuroticism) is greater (more robust) than for others (Chapman et al., 2011). On 

the other hand, healthy behaviours such as a healthy diet are significantly influenced by 

personality in low-SES individuals (Packard et al., 2012). Low-income individuals can 

develop effective psychological responses (such as adaptive strategies or coping 

mechanisms) to stress from their living conditions and environment. Also, they can gain 

skills that enhance their ability to cope with adversities in their lives. 
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 Rationale  

Psychosocial factors could play an essential role in connecting SES and health (Matthews 

et al., 2010). Exposure to chronic stressors (such as low-income status) and coping 

responses to stress affect health from a psychosocial perspective. When faced with 

stressful situations, protective psychosocial factors such as SOC and personality traits 

significantly impact adaptive behaviours, coping strategies and stress-related responses 

(Atal & Cheng, 2016; Makoge et al., 2019; Mizuta et al., 2020; Speirs et al., 2016). Low-

income individuals could have different coping capabilities in terms of health challenges 

(Makoge et al., 2019). However, protective psychosocial factors can enhance low-income 

people's coping abilities when faced with stressors caused by SES adversity (Makoge et 

al., 2019). Identifying factors influencing health outcomes and coping abilities among 

low-income groups could improve efforts to address health inequalities. However, limited 

research is available on the effect of psychosocial factors (e.g., SOC and personality 

traits) on socioeconomic gradients in health. Also, there is a lack of assessment and 

recognition of psychosocial pathways in policy and practice to reduce health inequalities 

using a multidimensional approach. Therefore, it is necessary to investigate the impact of 

protective psychosocial factors, such as SOC and personality traits, on the potential health 

gains for low-income groups. This evaluation would also provide a better understanding 

of the role of protective psychosocial factors in the association between income with 

health and quality of life. Also, assessing the effect of protective psychosocial factors on 

the association between income with health and quality of life may help improve the 

multidimensional approach to addressing health inequalities from a policy perspective.
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Figure 1.1 The conceptual model of health-related quality of life by Wilson and Cleary 

(1995). 
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2 Chapter 2: Thesis scope, general aim and specific 

objectives 

 
 General aim 

Under the broad objective of evaluating the influence of psychosocial factors on 

socioeconomic inequalities in health, this thesis investigated the effects of protective 

psychosocial factors related to personality traits and sense of coherence (SOC) on income 

gradients in self-reported oral and general health and quality of life following Wilson and 

Cleary's conceptual model of health-related quality of life (HRQoL). 

Based on the HRQoL conceptual model by Wilson and Cleary (1995) (See 1.5), this thesis 

sought to investigate the impact of protective psychosocial factors (SOC and personality 

traits) on: (i) self-reported outcome measures of functional health, general health 

perceptions, and overall quality of life, and (ii) the associations between income and these 

outcome measures. 

 

  Specific objectives 

The specific objectives of the present thesis were to investigate: 

(i) The main effects of total annual household income and protective psychosocial 

factors (SOC and personality traits; separately) on self-reported oral and general 

health and quality of life outcome measures;  
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(ii) The interaction effects between total annual household income and protective 

psychosocial factors (SOC and personality traits; separately) on self-reported oral 

and general health and quality of life outcome measures; and  

(iii) The modifying effects of protective psychosocial factors (SOC and personality 

traits; separately) on the associations between total annual household income and 

self-reported oral and general health and quality of life outcome measures. 

Specifically, we aimed to investigate whether low-income people with protective 

psychosocial factors (SOC and personality traits) were able to maintain good health and 

quality of life outcomes, despite socioeconomic adversities. 

 

 General research questions 

This thesis sought to address the gap in literature on the importance of protective 

psychosocial factors for low-income groups by answering the following research 

questions: 

1. Are protective psychosocial factors (SOC and personality traits) associated with 

self-reported oral and general health and quality of life? 

2.  Does the interaction between protective psychosocial factors (SOC and 

personality traits) and income affect self-reported oral and general health and quality of 

life? 

3. Does the association between income and self-reported oral and general health 

and quality of life differ by levels of protective psychosocial factors (SOC and personality 

traits)? 
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4.  Do protective psychosocial factors (SOC and personality traits) modify the 

association between income and self-reported oral and general health and quality of life? 

5.  Do low-income individuals with protective psychosocial factors (SOC and 

personality traits) maintain good self-reported oral and general health and quality of life 

despite stressors in their lives? 

 

 Thesis structure 

This thesis comprises nine chapters. A general introduction is provided in the first chapter. 

Chapter 2 (the current chapter) describes the aims, outline of the studies, and research 

questions addressed in this thesis. Chapter 3 provides detailed information on the data, 

methods, and conceptual framework used for all the studies included in this thesis. 

Chapters 4 to 8 present the studies included in the present thesis for publication. The 

outline of these studies is provided in the following section (See 2.4.1). The final chapter 

(Chapter 9) presents the general discussion and conclusion. 

In this thesis, I used the terms "strong" and "weak" to refer to the relative strength of the 

concept of SOC and personality traits as protective psychosocial factors that can help 

individuals cope effectively with stress. These terms do not imply any value judgement 

on the worth of individuals or that they are complicit as victims in some way. This thesis 

is written using Australian English unless otherwise noted (citations, quotations, or 

academically coined proper nouns). 
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2.4.1 Outline of studies   

 A total of five studies are presented in the thesis. All studies used data from the Dental 

Care and Oral Health Study (DCOHS), a cross-sectional population-based study in South 

Australia (2015-2016). Moreover, all studies used a structured conceptual framework for 

data analysis. A detailed description of the data and methods can be found in the 

subsequent chapter (See Chapter 3: Data and Methods). 

The first study presented in this thesis is entitled "Income and oral and general health-

related quality of life: the modifying effect of Sense of coherence, findings of a cross-

sectional study". The specific aims of this study were to investigate: (i) the main effects 

and interaction effects of SOC and income on OHRQoL and HRQoL (measured using 

the OHIP-14 and EQ-5D-3L; See 3.2.1.3) as functional health status in the Wilson and 

Cleary's model (Baker et al., 2008; Mayo et al., 2011); and (ii) the modifying effect of 

strong SOC on the association between low-income and OHRQoL and HRQoL. This 

study evaluated whether the effect of income on OHRQoL and HRQoL differs by SOC 

levels. The study, co-authored with Mr Sergio Chrisopoulos, Dr Liana Luzzi, Prof Lisa 

Jamieson, and Prof David Brennan, is currently under review in the Applied Research in 

Quality of Life (See Chapter 4). 

Following the first study, the study 2 explored the main effects and interaction effects of 

the "Big Five" personality traits and income on functional health status in Wilson and 

Cleary's model (OHRQoL and HRQoL; measured using the OHIP-14 and EQ-5D-3L) 

(Baker et al., 2008; Mayo et al., 2011); and whether higher scores on personality traits 

modify the associations between low-income and OHRQoL and HRQoL. The second 

study compared OHRQoL and HRQoL (the OHIP-14 and EQ-5D-3L means, 

respectively) across income levels and personality traits strata. This study entitled 
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"Personality traits and income inequalities in self-rated oral and general health" was 

published online in the European Journal of Oral Sciences (Zakershahrak & Brennan, 

2022) (See Chapter 5). 

The third study, entitled "Sense of coherence, modifier of the association between income 

and self-rated oral and general health, a cross-sectional study", is currently under review 

in the Journal of Public Health Dentistry (co-authored with Mr Sergio Chrisopoulos, Dr 

Liana Luzzi, Prof Lisa Jamieson, and Prof David Brennan). The objectives of this study 

were to evaluate the associations (main and interaction effects) between SOC and income 

self-rated dental and general health (SRDH and SRGH, respectively; measured using 

single-item global self-ratings; See 3.2.1.3.3), as general health perceptions in Wilson and 

Cleary's model (Baker et al., 2008). This study investigated whether the association 

between low income and SRDH and SRGH was modified by strong SOC. Also, this study 

compared the prevalence of SRDH and SRGH among individuals from different income 

levels across strong and weak SOC (See Chapter 6).  

Study 4, entitled "Effect of personality traits on socioeconomic inequalities in health, a 

population-based study", is accepted in Community Dentistry and Oral Epidemiology. 

Following the third study, this study investigated the interaction effects between income 

and the "Big Five" personality traits with SRDH and SRGH (measured using single-item 

global self-ratings) and their main effects on these outcomes. Study 4 also evaluated 

whether the association between low income and SRDH and SRGH was modified by 

higher scores on personality traits. This study investigated whether the association 

between different income levels and SRDH and SRGH differed across personality traits 

strata (See Chapter 7). 
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The final study is entitled "Can low-income people afford life satisfaction? The modifying 

effect of personality traits, a cross-sectional study". The objective of this study was to 

investigate the associations between personality traits and income (main effects and their 

interaction effects) with life satisfaction as the overall quality of life in Wilson and 

Cleary's model (1995) (See 3.2.1.3.4); and whether higher scores on personality traits 

modified the effect of low household income on low life satisfaction. Also, this study 

investigated whether the association between income and life satisfaction varied across 

personality trait strata. The final study assessed the effect measure modification on the 

additive scale by calculating the relative excess risk due to interaction (RERI) and the 

interaction on multiplicative and additive scales (Knol & VanderWeele, 2012). This study 

was co-authored with Mr Sergio Chrisopoulos, Dr Liana Luzzi, Dr Dandara Haag, and 

Prof David Brennan and is currently under review in Current Psychology (See Chapter 

8). 

 

 Significance of the study  

This thesis evaluated the effect of psychosocial modifiers (SOC and personality traits) on 

the associations between income and self-reported health and quality of life outcome 

measures (such as OHRQoL, HRQoL, SRDH, SRGH, and life satisfaction) using 

statistical analyses of population-based data. Across all five studies, the analysis approach 

(effect measure modification) provided insights into differences in the associations 

between income and health and quality of life outcome measures across protective 

psychosocial factors strata (SOC and personality traits) as the effect modifiers (See 

Methods) (Knol & VanderWeele, 2012). This way, the findings could point to whether 
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protective psychosocial factors could help low-income groups to cope with health and 

quality of life challenges. 

The findings of this thesis support the potential role of the protective psychosocial factors 

that could improve oral and general health and quality of life for people on low incomes. 

The practical implications of these findings could assist health policymakers in directing 

research and intervention efforts towards areas that improve health and quality of life for 

low-income groups. This thesis could assist policymakers in designing effective 

multidimensional interventions to reduce health inequalities that consider the impact of 

protective psychosocial factors on health and quality of life. Also, this thesis prepares the 

ground for future longitudinal and experimental studies investigating the effect of 

protective psychosocial factors on the associations between socioeconomic status and 

health and quality of life.  
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3 Chapter 3: Data and Methods 

This thesis comprises five studies that were conducted using the same dataset, similar 

methodological framework, and sets of models with similar structures. The first part of 

this chapter focuses on the data used for all studies included in the thesis. The second part 

of this chapter presents the research methods and design for the models used in these 

cross-sectional studies. 

 

 

 Data  

 
This section provides background, design, sampling, data collection and ethics of the 

Dental Care and Oral Health Study (DCOHS), the dataset that was used for all studies in 

this thesis. 

 

3.1.1 The Dental Care and Oral Health Study (DCOHS) background 

The studies included in this thesis used the data from the Dental Care and Oral Health 

Study (DCOHS) for the analysis (Song et al., 2020a; Song et al., 2020b). The 

conceptualisation of this study was based on identifying different oral health outcomes 

based on different dental care sectors. Brennan et al. (2008) reported that individuals who 

attended public dental services had poorer oral health outcomes and less access to dental 

care than those who attended private clinics. It is believed that the quality and value of 

private dental care are better than public services. However, causal interferences for 

mechanisms affecting oral health and possible biases in selecting eligible people for 

public health care are unclear. Therefore, the main aim of DCOHS was to investigate 
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whether different dental care pathways (public or private) contributed to longitudinal 

changes in oral health outcomes among adults from different SES. DCOHS had three 

specific objectives: (i) evaluating whether private dental care contributes to better 

outcomes, (ii) assessing whether higher SES groups benefit more from private dental care 

to have better outcomes, and (iii) determining why people who are eligible for public 

dental care often choose private dental care. 

 This thesis used the baseline data from DCOHS to undertake cross-sectional analyses to 

address a set of research aims dealing with income and protective psychosocial factors. 

 

3.1.2 The DCOHS design 

The DCOHS is a prospective cohort study of a representative sample of South Australian 

adults aged 18 years and older from 2015 to 2019. A random sample of 12,245 adults 

living in South Australia in 2015 was selected from the Electoral Roll (a comprehensive 

sample frame) to participate in the study. The self-reported survey questionnaires were 

mailed to them with reminders up to three times (Song et al., 2020a; Song et al., 2020b). 

The collected data consisted of 4,494 responses (completed questionnaires). In the 

following two years, follow-up observations were conducted on the cohort that 

participated in the first round. Toward the study's goal, dental care pathways and SES 

would be used to analyse the changes in oral health outcomes between baseline and 

follow-up data (as outcome variables). In epidemiology, cohort studies play an important 

role in demonstrating longitudinal causality between exposures and outcomes, as well as 

in tracking life stage factors. A two-year period was chosen based on the evidence that 

approximately 80% of people are likely to use dental services over this period, as reported 

by Slade et al. (2007). Besides, outcome measures are expected to show measurable 
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changes over a two-year period. DCOHS collected a variety of patient-centred health 

outcome measures, including clinical dental outcomes, OHRQoL and general health 

outcome measures, such as HRQoL. Participants' perceptions and interpretations of their 

health (subjective health) are central to these measures. The DCOHS used standard 

measures that have been widely used in similar studies, which shows its pragmatic 

approach. 

 

3.1.3 Sampling procedure 

The sample for DCOHS was randomly selected from the South Australian Electoral Roll 

by the Australian Electoral Commission. The Electoral Roll is a comprehensive sampling 

frame since voting is compulsory in Australia. The contact details of the adults in the 

sample were obtained from the Electoral Roll for mailing survey questionnaires, reminder 

cards, and follow-up materials. DCOHS sample size calculations were conducted 

(Dupont & Plummer, 1990) based on oral health outcomes estimates from the National 

Survey of Adult Oral Health (NSAOH) in Australia, with a power of 80% and 

significance level α=0.05. According to NSAOH, n=200 is the maximum number needed 

per group to detect a statistically significant change in OHRQoL. The latest NSAOH data 

was used for estimating sample response by key study groups (Slade et al., 2007). 

To generate a sample size of 3,000 after two years of follow-up, a baseline sample of 

12,245 subjects was required, of which 90% of subjects were contactable. There were two 

important considerations: (i) to collect sufficient numbers of Health Care cardholders 

after two years of follow-up, to make comparisons between private and public care 

attendees, and (ii) to collect sufficient numbers of non-cardholder private care attendees 

from disaggregating by SES. 
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3.1.4 Data collection  

The study used the Total Design Method (Dillman, 1978) to collect data by mailed survey 

questionnaires from a sample of randomly selected adults from the Electoral Roll. To 

achieve the appropriate response rate, the first step was to send a primary approach letter, 

followed by a survey questionnaire, then a reminder card, and finally, up to three follow-

up mailings were sent to non-respondents over the period from June to November 2015. 

A total of 4,494 responses were collected. After adjusting for out-of-scope sample 

subjects (not residing at the listed address and refusals), the response rate was 44.8%. At 

the one-year follow-up, a total of 2,980 responses were collected, and at the two-year 

follow-up, responses were collected from 2,189 participants. 

 

3.1.5 Data preparation  

ASCII files were generated by entering responses into a computer and then were manually 

verified. Name and address details related to subject identifiers were separated from 

questionnaire data to maintain the confidentiality of responses. A password-protected 

computer was used to store all computer files, and only the investigators had access to 

them. 

 

3.1.6 Collected data  

Questionnaires collected data on various outcomes, explanatory variables, health and 

related behaviours, SES and sociodemographic characteristics (such as age, sex, place of 

birth, education, occupation), and psychosocial variables (See 3.2.1.2.1 and 3.2.1.2.2).  
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The main outcome variables collected in DCOHS comprise the following valid measures: 

global self-ratings of oral and general health (See 3.2.1.3.3), self-reported number of teeth 

(to record tooth loss (Douglass et al., 1991)), wellbeing and life satisfaction (See 

3.2.1.3.4), and oral and general health-related quality of life (such as the OHIP-14, See 

3.2.1.3.1, and the EuroQol instrument, See 3.2.1.3.2).  

The collected main explanatory variables include:  

(i) Utilisation of dental services: such as reason, place, time since the last dental 

visit (See 3.2.1.4.2), and frequency of dental visits in the last 12 months. These 

items are derived from the National Dental Telephone Interview Survey 

(Slade et al., 2007). 

 

(ii) SES: such as income, household size, level of education, and occupation. A 

short version (4-item) of Wright's empirical class typology (classifying 

individuals based on capital assets’ ownership with reference to employment, 

organisational assets’ control in terms of decision-making and management 

hierarchy, and skill/credential possession) was used to measure social class at 

the individual level (Krieger et al., 1997; Oakes & Rossi, 2003). Education 

was assessed using the highest qualification completed (credentials). The total 

household income (See 3.2.1.1) and equivalized family income (accounting 

for dependents) were measured at the household level. Also, household social 

class was measured based on occupation using self-reported occupational 

class position and stratification of the individual level class position of heads 

of household (Krieger et al., 1999). The Index of Relative Socio-Economic 

Advantage/Disadvantage (IRSAD) was used at the community level to assess 
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SES. IRSAD is a Socio-Economic Index for Areas (SEIFA, developed by the 

Australian Bureau of Statistics (2006), ranking Australian areas based on SES) 

representing the average measure of SES of people living in an area. 

 

(iii) Sociodemographic characteristics: such as age, sex, etc.; (See 3.2.1.4.1). 

 

(iv) Psychosocial variables: such as personality traits (See 3.2.1.2.2), sense of 

coherence (SOC, orientation to life; See 3.2.1.2.1), social support, work-

family stress, psychological stress, health self-efficacy, and factors related to 

dentist-patient relationships. Social support was measured using the 

Multidimensional Scale of Perceived Social Support, a twelve-item measure 

evaluating the effectiveness of social support offered by family, friends, and 

significant others (Dahlem et al., 1991). Work-family stress was evaluated 

using the Work-Family Conflict Scale, a brief scale (eight items) designed to 

measure the extent to which work and family duties interfere with one another 

(Kopelman et al., 1983). Psychological stress was assessed using the 

Perceived Stress Scale (Cohen et al., 1983) (a fourteen-item instrument 

measuring the perception of stress) and the Kessler Psychological Distress 

Scale (Kessler & Mroczek, 1994) (a simple 10-item global measure designed 

to assess psychological distress). Health self-efficacy was measured with the 

Perceived Health Competence Scale, which measures individuals' perceived 

capability to effectively manage their health outcomes, using eight items 

(Smith et al., 1995). The dentist-patient relationship factors comprise trust in 

dentists, satisfaction with dental care, and dental fear. Trust in dentists was 

measured using the Dentist Trust Scale, an eleven-item measure of trust in the 
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dental profession (Armfield et al., 2017). Satisfaction with dental care was 

assessed with the Dental Care Satisfaction scale (Stewart & Spencer, 2005), a 

measure of patient satisfaction with the care they received at their last dental 

visit, using nine items. Dental fear was collected by asking, "Do you feel afraid 

or distressed when going to the dentist?" as used in Australian national surveys 

(Armfield et al., 2009). 

 

 

3.1.7 Ethics and funding 

Ethics approval was granted by the University of Adelaide Human Research Ethics 

Committee (H-288-2011) (Song et al., 2020a; Song et al., 2020b). The Helsinki 

declaration for ethical standards was followed throughout the study. The act of 

completing and returning the questionnaires by participants was considered as informed 

consent, given the nature of the study design. 

Funding for this study was provided by a National Health and Medical Research Council 

CRE grant (1031310) (Song et al., 2020a; Song et al., 2020b). The funding source was 

not involved in the design, implementation, analysis, or interpretation of the data 

collected from this study. 

 

 

 Methods  

The five studies in this thesis were analysed using a structured conceptual approach based 

on four models. I expanded these models in the last subsection (See 3.2.4). For each study, 
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detailed information on the variables used in these models is provided in subsection 3.2.1. 

In subsection 3.2.3 and its related parts, I explained the analytical approaches used for 

each study. 

 

3.2.1 Variables 

A detailed description of the variables used in the five studies of this thesis is given in 

this section. All studies used a similar structured conceptual framework. The same 

exposure variable and sets of covariates were used across all studies. The protective 

psychosocial factors were used as effect modifiers (SOC and personality traits). 

 

3.2.1.1 Exposure 

The exposure variable for all studies was the total household income before tax (including 

any salaries, pensions, allowances, benefits, et cetera from all persons in the household). 

The total household gross income was collected in DCOHS in ten categories (in 

Australian Dollars) by asking the question, "Which category does your total household 

income (before tax) fall into?". The categories comprised: Less than $20,000, $20,001 to 

$40,000, $40,001 to $60,000, $60,001 to $80,000, $80,001 to $100,000, $100,001 to 

$120,000, $120,001 to $140,000, $140,001 to $160,000, $160,001 to $180,000, and More 

than $180,000.  

For all studies except study five, a distributional approach was used to categorise income 

into three approximately equal-sized categories (approximate tertiles) of 0 to $40,000 for 

low income, $40,001 to $100,000 for middle income, and more than $100,000 for high 
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income. In study five, income was categorised into two categories of low income 

($40,000 and less than that) and high income (more than $40,000). 

 

3.2.1.2 Effect modifiers 

The effect modifier for studies one and three was SOC, measured using the three-item 

SOC (SOC-3) scale. The effect modifiers for studies two, four and five were the "Big 

Five" personality traits, measured using the Ten-Item Personality Inventory (TIPI). 

Throughout this thesis, the terms "strong" and "weak" were used to refer to the relative 

strength of the concept of SOC and personality traits as protective psychosocial factors. 

In using these terms, no value judgement was made on individuals, nor were they 

interpreted to suggest that they were complicit as victims in some way. 

 

3.2.1.2.1  Three-item scale sense of coherence (SOC-3) 

The three-item SOC-3 scale is a short, valid, fast and simplified instrument to measure 

SOC in large surveys (Chiesi et al., 2018) developed by Lundberg & Peck (1995). It was 

derived from Antonovsky's original SOC instruments (SOC-13 and SOC-21). Each 

dimension of SOC is evaluated by one item in SOC-3. Comprehensibility is assessed by 

asking, "Do you usually feel that the things that happen to you in your life are hard to 

understand?". Manageability is assessed by asking, "Do you usually see solutions to 

problems and difficulties that other people find hopeless?". Meaningfulness is assessed 

by asking, "Do you usually feel that your daily life is a source of personal satisfaction?". 

The responses are in a 3-point format ("Yes, usually", "Yes, sometimes", and "No"). The 

responses to the meaningfulness and manageability items ranged from 0 to 2 (0=Yes, 



 

 

67 
 

usually, 1=Yes, sometimes, and 2=No). As recommended by Lundberg & Peck (1994), 

the responses to the comprehensibility item were reverse-scored to match the responses 

to the other two items. The total index score was calculated by summing the scores of 

three items, ranging from 0 to 6. The higher scores represented lower SOC (weak 

coherence). As suggested by Lundberg and Peck (1994), the total index scores were 

divided into two categories, strong (total scores 0 to 2) and weak (total scores 3 to 6). 

 

3.2.1.2.2  The Ten-Item Personality Inventory (TIPI)  

The TIPI is a brief self-rated instrument developed by Gosling (2003) to evaluate the "Big 

Five" personality traits in a short time (60 seconds). The "Big Five" personality traits are 

extraversion (being sociable and a desire to interact with others), agreeableness (being 

empathetic, trustworthy and helpful), conscientiousness (self-discipline, being reliable, 

responsible and detail-oriented), emotional stability (the opposite of neuroticism, being 

balanced, calm, and stable in stressful situations), and openness (being creative, 

intellectually curious, open-minded and imaginative). Test-retest reliability of TIPI is 

adequate, and it shows acceptable psychometric validity (Gosling et al., 2003; Nunes et 

al., 2018). In TIPI, each trait is evaluated using a standard item (reflecting a positive pole) 

and a reverse-scored item (reflecting a negative pole). Each item is reported on a 7-point 

Likert scale (from 1= Disagree Strongly to 7= Agree Strongly). As recommended by 

Gosling (2003), the responses to the reversed items were recoded to match the responses 

to the standard items. The average of the standard and recoded reverse-scored items 

related to each trait was used to calculate each trait’s score, ranging from 1 to 7. An 

individual who scored higher on a trait was more likely to exhibit that trait. Each trait’s 

scores were used to determine where respondents fell on that trait’s spectrum. Each trait’s 
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scores (measured using TIPI scale scores) were divided into two categories of lower TIPI 

(less than 5 representing disagree) and higher TIPI (5 to 7 representing agree) using a 

conceptual approach; splitting the scale based on a score equivalent to being "agree" or 

higher (on average).  

In the discussion, I explained the rationale for the conceptual approach used for 

personality traits (See 9.2). 

 

3.2.1.3 Outcome variables  

The outcome variables followed the order of Wilson and Cleary's model (1995) across 

studies from functional health to general health perceptions and overall quality of life. 

The outcome variables for studies one and two were HRQoL and OHRQoL, measured 

using The European Quality of Life indicator or EuroQol (EQ-5D-3L) and the Oral Health 

Impact Profile (OHIP-14). The outcome variables for studies three and four were self-

rated dental and general health (SRDH and SRGH, respectively), measured using single-

item global ratings. Finally, the outcome variable for study five was the overall quality of 

life, measured using the Satisfaction With Life Scale (SWLS). 

 

3.2.1.3.1  OHIP-14 

The OHIP-14 is an oral health instrument measuring self-reported OHRQoL in seven 

dimensions (functional limitation, physical pain, psychological discomfort, physical, 

psychological and social disability, and handicap) using 14 items. Slade and Spencer 

developed it as a shortened version of OHIP-49 (Slade, 1997), which is based on Locker's 

conceptual model of oral health. The OHIP-14, the most commonly used OHRQoL 
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measure, is a valid instrument with high reliability (Slade, 1997). The OHIP-14 is 

conceptually considered as functional health in Wilson and Cleary's model (Baker et al., 

2008). Responses are reported on a five-point Likert-type scale (0= "Never", 1= "Hardly 

ever", 2= "Occasionally", 3= "Fairly often", and 4= "Very often"). The total score was 

calculated by summing the scores of fourteen items, ranging from 0 to 56. Respondents 

with higher scores have poorer OHRQoL. 

 

3.2.1.3.2  EQ-5D-3L  

The EQ-5D is a standardised generic instrument measuring HRQoL in five dimensions 

of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The EQ-

5D-3L has a 3-level response format for each dimension ("No problems", "Some 

problems", and "Extreme problems") (Van Reenen et al., 2018). A recent psychometric 

validation of the EQ-5D-3L in a general Australian population (using DCOHS) 

demonstrated good discrimination between health states and acceptable reliability 

(Zakershahrak et al., 2022). In Wilson and Cleary's model, the EQ-5D is conceptually 

considered as functional health (Mayo et al., 2011). To be consistent with the other 

outcome variable (the OHIP-14) as the impact score in studies one and two, responses 

were coded as 0=No problems, 1=Some problems, and 2=Extreme problems (Brennan, 

2013). The total score was calculated by summing the scores of five dimensions, ranging 

from 0 to 10. Respondents with no problems were assigned a score of zero. Those with 

higher scores have poorer HRQoL. 
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3.2.1.3.3  SRDH and SRGH  

Single-item global self-ratings are one of the most commonly used measures to assess 

oral and general health status. They are non-clinical measures that have been used to 

predict mortality and morbidity. They can also be used for high-risk groups' screening 

and as clinical trials' endpoints (Fayers & Sprangers, 2002). Based on Wilson and Cleary's 

model (1995), SRDH and SRGH are conceptually considered as general health 

perceptions (Baker et al., 2008). SRDH was assessed by asking, "How would you rate 

your dental health?". SRGH was assessed by asking, "How would you rate your general 

health?". These single-item global ratings are valid measures that provide subjective 

perceptions of oral and general health. The responses are reported on 5-point Likert 

scales, comprising "Excellent", "Very good", "Good", "Poor", and "Very poor". As 

suggested by previous studies (Cislaghi & Cislaghi, 2019; Teusner et al., 2014), the 

respondents were dichotomised into those who rated their oral and general health as 

"Excellent" to "Good" and those who rated their oral and general health as "Poor" to 

"Very poor". 

 

3.2.1.3.4  SWLS 

The SWLS is a valid and reliable scale measuring overall satisfaction with life using five 

statements (Bendayan et al., 2013) developed by Diener et al. (1985). Based on Wilson 

and Cleary's model (1995), the overall quality of life was measured by SWLS. Responses 

are reported using a 5-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 

4 = agree, and 5 = strongly agree) (Bendayan et al., 2013; Diener et al., 1985). The total 

score was calculated by summing the scores of five items, ranging from 5 to 25, where a 

score of 15 shows a neutral SWLS. Respondents with higher scores have higher life 
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satisfaction (overall quality of life). Considering the non-normal distribution of SWLS 

scores among respondents included in study five's analyses, total scores were divided (St 

John et al., 2021) into two categories: those who were satisfied (scores 16 or higher) and 

those who were dissatisfied with their life (scores 5-15). 

 

3.2.1.4 Covariates 

In all studies of this thesis, the same covariates were added to the models in consecutive 

blocks of conceptually related variables to address the different dimensions of 

sociodemographic characteristics and health behaviours. The sociodemographic 

characteristics comprised age, sex, the main language spoken at home and birthplace. The 

health behaviour variables comprised dental insurance, smoking status, daily tooth 

brushing, and last dental visit. I described these variables in the following subsections 

(See 3.2.1.4.1 and 3.2.1.4.2). 

The health behaviours covariates were selected based on the general concept of health 

behaviours. These variables are more likely to cluster or bundle together rather than occur 

individually (Alzahrani et al., 2014; Sanders et al., 2005). The health behaviours 

covariates represent the following conceptual factors: (i) preventive behaviours such as 

daily tooth brushing frequency, (ii) utilisation of health care services such as the last 

dental visit, (iii) enabling factors such as having cover for dental insurance, and (iv) risky 

behaviours such as smoking.  
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3.2.1.4.1  Sociodemographic characteristics 

Age was collected as continuous data in DCOHS by asking the respondents to write their 

"year of birth". Across all studies, to produce an approximately equal distribution, it was 

categorised into three age groups: 18 to 45 years old, 46 to 60 years old, and 61 years old 

and more.  

The main language spoken at home was collected by asking, "What is the main language 

you speak at home?". The options were English and other. In the case of other languages 

spoken at home, respondents were asked to specify them. In all studies, respondents were 

categorised as English speakers and those who spoke other languages. 

The birthplace was collected by asking, "In which country were you born?" with Australia 

and other countries as options. Respondents were asked to specify their country of birth 

if the response was "other country". For all studies, birthplace was categorised into two 

groups: those who were born in Australia and those who were born in other countries. 

 

3.2.1.4.2  Health behaviour variables 

For dental insurance, respondents were asked, "What best describes your private health 

insurance status?" after they chose private health insurance. According to the Australian 

health system, the respondents who selected the options "Combined hospital & 

ancillary/extras cover" or "Ancillary/extras only cover" had the cover for dental 

insurance. In all studies, this covariate was dichotomised into those who had dental 

insurance and those who did not have it. 

Smoking status was collected by asking, "Which of these statements best describe your 

cigarette smoking status?". The options were "I smoke daily", "I smoke occasionally", "I 
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do not smoke now but I used to", and "I have never smoked". Smoking status was 

classified as current smokers, former smokers and non-smokers across all studies. 

For daily tooth brushing, the tooth brushing habits section in DCOHS was used. Within 

this section, participants were asked, "In the last week, how many times did you brush 

your teeth?". Later, the frequency of daily tooth brushing was derived from the responses. 

In all studies, respondents were classified as those who brushed their teeth twice a day or 

more and those who brushed less than that. 

The last dental visit was collected by asking, "When was your last visit to a dental 

professional?" (includes dentist, dental specialist, oral health therapist, dental hygienist, 

dental therapist, dental technician, denturist or dental prosthetist). The six ordinal levels 

of the options were "Less than 12 months ago", "1 to less than two years ago", "two to 

less than five years ago", "five to less than ten years ago", "ten years or more" and "Never 

attended". Respondents were dichotomised as individuals who visited the dentist less than 

a year ago and others with a previous dental visit one year ago or later in all studies. 

 

3.2.2 Final sample  

In all studies, only respondents who provided full answers to all items of questions related 

to the exposure (income), the effect modifiers (psychosocial factors) and outcome 

variables were included in the statistical analyses. In studies two to five, Poisson 

regression excluded respondents with missing data in any covariate. Thus, the final 

sample size in each study differed from the DCOHS. Therefore, in each study, 

respondents included in the final sample were compared to the excluded respondents due 

to missing data to explore the potential bias. Also, the representativeness of the final 

sample was explored by comparing it to census data. 
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3.2.3  Statistical analysis 

For the studies included in this thesis, two analytical approaches were used (See 3.2.3.1 

and 3.2.3.2): (i) factorial ANOVA (general linear model) and (ii) multivariable Poisson 

regression (generalised linear model with a log-Poisson link and robust error). In all 

studies, the data were weighted based on the Estimated Resident Population from the 

Australian Bureau of Statistics to be representative of the age and sex distribution of 

South Australian adults. 

 

3.2.3.1 Factorial ANOVA (general linear model) 

In study one and study two, factorial ANOVA models (general linear models) were used 

to investigate: (i) the associations (main effects) between protective psychosocial factors 

as effect modifiers (SOC for study one; personality trait dimensions for study two) and 

household income levels (as exposure variable); and (ii) the interaction effects between 

protective psychosocial factors (SOC for study one; personality trait dimensions for study 

two) and household income with each outcome separately (OHRQoL and HRQoL, 

measured using the OHIP-14 and the EQ-5D-3L, respectively). 

 

3.2.3.2 Multivariable Poisson regression (generalised linear model with a 

log-Poisson link and robust error) 

For study three and study four, multivariable Poisson regression was applied to 

investigate the associations (main effects) between protective psychosocial factors as 

effect modifiers (SOC for study three; personality trait dimensions for study four) and 
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household income levels (as exposure variable) and their interaction effects with each 

outcome separately (general health perceptions, measured using SRDH and SRGH).   

In study five, multivariable Poisson regressions were also applied to investigate the 

associations (main effects) between personality trait dimensions (effect modifiers) and 

household income levels (exposure variable) and their interaction effects with the overall 

quality of life, measured using SWLS (outcome).  Also, study five employed an additional 

approach to assess the direction of effect modification by calculating the Relative Excess 

Risk due to Interaction (RERI) (Knol & VanderWeele, 2012). Calculation of the RERI 

was performed using generalised linear models (with a log-Poisson link and robust 

errors). The RERI was applied to estimate the prevalence ratios of SWLS across different 

levels of household income and each personality trait. 

 

3.2.4 Models 

The structured conceptual framework for model building in all studies in this thesis is 

explained in this section. All studies in this thesis employed the same strategy, which was 

to investigate the associations between income and protective psychosocial factors (SOC 

and personality traits) in four multivariable models using different statistical analyses (for 

statistical analysis, See 3.2.3). These models comprised an unadjusted interaction model 

(the simplest interaction model) and then a structured set of adjusted models to control 

for putative covariates, which were added in conceptual blocks of sociodemographic 

characteristics and health behaviour variables. The conceptual basis for building and 

analysing multivariate models was based on the inter-relationships between the variables 

(See 3.2.1.4). 
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The first model (crude model) was designed to evaluate unadjusted associations (main 

effects) between income categories and protective psychosocial factors (SOC and 

personality traits) and their interaction effects with each study's outcome variables 

separately (See 3.2.1.3). Then, conceptually related covariates (sociodemographic 

characteristics and health behaviours; See 3.2.1.4) were added to the analysis in 

successive blocks using a structured approach (Victora et al., 1997) to investigate the 

adjusted main and interaction effects. Therefore, in models 2 to 4, the analyses from 

model 1 (the simple crude model) were adjusted for different sets of conceptually related 

covariates that were added in the subsequent steps. In the second model (model 2), sex 

and age groups were added to control for their effects. The third model (model 3) included 

all sociodemographic characteristics comprising age, sex, the main language spoken at 

home and birthplace to adjust for their effects. The last model was the fully adjusted 

model (model 4). This model included all covariates comprising sociodemographic 

characteristics (age, sex, the main language spoken at home and birthplace) and health 

behaviour variables (dental insurance, smoking status, daily tooth brushing and last dental 

visit) to control for their effects (See Figure 3.1).  

In each study, these four models evaluated: (i) the main effect and the interaction effects 

between the exposure (income) and effect modifiers (psychosocial factors) for outcome 

variables (separately), along with (ii) whether effect modifiers (psychosocial factors) 

modified the associations between the exposure (income) and outcome variables 

(separately) (See Figure 3.2, Figure 3.3, Figure 3.4).    
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Figure 3.1 The structure of models across all studies of this thesis 
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Figure 3.2 Directed Acyclic Diagram (DAG) with the focal relationships between the 

protective psychosocial factors (sense of coherence and personality traits) and total 

household income as the main exposures and health and quality of life outcome 

measures (the outcome) 
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Figure 3.3 Direct Acyclic Diagram (DAG) with the interaction effect between the 

protective psychosocial factors (sense of coherence and personality traits) and total 

household income as the main exposures with health and quality of life outcome 

measures (the outcome) 
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Figure 3.4Interaction Directed Acyclic Diagram (IDAG) of the interaction effect 

between the protective psychosocial factors (sense of coherence and personality traits) 

and total household income as the main exposures with health and quality of life 

outcome measures (the outcome) 
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4 Chapter 4: Income and oral and general health-related 

quality of life: the modifying effect of Sense of 

coherence, findings of a cross-sectional study 

 

 Highlights 

• The main effects of sense of coherence (SOC) and income and their interaction 

effects on oral and general health-related quality of life (OHRQoL and HRQoL, 

respectively) were found.   

 

• Strong SOC (i.e., high coherence in terms of the relative strength of the concept 

of SOC) modified the associations between low-income and poor OHRQoL and 

HRQoL. Low-income individuals with strong SOC had similar OHRQoL and 

HRQoL to those from high and middle-income levels but weak SOC. 

 

• Findings suggested SOC had a protective effect for individuals from all income 

levels in terms of OHRQoL and HRQoL. However, having strong SOC was more 

beneficial for low-income individuals than high-income people in terms of 

possible health gains in OHRQoL and HRQoL.  
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Abstract 

Objectives: To investigate whether a strong sense of coherence (SOC) modifies the 

association between low-income and oral and general health-related quality of life 

(OHRQoL and HRQoL, respectively) among a South Australian population sample; and 

to explore the main and interaction effects of income and SOC on OHRQoL and HRQoL. 

Methods: Baseline data from the Dental Care and Oral Health Study (DCOHS, a South 

Australian representative study, 2015-2016) was used for cross-sectional analysis 

(n=3,786). Four multivariable factorial ANOVA models were applied to assess the effect 

measure modification, main effects, and interaction of income and SOC on OHRQoL 

(measured using the OHIP-14) and HRQoL (measured using the EQ-5D-3L). 

Results: Income and SOC had small main effects on OHRQoL. Income had a small 

effect, and SOC had an intermediate effect on HRQoL, meaning that individuals with 

strong SOC had better OHRQoL and HRQoL in all income categories. Also, high-income 

participants had better OHRQoL and HRQoL. The interaction between income and SOC 

was statistically significant on HRQoL. Among participants from low-income group, 

those with strong SOC had better OHRQoL (mean=8.8, 95% CI[7.9, 9.7]) and HRQoL 

(mean=1.1, 95% CI[1.0, 1.3]) than others with weak SOC OHIP-14 mean=12.7, 95% 

CI[11.7, 13.6]) and (EQ-5D-3L mean=2.0, 95% CI[1.9, 2.2]. 

Conclusion: The findings showed the main effects and interaction between SOC and 

income on OHRQoL and HRQoL. Income had different effects on OHRQoL and HRQoL 

depending on whether SOC was strong or weak. Findings suggested that strong SOC 

modified the association between low-income and OHRQoL and HRQoL. 

Keywords: Sense of Coherence, oral health, socioeconomic status, health-related 

quality of life 
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Introduction  

Many studies have shown income gradients in health (Bernabé et al., 2015; Sabbah et al., 

2007). However, it is unclear how some people who face income-related health adversity 

can escape this cycle and have good health. Since low-income individuals are faced with 

many barriers and stressors that impact their health, psychosocial factors enhancing their 

coping abilities could be beneficial for them (Atal & Cheng, 2016; Chen et al., 2011; 

Mizuta et al., 2020). Researchers use Aaron Antonovsky's salutogenic theory to explain 

why some individuals are more resilient to diseases, are able to maintain good health, can 

thrive under adverse conditions, and cope with severe stressors (Antonovsky, 1979, 1987, 

1995). Sense of coherence, as this theory's central concept, reflects a person's outlook on 

life and the ability to respond to strained conditions (Antonovsky, 1993). People with 

strong SOC find life more manageable, structured, meaningful and comprehensible. SOC 

has three components: comprehensibility, manageability, and meaningfulness 

(Antonovsky, 1987, 1993). Those with a strong SOC also have better health outcomes 

(Eriksson & Lindström, 2006) and coping capacity for daily stressors (Super et al., 2016) 

than others. An individuals' SOC is influenced by their mindset, performance and 

behaviours, which help them find and use resources to improve their well-being, health 

and quality of life (Eriksson & Lindström, 2006). The other component of the salutogenic 

theory is general resistance resources (GRRs), which are those life experiences that shape 

SOC (such as social support, intellectual, physical, cultural and financial factors, and 

coping strategies) (Antonovsky, 1979, 1987; Horsburgh & Ferguson, 2012; Idan et al., 

2017). GRRs facilitate recovery from diseases faster by choosing healthy habits (e.g., 

healthy eating, physical activity, regular check-ups) and avoiding unhealthy behaviours 

(e.g., smoking, unhealthy lifestyle, excessive drinking) (Savolainen et al., 2009). 
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While low-income people face many challenges and stressors in their lives, some "beat 

the odds" and manage to have better health through strong SOC (Mizuta et al., 2020; 

Speirs et al., 2016). Strong SOC enables low-income families to adopt healthy behaviours 

regardless of the limited resources available (Speirs et al., 2016). SOC could efficiently 

promote dental health, especially among those individuals living below the poverty line 

(Mizuta et al., 2020). The association between the guardians' SOC and caries prevalence 

among low-income children has been reported (Mizuta et al., 2020). Also, SOC was 

associated with adults' better oral health behaviours, independent of socioeconomic status 

(SES) or demographic characteristics (Bernabé et al., 2009). While financial factors and 

SES are considered as essential GRRs and manageability resources, they are not the only 

factors contributing to people's resilience in socioeconomic adversity related to health and 

quality of life (such as income-health disparity). People's SOC was found to be different 

according to their healthy lifestyle choices regardless of their SES (Wainwright et al., 

2007). It should be noted that SOC is explained by other factors that go beyond income 

and SES. These include hereditary, environmental, financial, knowledge, religion, 

ritualistic beliefs, healthy behaviours, mindset, and social factors (Antonovsky, 1979, 

1987; Horsburgh & Ferguson, 2012; Idan et al., 2017; Super et al., 2016). According to a 

study of unemployed migrant women, strong SOC was related to the meaningfulness of 

what they had gone through and GRRs such as social support, religion, and exchanging 

empowerment stories (Slootjes et al., 2017).  

The association between strong SOC with oral and general health-promoting behaviours, 

OHRQoL and HRQoL, has been reported (Flensborg-Madsen et al., 2005; Nammontri et 

al., 2013; Savolainen et al., 2009). Also, the modifying effect (previously known as the 

moderating effect (Knol & VanderWeele, 2012)) of SOC on health (Feldt, 2002) and the 

interaction between SOC and SES on oral health (among low-income groups) (Mizuta et 



 

 

99 
 

al., 2020) have been reported. Effect modification refers to different effects of the 

exposure on the outcome variable across strata of another exposure (VanderWeele, 2009), 

while interaction refers to the specific combined effect of both exposures on the outcome 

variable that neither exposure alone can explain (VanderWeele, 2009). 

A study that investigated factors related to coping with health challenges in Cameroon 

found that the coping skills of people living in poverty (determined mainly by low 

income) against diseases were strongly related to the individual's dispositional factors 

(such as SOC) (Makoge et al., 2019). Interestingly, their coping was not associated with 

income or social factors (Makoge et al., 2019). However, the effect of income on oral and 

general health-related quality of life (OHRQoL and HRQoL) is evident (Brennan & 

Spencer, 2014; Sun et al., 2018). Therefore, it will be beneficial to identify the factors 

associated with coping abilities related to income-health disparities among low-income 

individuals, aiming to address such disparities. Consequently, further investigation into 

the role of SOC as a possible modifier of the association between low-income and 

OHRQoL and HRQoL is required. Thus, this study aimed to estimate: First, the main 

effects and interaction between income and SOC on OHRQoL and HRQoL separately; 

Second, whether the association between low-income and OHRQoL and HRQoL is 

modified by strong SOC among a South Australian population sample. The hypotheses 

were: 1- SOC is associated with better OHRQoL and HRQoL; 2- there are interaction 

effects (joint effects) between SOC and income with OHRQoL and HRQoL; and 3- strong 

SOC modifies the association between low income and OHRQoL and HRQoL. We 

hypothesized that in participants from low-income groups, those with strong SOC have 

better OHRQoL and HRQoL. 
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Methods 

The baseline data of the Dental Care and Oral Health Study (DCOHS) were used for 

cross-sectional analysis. DCOHS is a South Australian survey collected in 2015-2016. 

Mail surveys were sent to 12,245 randomly selected individuals from the Electoral Roll 

(a comprehensive sample frame), aged 18 years old and above. A total of 4,494 responses 

were received (response rate=44.8%). Ethics approval was provided by the University of 

Adelaide Human Research Ethics Committee (H-288-2011) (Song et al., 2020a; Song et 

al., 2020b).  

Outcome variables were the Oral Health Impact Profile (OHIP-14) to assess OHRQoL 

and the European Quality of Life indicator or EuroQol (EQ-5D) to evaluate HRQoL. The 

OHIP-14 is an oral health instrument that reflects patients' oral health and the social 

impacts of their oral health on their OHRQoL in seven dimensions (functional limitation, 

physical pain, psychological discomfort, physical, psychological and social disability, 

and handicap) using 14 items (Slade, 1997). This OHRQoL measure has been validated 

in Australia with high reliability (Slade, 1997). Responses were coded using a Likert-type 

scale (0=never to 4=very often) with summed scores ranging from 0 to 56 (higher scores 

reflecting poorer OHRQoL). The EQ-5D is a self-reported instrument measuring the 

health status in five dimensions of mobility, self-care, usual activities, pain/discomfort, 

and anxiety/depression according to a 3-level response (EQ-5D-3L) (Van Reenen et al., 

2018). Recent validation of EQ-5D-3L has been conducted in a general Australian 

population (using DCOHS), showing acceptable reliability and good discrimination 

between health states (Zakershahrak et al., 2022). To be consistent with the OHIP-14 (as 

an impact score), the EQ-5D-3L was rescaled with answers coded 0=No problems to 

2=Extreme problems (Brennan, 2013). Therefore, those with no problems were anchored 
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at zero scores with summed scores ranging from 0 to 10. The higher summed scores 

indicate poor HRQoL.  

The explanatory variable was the total household income, which was collected in 10 

categories (<$20,000 to >$180,000 in Australian Dollars). Income was coded into 

approximate tertiles (approximately equal sized groups): ≤$40,000, more than $40,000 to 

$100,000 and >$100,000. 

The effect modifier was the three-item scale SOC (SOC-3) (Lundberg & Peck, 1995), 

which is a validated and fast version of the SOC instrument for large questionnaires 

(Chiesi et al., 2018). Each item is designed to evaluate one of SOC's dimensions. The 

answers to meaningfulness and manageability were scored as Yes, usually=0, Yes, 

sometimes=1, and No=2. Responses to comprehensibility were reverse-coded to match 

the order of the other two dimensions' answers. The total index score was calculated (0 to 

6), where higher scores equate to lower coherence (weak SOC). The total scores were 

dichotomised into strong (0 to 2) and weak (3 to 6) based on previous research (Lundberg 

& Peck, 1994).  

Other variables included in the models to adjust for their effects comprised: demographics 

(age, sex, place of birth and main language spoken at home) and health behaviours (dental 

insurance, smoking status, tooth brushing, and last dental visit). Age was coded into three 

approximately equal-sized age groups (approximate tertiles): 18-45, 46-60, and 61 years 

and older. The place of birth was grouped as Australia or other countries. Dental insurance 

was dichotomised as insured and uninsured. The language was coded as those who mainly 

spoke English and those who mainly spoke other languages at home. Smoking status was 

classified into three groups: current smokers, former smokers and those who never 

smoked. Tooth brushing was categorised as participants who brushed twice a day or more 
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and others who brushed their teeth less than twice a day. The last dental visit was coded 

as individuals who visited the dentist less than 12 months ago or 12 months ago and more.  

A total of 3,786 respondents, with complete answers to outcome variables (OHIP-14 and 

EQ-5D-3L), effect modifier (SOC) and explanatory variable (income), were included in 

the analysis. As there may be response bias (difference between dropout individuals' 

responses and respondents), the final sample was compared with participants with 

missing responses. Also, a comparison between the final study sample (n=3,786) and 

census data was conducted to assess the representativeness.  

First, skewness and kurtosis of the outcome variables were calculated to verify 

assumptions of the factorial ANOVA (which are applied to the residual values). The 

Estimated Resident Population from the Australian Bureau of Statistics were used to 

weight the responses to be representative of the age and sex distribution of South 

Australians. Four factorial ANOVA models (general linear models) were designed to 

evaluate the main effect and interaction between different levels of income and SOC on 

the OHIP-14 and, later on the EQ-5D-3L (each outcome was analysed and modelled 

separately). The analyses comprised the simplest interaction between SOC and income 

groups (model 1), followed by a structured approach (models 2 to 4) that included putative 

confounders in consecutive blocks of conceptually related variables (demographics and 

health behaviour variables). Therefore, models 2 to 4 adjusted for different sets of 

variables (Model 2: sex and age, Model 3: all demographics, Model 4: all demographics 

and health behaviour variables). These models evaluated: 1-whether the associations 

between the OHIP-14 and the EQ-5D-3L with income were modified by strong SOC, and 

2- the main effect and the interaction between SOC and income on each health outcome 

(Figures 3-5). The partial Eta-squared (partial η2, as the most common standardised effect 
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size statistic for factorial ANOVA) of the main effect and interaction between SOC and 

income adjusted for different covariates were estimated using general linear models. 

Based on the benchmark literature (Richardson, 2011), the partial η2 greater than 0.0099 

and lower than 0.0588 was interpreted as a small effect size, and between 0.0588 to 

0.1379 was considered an intermediate effect size. Values lower than 0.0099 were 

indicated as having no effect. 

The analyses were repeated using transformed outcomes (log) to correct any skewness (if 

existing) that may have affected the result. Statistical analyses were performed using 

SPSS version 28 (IBM Corp.) with 95% confidence intervals. 

 

Result  

Participants with complete responses (complete answers to all items) to the OHIP-14, 

EQ-5D-3L, SOC and income were analysed (n=3,786). Due to the possibility of response 

bias, the final sample was compared with missing cases (Table S1). Both samples had 

similar compositions with differences in dental insurance and age groups; the missing 

cases were more likely to be older and without dental insurance. However, the differences 

were not statistically significant. 

To evaluate the representativeness of the final sample, we compared it with the population 

data from the South Australian census (Table S2). The composition of the final sample 

and census data was similar, with slight variations in place of birth, age groups and 

income groups. In the final sample, respondents were mostly born in Australia, younger, 

and had a higher percentage of high-income households. 
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Just over half of the sample were female (55.7%), aged 61 years and older (35.8%, mean 

age=52.9), had a strong SOC (71.4%), had dental insurance (68.7%), were in the middle-

income threshold (41.2%), and had never smoked (54.5%) (Table 1). The mean (SD) 

score for the OHIP-14 was 6.3 (8.6) and for the EQ-5D-3L was 0.9 (1.3). The lowest 

means for the OHIP-14 and the EQ-5D-3L (better OHRQoL and HRQoL) were observed 

in those from the high-income level, strong SOC, the age group 18-45 years old, the 

Australian-born, dentally insured adults and non-smokers. Also, the OHIP-14 and the EQ-

5D-3L had kurtosis of 5.32 and 3.53, respectively. The OHIP-14's skewness was 2.17, 

and the EQ-5D-3L's was 1.81.  

The main effects of income and SOC on the OHIP-14 were statistically significant in all 

models (Table 2). The magnitude of effect sizes of SOC and income on the OHIP-14 was 

small (0.0099<partial η2<0.0588) across all models. There was a statistically significant 

interaction between SOC and income on the OHIP-14 in all models (model 1, F(2, 3780) 

= 6.312, p<0.01, partial η2 = 0.003, Adjusted R2 = 0.086); model 2 (F(2, 3777) = 

5.396, p<0.01, partial η2 = 0.003, Adjusted R2 = 0.090); model 3 (F(2, 3686) = 

5.732, p<0.01, partial η2 = 0.003, Adjusted R2 = 0.094); and model 4 (F(2, 3545) = 

4.892, p<0.01, partial η2 = 0.003, Adjusted R2 = 0.0141).  

Income and SOC had statistically significant main effects on the general health outcome 

(all models). The magnitude of effect sizes of SOC (model 2) and income (model 1) on 

the EQ-5D-3L was intermediate (0.0588<partial η2<0.1379). The effect size of SOC in 

models 1, 3 and 4 and income in models 2 to 4 on general health outcome was small. The 

interaction between income and SOC on the EQ-5D-3L (Table 3) was statistically 

significant in all models (model 1, F(2, 3780) = 5.540, p<0.01, partial η2 = 0.003, 

Adjusted R2 = 0.156); model 2, F(2, 3777) = 10.166, p<0.001, partial η2 = 0.005, 



 

 

105 
 

Adjusted R2 = 0.185); model 3, F(2, 3686) = 9.697, p<0.001, partial η2 = 0.005, 

Adjusted R2 = 0.184); model 4, F(2, 3545) = 9.319, p<0.001, partial η2 = 0.005, 

Adjusted R2 = 0.190).  

Figure 1 demonstrates the effect modification of SOC on the OHIP-14 at different levels 

of income in model 4 with a statistically significant interaction. OHRQoL of those with 

low-income and strong SOC (mean=8.8, 95% CI[7.9, 9.7]) were slightly better than those 

at middle income (mean=8.9, 95% CI[8.0, 9.8]) and were comparable to those at high-

income level (mean=8.1, 95% CI[6.9, 9.3]) with weak SOC. Figure 2 shows the effect 

modification of SOC on the EQ-5D-3L in model 4 (with statistically significant 

interaction). The HRQoL of low-income respondents with strong SOC (mean=1.1, 95% 

CI[1.0, 1.3]) were comparable to high income individuals with weak SOC (mean=1.0, 

95% CI[0.9, 1.2]) and better than those at middle income with weak SOC (mean=1.4, 

95% CI[1.2, 1.5]).  

To explore the impact of possible violations of the normality assumptions, the analyses 

were repeated with log-transformed outcome variables. The results were similar to those 

obtained using the original data. 

 

Discussion 

The study aimed to test the hypotheses as follows: SOC is associated with better 

OHRQoL and HRQoL; SOC and income have interaction effects with OHRQoL and 

HRQoL; the modifying effect of strong SOC in the association between low income and 

OHRQoL and HRQoL; and among low-income participants, those with strong SOC have 

better OHRQoL and HRQoL. The findings showed that strong SOC was associated with 

better OHRQoL and HRQoL across all models. Interactions between SOC and income 
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on OHRQoL and HRQoL were observed in all models. The findings suggest a modifying 

effect of strong SOC on the associations between income and OHRQoL and HRQoL, 

with a higher magnitude of disparity (in absolute terms) among low-income individuals, 

thus suggesting they have greater potential health gains. Low-income individuals with 

strong SOC had comparable OHRQoL and HRQoL to high and middle-income 

respondents with weak SOC. 

Participants with strong SOC and high income had the best OHRQoL and HRQoL in the 

fully adjusted model (model 4) (i.e. the lowest means of the OHIP-14 = 6.0 and the EQ-

5D-3L = 0.6), resulting from the interaction between high income and strong SOC on 

OHRQoL and HRQoL. However, among low-income respondents, the absolute 

differences in both the OHIP-14 and the EQ-5D-3L means between strong and weak SOC 

were greater than among high-income respondents (3.9 vs 2.1 for OHRQoL, 0.9 vs 0.4 

for HRQoL). That is, low-income individuals benefited from strong SOC more than those 

with high incomes regarding possible health gains (absolute differences between 

OHRQoL and HRQoL for those with strong and weak SOC were greater at the low-

income level than at the high-income level). Strong SOC was associated with lower 

inequalities in relative terms in OHRQoL and HRQoL (i.e. income gradients had a 

shallower slope for those with strong SOC). Furthermore, strong SOC reduced the 

disparities (lower means of OHRQoL and HRQoL among low-income respondents with 

strong SOC -indicating better health than those with weak SOC). Among participants 

from low-income households, those with strong SOC had better OHRQoL and HRQoL 

than those with weak SOC, and comparable OHRQoL and HRQoL to higher income 

groups with weak SOC. These findings are congruent with previous studies, emphasising 

the importance of SOC as a beneficial psychological component affecting coping 

mechanisms in health adversities caused by low income (Makoge et al., 2019; Mizuta et 
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al., 2020; Speirs et al., 2016). Since people from low-income levels have limited 

resources, strong SOC plays an important role in their coping ability with health 

challenges (Makoge et al., 2019). Strong SOC helps them reinterpret and cope with the 

stressors in a more manageable, comprehensible, and meaningful manner. Despite limited 

resources, low-income families with strong SOC tend to have healthier lifestyles, engage 

in healthier activities, and cope with stress more effectively (Speirs et al., 2016). A cross-

sectional study on the association between healthy life choices and SOC in the United 

Kingdom showed a positive association between strong SOC and healthy behaviours 

independent of social class or level of education (Wainwright et al., 2007). Despite the 

importance of income and SES in shaping SOC, neither completely explains it. From a 

holistic perspective, SOC is more likely related to psycho-emotional factors (e.g. social 

relationships, family life, childhood living conditions, and employment quality), 

reflecting people's interpretations of their lives (Volanen et al., 2004). Bernabe et al. 

(2009) showed that childhood SES had a relatively small effect on adult's SOC. Their 

findings suggest that adults' SOC is influenced by factors other than childhood SES. 

Among low-income Japanese guardians (Mizuta et al., 2020), those with stronger SOC 

had children with lower caries prevalence.  

A minimally important difference of 4-5 OHIP-14 units has been suggested (Locker et 

al., 2004), similar to the main effects observed for SOC and income in this study. As an 

impact score, the EQ-5D-3L values <1 have been equated to small to moderate effects in 

discriminating between different oral health conditions (Brennan, 2013). In our study, the 

EQ-5D-3L values of around one unit were observed for the main effects of SOC and 

income. Also, the effect size should be labelled according to the research field and the 

studied phenomenon (Durlak, 2009). Despite the small effect size found in this study, the 

findings are still meaningful on a practical level in social and behavioural studies 
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(practical significance of the effect size). In other words, if the exposure is common, the 

small effect on the individual level could still have an extensive impact on the population. 

The cumulative effect of small psychological factors over time can be significant, 

especially if they affect behaviours and activities (Funder & Ozer, 2019). Also, in social 

and behavioural studies, the model fit statistics (R-Squared values) tend to be small; 

because it is impossible to include all possible predictors of an outcome in a model. Cohen 

suggested (1988) R-Squared values of 0.02, 0.13, and 0.26 for small, medium, and large 

model fit. Our models had R-Squared values ranging from 0.086 to 0.190, showing a 

good model fit.  

Addressing income-related health adversities through broader SES interventions and 

policies to reduce poverty is important but challenging. However, strengthening 

individual dispositional factors (e.g. SOC) related to better health could effectively 

improve low-income people's health and quality of life. This empowerment approach 

could include salutogenic interventions that improve coping skills. The Salutogenesis 

framework is a promising approach emphasising the importance of "upstream" 

determinants and health-promoting strategies rather than being restricted to changing 

health behaviours (Antonovsky, 1979; Watt, 2007). By gaining a better insight into the 

stressors they face and the GRRs available in their lives, these approaches help people, 

vulnerable groups, and communities find the appropriate GRRs and empower them to 

manage the socioeconomic factors that influence their health (Super et al., 2016; Watt, 

2007). Many holistic salutogenic interventions have also shown promising health 

outcome results (such as active adaptation approaches, cognitive behavioural therapy, and 

health education programs) (Suárez Álvarez et al., 2022). The implementation of these 

approaches can be achieved through large-scale health promotion programs similar to the 
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WHO healthy city project (easy and free access to psychological services and mental 

health promotion centres) for vulnerable groups.  

The strengths of this study comprised: 1-using validated psychometric measures for oral 

and general health and SOC, 2-using a large South Australian representative sample, 3-

analyses based on four multivariate models to assess the persistent effects and 

modifications among them, and 4- using two outcome variables to compare the models 

for any consistent patterns across oral and general health. The low response rate may be 

considered a limitation (44.8%). However, according to the average survey response rates 

for over 30 years, our study's response rate was in line with other large surveys (which 

consistently were below 50%) (Baruch & Holtom, 2008). On the other hand, DCOHS 

participants were selected randomly from the Electoral Roll, an extensive comprehensive 

sampling frame. Comparison of the final study sample (n=3,786) with general South 

Australian population data found similar composition with slight differences in the 

younger and older age groups (probably due to different categorisation), and place of 

birth. Recent comparisons against population data confirmed that DCOHS is generally 

representative of the South Australian population (Song et al., 2020a; Song et al., 2020b). 

Additionally, due to the possibility of response bias, DCOHS was also compared with the 

final sample and participants with missing responses. The characteristics of the final 

sample and those excluded due to missing responses were highly representative of 

DCOHS. The final sample (n=3,786) provided a large dataset (highly representative of 

the DCOHS (n=4,494)) despite a slight reduction in sample size because of missing 

answers to the items of SOC, income, and both outcome variables. Also, the normality of 

the data was checked and based on benchmark literature for large sample sizes, outcome 

variables' kurtosis, and skewness indicated adequate normality (Kim, 2013). However, 

the analysis was repeated (as suggested by previous research (Kim, 2013)) using the 
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transformed outcome variables (log) to correct for skewness (if applicable), and the 

results were consistent with those of the original data. 

 

Conclusion 

Our findings suggested that strong SOC modified the association between low-income 

and OHRQoL and HRQoL in a representative sample of South Australian adults. Strong 

SOC was associated with better OHRQoL and HRQoL among low-income respondents. 

Also, this study highlighted the main effects and interactions between SOC and income 

on OHRQoL and HRQoL. This study presents promising findings on the possibility of 

reducing income-related health disparities, which will contribute to future health services 

planning and policy-making. Taken together, these findings suggest the importance of 

strengthening SOC at a population level, specifically for low-income people as the 

vulnerable groups, which could improve their OHRQoL and HRQoL. Further population-

based studies are needed to evaluate whether SOC modifies the effect of other SES 

components (such as social support, education, and employment) on health outcomes.  
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Fig. 1 Oral health-related quality of life by income groups and sense of coherence in 

Model 4 (fully adjusted model; adjusted the analyses for sex, age, the main language 

spoken at home, place of birth, daily tooth brushing, smoking, dental insurance and last 

dental visit.)  
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Fig. 2 Health-related quality of life by income groups and sense of coherence in Model 4 

(fully adjusted model; adjusted the analyses for sex, age, the main language spoken at 

home, place of birth, daily tooth brushing, smoking, dental insurance and last dental visit.) 
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Fig. S1 Direct Acyclic Diagram (DAG) showing the focal relationships of sense of 

coherence (SOC) and income (the main exposures) with each outcome (OHIP-14 and EQ-

5D) 
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Fig. S2 Directed Acyclic Diagram (DAG) illustrating the interaction effect of sense of 

coherence (SOC) and income (the main exposures)  
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Fig. S3 Interaction Directed Acyclic Diagram (IDAG) of the interaction effect of sense 

of coherence (SOC) and income (the main exposures) 
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5 Chapter 5: Personality traits and income inequalities in 

self-rated oral and general health 

 

 Highlights 

• The main effects of conscientiousness on health-related quality of life (HRQoL) 

and emotional stability on oral health-related quality of life (OHRQoL) and 

HRQoL were found. Also, the interaction effects were observed between income 

and emotional stability with HRQoL and OHRQoL. 

 

• High scores for positive personality traits (extraversion, conscientiousness, 

agreeableness, openness and emotional stability) were protective factors for 

OHRQoL and HRQoL at all income levels.  

 

• Emotional stability modified the associations between income and OHRQoL and 

HRQoL. Low-income individuals with high emotional stability scores had similar 

OHRQoL to those from higher income levels but with low emotional stability 

scores. Those low-income individuals with high emotional stability scores had 

better HRQoL than those from middle-income with low emotional stability scores 

and similar to those from high-income levels with low emotional stability scores. 

 

• High emotional stability scores were more beneficial psychological factors for 

low-income people than for high-income people in terms of their OHRQoL and 

HRQoL.  
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Study 2: Personality traits and income inequalities in self-rated oral 

and general health 
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Figure S1. The Directed Acyclic Diagram (DAG) of the focal relationships between the 

main exposures (income and personality traits - measured using Ten-Item Personality 

Inventory (TIPI)) and each outcome individually (measured using the European Quality 

of Life indicator (EQ-5D) and the Oral Health Impact Profile (OHIP-14)) 
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Figure S2. The Directed Acyclic Diagram (DAG) of the interaction effect of the main 

exposures (income and personality traits - measured using Ten-Item Personality 

Inventory (TIPI)) for each outcome individually (measured using the European Quality 

of Life indicator (EQ-5D) and the Oral Health Impact Profile (OHIP-14)) 
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Figure S3. The Interaction Directed Acyclic Diagram (IDAG) of the interaction effect of 

the main exposures (income and personality traits - measured using Ten-Item Personality 

Inventory (TIPI)) for each outcome individually (measured using the European Quality 

of Life indicator (EQ-5D) and the Oral Health Impact Profile (OHIP-14)) 
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6 Chapter 6: Sense of coherence, modifier of the 

association between income and self-rated oral and 

general health, a cross-sectional study  

 

 Highlights 

• The protective effect of the strong sense of coherence (SOC; i.e., high coherence 

in terms of the relative strength of the concept of SOC) for self-rated dental and 

general health (SRDH and SRGH, respectively) were observed at all income 

levels. 

 

• The modifying effect of strong SOC was observed in the association between low-

income and poor SRDH and SRGH. 

 

• Low-income respondents with strong SOC had comparable SRGH to those from 

middle-income with weak SOC (low coherence in terms of the relative strength 

of the concept of SOC). 

 

• Strong SOC was found to be more beneficial for low-income respondents than 

high-income respondents for their SRDH and SRGH. 
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Abstract  

Objectives: The aim was to investigate whether a stronger Sense of Coherence (SOC) 

modifies the association between low household income and poor self-rated dental and 

general health measures (SRDH and SRGH, respectively). Methods: Cross-sectional 

analyses were performed using data from the Dental Care and Oral Health Study 

(DCOHS, 2015-2016) in South Australia (n=3,664). In multivariate Poisson regression 

models, the main effects, interactions, and effect modification of SOC in the association 

between income and SRDH and SRGH were estimated using prevalence ratios (PRs) for 

poor self-rated health. Results: Lower coherence (weak SOC) was associated with poor 

SRGH (PR=4.8, 95% C.I [1.8-13.1]). The interaction between lower coherence and low 

and middle-income strata was not associated with the prevalence of poor SRDH and 

SRGH. In the low-income group, among those with stronger SOC, the prevalence of both 

poor SRDH (16.0%) and SRGH (8.1%) was lower than those with weaker SOC (25.0% 

and 18.9%). Conclusions: Findings suggested that strong SOC modified the association 

between low income and poor health ratings. This study suggests the possibility of 

reducing income-health disparities by applying SOC-based interventions to future 

healthcare policies. 

Keywords: low income, Sense of Coherence, oral health, salutogenic, self-rated 

health 
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Introduction 

The relationship between socioeconomic status (such as income) and health has been 

extensively studied, and research has suggested that low-income status and poor health 

are causally related (Benzeval & Judge, 2001; Bernabé et al., 2015; Sabbah et al., 2007). 

Although socioeconomic adversity related to income exacerbates many factors that 

contribute to poor health, some individuals can still maintain good health and control their 

health problems, even when faced with adverse circumstances such as low income and 

poverty (Bonanno, 2005; Chen et al., 2011; Mizuta et al., 2020). Observations of positive 

outcomes in adverse circumstances have contributed to a paradigm shift in health from a 

pathogenic model to a model focusing on health and well-being. Sociologist Aaron 

Antonovsky developed the concept of Salutogenesis to explain how some people are able 

to cope with extreme stress, stay healthy and have greater resilience to illness than their 

counterparts under similar hardship conditions (Antonovsky, 1979, 1987, 1995). The 

Salutogenic theory is based on the Sense of Coherence (SOC) and general resistant 

resources (GRR) and focuses on factors that enhance well-being and health rather than 

causes of disease (Antonovsky, 1979, 1987, 1993).  

SOC reflects the individual's outlook on life and the capacity to respond to stressful and 

difficult challenges using a health-promoting approach (Antonovsky, 1979, 1987, 1993; 

Silva et al., 2008; Volanen, 2011). SOC comprises three components: comprehensibility 

(the ability to comprehend life situations clearly), manageability (the ability to cope 

effectively with stressful life events and have the resources to cope with stressors), and 

meaningfulness (motivation to cope with challenges, knowing that challenges deserve 

engagement and coping) (Antonovsky, 1987, 1993). SOC is a predictor of coping ability 

as an individual characteristic (Eriksson & Lindström, 2011; Makoge et al., 2019) and 

improves how people manage stress in their lives effectively (Volanen et al., 2004). SOC 
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is shaped by the GRRs influenced by economic factors, social support, culture, and 

effective coping strategies (Antonovsky, 1979, 1987; Horsburgh & Ferguson, 2012; Idan 

et al., 2017). Individuals use GRRs to manage stress (Idan et al., 2017). The GRRs 

improve health by enabling people to adopt healthy lifestyles and eliminate unhealthy 

habits (Savolainen et al., 2009). SOC appears to have a moderating effect (also recently 

known as modifying effect (Knol & VanderWeele, 2012)) on health under stressful 

conditions (Feldt, 2002). Also, an interaction between the parent/guardian's SOC and 

socioeconomic status on the oral health status of low-income children has been reported 

(Mizuta et al., 2020). Effect modification occurs if the effect of one exposure on the 

outcome variable varies in another exposure's strata (VanderWeele, 2009). Interaction is 

defined as two exposure variables' combined and joint effects on the outcome 

(VanderWeele, 2009). 

Those who face socioeconomic adversities related to income cannot rely solely on 

economic factors (as GRRs) to maintain resilience and cope with health challenges. They 

need other psychological GRRs, such as SOC (which is influenced by genetics, 

environment, education achievement, beliefs, healthy behaviours, mindsets, rituals and 

religion (Antonovsky, 1979, 1987; Horsburgh & Ferguson, 2012; Idan et al., 2017)). 

Despite facing socioeconomic adversities related to income, some people seem to "beat 

the odds" (Luthar, 2003) and have a positive outlook on life. They still have a strong SOC 

and do well regarding their oral and general health. According to Makoge et al. (2019), 

there was no association between strong SOC and income in poverty groups coping with 

diseases. They concluded that income and social factors are not related to the coping 

ability of people living in poverty (mainly determined by low income) while coping was 

strongly associated with the individual's dispositional factors, such as SOC (Makoge et 

al., 2019). SOC is shown to be positively related to oral health behaviours (Bernabé et al., 
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2009) and healthier lifestyles (Wainwright et al., 2007), independent of socioeconomic 

status and demographic factors.  

In low-income groups, factors other than income could affect the ability to cope with 

disease (Makoge et al., 2019). For this reason, a multidimensional approach is needed to 

identify the coping-related factors among low-income individuals. Despite the 

relationship between SOC and coping with illness, there is not enough evidence on 

whether SOC can modify the income-health association (Eriksson & Lindström, 2006; 

Lundberg & Peck, 1994; Poppius et al., 1999). Thus, our study aimed to estimate: first, 

the association of SOC and income and their interaction effect with poor self-rated oral 

health/general health; and second, whether strong SOC can modify the association 

between low-income level and poor self-rated oral health/general health among a 

representative adult population in South Australia. 

 

Methods 

Baseline data from the Dental Care and Oral Health Study (DCOHS) were used for this 

study's sample and analysis. In all, 12,245 South Australian adults aged 18 years and older 

were randomly selected from the Electoral Roll and received invitations to participate in 

DCOHS by mail. Questionnaires were sent with up to three follow-up reminders. 

Participation was voluntary and confidential. Finally, 4,494 people completed and 

returned the questionnaire, yielding a 44.8% response rate after excluding undeliverable 

mail. The responses were weighted using South Australian population estimates from the 

Australian Bureau of Statistics to reflect the sex and age distribution of the state. The 

Human Research Ethics Committee of the University of Adelaide approved the study (H-

288-2011) (Song et al., 2020a; Song et al., 2020b). 
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The single-item global ratings measuring self-rated dental and general health (SRDH and 

SRGH, respectively) were the outcome variables. These ratings were measured on 5-point 

Likert scales by asking the questions: "How would you rate your dental health?" and 

"How would you rate your general health?". Based on the Wilson and Cleary model 

(1995), SRDH and SRGH are conceptually assessed as general health perceptions (Baker 

et al., 2008) and are related to individual characteristics (e.g. psychosocial factors). 

According to previous studies (Cislaghi & Cislaghi, 2019; Teusner et al., 2014), SRDH 

and SRGH were dichotomised into respondents with either good, very good or excellent 

ratings and others with poor to very poor ratings. Responses rated good to excellent in 

both SRDH and SRGH were considered as the reference category. 

Income was the main explanatory variable. The household's total gross income (before 

tax) in Australian Dollars was divided into three approximately equal categories 

(approximate tertiles) (≤$40k, >$40k-100k, and >$100k). 

The three-item SOC scale (one question per component) was used to assess the 

association of SOC with the income-health gradient (Lundberg & Peck, 1995). The 3-

item SOC is a valid and time-saving instrument for large population research surveys 

(Chiesi et al., 2018). Responses to meaningfulness and manageability dimensions were 

coded as Yes, usually=0, Yes, sometimes=1, and No=2. Responses to Comprehensibility 

were reverse-coded to align with the other dimensions. SOC total scores ranged from 0 

to 6, with lower scores reflecting higher coherence (stronger SOC). According to previous 

studies (Lundberg & Peck, 1994), SOC total scores were categorised as strong (0 to 2) 

and weak (3 to 6).  

Only complete responses (respondents who answered all items completely) of SOC, 

income, and both health ratings were analysed (n=3,936). Also, Poisson regression 
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excluded missing covariate cases (n=272). Thus, n=3,664 was the final sample size. The 

final sample was compared to census data to explore representativeness, and also the 

missing cases were compared to the non-missing cases (final sample respondents) to 

assess potential bias. 

The models also comprised sociodemographic variables (age, sex, the language mainly 

spoken at home and country of birth) and health behaviour variables (dental insurance 

coverage, smoking status, daily toothbrushing and last dental visit). The age groups were 

categorised as 18-45, 46-60 and >60 years. Country of birth was classified as born in 

Australia and born overseas. The language mainly spoken at home was dichotomised as 

English and languages other than English. Dental insurance coverage was coded as 

insured and uninsured individuals. Smoking status was grouped as current, former and 

non-smokers. Daily tooth brushing was categorised as individuals who brushed their teeth 

at least twice daily and others who brushed less than twice daily. Lastly, dental visits were 

classified as those who made a dental visit within the past year and those who visited one 

year ago or more. 

This study evaluated the unadjusted associations between income and SOC with poor 

SRDH and later with poor SRGH (model 1 or crude model). The crude model included 

the interaction between income and SOC with each health outcome separately and the 

main effects of income and SOC. Then, adjusted associations between health outcomes, 

income and SOC were assessed in multivariable models (models 2 to 4) by including 

conceptually relevant covariates (sociodemographic characteristics and health 

behaviours) in consecutive blocks. Model 2 was controlled for sex and age. Model 3 was 

controlled for all sociodemographic variables (sex, age, language and country of birth); 

Model 4 was adjusted for all sociodemographic factors and health behaviour variables 



 

 

164 
 

(daily toothbrushing, smoking, dental insurance and last dental visit). These models 

assessed whether the relationship between poor SRDH and SRGH (separately) and 

income was modified by SOC, along with the interaction term between SOC and income 

with poor SRDH and SRGH separately (Figures S1-S3). Prevalence ratios of poor to very 

poor SRDH and SRGH adjusted for covariates were estimated using Poisson regression. 

According to Pearson Chi-Square (Value/df >0.05), all models for each health rating fit 

the data. Using Poisson regression with robust error variance (a correction for over-

dispersion) yielded Exponential Beta to estimate prevalence ratios (PRs), a more precise 

way of assessing effect size in cross-sectional studies (Barros & Hirakata, 2003). The 

analyses were conducted using IBM's SPSS software version 28. 

 

Results 

The final analysis contained n=3,664 responses (after excluding participants with missing 

responses, n=830). Given the possibility of response bias, participants in the final study 

sample were compared to those with missing responses on a range of characteristics 

(Table S1). Overall, both groups had similar distributions for sex, the main language 

spoken at home, country of birth, smoking status and last dental visit. The excluded 

participants (due to missing responses) were more likely to be uninsured and older, 

although these differences were not statistically significant.  

The final study sample was compared to the South Australian census data to determine 

its representativeness (Table S2). The final sample (weighted) was similar to the 

population of South Australia. There were minor differences in country of birth (mostly 

Australian born), age groups (a higher percentage of younger age group), and income 

categories (a higher percentage of high-income category), which were partly because age 
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groups and income categories were classified differently in the current study compared 

to census data. 

Participants in the final study sample (n=3664) were more likely to be female (55.8%), 

non-smokers (54.5%), from the middle-income group (41.5%), dental insured (68.9%) 

and reporting strong SOC (72.1%) (Table 1). Findings showed that 11.4% of the sample 

had poor SRDH and 5.5% had poor SRGH. The prevalence of poor SRDH and SRGH 

was lower among 18-45 years old, non-smokers, dentally insured, those who brushed 

their teeth twice daily or more, high-income group and those with stronger SOC. 

Across all models, low- and middle-income categories were significantly associated with 

poor SRDH, with PRs ranging from 1.8 to 3.3 (Table 2). In other words, there was a 

higher prevalence of poor SRDH among low- and middle-income respondents than 

among high-income respondents. There was no statistically significant association 

between poor SRDH and weak SOC in any of the models. The interaction between lower 

coherence (weak SOC) and low- and middle-income were not associated with the 

prevalence of poor health ratings in all models.  

Poor general health had higher PRs among low (all models) and middle-income groups 

(model 2) than the high-income group (Table 3). For poor SRGH, low-income had a 

larger effect (PRs ranging from 5.3 to 9.3) than middle-income, with PR=2.2 for model 

2. According to all models, poor general health was more prevalent in respondents with 

weak SOC with PRs ranging from 4.8 to 5.5, showing a large effect of weak SOC for the 

prevalence of poor self-rated general health. The interaction effect between low- and 

middle-income and weak SOC were not associated with poor SRGH across all models.  

Among low-income participants, those with strong SOC had a lower prevalence of poor 

SRDH and SRGH than those with weak SOC (Figures 1 and 2). In the low-income group, 
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the prevalence of poor dental health was lower in those with strong SOC (16.0%) than 

weak SOC (25.0%). Also, among low-income individuals, those with strong SOC (8.1%) 

had a lower prevalence of poor SRGH than those with weak SOC (18.9%). Interestingly, 

the prevalence of poor SRGH among those low-income respondents with strong SOC 

(8.1%) was comparable to those from the middle-income category but with weak SOC 

(7.6%). 

 

Discussion  

In this study, we assessed the effect modification of strong SOC in the association 

between income and poor SRDH and SRGH, along with the association of the interaction 

and main effects of SOC and income with poor SRDH and SRGH. Findings suggested 

that weak SOC was associated with poor SRGH (all models). Also, poor SRDH and 

SRGH were associated with low income across all models. Middle income was associated 

with poor SRDH (all models) and poor SRGH (model 1). The interaction effects of 

income and SOC were not associated with poor self-rated oral and general health. 

However, our findings suggest that there was a modifying effect of strong SOC in the 

association between income and poor SRDH and SRGH, with more significant disparities 

in absolute terms among low-income respondents, pointing to groups where larger 

potential health gains could be achieved.  

Our findings showed that the prevalence of poor SRDH (4.2%) and SRGH (1.0%) was 

lowest for those with strong SOC and high income, possibly due to the association 

between the combined effect of strong SOC and high income with health. However, the 

absolute differences in the prevalence of poor SRDH and SRGH between strong and weak 

SOC were greater at low income (9.0% for SRDH, 10.8% for SRGH) than at high income 
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(4.0% for SRDH, 3.6% for SRGH). In other words, the income gradient was steeper for 

those with strong SOC than for those with weak SOC, which partially was because of the 

lower prevalence of poor health ratings for those with strong SOC at the high-income 

level. However, strong SOC was more advantageous in terms of potential health gains for 

low-income individuals than those with high incomes in absolute terms (larger absolute 

differences in the prevalence of poor health ratings among low-income participants 

between strong and weak SOC). As a result, having strong SOC increased inequality in 

relative terms (income gradient was steeper for those with strong SOC) but reduced 

disparity (lower prevalence of poor health ratings among those low-income participants 

with strong SOC). As low-income individuals have limited resources, a strong SOC (as 

the individual dispositional factor) can significantly affect their coping abilities with 

health challenges (Makoge et al., 2019) (reframing stressors as more manageable, 

comprehensible, and meaningful) and could benefit them more than the high-income 

group. Low-income families with strong SOC are more likely to adopt healthy behaviours 

and health-promoting activities and handle stressful situations better (even with limited 

resources) (Speirs et al., 2016). It should be noted that the association between strong 

SOC and health-promoting behaviours was reported regardless of social class and 

education (Wainwright et al., 2007). 

In line with previous research, this study highlights the significance of SOC as a valuable 

psychological resource for coping strategies in the adverse effects of low socioeconomic 

status related to income on health (Makoge et al., 2019; Mizuta et al., 2020; Speirs et al., 

2016). Children of low-income parents/guardians with strong SOC had a lower 

prevalence of caries (Mizuta et al., 2020). SOC appears to be a protective psychological 

factor for children against dental caries when faced with socioeconomic adversity 

(Tomazoni et al., 2019). Also, SOC could effectively promote dental health, specifically 
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for those living below the poverty line (Mizuta et al., 2020). For those facing 

socioeconomic adversities related to income, economic factors alone, as GRRs, will not 

suffice to maintain resilience and cope with health challenges. Despite the fact that SOC 

is influenced by income and socioeconomic status, neither can explain it entirely. 

According to Bernabe et al. (2009), childhood socioeconomic level has a relatively small 

impact on SOC in adulthood. Their study suggested that other factors besides childhood 

socioeconomic status can affect SOC in adulthood. The differences between people's 

SOC (as an individual dispositional factor) are more complex than based solely on a 

person's socioeconomic status (Antonovsky, 1979, 1987; Horsburgh & Ferguson, 2012). 

When viewed from a holistic perspective, SOC has a strong relationship with the psycho-

emotional components and can be regarded as a reflection of a person's interpretations of 

life (e.g., social and interpersonal connections, childhood environments and experiences, 

employment status) (Volanen et al., 2004). Besides, those with strong SOC have 

significantly better social competence (the behavioural, emotional and learning skills for 

successful social adjustment and interaction) than others with weak SOC (Mattila et al., 

2011). Consequently, they might be better able to cope with low-income situation 

stressors and thrive in these circumstances.  

According to our findings, weak SOC was associated with poor SRGH. It was also 

evident that strong SOC was associated with good health. These findings align with cross-

sectional studies that have suggested the association between strong SOC and good 

health, i.e. fewer illness symptoms and subjective complaints (Eriksson & Lindström, 

2006). Strong SOC was shown to be a predictor of good health in adults (Suominen et al., 

2001). There is evidence that strong SOC can reduce the incidence of health problems 

such as circulatory disorders and heart disease (Lundberg & Peck, 1994; Poppius et al., 

1999). Also, SOC and self-rated health were found to be positively associated (Von 
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Bothmer & Fridlund, 2003). Strong SOC was positively associated with a variety of 

health behaviours among adolescents, such as non-smoking, less drinking, and better oral 

hygiene (Länsimies et al., 2017). The association between strong SOC and health can be 

explained to some extent through these healthy behaviours (Länsimies et al., 2017). 

Low-income individuals could have different abilities and opportunities to cope with 

challenges in health (Makoge et al., 2019). Their coping capacities are influenced by other 

factors besides income, such as individual dispositional factors (e.g. SOC) that affect their 

perception of and reliance on the relevant resources and their drive to use those available 

resources (Makoge et al., 2019). However, because of the lack of privilege and power in 

their lives, they may face many obstacles and intersecting oppressions. Thus, focusing on 

the psychological resources that low-income people can use to cope with stressors rather 

than relying on broader social policies (which can be difficult to change) could be an 

effective and practical way to reduce income-health disparities. For this reason, 

salutogenic interventions to enhance the coping skills and capacities among low-income 

people (as the vulnerable groups) could benefit these groups in managing their health 

challenges successfully. Salutogenesis, as a promising framework, focuses on the 

"upstream" determinants and health-promoting mechanisms and is not limited to 

changing health behaviours (Antonovsky, 1979; Watt, 2007). These upstream-targeted 

approaches emphasise empowering individuals and communities to select suitable GRRs 

and to enable more control of the socioeconomic factors affecting their health by having 

a better perception of the stressors and GRRs they deal with (Super et al., 2016; Watt, 

2007). Additionally, other holistic salutogenic interventions include active adaptation 

strategies, cognitive behavioural therapy, and health education programs that have shown 

positive health outcomes (Suárez Álvarez et al., 2022). 
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This study features several strengths: 1-using a large and state-representative sample, 2- 

using multivariable regression models to find persistent associations among the models, 

3- measuring health and SOC with validated and reliable self-reported instruments, and 

4- using oral and general health measures to assess the similar patterns between them. 

Limitations include a moderate response rate of 44.8% for the DCOHS, but this aligns 

with the response rates (<50%) experienced by other human research surveys in the past 

three decades (Baruch & Holtom, 2008). Despite the moderate response rate, it should be 

noted that the DCOHS responses were drawn randomly from the Electoral Roll (a large 

and comprehensive survey frame), and recent comparisons of population data have shown 

the representativeness of the DCOHS to the age and gender distributions of South 

Australian adults (Song et al., 2020a; Song et al., 2020b). However, the current study's 

participants were compared to the general population census data (2016) of South 

Australia. The current study's final sample was broadly representative of the South 

Australian adult population, with slightly different distributions of age groups and income 

(possibly related to classification differences) and country of birth. Moreover, a 

comparison between DCOHS, the current study's final sample and the excluded 

participants showed that the possibility of response bias (i.e. the responses of dropouts 

could differ from those of respondents) was minimal.  

 

Conclusions  

Findings showed the association between weak SOC and poor self-rated dental and 

general health. Furthermore, the associations between the effects of SOC and income with 

the prevalence of both health ratings were indicated. The associations between strong 

SOC and lower prevalence of poor SRDH and SRGH in low-income groups suggested 
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that income-related health disparities can be modified by strong SOC. The findings 

indicated that the association between the effect of income with self-rated oral and general 

health was different depending on stronger or weaker SOC. This study provides 

promising and significant evidence on salutogenic health promotion approaches in 

income-related health disparities, which sets the stage for future research and policy 

decisions. Future research is needed on the other determinants of socioeconomic status 

(such as employment, education, and housing).  
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Table 2. Prevalence ratios from all models of poor self-rated dental health 

 

 Model 1a Model 2b Model 3c Model 4d 

 PR (95%C.I.) PR (95%C.I.)  PR (95%C.I.) PR (95%C.I.) 

Sense Of Coherence 

(Ref. Category: Higher 

Coherence (Strong 

SOC)) 

1.8NS (0.9-3.6) 1.9NS (1.0-3.6) 1.9NS (1.0-3.6) 1.4NS (0.8-2.7) 

Low-Income 

Category 

(Ref. Category: High 

Income Category) 

3.2** (2.1-4.8) 3.3** (2.2-5.1) 3.3** (2.2-5.0) 2.1** (1.4-3.2) 

Middle-Income 

Category 

(Ref. Category: High 

Income Category) 

2.2** (1.5-3.4) 2.3** (1.5-3.5) 2.3** (1.5-3.5) 1.8** (1.2-2.7) 

Interaction of Low-

Income Category and 

Lower Coherence 

(Weak SOC) 

1.0NS (0.5-2.0) 1.0NS (0.5-2.0) 1.0NS (0.5-2.0) 1.0NS (0.5-2.0) 

Interaction of 

Middle-Income 

Category and Lower 

Coherence (Weak 

SOC) 

0.7NS (0.3-1.4) 0.6NS (0.3-1.4) 0.6NS (0.3-1.4) 0.7NS (0.4-1.5) 

** P<0.01 

* P<0.05 

NS: Not Significant 

 

Ref. Category: Reference Category 

PR: Prevalence Ratios 

SOC: Sense of coherence  

 

a: Model 1 comprised the interactions of SOC with different income groups and the main effects of 

income and SOC. 

b: Model 2 adjusted for sociodemographic variables: sex and age. 

c: Model 3 adjusted for all sociodemographic variables: sex, age, the main language spoken at home, 

and country of birth. 

d: Model 4 adjusted for all sociodemographics (sex, age, the main language spoken at home and country 

of birth) and all health behaviour variables (daily toothbrushing, smoking, dental insurance and last 

dental visit). 
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Table 3. Prevalence ratios from all models of poor self-rated general health 

 

 Model 1a Model 2s Model 3c Model 4d 

 PR (95%C.I.) PR (95%C.I.)  PR (95%C.I.) PR (95%C.I.) 

Sense Of Coherence 

(Ref. Category: Higher 

Coherence (Strong 

SOC)) 

5.1** (1.8-14.1) 5.5** (2.0-15.1) 5.4** (2.0-15.1) 4.8** (1.8-13.1) 

Low-Income Category 

(Ref. Category: High 

Income Category) 

9.3** (4.5-19.3) 6.7** (3.2-14.2) 6.7** (3.1-14.1) 5.3** (2.5-11.2) 

Middle-Income 

Category 

(Ref. Category: High 

Income Category) 

2.2* (1.0-5.0) 2.0NS (0.9-4.6) 2.0NS (0.9-4.5) 1.8NS (0.8-4.0) 

Interaction of Low-

Income Category and 

Lower Coherence 

(Weak SOC) 

0.5NS (0.2-1.4) 0.5NS (0.2-1.5) 0.5NS (0.2-1.5) 0.5NS (0.2-1.5) 

Interaction of Middle-

Income Category and 

Lower Coherence 

(Weak SOC) 

0.7NS (0.2-2.3) 0.7NS (0.2-2.4) 0.7NS (0.2-2.3) 0.8NS (0.2-2.5) 

** P<0.01 

* P<0.05 

NS: Not Significant 

 

Ref. Category: Reference Category 

PR: Prevalence Ratios 

SOC: Sense of coherence  

 

a: Model 1 comprised the interactions of SOC with different income groups and the main effects of 

income and SOC. 

b: Model 2 adjusted for sociodemographic variables: sex and age. 

c: Model 3 adjusted for all sociodemographic variables: sex, age, the main language spoken at home, 

and country of birth. 

d: Model 4 adjusted for all sociodemographics (sex, age, the main language spoken at home and country 

of birth) and all health behaviour variables (daily toothbrushing, smoking, dental insurance and last 

dental visit). 
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Fig. 1 Poor self-rated dental health by sense of coherence (SOC) and income 
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Fig. 2 Poor self-rated general health by sense of coherence (SOC) and income 
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Fig. S1 Directed Acyclic Diagram (DAG) with the focal relationships between the main 

exposures (sense of coherence (SOC) and income) and the outcome (self-rated dental 

and general health (SRDH and SRGH, respectively)) 
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Fig. S2 Direct Acyclic Diagram (DAG) Direct Acyclic Diagram (DAG) with the 

interaction effect between the main exposures (sense of coherence (SOC) and income) 
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Fig. S3 Interaction Directed Acyclic Diagram (IDAG) of the interaction effect between 

the main exposures (sense of coherence (SOC) and income) 
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7 Chapter 7: Effect of personality traits on socioeconomic 

inequalities in health, a population-based study 

 

 Highlights 

• Associations were observed between low scores for conscientiousness and 

emotional stability with poor self-rated general health (SRGH) and low scores for 

agreeableness, conscientiousness and extraversion with poor self-rated dental 

health (SRDH). 

 

• High scores for agreeableness and emotional stability modified the effect of low 

income on poor SRDH. Also, high conscientiousness scores modified the 

association between low income and poor SRGH. These findings suggest a more 

beneficial role of these traits at low-income levels for oral and general health self-

ratings than at high-income levels. 

 

• High scores for extraversion, conscientiousness, agreeableness, openness and 

emotional stability were protective in terms of oral and general health self-ratings 

at all income levels. In other words, those with high scores for all personality traits 

had a lower prevalence of poor SRDH and SRGH at all income levels. 
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Abstract  

Objectives: This study aimed to estimate the effects of positive personality traits in 

income and self-rated dental and general health (SRDH and SRGH) associations in a large 

South Australian sample. 

Methods: Cross-sectional analyses were conducted using self-reported data collected 

from 3,578 adults in 2015-2016. Multiple variable regression models assessed the main 

effects and interactions of the Ten-Item Personality Inventory (TIPI) and income with 

SRDH and SRGH. Prevalence ratios (PR) of poor health ratings were estimated using 

Poisson regression.  

Results: Among all respondents, high-income individuals with stronger 

Conscientiousness scores had the lowest prevalence of poor SRGH (0.8%), while those 

with stronger Extraversion (2.9%) and Agreeableness scores (3.4%) had the lowest 

prevalence of poor SRDH. Poor SRGH was related to weak Conscientiousness (PR=6.9, 

95% CI[2.3-20.8]) and Emotional Stability scores (PR=6.0, 95% CI[2.0-18.3]), while 

poor SRDH was associated with weak Extraversion (PR=2.3, 95% CI[1.2-4.5]), 

Agreeableness (PR=1.8, 95% CI[1.0-3.2]) and Conscientiousness scores (PR=2.1, 95% 

CI[1.1-4.0]). Among low-income people, poor health ratings were less prevalent in those 

with stronger positive personality trait scores versus weaker scores. Among low-income 

respondents, poor SRGH was lower in individuals with stronger versus weaker 

Conscientiousness scores (10.9% vs 16.2%), and poor SRDH showed lower prevalence 

in participants with stronger versus weaker Agreeableness scores (18.1% vs 22.6%).  

Conclusion: Findings showed the association between personality traits and the 

prevalence of poor SRDH and SRGH. Stronger positive personality traits modified the 
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self-rated health inequalities associated with low income in a representative sample of the 

South Australian population. 

Keywords: socioeconomic inequalities, personality, self-rated health, subjective health 
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Introduction 

Income-related social gradients in self-rated oral and general health have been reported, 

which show lower socioeconomic status (SES) is associated with a higher prevalence of 

poorer oral and general health [1]. However, one critical question remains: Why do some 

people seem able to avoid poor health despite being subjected to severe stressors of SES 

adversity? Studies have shown that not everyone from low SES necessarily has poor 

health [2,3]. According to the biopsychosocial model, the interaction between chronic 

stressors (e.g., low SES) with psychosocial factors could cause stress-related biological 

responses (e.g., inflammatory and hormonal responses) that adversely affect health [4]. 

Positive psychosocial factors are shown to enhance the ability to cope effectively with 

stress [5]. Individuals with effective coping strategies can better cope with the chronic 

stress of low-SES situations because of their personality traits [6]. Therefore, stress-

coping management might be a valuable psychological resource for low-SES people with 

limited resources [7]. Psychological factors could buffer the adverse effects of low SES 

in health [2]. 

Researchers have used the Big Five personality theory to explain why people behave the 

way they do by relating personality dimensions in shaping their behaviours. Based on this 

theory, the five dimensions that make up personality are Extraversion, Agreeableness, 

Conscientiousness, Openness to experience and Emotional Stability (opposite to 

Neuroticism) [8]. The association between personality traits and single-item global self-

ratings of health has been reported [9], which links poor self-rated health (SRH) with high 

Neuroticism (low Emotional Stability, the tendency to have negative emotions, anxiety 

and stress) has been stated [9]. Conscientiousness (being organised and self-disciplined) 

and Extraversion (being energetic, social, and having positive emotions) are positively 

associated with SRH [9]. Evidence for Agreeableness (trust, altruism, and being 
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cooperative) and Openness (curiousness and unconventionality) is mixed (positive, 

negative and no effects) [9].  

An individual's oral health is associated with their general health [10]. Also, oral and 

general health have common risk factors [10], and both are affected by personality traits 

in similar ways (health-related behaviours and how individuals interpret and react to 

symptoms) [11,12]. One of the most common measures for assessing general and oral 

health status is single-item global self-ratings [13]. They allow individuals to integrate 

their interpretation of the different health dimensions [13]. These non-clinical measures 

have been effective in predicting mortality and morbidity, as clinical trials' endpoints and 

high-risk groups' screening [13] and comparing oral and general health perceptions [14]. 

According to the Wilson and Cleary model of health-related quality of life (HRQOL) 

[15], these measures are conceptually considered as general health perceptions [14]. Their 

model proposes a link between an individual's characteristics (such as personality) and 

health and quality of life [15]. This model explains the relationship between "patient-

specific factors" like personality and general health perceptions (self-rated one-item 

dental and general health measures) [15]. However, there is a lack of large-scale cross-

sectional studies for assessing the modifying effect of personality traits in the SES 

gradients in health outcomes and their interactions with income in health. Effect 

modification occurs when the exposure's effect differs across the other exposure's strata. 

Interaction is the combined effect of both exposures on the outcome [16].  

Thus, this research aimed to estimate the modifying effect of the positive personality traits 

in the association of income and self-rated dental and general health (SRDH and SRGH) 

using a representative South Australian population sample. The hypotheses were: 1- low 

income and low scores for each personality trait would be associated with the highest 

prevalence of each poor health outcome measure (SRDH and SRGH); 2- interactions 
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between income and low scores for personality traits would be observed; and 3- in low-

income individuals, those with high scores for each positive personality trait would have 

a lower prevalence of each poor health outcome measure (SRDH and SRGH) than those 

with low scores for a personality trait.  

 

Methods 

The sample was drawn from the baseline data of the Dental Care and Oral Health Study 

(DCOHS). DCOHS is a comprehensive cohort study. In 2015, a random sample of 12,245 

adults aged 18 years and older drawn from the South Australian Electoral Roll were 

invited by mail to participate in the study voluntarily and confidentially. The 

questionnaires with three reminder follow-ups mailings were sent to them. The University 

of Adelaide Human Research Ethics Committee approved the research (H-288-2011). 

The data were weighted using the estimates of the South Australian population's age and 

sex distribution from the Australian Bureau of Statistics [17,18].   

The outcome variables were self-rated dental health and general health, measured using 

the single-item global ratings on 5-point Likert scales, comprised the questions "How 

would you rate your general health?" and "How would you rate your dental health?". 

These valid measures provide a subjective perception of oral and general health [19,20]. 

Based on previous studies [21, 22], the responses were dichotomised as those who 

reported good, very good or excellent dental and general health and others with poor to 

very poor SRDH and SRGH. The reference category was respondents who rated their 

SRDH and SRGH as good to excellent.  

The main explanatory variable was total household income before tax (in Australian 

Dollars), collected in 10 categories of $20,000 (from <$20,000 to >$180,000). To have 
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an estimated even distribution, we coded income into three approximately equal-sized 

categories (approximate tertiles) using a distributional approach (0-$40,000, $40,001-

$100,000 and more than $100,000). By using this approach, the low-income level can be 

compared with medium and high-income levels, regardless of the actual level of income 

(thresholds). Also, the actual income level could lose its meaning over time (e.g., because 

of economic factors such as inflation). However, by using tertiles the interpretation 

remains the same. Additionally, the distribution approach can be used to evaluate the 

income gradient in health, allowing the assessment of potential "dose-response" effects. 

The effect modifiers were the Big Five personality traits as the psychosocial factors 

assessed by the Ten-Item Personality Inventory (TIPI). TIPI is a brief self-reported test, 

which Gosling [23] designed to evaluate the Big Five personality traits using two options 

for each trait. In each dimension, one item is reversed. Each item was reported on a 7-

point Likert scale (1= Disagree Strongly to 7= Agree Strongly). The responses to the five 

reversed items were coded reversely to match the standard items. The average of related 

standard and reverse-coded items were used for each dimension's score (a higher score 

represented a greater propensity to exhibit that trait). Each TIPI scale (ranging from 1 to 

7) was dichotomised based on the conceptual approach (splitting the scale based on a 

score equivalent to being "agree" or higher) as lower TIPI (<5 reflecting disagree) and 

higher TIPI (5-7 reflecting agree) [24]. 

The other explanatory variables (conceptually related covariates) were added to the 

models to cover the different dimensions of socio-demographic characteristics (age, sex, 

the main language spoken at home and birthplace) and health behaviours (dental 

insurance, smoking status, daily tooth brushing and last dental visit). Age (collected as 

continuous data) was coded into age groups of 18-45, 46-60, and 61 years and more to 

produce an approximately equal distribution. Birthplace was collected as those born in 
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Australia or other countries and categorised accordingly. Dental insurance (collected by 

asking, "What best describes your private health insurance status?") was dichotomised as 

those with dental insurance and those without. The main language spoken at home was 

collected as English speakers and those who spoke other languages and grouped the same 

way. Smoking status was collected as "I smoke daily", "I smoke occasionally", "I do not 

smoke now but I used to" and "I have never smoked", and categorised into: current, 

former and non-smokers. Daily tooth brushing (collected as the frequency per day) was 

classified as those who brushed their teeth twice a day or more or respondents who 

brushed less than that. The six ordinal levels of the last dental visit being "<12 months 

ago", "1 to <2 years ago", "2 to <5 years ago", "5 to <10 years ago", ≥10 years" and 

"Never attended" were dichotomised as individuals who visited the dentist less than a 

year ago and others with the previous dental visit one year ago or later. 

Unadjusted associations of SRDH and SRGH were assessed by the explanatory variables 

and effect modifiers, followed by the evaluation of associations with personality trait 

dimensions (TIPI) stratified by household income categories. Multiple variable Poisson 

regression models assessed the adjusted associations between SRDH and SRGH with 

TIPI dimensions and income categories. Initially, the associations between income and 

each TIPI dimension with SRDH and later SRGH (model 1) were examined, along with 

the main effect and interaction of income and each TIPI dimension. Then, conceptually 

related covariates comprising socio-demographic characteristics and health behaviours 

were added in successive blocks. In models 2 to 4, model 1 analyses were adjusted for: 

Model 2 was adjusted for sex and age; Model 3 was adjusted for sex, age, the main 

language spoken at home and place of birth; Model 4 was adjusted for analyses from 

model 3 and also daily tooth brushing, smoking, dental insurance and last dental visit. 

These four models evaluated whether each TIPI dimension modified the associations 
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between both outcomes (separately) and income by fitting interaction terms and 

descriptively examining their stratified effects. All four models of each outcome fit the 

data based on Pearson Chi-Square (Value/df>0.05).  

The Poisson regression models with robust error variance (to correct for overdispersion) 

allowed us to calculate Exponential Beta to show the prevalence ratio (PR). PR is an 

accurate measure to estimate effect size for cross-sectional studies [25]. 

Respondents who answered all TIPI, SRGH, SRDH, and income questions (complete 

cases, n=3,798) were used for the analyses. Other variables' missing cases (n=220) were 

excluded from the Poisson regression, giving us the final sample size of n=3,578 for the 

models. We compared the final sample with respondents with missing responses to 

determine whether the final sample differed from excluded cases (response bias). Also, 

another comparison using the census data was performed to assess the representativeness 

of the final sample. The large sample size available for analysis provided adequate 

statistical power despite some reduction in sample size due to missing data. The sample 

size calculations for DCOHS were based on oral health outcomes estimates from the 

National Survey of Adult Oral Health (NSAOH) in Australia and a power of 80% 

(significance level α=0.05) [17]. Also, for the final sample, power was calculated using 

SPSS and G*Power 3.1.9.7 at a significance level α = 0.05. All analyses were performed 

in the SPSS software version 28 (IBM Corp.), with 95% confidence intervals. 

 

Results 

A total of 4,494 responses were received. The response rate was calculated at 44.8% after 

omitting the out-of-scope sample cases (non-contacts due to the change of residential 

address). Table 1 details the descriptive statistics of SRDH and SRGH by the study 
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sample characteristics of the 3,578 individuals 18 to 86 years old in DCOHS, and 95% 

CIs were used to assess unadjusted associations. The prevalence of poor SRDH and 

SRGH was 11.3% and 5.4%, respectively. The participants who had the lowest 

prevalence of poor SRDH and SRGH were from the 18-45 years age group, were non-

smokers, brushed their teeth twice or more daily and had dental insurance. 

Table 2 shows that respondents with greater personality trait scores had lower rates of 

poor SRDH and SRGH. A significant gradient across income groups was observed, and 

high-income (>$100,000) respondents had the lowest prevalence of poor SRDH and 

SRGH. 

The comparison of the study sample with excluded cases (Table S1) showed similar 

compositions with minor differences in health behaviours (last dental visit, dental 

insurance, and tooth brushing) and age groups of 18-45 and over 60 years old. However, 

these small differences were statistically significant for young and old age groups and 

dental insurance. 

The comparison of the final sample with the population data (Table S2) indicated that the 

final sample was broadly representative of the South Australian population. However, 

there were higher percentages born in other countries, over 60 years old and low income 

in census data. 

For parsimony, only model 4 (the fully adjusted model) is presented in detail, while all 

the other models were generally consistent and are included as supplementary tables S3 

to S8. Also, for the final sample, a power of 1.00 was observed for all models. Middle 

and low household income were significantly associated with poor dental health for all 

personality dimensions (Table 3). Weak Agreeableness (PR=1.8), Extraversion (PR=2.3) 

and Conscientiousness scores (PR=2.1) were significantly associated with poor SRDH, 
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and these traits' higher PRs showed their greater effect for SRDH. The interaction effect 

of weaker Extraversion at lower income had a lower PR (PR=0.4), indicating a relatively 

greater effect for Extraversion at higher income (reflecting the lower prevalence of poorer 

SRDH for high-income respondents with stronger Extraversion scores) (Table 3 and 

Figure 1-A). The lower PR (PR=0.6) for the interaction effect of weak Agreeableness 

with middle income revealed a relatively greater impact of Agreeableness at high income, 

representing the lower rates of poor SRDH among those with stronger Agreeableness 

scores and high income.  

Low income was also significantly associated with poor general health for all personality 

dimensions (Table 4). In contrast, middle income was only significantly associated with 

poor SRGH for Conscientiousness (PR=3.3). There was a higher prevalence of poor 

SRGH among those with weak Conscientiousness and weak Emotional Stability scores, 

and the higher PR of these traits indicated their greater associations (effects) with SRGH. 

The lower PR (PR=0.2) for the interaction of weaker Conscientiousness at lower income 

indicated a relatively greater effect for Conscientiousness at the higher income, reflecting 

the lower prevalence of poorer SRGH for high-income individuals with stronger 

Conscientiousness scores.  

In low-income individuals, those with stronger Agreeableness scores (18.1%) had a lower 

prevalence of poor SRDH than others with weaker Agreeableness scores (22.6%) (Figure 

1-B). Also, in low-income respondents, a lower prevalence of SRDH was observed in 

those with strong Emotional Stability (13.6%) than others with weak scores (25.0%) 

(Figure 1-C). Among low-income respondents, those with strong Conscientiousness 

(10.9%) had a lower prevalence of poor SRGH than those with weaker Conscientiousness 

scores (16.2%) (Figure 1-D). Low-income respondents had a greater absolute difference 

in the prevalence of poor SRDH between those with weak and strong Emotional Stability 
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(11.4% vs 1.0%) and Agreeableness (4.5% vs 3.8%) scores than high-income 

respondents. There was a smaller difference in the prevalence of poor SRGH between 

those with weak and strong Conscientiousness scores than high-income respondents 

(5.3% vs 4.4%) (Figure 1-D). 

 

Discussion 

Weak Conscientiousness and Emotional Stability scores were associated with poor 

SRGH. Except for Emotional Stability and Openness, poor SRDH was more prevalent in 

those with weaker scores on personality traits (all models). Low income was consistently 

associated with poorer SRGH and SRDH in all models. Interactions between low-income 

and weak Conscientiousness scores with SRGH (all models) were observed. Findings 

revealed there were significant interactions of low-income and weak Extraversion scores 

(all models) and middle-income and weak Agreeableness scores (in the fully adjusted 

model) with SRDH.  

Congruent with previous findings [26], Extraversion and Agreeableness had similar 

associations (effects) with poor oral health. The strongest associations (effects) were 

found between low Conscientiousness and Emotional Stability with poor SRGH, 

consistent with previous research showing that individuals with high levels of 

irresponsibility and emotional instability report poorer general health [27]. Also, poor 

SRDH was more prevalent than poor SRGH in our population sample. Although oral and 

general health are closely linked [10], they are often approached differently (i.e., separate 

education and treatment for oral and dental problems from the rest of the body), as well 

as having different related health services (e.g., separate insurance cover; only general 

health is universally covered in Australia) [28].  
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The combined effects (interaction effects) of strong personality traits and high income 

were associated with the lowest prevalence of poor SRDH and SRGH (among high-

income respondents with strong personality traits). However, the modifying effects of 

strong Emotional Stability and Agreeableness scores in the association between low-

income and poor SRDH suggest potentially greater health benefits in terms of the size of 

absolute differences in the prevalence of stronger scores of these traits for low-income 

respondents than for high-income respondents. Also, strong Conscientiousness scores 

modified the association between low-income and poor SRGH, showing that strong 

Conscientiousness conferred greater health benefits in the size of differences in 

prevalence to the low-income group than the high-income group. The findings suggest 

greater opportunities for low-income people to improve their oral and general health 

through interventions that target these traits. Similarly, previous studies have underlined 

the importance of personality traits as protective psychosocial factors for low-SES groups 

[6,29-31]. Social adversity affects the health of those with personality traits related to 

poorer health outcomes more than others [29]. Personality significantly affects healthy 

behaviours (healthy eating) in low-SES groups [30]. Also, coping flexibility could be a 

moderator of the SES-HRQOL relationship [6], which is a crucial resource for low-SES 

people in adaptability to a stressful life. Besides, psychosocial factors can buffer the 

unfavourable effect of low SES in health disparities [6]. Consistent with our findings, 

Conscientiousness has been suggested as a beneficial health factor for low-SES groups 

[31]. 

This study used personality traits as the explanatory variables rather than clinical case 

definitions. By dichotomising individuals, we were able to determine where they fell on 

the personality spectrum (expressing the trait at a high or low level); i.e., shift the focus 

from the homogeneity of personality traits (as variables) to individual differences (as 
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participants) [32]. Thus, we were able to compare how the association between the 

exposure (income) and outcomes (poor SRDH and SRGH) differed across the different 

effect modifier categories (greater versus lower personality traits) [16]. The advantages 

of categorizing the exposure (assessing the effects of each exposure level separately 

without limitation) outweigh the potential disadvantages (reduced statistical power, loss 

of some information, and requiring additional terms in the model) [33]. The risk of such 

errors is negligible when large sample size is analysed (such as in the present study). Also, 

VanderWeele et al. [34] argued that dichotomisation has the advantage of avoiding model 

misspecification in interaction analyses. 

The covariates in our study were selected based on the general concept of health 

behaviours to cover their different dimensions without overlapping. Each represents a 

conceptual factor: preventive behaviours (tooth brushing), risky behaviours (smoking), 

health service utilisation (last dental visit), and enabling factors (dental insurance). Such 

variables rarely occur separately, rather they tend to cluster together [35,36]. Also, in 

social and behavioural science, no model can encompass all relevant predictors of 

outcome [37]. Models should include covariates that provide unique information (to 

maximize their predictive value) while avoiding multicollinearity (having too few or too 

many variables) or overlap [38]. It is important to avoid correlated covariates since they 

increase the standard error of the estimated regression coefficients [39]. Limiting the 

covariates to the most important ones simplifies interpretation and multiple testing [39]. 

Additionally, it prevents overfitted models, which have poor predictions despite their 

good fit [39]. 

Given that tackling SES-health inequalities through broader SES-targeted interventions 

and anti-poverty social policies could be challenging, better health outcomes for low-SES 
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individuals can be achievable by strengthening psychosocial factors related to better 

health. This empowerment approach could include personality interventions (by targeting 

personality traits linked with risky behaviours) [40] and community-based interventions 

that use positive psychology among poor individuals [41], and mental health promotion 

[42]. Other holistic health-promotion approaches (such as the WHO healthy city project 

by providing psychological resources and developing mental health-enhancing places 

[43]) can provide supportive environments for vulnerable populations. Also, behavioural 

change interventions have shown promising results in promoting oral health behaviours 

[44]. A debate has raged over whether personality changes persist over time or revert and 

whether these interventions actually work at a population level. These interventions are 

congruent with the personality development framework (short-term situational processes 

lead to long-term personality changes) [45]. The cumulative effect of small changes in a 

trait's expression over time changes the level of that trait in two general ways: as reflective 

and associative processes [45]. The reflective process involves consciously collecting 

information from observing and analysing one's behaviour, feelings, perceptions and 

thoughts. It is assumed that this process affects the individual's personality and helps 

maintain it. Alternatively, personality development could result from associative learning, 

such as habit formation without reflecting (i.e., frequent repeating of behaviour leads to 

habitual behaviour). While some evidence supports the effectiveness of psychological 

interventions at the population level [41,42,46], their practical implications seldom lead 

to changes at the population level. Three factors contributed to the failed translation of 

their sustainability and long-term success: short implementation of these interventions at 

the community/population level, lack of funding, and failure because of over scaling and 

implementation problems (poor management) [46]. Thus, to reduce vulnerability to social 

stressors and promote health in low-income groups, upstream factors and long-term 
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community-based programs with proactive mental health approaches should be 

emphasised with adequate funding and effective management.  

SRDH and SRGH are valid and reliable patient-centred measures. In other words, the 

individual's perception and interpretation of their health (subjective health) are central to 

their quality of life [11] and strongly influence their health-related behaviours [47]. 

People tend to continue their current lifestyles when they rate their health as "good" [47]. 

Meanwhile, certain personality traits affect subjective health [11]. Personality traits can 

affect subjective health through affectivity (positive or negative perceptions based on 

one's personality) and can influence objective health (professional assessment) through 

healthy behaviours. Individuals with strong Extraversion, Conscientiousness, Openness 

and Agreeableness engage in physical activities and health-promoting behaviours, 

leading not only to positive evaluations of SRDH and SRGH but also better objective 

health [9]. While weak Emotional Stability (Neuroticism) is associated with poor 

subjective health (negative perception of health ratings), it is also associated with poor 

objective health (poor health behaviours and many health problems) [9,11]. Therefore, 

the following factors should be considered when interpreting the present study's findings 

from a multidimensional perspective of health: 1- Those with negative affectivity are 

influenced to a greater extent by their objective health, thereby negatively affecting their 

subjective health ratings [11]; 2- The subjective health ratings of those with negative 

affectivity are more accurate given their greater awareness and sensitivity of their 

objective health [11]; 3- Positive psychological characteristics could affect health 

independent of symptoms and positive affectivity [9]. 

Strengths of the study include: using the large South Australian representative sample, 

analysing data with four models that incorporate adjustment for various variables, using 
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valid and standard self-ratings for health and personality traits, and evaluating oral and 

general health outcomes for any consistent patterns across both outcomes. Limitations 

comprise the low response rate of 44.8%. However, response rates below 50% were 

common for surveys over the past thirty years. Congruent with the latest comparisons 

[17,18], DCOHS broadly represented the age and gender distribution of South Australian 

adults, considering it was derived from an extensive sampling frame (Electoral Roll). The 

final sample was also representative of the general population, with slight differences, 

possibly because of the different categorisation of income and age in census data. 

Additionally, the final sample was similar to the excluded respondents, resulting in 

minimal response bias. 

 

Conclusion  

Findings showed cross-sectional associations between personality traits and income-

health inequalities. There were associations between weaker scores for some personality 

traits and the prevalence of poor SRDH and SRGH. Interactions of weaker scores of 

Extraversion, Agreeableness and Conscientiousness with low and middle-income were 

associated with health ratings. The findings contribute to a growing body of literature on 

the association between personality traits and health outcomes and SES-health 

inequalities. Improving psychological factors to cope with the stress of low-SES 

conditions can provide a practical method for reducing SES-health inequalities.  
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 Table 1.    Self-rated dental and general health by study characteristics 

 

 Distribution

s * 

SRDH  

Poor to very poor 

SRGH  

Poor to very poor 

N (%) N (%) 95% C.I. N (%) 95% C.I. 

Total Sample (n=3578)  406 (11.3%) 10.3-12.5  194 (5.4%) 4.7-6.2 

Health behaviour variables      

Last Dental Visit       

   Less Than A Year Ago  2226 

(62.2%) 

186 (8.4%) 7.2-9.6 96 (4.3%) 3.5-5.3 

  More Than A Year Ago 1352 

(37.8%) 

220 (16.3%) 13.9-18.3 98 (7.2%) 5.9-8.8 

Dental insurance       

   Insured  2478 

(69.3%) 

193 (7.8%) 6.7-8.9 93 (3.8%) 3.0-4.6 

   Uninsured  1100 

(30.7%)  

213 (19.4%) 16.8-22.1 101 (9.2%) 7.5-11.2 

Cigarette Smoking       

   Non-Smoker  1942 

(54.4%) 

148 (7.6%) 6.4-8.9 73 (3.8%) 2.9-4.7 

   Former Smoker  1233 

(34.4%) 

146 (11.8%) 10.0-13.9 88 (7.2%) 5.7-8.8 

   Current Smoker  403 (11.3%)  112 (27.8%) 22.9-33.4 33 (8.2%) 5.6-11.5 

Tooth Brushing       

   Twice A Day Or More  1964  

(54.9 %) 

138 (7.0%) 5.9-8.3 74 (3.8%) 3.0-4.7 

   Less Than Twice A Day 1614 

(45.1%)  

268 (16.6%) 14.7-18.7 120 (7.4%) 6.2-8.9 

Socio-demographic characteristics      

Birthplace       

   Australia  2823 

(78.9%)  

299 (10.6%) 9.4-11.9 129 (4.6%) 3.8-05.4 

   Other  755 (21.1%)  107 (14.2%) 11.6-17.1 65 (8.6%) 6.7-11.0 

Main Language Spoken At 

Home 

     

   English  3427 

(95.8%)  

381 (11.1%) 10.0-12.3 176 (5.1%)  4.4-6.0 

   Other  151 (4.2%)   25 (16.6%) 10.7-24.4 18 (11.9%) 7.1-18.8 

Sex       

   Male  1598 (44.4 

%) 

219 (13.8%) 11.9-15.6 110 (6.9%) 5.7-8.3 

   Female  1989 

(55.6%)  

 

187 (9.4%) 8.1-10.9 84 (4.2%) 3.4-5.2 

Age Groups (Mean= 52.7)       

   18-45 years  1151 

(32.3%)  

94 (8.1%) 6.6-10.0 33 (2.9%) 2.0-4.0 

   46-60 years  1159 

(32.4%)  

145 (12.5%) 10.6-14.7 60 (5.2%) 3.9-6.7 

   61 years and older  1264 

(35.3%) 

167 (13.2%) 11.3-15.4 101 (8.0%) 6.5-9.7 

*  The final sample size used for the analysis, including all variables with non-missing data 
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 Table 2.   Self-rated dental and general health by personality dimensions and income 

 

 

 Distributions * SRDH  

Poor to very poor 

SRGH  

Poor to very poor 

N (%) N (%) 95% C.I. N (%) 95% C.I. 

Total Sample (n=3578)  406 (11.3%) 10.3-12.5  194 

(5.4%) 

4.7-6.2 

TIPI dimensions      

Extraversion       

   Higher  1278 (64.3%) 113 (8.8%) 7.3-10.6 37 (2.9%) 2.0-3.9 

   Lower  2300 (35.7%) 293 (12.7%) 11.3-14.3 157 (6.8%) 5.8-8.0 

Openness       

   Higher  2077 (58.0%) 207 (10.0%) 8.7-11.4 76 (3.7%) 2.9-4.6 

   Lower  1501 (42.0%) 199 (13.3%) 11.5-15.2 118 (7.9%) 6.5-9.4 

Agreeableness       

   Higher  2300 (64.3%) 246 (10.7%) 9.4-12.1 115 (5.0%) 4.1-6.0 

   Lower  1278 (35.7%) 160 (12.5%) 10.4-14.3 79 (6.2%) 4.9-7.7 

Conscientiousness       

   Higher  2897 (81.0%) 283 (9.8%) 8.7-11.0 126 (4.3%) 3.6-5.2 

   Lower  681 (19.0%) 123 (18.1%) 15.1-21.6 68 (10.0%) 7.8-12.7 

Emotional Stability       

   Higher  2010 (56.2%) 179 (8.9%) 7.6-10.3 59 (2.9%) 2.3-3.9 

   Lower  1568 (43.8%) 227 (14.5%) 12.6-16.5 135 (8.6%) 7.2-10.2 

Income Groups       

   High (> $100 000)  1066 (29.8%) 52 (4.9%) 3.6-6.3 15 (1.4%) 0.8-2.3 

   Middle ($40 001 - $100 000)  1483 (41.4%) 153 (10.3%) 8.8-12.1 54 (3.6%) 2.7-4.7 

   Low (≤ $40 000)  1029 (28.8%) 201 (19.5%) 16.9-22.4 125 

(12.1%) 

10.1-14.5 

TIPI: The Ten-Item Personality Inventory 

*  The final sample size used for the analysis, including all variables with non-missing data 
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Table 3. Prevalence ratios from the fully adjusted model1 (Model 4) of SRDH 

 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension 

(ref. Category: 

Greater trait 

score) 

2.3 (1.2-4.5) 1.2NS 

(0.7-2.3) 

1.8 (1.0-3.2) 2.1 (1.1-4.0) 1.0 NS 

(0.6-1.7) 

Low-Income 

Group  

(ref. Category: 

High-Income 

group) 

4.3 (2.3-8.0) 2.4  

(1.4-4.0) 

2.9 (1.7-4.9) 2.7 (1.7-4.2) 1.7  

(1.1-2.8) 

Middle Income 

Group  

(ref. Category: 

High-Income 

group) 

2.5 (1.3-4.6) 1.8 (1.1-

2.9) 

2.2 (1.3-3.6) 1.8 (1.2-2.7) 1.7  

(1.1-2.6) 

Interaction of 

Low-Income 

Group and 

Weak TIPI 

Dimension 

0.4 (0.2-0.9) 0.9NS 

(0.5-1.8) 

0.7NS (0.3-1.3) 0.6NS (0.3-1.1) 1.2 NS 

(0.6-2.2) 

Interaction of 

Middle-Income 

Group and 

Weak TIPI 

Dimension 

0.6NS  

(0.3-1.2) 

0.8NS 

(0.4-1.6) 

0.6 (0.3-1.2) 0.7NS (0.3-1.5) 0.9NS 

(0.5-1.9) 

NS: Not Significant 

ref. Category: Reference Category 

 PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 4 adjusted for Socio-demographic characteristics (sex, age, main language spoken at 

home and birthplace) and Health behaviour variables (daily tooth brushing, smoking status, 

dental insurance and last dental visit). 
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Table 4. Prevalence ratios from the fully adjusted model1 (Model 4) of SRGH 

 

 Extraversio

n 

Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.0NS  

(0.6-6.8) 

1.9NS  

(0.4-3.4) 

0.9NS  

(0.3-2.7) 

6.9 (2.3-20.8) 6.0  

(2.0-18.3) 

Low-Income Group 

(ref. Category: High-

Income group) 

4.8  

(1.6-14.7) 

5.6  

(2.6-12.3) 

5.2  

(2.1-12.5) 

10.5 (4.6-24.0) 9.3  

(3.6-24.3) 

Middle-Income 

Group 

(ref. Category: High-

Income group) 

2.5NS  

(0.8-8.2) 

1.8NS 

 (0.8-4.1) 

1.5NS 

 (0.6-3.9) 

3.3 (1.4-7.7) 2.4NS 

 (0.9-6.7) 

Interaction of Low-

Income Group and 

Weak TIPI 

Dimension 

1.1NS  

(0.3-4.0) 

0.9NS 

 (0.3-3.0) 

1.2NS 

 (0.4-3.7) 

0.2 (0.1-0.6) 0.4NS  

(0.2-1.3) 

Interaction of 

Middle-Income 

Group and Weak 

TIPI Dimension 

0.7NS  

(0.2-3.1) 

1.3NS  

(0.4-4.5) 

2.0NS 

 (0.6-6.8) 

0.3NS (0.1-1.1) 0.7NS 

 (0.2-2.6) 

NS: Not Significant 

ref. Category: Reference Category 

PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 4 adjusted for Socio-demographic characteristics (sex, age, main language spoken at home and 

birthplace) and Health behaviour variables (daily tooth brushing, smoking status, dental insurance and last 

dental visit). 
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Figure 1: Poor self-rated dental and general health by personality traits and household 

income category (A: Poor self-rated dental health by Extraversion; B: Poor self-rated 

dental health by Agreeableness; C: Poor self-rated dental health by Emotional Stability; 

D: Poor self-rated general health by Conscientiousness) 
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Table S3. Prevalence ratios from crude model1 (Model 1) of SRDH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.7  

(1.4-5.2) 

1.4NS 

(0.8-3.0) 

2.0 (1.1-3.7) 2.7 (1.4-5.1) 1.2NS 

(0.7-2.3) 

Low-Income Group  

(ref. Category: 

High-Income group) 

7.4  

(4.0-13.9) 

3.8  

(2.3-6.4) 

4.7 (2.8-7.8) 4.2 (2.8-6.3) 2.6  

(1.6-4.1) 

Middle-Income 

Group  

(ref. Category: 

High-Income group) 

3.2  

(1.7-6.1) 

2.3 

 (1.4-3.8) 

2.7 (1.6-4.5) 2.2 (1.5-3.3) 2.1 

 (1.3-3.2) 

Interaction of Low-

Income Group and 

Weak TIPI 

Dimension 

0.4  

(0.2-0.8) 

0.8NS 

(0.4-1.7) 

0.7NS 

 (0.3-1.3) 

0.6NS (0.3-1.2) 1.6 NS 

(0.8-3.3) 

Interaction of 

Middle-Income 

Group and Weak 

TIPI Dimension 

0.5NS  

(0.2-1.1) 

0.7NS 

(0.4-1.5) 

0.6NS 

 (0.3-1.2) 

0.7NS (0.3-1.4) 0.9NS 

(0.4-1.8) 

NS: Not Significant 

ref. Category: Reference Category 

 PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 1 comprised the interactions of personality traits (TIPI dimensions) with different income 

groups and the main effects of income and personality traits.  
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Table S4. Prevalence ratios from partially adjusted model1 (Model 2) of SRDH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.5  

(1.3-4.9) 

1.4NS 

(0.7-2.5) 

1.9 (1.0-3.5) 2.7 (1.4-5.2) 1.3NS 

(0.7-2.5) 

Low Income Group  

(ref. Category: High-

Income group) 

 

7.8  

(4.1-14.7) 

4.1  

(2.5-6.8) 

5.0 (3.0-8.4) 4.5 (2.9-6.7) 2.7  

(1.7-4.4) 

Middle Income Group  

(ref. Category: High-

Income group) 

3.3  

(1.7-6.3) 

2.3  

(1.4-3.9) 

2.8 (1.6-4.7) 2.3 (1.5-3.4) 2.1  

(1.4-3.4) 

Interaction of Low-

Income Group and 

Weak TIPI Dimension 

0.4 

 (0.2-0.8) 

0.9NS 

(0.5-1.4) 

0.6NS  

(0.3-1.3) 

0.6NS (0.3-1.1) 1.6NS 

(0.8-3.1) 

Interaction of Middle 

Income Group and 

Weak TIPI Dimension 

0.5NS 

 (0.3-1.4) 

0.8NS 

(0.4-1.6) 

0.6NS 

 (0.3-1.1) 

0.7NS (0.3-1.4) 0.9NS 

(0.4-1.8) 

NS: Not Significant 

ref. Category: Reference Category 

 PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 2 adjusted for Socio-demographic characteristics (sex and age). 
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Table S5 Prevalence ratios from partially adjusted model1 (Model 3) of SRDH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.5 

 (1.3-4.9) 

1.4NS 

(0.7-2.5) 

1.9 (1.0-3.5) 2.7 (1.4-5.2) 1.3NS 

(0.7-2.5) 

Low Income Group  

(ref. Category: High-

Income group) 

 

7.8  

(4.1-14.7) 

4.1  

(2.5-6.8) 

5.0 (3.0-8.4) 4.4 (2.9-6.7) 2.7 

(1.7-4.3) 

Middle Income Group  

(ref. Category: High-

Income group) 

3.3  

(1.7-6.2) 

2.3  

(1.4-3.9) 

2.7 (1.6-4.6) 2.3 (1.5-3.4) 2.1  

(1.4-3.4) 

Interaction of Low-

Income Group and 

Weak TIPI Dimension 

0.4  

(0.2-0.8) 

0.9NS 

(0.5-1.8) 

0.7NS  

(0.3-1.3) 

0.6NS (0.3-1.2) 1.6NS 

(0.8-3.2) 

Interaction of Middle 

Income Group and 

Weak TIPI Dimension 

0.5NS 

 (0.2-1.1) 

0.8NS 

(0.4-1.5) 

0.6NS  

(0.3-1.2) 

0.7NS (0.3-1.4) 0.9NS 

(0.4-1.8) 

NS: Not Significant 

ref. Category: Reference Category 

 PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 3 adjusted for Socio-demographic characteristics (sex, age, main language spoken at home and 

birthplace). 
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Table S6 Prevalence ratios from crude model1 (Model 1) of SRGH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.1NS  

(0.6-7.1) 

2.0NS  

(0.7-6.2) 

0.9NS  

(0.3-2.9) 

7.0 (2.3-21.2) 6.0  

(1.9-18.5) 

Low Income Group  

(ref. Category: 

High-Income 

group) 

 

8.3  

(2.7-25.0) 

8.8  

(4.1-18.9) 

8.7 

 (3.6-20.9) 

16.9 (7.7-37.5) 15.5 

 (6.0-39.9) 

Middle Income 

Group  

(ref. Category: 

High-Income 

group) 

3.0NS  

(0.9-9.8) 

2.2NS  

(0.9-5.0) 

1.9NS 

 (0.7-4.8) 

3.9 (1.7-9.1) 2.9 

 (1.0-8.1) 

Interaction of Low-

Income Group and 

Weak TIPI 

Dimension 

1.0NS  

(0.3-3.7) 

0.9NS  

(0.3-3.1) 

1.1NS 

 (0.3-3.4) 

0.2 (0.1-0.6) 0.4NS (0.1-

1.2) 

Interaction of 

Middle Income 

Group and Weak 

TIPI Dimension 

0.8NS  

(0.2-3.2) 

1.3NS  

(0.4-4.4) 

1.9NS  

(0.6-6.7) 

0.3NS (0.1-1.2) 0.7NS (0.2-

2.6) 

NS: Not Significant 

ref. Category: Reference Category 

PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 1 comprised the interactions of personality traits (TIPI dimensions) with different income groups 

and the main effects of income and personality traits. 
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Table S7 Prevalence ratios from partially adjusted model1 (Model 2) of SRGH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension (ref. 

Category: Greater 

trait score) 

2.0NS  

(0.6-6.8) 

2.0NS 

(0.6-6.0) 

1.0NS 

 (0.3-2.9) 

7.7 (2.6-23.4) 6.6 
 (2.2-20.4) 

Low Income Group  

(ref. Category: 

High-Income 

group) 

 

6.8  

(2.2-20.6) 

7.8 

 (3.6-

16.9) 

7.4  

(3.1-17.9) 

14.4 (6.4-32.4) 12.6 
 (4.8-32.8) 

Middle Income 

Group  

(ref. Category: 

High-Income 

group) 

2.8NS  

(0.9-9.3) 

2.1NS  

(0.9-4.8) 

1.8NS 

 (0.7-4.6) 

3.8 (1.6-8.8) 2.8NS  

(1.0-7.8) 

Interaction of Low-

Income Group and 

Weak TIPI 

Dimension 

1.1NS  

(0.3-4.0) 

0.9NS 

 (0.3-3.1) 

1.1NS 

 (0.3-3.6) 

0.2 (0.1-0.6) 0.4NS 

 (0.1-1.2) 

Interaction of 

Middle Income 

Group and Weak 

TIPI Dimension 

0.8NS  

(0.2-3.3) 

1.3NS  

(0.4-4.5) 

2.0NS  

(0.6-6.9) 

0.3NS (0.1-1.1) 0.7NS 

 (0.2-2.5) 

NS: Not Significant 

ref. Category: Reference Category 

 PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 2 adjusted for Socio-demographic characteristics (sex and age). 
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Table S8 Prevalence ratios from partially adjusted model1 (Model 3) of SRGH 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

 PR 

(95%C.I.) 

 

PR 

(95%C.I.) 

 

PR (95%C.I.) PR (95%C.I.) 

 

PR 

(95%C.I.) 

 

TIPI dimension 

(ref. Category: 

Greater trait score)  

2.0NS 

 (0.6-6.8) 

2.0NS  

(0.6-6.1) 

0.9NS  

(0.3-2.8) 

7.6 (2.5-23.0) 6.5  

(2.1-19.9) 

Low Income Group  

(ref. Category: 

High-Income 

group) 

 

6.7 
 (2.2-20.4) 

7.7  

(3.5-16.6) 

7.2 

 (3.0-17.3) 

14.0 (6.2-31.6) 12.2  

(4.7-31.8) 

Middle Income 

Group  

(ref. Category: 

High-Income 

group)  

2.8NS  

(0.9-9.4) 

2.1NS  

(0.9-4.8) 

1.7 (0.7-4.5) 3.8 (1.6-8.8) 2.8  

(1.0-7.7) 

Interaction of Low-

Income Group and 

Weak TIPI 

Dimension  

1.1NS  

(0.3-3.9) 

0.9NS  

(0.3-3.1) 

1.2NS  

(0.4-3.7) 

0.2 (0.1-0.6) 0.4NS  

(0.1-1.2) 

Interaction of 

Middle Income 

Group and Weak 

TIPI Dimension 

0.8NS  

(0.2-3.2) 

1.3 NS 

(0.4-4.5) 

2.0NS  

(0.6-7.0) 

0.3NS 

 (0.1-1.1) 

0.7NS  

(0.2-2.5) 

NS: Not Significant 

ref. Category: Reference Category 

PR: Prevalence Ratios 

TIPI: The Ten-Item Personality Inventory 

1: Model 3 adjusted for Socio-demographic characteristics (sex, age, main language spoken at home and 

birthplace). 
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8 Chapter 8: Can low-income people afford life 

satisfaction? The modifying effect of personality traits, 

a cross-sectional study 

 

 Highlights 

• Findings showed the protective effect of high scores of positive personality traits 

(extraversion, conscientiousness, agreeableness, openness and emotional 

stability) in terms of life satisfaction (overall quality of life) at both low and high-

income levels. Emotional stability and conscientiousness (to some extent) had the 

most noticeable effects.  

 

• Low-income respondents with high scores for emotional stability and 

conscientiousness had a lower prevalence of low life satisfaction than high-

income respondents with low scores for emotional stability and 

conscientiousness. 

 

• High scores for openness, agreeableness and emotional stability modified the 

effect of low income on low life satisfaction, which points to the importance of 

these factors for low-income groups for their life satisfaction. 
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Abstract 

 

The aim was to investigate whether the "Big Five" personality traits (extraversion, 

agreeableness, openness, conscientiousness, and emotional stability) modify the 

association between household income and life satisfaction; and to evaluate the 

interaction and main effects of personality traits and income on life satisfaction. A cross-

sectional study was conducted using data from the Dental Care and Oral Health Study 

(DCOHS, 2015-2016), including n=3,475 South Australian adults. Multivariable Poisson 

regression models (adjusted for demographics and health behaviours) assessed the main 

and interaction effects and effect modification of personality traits (measured using the 

Ten-Item Personality Inventory) on the association between income and life satisfaction 

(measured by the Satisfaction With Life Scale) using prevalence ratios (PRs). The 

Relative Excess Risk due to Interaction (RERI) was calculated to assess the direction of 

effect modification. Low scores for personality traits were associated with low life 

satisfaction. Among low-income respondents, low life satisfaction was less prevalent in 

those with high personality trait scores than those with low scores. The difference in the 

prevalence of low life satisfaction by personality traits was greater between low versus 

high income for openness (11.4% vs 7.7%), agreeableness (12.3% vs 9.4%) and 

emotional stability (26.1% vs 20.2%) categories. The combined effects of low income 

and low scores for these traits on life satisfaction also exceeded the sum of their individual 

effects, as shown by their positive RERIs. The association between low income and low 

life satisfaction was modified by high openness, agreeableness and emotional stability 

scores. Findings suggest that psychological interventions for improving life satisfaction 

would be most beneficial in low-income groups. 

Keywords: income, subjective well-being, personality, life satisfaction, Big Five  



 

 

237 
 

 

  

 



 

 

238 
 

Introduction 

The relationship between income and well-being has been studied with a focus on life 

satisfaction (1). Many studies have shown that higher income is associated with higher 

life satisfaction (2, 3). Two complementary explanations are plausible for the positive 

relationship between income and life satisfaction. First, having a high income leads to a 

high living standard and a comfortable lifestyle (having positive experiences, avoiding 

negative experiences) (4, 5). High income facilitates consumption, which enhances 

satisfaction and decreases adverse experiences. Second, income affects life satisfaction 

through social comparisons (4). According to Wolbring et al. (6), comparing one's income 

with others around them predicts life satisfaction.  

So, would it be accurate to conclude that income affects all individuals' life satisfaction 

in the same way? Or could individual differences (such as personality traits) change this 

association? Diener et al. (1) reported a weak association between income and life 

satisfaction. The effect of income on life satisfaction is diminished when basic needs are 

met (4, 6). Also, low-income individuals with strong personality traits cope better with 

stressful and adverse life circumstances (7). Therefore, low-income people could have 

high satisfaction in life with the help of high scores of personality traits. Personality traits 

are significantly associated with high life satisfaction (8). Those with high scores in 

extraversion (sociability and having the desire for social interaction), emotional stability 

(extreme opposite to neuroticism, being balanced and stable), agreeableness (tendency to 

be empathic and help others), conscientiousness (being self-disciplined and diligent), and 

openness (creativity, curiosity and being open to new experiences) are more likely to feel 

high life satisfaction (8).  
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While personality traits account for one-third of the variance in life satisfaction (9), 

individual differences in the association between income and life satisfaction are not fully 

explored. Thus, the present study aimed to evaluate the modifying effects of each 

personality trait on the association between income and life satisfaction among a 

population sample of South Australian adults. This study investigated the associations 

between personality traits and income (main effects and their interaction effects) with life 

satisfaction and whether higher scores on personality traits modify the effect of low 

household income on low life satisfaction. Effect modification occurs when the 

association (effect) between the primary exposure and the outcome changes depending 

on the second exposure stratum. The interaction effect refers to where two exposures have 

a combined effect on the outcome (10). Our hypotheses were: (i) low household income 

and low scores for personality traits (individually) would be associated with low life 

satisfaction; (ii) there would be interaction effects between household income and 

personality traits on the prevalence of life satisfaction; and (iii) among low-income 

individuals, the prevalence of low life satisfaction would be lower for those with high 

scores of personality traits than those with low personality trait scores. 

 

Methods 

This study used data from the Dental Care and Oral Health Study (DCOHS, 2015-2016), 

a cross-sectional population-based study. A sample of 12,245 South Australian adults (18 

years or older) from the Electoral Roll was randomly selected to take part in the study. 

Participants were invited by mail, and participation in the DCOHS was entirely voluntary 

and confidential. Self-rated mailed questionnaires were sent to respondents and followed 
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by up to three reminders. The University of Adelaide's Human Research Ethics 

Committee approved the DCOHS (H-288-2011) (11, 12).   

Outcome variable 

The overall quality of life was measured using the Satisfaction With Life Scale (SWLS) 

(based on Wilson and Cleary's model (13)). The SWLS is a valid and reliable scale (14) 

that comprises five items and measures an individual's overall satisfaction with their life 

on a 5-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 

5 = strongly agree) (14, 15). The scale score was calculated by summing the scores across 

the five items, resulting in a scale score between 5 and 25 (a score of 15 represents neutral 

SWLS). Higher scores represent higher life satisfaction (overall quality of life). Since the 

distribution of SWLS among respondents was not normal, scale scores were categorised 

(16) as those who were satisfied (higher life satisfaction, i.e., scores 16 or higher) and 

those who were dissatisfied with their lives (lower life satisfaction, i.e., scores 5-15). The 

reference category was those who had higher life satisfaction.  

Exposure 

The total household income before tax was assessed by asking the question, “Which 

category does your total household income (before tax) fall into?” with responses in 10 

categories (from less than $20,000 to more than $180,000) in Australian Dollars. Income 

was categorised into two groups: low ($40,000 and less) and high income ($40,001 and 

more). 

Effect modifier 

The Big Five personality traits were assessed using the Ten-Item Personality Inventory 

(TIPI). Gosling (17) designed TIPI as a short and quick self-report test to assess the Big 
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Five personality traits. TIPI has acceptable psychometric validity and satisfactory test-

retest reliability (17, 18). Each trait is measured using two items, a standard and a reverse-

scored item. Therefore, TIPI has five standard items and five reverse-scored items. Items 

were scored on a 7-point Likert scale, where 1 = disagree strongly to 7 = agree strongly. 

The responses to the five reverse-scored items were recoded to match the standard items. 

Each trait's score was calculated by averaging the standard and the recoded reverse-scored 

items. Respondents with higher scores have a greater likelihood of showing that trait. 

Based on the responses, it was possible to determine where each respondent fit on the 

spectrum of each trait (ranging from 1 to 7). Therefore, each trait was categorised into 

high and low trait scores using a conceptual approach to divide the scale based on scores 

that yielded "agree" and higher scores (on average). Those scale scores that yielded 

"agree" and higher scores (scores 5-7) represented high personality trait scores (high 

TIPI). The categories comprised those who had high personality trait scores (high TIPI, 

scores 5-7) and those who had low personality trait scores (low TIPI, scores lower than 

5).  

Covariates 

The other explanatory variables in the models were socio-demographic characteristics 

and health behaviours. Socio-demographic characteristics included sex, age groups (18-

45, 46-60 and 61 years and more), the main language spoken at home (English/ other 

languages) and birthplace (Australia/ other countries). Health behaviours included dental 

insurance (insured/ uninsured), smoking status (current/ former/ non-smokers), daily 

toothbrushing (twice a day or more/ less than twice a day) and the last time for a dental 

visit (<12 months ago/ ≥12 months ago).  

Statistical analysis 
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The analysis was limited to respondents who provided complete responses to all questions 

related to the exposure (income), effect modifier (personality traits) and outcome 

(SWLS). Also, respondents with missing responses in covariates were excluded from the 

Poisson regression. Thus, the final sample size with n=3475 was used in the analysis. The 

final sample was compared against participants with missing responses to account for 

possible response bias (the possibility of different answers of excluded cases and 

respondents included in the study). Also, the representativeness of the final study was 

evaluated by comparing it to census data. Finally, a descriptive analysis was conducted 

to describe the sample by life satisfaction (outcome). The data was weighted to the South 

Australian age and sex distribution based on population estimates.  

The associations between income and low SWLS with each personality trait were 

evaluated in four multivariable models using generalised linear models with a log-Poisson 

link and robust errors. The first model assessed the unadjusted main effects of income 

categories and personality traits and their interaction effects with low SLWS. Then, 

conceptually relevant confounders (socio-demographic characteristics and health 

behaviours) were included sequentially in the analysis using a structured approach (19) 

to assess the adjusted main and interaction effects. Thus, model 1 analyses were adjusted 

in models 2 to 4 for different sets of covariates (model 2: sex and age - model 3: all socio-

demographic characteristics; model 4: all covariates). These four models assessed the 

interaction effects and main effects of income and each personality trait, along with 

whether each personality trait modified the association between exposure (income) and 

low SWLS (outcome) (Figures S1-S3). The prevalence ratio (PR) was calculated as 

recommended for cross-sectional studies (20). Analyses were conducted using the IBM 

SPSS 28 software. 
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The effect measure modification (10) analysis was conducted because this study sought 

to assess whether each personality trait could modify the association between low income 

and low SWLS. Following Knol & VanderWeele's recommendations (21), the effect 

measure modification on the additive scale was assessed by calculating the relative excess 

risk due to interaction (RERI). The RERI was calculated using the generalized linear 

models with a log-Poisson link and robust errors to estimate PRs of low SWLS for 

different levels of income (exposure) and each personality trait (effect modifier) by 

entering a categorical variable as the exposure. This categorical variable was created by 

the combination of different levels of income (exposure) and personality traits (effect 

modifier) as follows: 

a. high income and high personality trait score (reference group); 

b. high income and low personality trait score; 

c. low income and high personality trait score; and 

d. low income and low personality trait score. 

RERI for each personality trait was estimated using the following formula: PR(d)–PR(b)–

PR(c) + PR(a), representing the risk that is in excess of what would be expected if the 

combination of personality traits and income was entirely additive. RERI was interpreted 

based on the direction of the effect-measure modification rather than its size, as suggested 

by Knol & VanderWeele (21). A RERI>0 (i.e., a positive effect measure modification) 

shows that the combined effects of the low income and low scores of personality traits 

are greater than the sum of their independent effects on low life satisfaction. A RERI 

equal to 0 represents no evidence for effect measure modification, and RERI<0 (negative 

RERI) shows a negative direction for effect measure modification. STATA 17 was used 

for calculating RERI. 



 

 

244 
 

Separate PRs were also estimated for the effects of low income on low SWLS for each 

personality trait stratum. The effect modification provided insights into the associations 

between different levels of exposure (income) with the outcome variable (SWLS) 

according to each level of the effect modifier (personality traits). Thus, we were able to 

assess how the association between low income and low life satisfaction (quality of life) 

changed when respondents had high scores for personality traits. 

 

Results  

There were 4,494 responses (44.8% response rate). A total of 3,475 responses were 

included in the final analysis (after excluding n=1,019 participants with missing 

responses). More than half of the study sample were female (55.8%) and non-smokers 

(54.4%) (Table 1). Over a quarter of the study sample had low life satisfaction (26.2%), 

and were from the low-income category (27.9%). The prevalence of low life satisfaction 

was highest among current smokers (43.2%), low-income respondents (38.5%) and those 

without dental insurance (34.8%). 

Most of the study sample had high personality trait scores across four of the five traits. 

The exception was that only 35.9% of respondents had high extraversion scores, as 

presented in Table 2. The prevalence of low life satisfaction was highest among 

respondents with low scores of conscientiousness (42.5%) and emotional stability 

(39.3%). 

The final study sample was compared to those with missing answers to evaluate the 

response bias (Table S1). Overall, excluded participants were similar to the final study 

respondents. While both samples differed in health behaviours and age groups, the 
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differences were not statistically significant (except for dental insurance, tooth brushing 

and young and old age groups).  

The final sample was compared against the South Australian population data using 2016 

census data to assess its representativeness (Table S2). Both populations were broadly 

similar, except for a higher proportion of Australian-born and high-income individuals 

and a lower proportion of older participants in the final sample compared to census data. 

Low household income was associated with low life satisfaction across all models, with 

PRs ranging from 1.95 to 2.70, showing a high prevalence of low life satisfaction among 

low-income respondents (Table 3, S3-S5). All low personality traits were associated with 

low life satisfaction across all models. In particular, a higher prevalence of low life 

satisfaction was observed among those with low scores for conscientiousness (across all 

models, PRs ranging from 1.83 to 2.03) and emotional stability (across all models, PRs 

ranging from 2.68 to 2.77). The low PRs of the interaction effects (the measure of 

interaction on a multiplicative scale) between the low-income group and low emotional 

stability score (models 2-4, PRs ranging from 0.72 to 0.75), low extraversion and lower-

income (model 2-4, PRs ranging from 0.73 to 0.75) and low conscientiousness and low 

income (all models, PRs ranging from 0.66 to 0.71) indicated a significantly greater effect 

of these traits at the high-income group (Figure S4). The low PRs reflect a lower 

prevalence of low life satisfaction among high-income respondents with high emotional 

stability, extraversion and conscientiousness scores (indicating a relatively greater effect 

for the advantage of high emotional stability, extraversion and conscientiousness scores 

in the high-income group). There were no statistically significant interactions between 

income and openness and income and agreeableness across all models (no significant 

measure of interaction on a multiplicative scale). 
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Table 4 presents the analysis of the effect measure modification of each personality trait 

with the association between low household income and low life satisfaction. Among 

those with high personality trait scores, the relative effect of income on the prevalence of 

low life satisfaction was higher (PRs ranging from 1.87 for emotional stability to 2.20 for 

extraversion) than those with low trait scores (PRs ranging from 1.43 for 

conscientiousness to 1.85 for agreeableness). Among all respondents, the highest 

prevalence of low life satisfaction was for those from the low-income group with low 

personality traits scores (PRs ranging from 2.33 to 3.54). The negative measures of RERI 

for extraversion and conscientiousness indicate negative interaction on an additive scale, 

showing that the combined effect of low income and low personality trait score (for each 

of these traits, respectively) was less than the sum of the effects of low income and low 

personality traits, individually. The positive measures of RERI observed for openness 

(RERI=0.15, 95% CI [-0.20 – 0.52]) and emotional stability (RERI=0.19, 95% CI [-0.30 

– 0.69]), reflected that the combined effects of low income and low scores of each of 

these traits on low life satisfaction were higher than the sum of their individual effects, in 

relation to the reference category of high income and high personality trait scores. Low-

income respondents with high emotional stability scores reported a comparatively lower 

prevalence of low life satisfaction (25.1%, PR=1.92) than high-income respondents with 

low emotional stability scores who reported a higher prevalence of low life satisfaction 

(33.4%, PR=2.42). 

The difference in the prevalence of low life satisfaction between low and high 

extraversion scores for low-income respondents was 7.6%, while for high-income 

respondents was 9.6%, inferring a greater effect of high extraversion at high-income level 

versus low-income level (confirmed by negative RERI) as presented in Table 4. There 

was a greater difference between low and high openness scores for individuals (11.4%) 
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at the low-income level than at the high-income (7.7%).  Among low-income 

respondents, those with high agreeableness scores (34.6%) had a lower prevalence of low 

life satisfaction than those with low agreeableness scores (46.9%), with a greater 

difference at the low-income level between low and high agreeableness scores (12.3%), 

than at high income (9.4%). The difference in the prevalence of low life satisfaction 

between low and high conscientiousness scores was lower for low-income (16.9%) versus 

high-income respondents (19.6%), suggesting a greater effect of high conscientiousness 

at the high-income level versus low-income level (confirmed by negative RERI). The 

greater difference in the prevalence of low life satisfaction between low and high 

emotional stability scores at the low-income level (26.1%) versus the high-income level 

(20.2%) suggested a greater effect of high emotional stability at the low-income level 

than at the high-income level. Also, low-income respondents with high conscientiousness 

scores (34.7%), and high emotional stability scores (25.1%) had a lower prevalence of 

low life satisfaction than high-income respondents with low conscientiousness (37.7%) 

and emotional stability scores (33.4%). 

 

Discussion 

This study assessed the effect modification of high personality traits in the association 

between low income and low life satisfaction, along with the interaction and main effects 

of personality traits and income on low life satisfaction. All models showed strong 

associations between low scores of "Big Five" personality traits (extraversion, openness, 

agreeableness, conscientiousness, and emotional stability) and low life satisfaction. Also, 

low income was associated with a high prevalence of low life satisfaction (regardless of 

control for covariates). The interaction effects (the measure of interaction on a 
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multiplicative scale) between low income and low scores for extraversion (adjusted for 

covariates), conscientiousness (regardless of control for covariates) and emotional 

stability (adjusted for covariates) with low life satisfaction were observed. High scores of 

openness and agreeableness positively modified the effect of low income on low life 

satisfaction, with no significant measure of interaction on a multiplicative scale across all 

models. Extraversion and conscientiousness negatively modified the effect of low income 

on low life satisfaction, which along with the low PRs of their interaction effects with 

income, point to a greater effect of high scores of these traits for high-income respondents. 

The modifying effects of high emotional stability scores in the association between 

income and low life satisfaction were observed, suggesting greater opportunities for 

improving life satisfaction (quality of life) through interventions targeting emotional 

stability for low-income groups.  

Knol and VanderWeele recommend presenting effect modification and interaction in 

multiplicative and additive scales in order to convey their size and significance (21). The 

interaction on an additive scale implies that the combined effect of two exposure variables 

is greater or smaller than the sum of their individual effects (22). The interaction on a 

multiplicative scale shows that the combined effect of both exposure variables is not equal 

to (greater/smaller than) the product (multiplication interaction; i.e., low income by low 

personality trait scores) of the individual effects (22). Specifically, the multiplicative 

interaction compares differences in relative effect measures of association across strata 

(e.g., the PRs in this study). The additive interaction compares different measures of 

association across strata (e.g., differences between PRs). The product term of both 

exposures can be obtained from generalised linear models (e.g., Poisson regression), 

whereas the additive interaction should be calculated using RERI (if the exposures are 

binary) (23). The additive interaction points to which group of the population would most 
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likely benefit from the intervention targeting the effect modifier (23). The current study 

investigated interactions on both additive and multiplicative scales.  

The association between low income and low life satisfaction is supported by previous 

findings (2, 3). Also, recent studies (3, 24) have shown that personality traits moderated 

the effects of income changes on life satisfaction, which is in line with the current study's 

findings. Individuals with high openness scores are better able to adapt to life situations, 

allowing them to manage their life satisfaction at low-income levels as stressful situations 

(25, 26). Also, those with high agreeableness scores are more likely to employ adaptive 

coping strategies when facing a challenging life situation (26). If their coping strategies 

are successful, their life satisfaction will be more stable (25). 

The current study showed that emotional stability was a protective factor for life 

satisfaction among low-income individuals. RERI suggested the risk of low life 

satisfaction due to low income and low emotional stability (high neuroticism) score are 

beyond what would be expected if the combination of risks due to low income and low 

emotional stability score (high neuroticism) was entirely additive. Findings suggested the 

importance of emotional stability for improving life satisfaction among low-income 

groups. These findings were congruent with previous research stating emotional stability 

is a significant predictor of life satisfaction (8). Emotionally stable individuals experience 

low sensitivity to failures and negative experiences (as opposed to high neuroticism) (3). 

If having low-income results in increased exposure to negative experiences, and 

emotionally stable individuals are less likely to be affected by these experiences, then a 

multiplicative effect is expected (as presented in effect modification findings) for 

emotionally stable individuals at the low-income level regarding their life satisfaction.  
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Having higher conscientiousness scores at the low-income level was better (in terms of 

lower prevalence of poor life satisfaction) or equivalent (in terms of comparable PRs) to 

having lower conscientiousness scores at the high-income level. Conscientiousness has 

been shown as a possible beneficial trait for low SES people's health (which is linked to 

life satisfaction) (27). However, extraversion and conscientiousness did not modify the 

effect of low income on life satisfaction. These two traits could act as double-edged 

swords and reduce life satisfaction depending on the situation. High conscientiousness 

individuals experience high distress from failures and unpleasant life situations (such as 

financial loss and unemployment) (28). Also, they could be more satisfied with an 

increase in income to the extent that having more money (collecting wealth) is a potential 

goal for them (28, 29). Therefore, having low income or being unemployed (which could 

result in low income) could be in the way to reaching that goal and result in high stress 

and reduced satisfaction and well-being (29). Soto and Luhmann (3) reported similar 

results that extraversion did not moderate the effects of income on life satisfaction. Also, 

Syrén et al. (24) found that extraversion negatively moderated the association between 

monthly gross income and emotional and mental well-being. Those high in extraversion 

are more sensitive to their income ranks (30). Consequently, where they are (their 

position) in the income distribution of the reference group has a significant effect on their 

life satisfaction (30). As a result, low income could negatively affect their satisfaction 

with life. Also, highly extraverted individuals react strongly to positive experiences (31). 

Given that low income could lead to less frequent positive experiences and the importance 

of income ranking for extraverted individuals, then it is logical to have a strong 

association between income and life satisfaction for high extraversion individuals at the 

high-income level (i.e., a greater effect of high extraversion at high-income level). In 
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other words, a multiplicative effect of low extraversion and low income on their life 

satisfaction is plausible.  

Notwithstanding the strengths of the current study, including the large and state-

representative sample, four multivariable regression models to assess consistent 

associations and similar patterns, estimates of interactions on both additive and 

multiplicative scales, and the use of validated and reliable scales, there were some 

limitations. Foremost among these is the DCOHS response rate of 44.8%, which is 

congruent with other human research surveys' response rates (below 50%) over the last 

thirty years (32). This sample was recruited from the Electoral Roll in Australia, which is 

a comprehensive sample frame. In line with previous studies (11, 12), DCOHS was 

broadly representative of the age and sex distributions of the South Australian adult 

population compared to the general population. In addition, the final sample used for 

analysis represented the characteristics of South Australian adults, which differed slightly 

in the country of birth, age distribution, and income groups. It should be noted that the 

way age and income were categorised in census data differed from the study sample. Also, 

the final study sample was comparable to participants excluded from the analysis due to 

missing responses, so there was little evidence of response bias. 

The present findings underline the potential role of psychological factors in the possibility 

of improving life satisfaction (33) (which is linked to health (13)) for low-income groups. 

Psychological interventions using mindfulness programs (33) and community-level 

positive psychology (34) have significantly enhanced life satisfaction. The findings assist 

health policies and future investigations and multidimensional approaches to address 

well-being for socioeconomically disadvantaged groups. The current study’s findings 

should be interpreted with bearing in mind that life satisfaction is not the only component 



 

 

252 
 

of subjective well-being (SWB). The importance of the mental component of quality of 

life and positive and negative affect as other aspects of SWB (33) should not be 

overlooked.  

In conclusion, the current study showed the associations between the "Big Five" 

personality traits and income with life satisfaction. All personality traits were protective 

at the low and high-income levels. In other words, those with high personality trait scores 

had a lower prevalence of low life satisfaction at both income levels. The most obvious 

effects were observed for emotional stability and, to some extent, conscientiousness, 

where there was a clear contrast between low conscientiousness scores at low income and 

high conscientiousness scores at high income. The effects of high conscientiousness at 

low income were roughly equivalent to low conscientiousness at high income. Having 

high scores for emotional stability, openness, and agreeableness were beneficial 

psychological factors among low-income individuals for their life satisfaction; these 

findings point to the possibility of improving life satisfaction (quality of life) through 

interventions targeting these traits for low-income groups. The question “Do personality 

traits modify the effect of other domains of life (e.g., education, work, relationships, 

religious belief, and health) on life satisfaction and other aspects of well-being?” needs 

to be addressed in future research.  

 

 

 



 

 

253 
 

References 

 

1. Diener E, Biswas-Diener R. Will money increase subjective well-being? Social 

indicators research. 2002;57(2):119-69. 

2. Howell RT, Howell CJ. The relation of economic status to subjective well-being 

in developing countries: a meta-analysis. Psychological bulletin. 2008;134(4):536. 

3. Soto CJ, Luhmann M. Who can buy happiness? Personality traits moderate the 

effects of stable income differences and income fluctuations on life satisfaction. Social 

Psychological and Personality Science. 2013;4(1):46-53. 

4. Christoph B. The relation between life satisfaction and the material situation: A 

re-evaluation using alternative measures. Social Indicators Research. 2010;98(3):475-

99. 

5. Gebauer JE, Nehrlich AD, Sedikides C, Neberich W. The psychological benefits 

of income are contingent on individual-level and culture-level religiosity. Social 

Psychological and Personality Science. 2013;4(5):569-78. 

6. Wolbring T, Keuschnigg M, Negele E. Needs, comparisons, and adaptation: The 

importance of relative income for life satisfaction. European sociological review. 

2013;29(1):86-104. 

7. Atal S, Cheng C. Socioeconomic health disparities revisited: coping flexibility 

enhances health-related quality of life for individuals low in socioeconomic status. 

Health and quality of life outcomes. 2016;14(1):1-7. 

8. Fowler SA, Davis LL, Both LE, Best LA, Greenman P. Personality and 

perfectionism as predictors of life satisfaction: The unique contribution of having high 

standards for others. FACETS. 2018;3(1):227-41. 



 

 

254 
 

9. Schimmack U, Oishi S, Furr RM, Funder DC. Personality and life satisfaction: 

A facet-level analysis. Personality and social psychology bulletin. 2004;30(8):1062-75. 

10. VanderWeele TJ. On the distinction between interaction and effect modification. 

Epidemiology. 2009;20(6):863-71. 

11. Song Y, Luzzi L, Chrisopoulos S, Brennan D. Dentist‐patient relationships and 

oral health impact in Australian adults. Community Dentistry and Oral Epidemiology. 

2020;48(4):309-16. 

12. Song Y, Luzzi L, Chrisopoulos S, Brennan DS. Are trust and satisfaction similar 

in dental care settings? Community Dentistry and Oral Epidemiology. 2020;48(6):480-

6. 

13. Wilson IB, Cleary PD. Linking clinical variables with health-related quality of 

life: a conceptual model of patient outcomes. Jama. 1995;273(1):59-65. 

14. Bendayan R, Blanca MJ, Fernandez-Baena JF, Escobar M, Trianes MV. New 

empirical evidence on the validity of the Satisfaction with Life Scale in early 

adolescents. European Journal of Psychological Assessment. 2013;29(1):36. 

15. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. 

Journal of personality assessment. 1985;49(1):71-5. 

16. St John PD, Menec V, Tate R, Newall N, Cloutier D, O'Connell ME. Life 

satisfaction in adults in rural and urban regions of Canada-the Canadian Longitudinal 

Study on Aging. Rural and remote health. 2021;21(3):6631. 

17. Gosling SD, Rentfrow PJ, Swann Jr WB. A very brief measure of the Big-Five 

personality domains. Journal of Research in personality. 2003;37(6):504-28. 

18. Nunes A, Limpo T, Lima CF, Castro SL. Short scales for the assessment of 

personality traits: Development and validation of the Portuguese Ten-Item Personality 

Inventory (TIPI). Frontiers in psychology. 2018;9:461. 



 

 

255 
 

19. Victora CG, Huttly SR, Fuchs SC, Olinto M. The role of conceptual frameworks 

in epidemiological analysis: a hierarchical approach. International journal of 

epidemiology. 1997;26(1):224-7. 

20. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional 

studies: an empirical comparison of models that directly estimate the prevalence ratio. 

BMC medical research methodology. 2003;3(1):1-13. 

21. Knol MJ, VanderWeele TJ. Recommendations for presenting analyses of effect 

modification and interaction. International journal of epidemiology. 2012;41(2):514-20. 

22. Knol MJ, VanderWeele TJ, Groenwold RH, Klungel OH, Rovers MM, Grobbee 

DE. Estimating measures of interaction on an additive scale for preventive exposures. 

European journal of epidemiology. 2011;26(6):433-8. 

23. VanderWeele TJ, Knol MJ. A tutorial on interaction. Epidemiologic methods. 

2014;3(1):33-72. 

24. Syrén SM, Kokko K, Pulkkinen L, Pehkonen J. Income and Mental Well-Being: 

Personality Traits as Moderators. Journal of Happiness Studies. 2020;21(2):547-71. 

25. Kubiszewski I, Zakariyya N, Costanza R, Jarvis D. Resilience of self-reported 

life satisfaction: A case study of who conforms to set-point theory in Australia. PloS 

one. 2020;15(8):e0237161. 

26. Lee‐Baggley D, Preece M, DeLongis A. Coping with interpersonal stress: Role 

of Big Five traits. Journal of personality. 2005;73(5):1141-80. 

27. Elliot AJ, Turiano NA, Chapman BP. Socioeconomic status interacts with 

conscientiousness and neuroticism to predict circulating concentrations of inflammatory 

markers. Annals of Behavioral Medicine. 2017;51(2):240-50. 



 

 

256 
 

28. Boyce CJ, Wood AM, Brown GD. The dark side of conscientiousness: 

Conscientious people experience greater drops in life satisfaction following 

unemployment. Journal of Research in Personality. 2010;44(4):535-9. 

29. Emmons RA. Abstract versus concrete goals: personal striving level, physical 

illness, and psychological well-being. Journal of personality and social psychology. 

1992;62(2):292. 

30. Budría S, Ferrer‐I‐Carbonell A. Life satisfaction, income comparisons and 

individual traits. Review of Income and Wealth. 2019;65(2):337-57. 

31. Luhmann M, Eid M. Does it really feel the same? Changes in life satisfaction 

following repeated life events. Journal of personality and social psychology. 

2009;97(2):363. 

32. Baruch Y, Holtom BC. Survey response rate levels and trends in organizational 

research. Human relations. 2008;61(8):1139-60. 

33. Sakuraya A, Imamura K, Watanabe K, Asai Y, Ando E, Eguchi H, et al. What 

Kind of Intervention Is Effective for Improving Subjective Well-Being Among 

Workers? A Systematic Review and Meta-Analysis of Randomized Controlled Trials. 

Frontiers in Psychology. 2020;11. 

34. Montiel C, Radziszewski S, Prilleltensky I, Houle J. Fostering Positive 

Communities: A Scoping Review of Community-Level Positive Psychology 

Interventions. Frontiers in Psychology. 2021;12. 

 

 

  







 

 

259 
 

Table 3 Interaction between personality traits and income with low life satisfaction in the fully adjusted 

model† (Model 4)  

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR 

(95%C.I.) 

PR (95%C.I.) PR (95%C.I.) PR (95%C.I.) PR 

(95%C.I.) 

Personality Trait 

(Ref. Category: 

High 

personality trait 

score category) 

1.61 (1.33-

1.95) 

1.44 (1.22-

1.70) 

1.42 (1.20-

1.68) 

1.83 (1.54-2.18) 2.68 (2.25-

3.18) 

Low-Income 

Group (Ref. 

Category: High-

Income group) 

2.34 (2.5-

8.1) 

2.01 (1.67-

2.43) 

2.06 (1.73-

2.45) 

2.17 (1.84-2.56) 2.15 (1.69-

2.74) 

Interaction‡ 

Between Low-

Income Group 

And Low 

Personality Trait 

Score 

0.75 (0.57-

0.98) 

0.90 (0.71-

1.13) * 

0.90 (0.71-

1.13) * 

0.66 (0.52-0.83) 0.72 (0.55-

0.94) 

PR: Prevalence Ratios 

Ref. Category: Reference Category 

* Not Significant 

 

† Model 4 adjusted for Socio-demographic characteristics (sex, age, main language spoken at home and 

birthplace) and Health behaviour (daily tooth brushing, smoking status, dental insurance and last dental 

visit). 

 

‡ Measure of interaction on multiplicative scale (95% CI). 
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Table S3 Interaction between personality traits and income with low life satisfaction in Model 3†  

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR 

(95%C.I.) 

PR (95%C.I.) PR (95%C.I.) PR (95%C.I.) PR 

(95%C.I.) 

Personality Trait 

(Ref. Category: 

High personality 

trait score 

category) 

1.64 (1.35-

1.99) 

1.47 (1.25-

1.74) 

1.44 (1.22-

1.71) 

1.97 (1.65-

2.35) 

2.76 (2.32-

3.28) 

Low-Income 

Group (Ref. 

Category: High-

Income group) 

2.69 (2.10-

3.46) 

2.30 (1.92-

2.75) 

2.34(1.98-

2.77) 

2.40 (2.06-

2.80) 

2.32 (1.83-

2.94) 

Interaction‡ 

Between Low-

Income Group 

And Low 

Personality Trait 

Score 

0.73 (0.55-

0.97) 

0.90 (0.71-

1.14) * 

0.90 (0.71-

1.13) * 

0.68 (0.53-

0.87) 

0.75 (0.58-

0.98) 

PR: Prevalence Ratios 

Ref. Category: Reference Category 

* Not Significant 

 

† Model 3 adjusted for Socio-demographic characteristics (sex, age, main language spoken at home and 

birthplace). 

 

‡ Measure of interaction on multiplicative scale (95% CI). 
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Table S4 Interaction between personality traits and income with low life satisfaction in Model 2† 

 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR 

(95%C.I.) 

PR 

(95%C.I.) 

PR (95%C.I.) PR (95%C.I.) PR 

(95%C.I.) 

Personality Trait 

(Ref. Category: 

High personality 

trait score 

category) 

1.64 (1.35-

1.99) 

1.47 (1.25-

1.74) 

1.45 (1.22-

1.72) 

1.98 (1.67-2.36) 2.77 (2.33-

3.30) 

Low-Income 

Group (Ref. 

Category: High-

Income group) 

2.70 (2.11-

3.46) 

2.31 (1.93-

2.77) 

2.36 (2.00-

2.80) 

2.42 (2.07-2.82) 2.34 (1.85-

2.97) 

Interaction‡ 

Between Low-

Income Group 

And Low 

Personality Trait 

Score 

0.74 (0.56-

0.97) 

0.90 (0.71-

1.14) * 

0.89 (0.70-

1.12) * 

0.67 (0.53-0.85) 0.75 (0.57-

0.97) 

PR: Prevalence Ratios 

Ref. Category: Reference Category 

* Not Significant 

 

† Model 2 adjusted for sex and age. 

 

‡ Measure of interaction on multiplicative scale (95% CI). 
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Table S5 Interaction between personality traits and income with low life satisfaction in Model 1† 

 Extraversion Openness Agreeableness Conscientiousness  Emotional 

Stability 

PR (95%C.I.) PR (95%C.I.) PR (95%C.I.) PR (95%C.I.) PR 

(95%C.I.) 

Personality 

Trait (Ref. 

Category: 

High 

personality 

trait score 

category) 

1.66 (1.37-

2.01) 

1.47 (1.24-

1.73) 

1.50 (1.27-

1.78) 

2.03 (1.71-

2.42) 

2.74 (2.30-

3.26) 

Low-Income 

Group (Ref. 

Category: 

High-Income 

group) 

2.24 (1.75-

2.87) 

1.98 (1.66-

2.37) 

2.00 (1.70-

2.36) 

2.06 (1.77-

2.39) 

1.95 (1.56-

2.46) 

Interaction‡ 

Between Low-

Income Group 

And Low 

Personality 

Trait Score 

0.77 (0.58-

1.02) * 

0.89 (0.70-

1.13) * 

0.94 (0.74-

1.19) * 

0.71 (0.55-

0.90) 

0.82 (0.63-

1.06) * 

PR: Prevalence Ratios 

Ref. Category: Reference Category 

* Not Significant 

 

† crude model; not adjusted for covariates. 

 

‡ Measure of interaction on multiplicative scale (95% CI). 
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Figure S4: Low Satisfaction With Life by personality trait dimensions and income groups 

(A: Low Satisfaction With Life by Extraversion; B: Low Satisfaction With Life by 

Openness; C: Low Satisfaction With Life by Agreeableness; D: Low Satisfaction With 

Life by Conscientiousness; E: Low Satisfaction With Life by Emotional Stability) 
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9 General discussion and conclusion 

This thesis aimed to answer the general question of "do psychosocial factors such as SOC 

and personality traits help low-income individuals to mitigate the adverse effect of low 

income on their health and quality of life and maintain good health and quality of life?". 

Therefore, this thesis investigated: (i) the main effects of psychosocial factors and 

household income levels, (ii) their interaction effects, and (iii) the modifying effect of 

psychosocial factors on the association between household income levels with health and 

quality of life outcome measures following the Wilson and Cleary's (1995) model of 

health-related quality of life (HRQoL) (Figure 9.1). The five studies presented in this 

thesis followed the order of the underlying health concepts in Wilson and Cleary's model 

(i.e., used patient outcome measures in the same order). The outcomes used in the studies 

were a subset representing the higher-end outcomes of Wilson and Cleary's model 

(clinical measures and symptoms were not included in the analyses): 

- Study 1 (using SOC) and study 2 (using personality traits) investigated the 

mentioned effects on oral and general health functional status (measured using the 

OHIP-14 and EQ-5D, respectively). 

 

- Study 3 (using SOC) and study 4 (using personality traits) investigated the 

mentioned effects on general health perceptions (measured using SRDH and 

SRGH). 

 

- Study 5 (using personality traits) investigated the mentioned effects on the overall 

quality of life (measured using SWLS). 
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In the final study, I focussed on the effect of personality traits on the overall quality of 

life since personality traits are considered as more fundamental concepts than SOC (Feldt 

et al., 2007). However, the models which analysed the effects of SOC on the overall 

quality of life (measured using SWLS) are included for completeness (See Appendix 1. 

Models for the effects of sense of coherence (SOC) on the overall quality of life 

(measured using SWLS)).  

The first step was to evaluate the income gradient (as the main effect of different income 

levels) in self-reported health and quality of life among a representative South Australian 

population sample. Also, the presented studies assessed whether having high 

psychosocial factors (represented as SOC and personality traits) was associated with 

lower poor self-rated health and quality of life among low-income individuals. Then, the 

associations between psychosocial factors and self-reported health and quality of life 

were assessed. Furthermore, the interaction effects (joint effects) between psychosocial 

factors and income on self-reported health and quality of life were investigated. Next, the 

modifying effect of psychosocial factors on the associations between income and self-

reported health and quality of life was investigated. Effect measure modification provided 

insight into which income groups could benefit the most (achieving potential gains the 

most) by having strong SOC and high scores for personality traits in terms of health and 

quality of life (in terms of absolute differences in the prevalence of poor SRDH, SRGH 

and SWLS (life satisfaction), and average levels of poor OHIP-14 (OHRQoL) and EQ-

5D-3L (HRQoL) at different income levels). 
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 Findings Overview 

A summary of findings across all five studies included in the thesis is presented in Table 

9.1. The findings of these studies showed that health and quality of life are influenced by 

income gradients among South Australian adults. Overall, the findings highlight the 

importance of psychosocial factors as protective psychological resources for the health 

and wellbeing of low-income individuals. The protective psychosocial factors (SOC and 

personality traits) were positively associated with OHRQoL, HRQoL, SRDH, SRGH and 

life satisfaction at all household income levels. In other words, those with high scores for 

the "Big Five" personality traits and strong SOC (i.e., high coherence) generally had 

better OHRQoL and HRQoL, lower prevalence of poor SRDH and SRGH, and lower 

prevalence of life satisfaction at all income levels than those with low scores for 

personality traits and weak SOC (i.e., low coherence). These findings suggest a protective 

effect of SOC and personality traits on health and quality of life outcome measures 

following Wilson and Cleary's model (functional status, general health perception, overall 

quality of life), especially for low-income groups, among a representative sample of the 

South Australian adults. Also, the findings emphasised the modifying effect of high 

scores for certain personality traits and strong SOC on the association between income 

and poor health and quality of life outcome measures. The following paragraphs provide 

further details on these findings. 

In the first step, the associations between the main effect of income and the outcome 

variables at the levels of functional status, general health perceptions and overall quality 

of life remained even after adjusting for health behaviour variables (i.e., regardless of 

control for covariates). These findings showed that the associations between low income 

and poor health and quality of life could not be explained solely by health behaviours as 
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outlined in Chapter 1 (See 1.2.1). Also, the associations (as main effects) were observed 

between protective psychosocial factors and the outcome variables at the levels of 

functional status, general health perceptions and overall quality, regardless of control for 

covariates: weak SOC (except for SRDH); low scores for extraversion (except for 

functional status and SRGH), openness (except for functional status and general health 

perceptions), agreeableness (except for functional status and SRGH), conscientiousness 

(except for OHRQoL), and emotional stability (except for SRDH) were associated with 

poor health and quality of life. These findings suggest that the association between 

protective psychosocial factors and health and quality of life was confirmed regardless of 

sociodemographic characteristics and health behaviours.  

 Next, there were interaction effects between psychosocial factors and income on health 

and quality of life outcome measures:  

1- The interaction effect between SOC and income on functional health (OHRQoL 

and HRQoL) and emotional stability and income on HRQoL were consistent, 

regardless of control for covariates. However, there was no interaction effect 

between income and emotional stability on OHRQoL after adjusting for health 

behaviour variables (in the fully adjusted model), reflecting the impact of 

controlling for these covariates. This finding indicates that the joint effect of 

income and emotional stability on OHRQoL is partially explained by health 

behaviours (Zakershahrak & Brennan, 2022). 

 

2- Consistent interaction effects between low extraversion scores and income on 

SRDH and low conscientiousness scores and income on SRGH (general health 

perception) were observed regardless of control for covariates. 
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3- Conscientiousness and income had consistent interactions on the overall quality 

of life (life satisfaction) regardless of control for covariates. The interaction 

effects between extraversion and income and emotional stability and income were 

observed in models adjusted for sociodemographic characteristics and health 

behaviour variables. 

All studies in this thesis interpreted interaction terms as differences in prevalence or mean 

scores of outcome measures at each stratum of exposure (income levels) as to whether 

these differences were greater or less. There was no inconsistency in the direction of the 

effects and interactions across all studies and between oral and general health outcome 

measures. The interaction effect between protective psychosocial factors and income 

revealed a greater joint effect between high income and strong SOC, and high scores for 

personality traits. However, having a strong SOC and high scores for personality traits 

was more advantageous to low-income individuals than to high-income individuals in 

terms of their health and quality of life; i.e., having comparable or even lower poor 

outcome measures (in terms of prevalence and means; resulting from a strong SOC and 

high personality scores) at the low-income level than at higher income levels. In other 

words, low-income people with strong SOC had similar functional health (OHRQoL and 

HRQoL) to those of high and middle-income individuals with weak SOC. Functional 

health (OHRQoL and HRQoL) of low-income individuals with high scores for emotional 

stability were similar to those of high-income level with low scores for emotional stability 

(Zakershahrak & Brennan, 2022). Low-income individuals with high emotional stability 

scores had significantly better HRQoL than those from middle-income levels with low 

emotional stability scores (Zakershahrak & Brennan, 2022). Furthermore, low-income 

individuals with strong SOC had nearly the same prevalence of poor SRGH (general 

health perception) as middle-income individuals with weak SOC. Also, low-income 
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individuals with high emotional stability scores had comparable SRDH (general health 

perception) to those from middle-income levels but low emotional stability scores. The 

prevalence of low life satisfaction (overall quality of life) was comparatively lower 

among low-income individuals with high emotional stability scores than among high-

income individuals with low emotional stability scores. These findings highlighted the 

advantage of having strong SOC and high scores for emotional stability for low-income 

groups in terms of their functional status, general health perception, overall quality of life.  

Finally, findings showed that the protective psychosocial factors modified the 

associations between low income and health and quality of life outcome measures: 

1- The associations between low-income level and poor OHRQoL and HRQoL 

(functional health) were modified by strong SOC and high scores for emotional 

stability. 

 

2- Strong SOC modified the association between low-income level and poor SRDH 

and SRGH (general health perceptions). High emotional stability and 

agreeableness scores modified the association between low-income and poor 

SRDH. Also, the association between low income and poor SRGH was modified 

by high scores for conscientiousness. 

 

3- The association between low income and low life satisfaction (overall quality of 

life) was modified by high scores for openness, agreeableness and emotional 

stability. 

 

While the protective psychosocial factors modified the associations between all income 

levels and health and quality of life outcome measures, low-income individuals benefited 

more from having strong SOC and high scores for personality traits (as highlighted above) 
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than high-income people; i.e., in terms of having greater absolute differences in 

prevalence and means of poor outcome measures at the low-income level than at the high-

income level. The absolute difference refers to the simple difference in the outcome (i.e., 

prevalence and means) between two levels of protective psychosocial factors at each 

income level. To put it another way, low-income individuals with strong SOC and high 

score for personality traits (such as emotional stability) achieved greater health benefits 

in terms of their functional status, general health perceptions and overall quality of life 

than high-income people. Also, the association between income and health and quality of 

life outcome measures differed based on the levels of protective psychosocial factors 

(high and low scores for personality traits and strong and weak SOC). In other words, 

there were clear contrasts (in terms of prevalence and means of poor outcome measures) 

between the levels of protective psychosocial factors that modified the associations 

between income and health and quality of life. Overall, those with strong SOC and high 

scores for personality traits had a lower prevalence and means of poor health and quality 

of life outcome measures at all income levels. Different levels of protective psychosocial 

factors affect income inequality in relative terms. The relative differences were estimated 

by dividing the outcomes of individuals with high levels of protective psychosocial 

factors by the outcomes of individuals with low levels of these factors and then comparing 

the results; referring to the different income gradients in health and quality of life 

outcomes based on different levels of protective psychosocial factors. For instance, in 

study 3, individuals with strong SOC showed a steeper income gradient than individuals 

with weak SOC, while in study 1, individuals with strong SOC had a gentler income 

gradient slope. Also, high levels of protective psychosocial factors were associated with 

lower income disparity (lower prevalence and means of poor health and quality of life 

outcome measures among those low-income participants with strong SOC and high 
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scores for personality traits). These findings provide evidence that low-income 

individuals could benefit more from protective psychosocial factors than high-income 

people. 

Low-income individuals are more likely to experience stressful life situations (Evans et 

al., 2005; Robinette et al., 2016), affecting their health and quality of life adversely 

(Antonovsky, 1979, 1987). Protective psychosocial factors have been shown to be 

associated with better health and overall quality of life among low-income groups (Atal 

& Cheng, 2016; Chapman et al., 2011; Elliot et al., 2017; Mizuta et al., 2020; Packard et 

al., 2012; Speirs et al., 2016). Also, the modifying effect (previously referred to as the 

moderating effect) (Knol & VanderWeele, 2012) of SOC (Feldt, 2002) and personality 

traits (Chapman et al., 2007; Huang et al., 2017) on health have been reported. Besides, 

those with high coherence (strong SOC) and high scores for emotional stability scores 

(Soto & Luhmann, 2013; Super et al., 2016) are less likely to be affected by these 

experiences. Being emotionally stable reduces the responses to stress and the sensitivity 

to negative experiences (Soto & Luhmann, 2013). Also, people with high coherence 

reframe (reinterpret) and cope with stressors in a more meaningful, manageable, and 

comprehensible way (Silva et al., 2008; Volanen, 2011; Volanen et al., 2004). Therefore, 

these protective psychosocial factors have significant effects on health and quality of life 

outcome measures for low-income individuals. What I sought to articulate in this thesis 

was that a subset of low-income individuals, with the help of their protective psychosocial 

factors, such as strong SOC and high scores for personality traits, can remain healthy and 

maintain good quality of life. 
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 Final considerations 

Research has shown that SOC is associated with the "Big Five" personality traits (Kase 

et al., 2018). SOC is positively correlated with extraversion, openness, agreeableness, 

conscientiousness, and emotional stability (Kase et al., 2018). However, despite the 

similarities between SOC and personality traits, they are distinct concepts. Both of these 

two concepts have clearly distinct elements which do not overlap (Kase et al., 2018). 

Besides, SOC captures additional aspects of individuals that cannot be explained by 

personality traits (e.g., factors such as work-life situation, and home and family life) 

(Hochwälder, 2012). Also, the causal relationship between SOC and personality traits is 

unclear. Therefore, in this thesis, these two distinct concepts were analysed in separate 

studies to avoid including them together in the same models (to avoid potential 

collinearity and the requirement to adjust for mediators). 

The presented findings were consistent with previous studies in that they highlighted the 

importance of the potential impact of SOC and personality traits on health and quality of 

life (Atal & Cheng, 2016; Chapman et al., 2011; Eriksson & Lindström, 2006; Eriksson 

& Lindström, 2007; Makoge et al., 2019; Mizuta et al., 2020; Speirs et al., 2016; Stephan 

et al., 2020). Also, personality traits have been shown to affect subjective health 

(perception of health ratings) and wellbeing through affectivity (positive or negative 

perceptions based on one's personality) (Elran-Barak et al., 2019). On the other hand, 

personality traits also affect objective health (i.e., professional assessment) (Elran-Barak 

et al., 2019; Stephan et al., 2020). The effect on objective health could be through health-

promoting behaviours, leading not only to positive evaluations of health and quality of 

life (better outcome measures) but also to better objective health (Stephan et al., 2020). 

Also, low scores for some personality traits, such as emotional stability (i.e., high 
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neuroticism scores) and low coherence (i.e., weak SOC), are not only associated with 

poor subjective health (negative perception of health ratings) but also with poor objective 

health (poor health behaviours and a number of health problems) (Elran-Barak et al., 

2019; Stephan et al., 2020). However, it is still important to consider that although the 

outcome measures reported by individuals could be affected by their personality traits, 

the validity and salience of PROMs should not be overlooked. The person's perception 

and interpretation of their health (subjective health) are central to their health and quality 

of life (Elran-Barak et al., 2019); i.e., what the patient (person) think is central, which 

highlights the importance of PROMs. Patients' perspectives on health outcomes (collected 

by PROMs) are essential to support patient-centred care. These measures show people's 

perceptions of their health and quality of life and allow them to rate their health, 

functioning, symptoms, and other aspects of their health and quality of life using 

questionnaires (See 1.4). PROMs highlight what matters most to patients. Sharing 

patients' priorities (what is important to them) and their perspectives on their health, care 

and treatment could be an effective way to improve the quality of healthcare. Therefore, 

by using PROMs, three broad goals can be achieved, which are not mutually exclusive: 

(i) at the micro level: improving interactions and communication between clinicians and 

patients; (ii) at the meso level: evaluating different treatment options and their effects, 

and determining differences between healthcare providers; and (iii) at the macro level: 

public policymaking, and population monitoring and evaluation. It is possible to use 

PROMs for any or all of these purposes to improve the quality of healthcare. Also, as 

explained in the methods section (See 3.2.1.3), the PROMs used across all studies of this 

thesis are all valid and reliable measures. Consequently, in order to interpret the present 

findings in light of a multidimensional perspective on health, it is important to consider 

the following factors: 
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1-  Individuals with negative affectivity are influenced by their objective health to a 

higher extent. Therefore, their subjective health ratings are also negatively 

affected (Elran-Barak et al., 2019). 

2-  Individuals with negative affectivity tend to rate their subjective health with great 

accuracy because they are accurately aware of their objective health and highly 

sensitive to it (Elran-Barak et al., 2019). 

3- Health can be affected by protective psychosocial factors (such as personality 

traits) regardless of symptoms or positive affectivity (Stephan et al., 2020). 

 

In this thesis, studies 1 to 4 applied a distributional approach to achieve a roughly even 

distribution of total household income to categorise income into approximate tertiles (i.e., 

low, middle and high-income categories). The relativity of using a distributional approach 

allowed comparisons between low versus medium versus high-income categories, 

regardless of the actual level of income (in terms of absolute thresholds). As the result, 

this approach facilitated the assessment of possible "dose-response" effects by enabling 

income gradients in health to be observed. Also, the distribution-based method took the 

historical time context out of income (i.e., as it focussed on the relative disparities). Using 

the distributional approach has the benefit of preserving the tertiles interpretation over 

time, whereas actual income levels may lose their meaning over time (for example, due 

to economic factors such as inflation). In other words, by using the distributional 

approach, the relativity of comparing the low-income level versus medium-income level 

versus high-income level is highlighted here. Also, this approach is the most 

parsimonious and logical way to have low, medium and high-income levels to be able to 

apply the results to other studies in the future. In the final study (study 5), to be consistent 

with other studies, middle and high-income groups were combined and considered as the 
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high-income category and were compared to the low-income category. This approach was 

necessary because the final study applied a specific analysis for effect measure 

modification on the additive scale (by calculating the relative excess risk due to 

interaction (RERI)) (Knol & VanderWeele, 2012). 

One of the main objectives of this thesis was to investigate the modifying effect of 

protective psychosocial factors (SOC and personality traits) on the association between 

income with health and quality of life outcome measures (the effect measure modification 

analysis) (VanderWeele, 2009). Categorising the protective psychosocial factors in terms 

of high and low coherence (strong and weak SOC) and high and low scores for personality 

traits allowed us to identify differences in the association between income (as the 

exposure) with health and quality of life outcome measures (as outcomes) based on each 

level of the protective psychosocial factors (i.e., personality trait dimensions as high 

scores or low scores) as the effect modifiers (VanderWeele, 2009). Using dichotomous 

categories for SOC was derived from Lundberg & Peck's (1994) valuable work. Also, 

personality traits served a different purpose, reflecting the differences between the 

psychology and epidemiology literatures. These psychological measures were used as 

epidemiological exposure measures across the studies in this thesis (i.e., the explanatory 

variable in the population-based studies) rather than clinical case definitions. According 

to Rothman (2008), exposure variables can be coded into categories, although there could 

be some disadvantages. For instance, some information might be lost, statistical power 

could be diminished, and adding more terms to the model might be required. However, 

these possible drawbacks are usually negligible or minor, particularly for large samples 

(Rothman et al., 2008), such as those used for all studies in this thesis (derived from the 

DCOHS). Also, categorising the exposure variable allows estimation of the effects of 
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each stratum of exposure without being constrained by any particular pattern (Rothman 

et al., 2008): 

"The advantage of the unconstrained estimation of separate effects outweighs the 

disadvantages in most situations". 

Also, when individuals were dichotomised according to their personality traits, this 

allowed us to determine each individual's direction towards each end of the personality 

spectrum (expressing each trait at a high or low level/score) (Zakershahrak & Brennan, 

2022). In other words, by dichotomising personality traits (as dichotomous variables), the 

focus from the homogeneity of personality traits (as variables) was shifted to the 

individual differences (as participants) (Richters, 1997).  

Dichotomising personality traits allowed us to identify how many individuals possess a 

particular explanatory variable (i.e., each personality trait) or the combination of 

explanatory variables (income levels and levels of each personality trait) and determine 

what specific explanatory variables affect individuals (i.e., what level of income and 

personality traits) (Zakershahrak & Brennan, 2022). For example, we were able to answer 

the questions such as: how many low-income individuals had high scores for personality 

traits? Do high scores for personality traits affect low-income people's health outcomes? 

Also, it was possible to investigate how the association between the exposure variable 

(income) and outcomes (poor health and quality of life outcome measures) differed across 

the strata of the effect modifiers (high scores versus low scores for personality traits) 

(Zakershahrak & Brennan, 2022). It is important to consider types of individuals rather 

than assuming homogeneity with regard to psychological variables such as personality 

traits (Zakershahrak & Brennan, 2022). Also, what matters is not the participants' literal 

answers to each of the questions in the TIPI items (See 3.2.1.2.2), but whether the pattern 
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of responses to a series of questions fits into the category of individuals who exhibit that 

personality trait (Zakershahrak & Brennan, 2022). Therefore, a conceptual decision was 

required for personality traits and about the cut-off point for showing where each 

individual fits in the continuum spectrum of each trait (i.e., towards which end of the 

spectrum). The conceptual cut-off point divided the trait scale based on the scores equal 

to being "agree" or higher (on average) and created two categories: low scores for 

personality traits and high scores for personality traits (See 3.2.1.2.2). This conceptual 

approach has face validity. Also, it is easier to interpret and more meaningful to 

policymakers and a broader audience. 

VanderWeele et al. (2011) stated: "This feature of being able to avoid misspecification of 

the outcome model in interaction analyses is a potential argument in favor of 

dichotomization." For interaction terms, interpreting continuous exposure results (the 

effect modifier) is difficult for a wider audience, particularly when psychological 

variables are used (DeCoster et al., 2011). The process of performing simple effect tests 

and graphing the means of each level (using categorical exposures) is usually much easier 

than assessing the interaction using continuous exposures (with simple slopes) (DeCoster 

et al., 2011). These simple slopes need to be computed by substituting the appropriate 

values into the estimated regression equation (and not through the regression analysis) 

(DeCoster et al., 2011). On the other hand, the problem with a continuous variable is that 

the model's assumptions are potentially broken. As the psychological factors, such as 

personality traits (the continuous variable), are often not uniformly linear across the range 

of the distribution, the model may not be linear. Also, when a continuous variable is used, 

the coefficient resulting from the regression model is assumed to be uniform - a unit 

increase is uniform across the entire range of that continuous variable. Therefore, it 

requires the assumption that each unit has exactly the same relationship all the way across 
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the range; i.e., one has to assume the relationship is continuous across that entire fitted 

line. However, there is the possibility that different relationships may hold across the 

range of the continuous variable (e.g., with thresholds at particular points). Thus, the 

adoption of a categorical variable makes fewer assumptions about the uniformity of the 

relationship. 

Categorisation has been widely applied by psychopathology researchers for statistical 

reasons (DeCoster et al., 2011). The statistical benefits of categorising variables facilitate 

the interpretation of variables, analyses, and study results, particularly for a broad 

audience (DeCoster et al., 2011). By categorising variables, it is possible to compare 

differences between groups instead of across a continuum, simplifying the variable's 

interpretation (DeCoster et al., 2011). In psychological research, categorical predictors 

and exposures are most commonly used to test influences on outcomes using ANOVA 

analysis (DeCoster et al., 2011). A graph or table displaying the mean scores of different 

groups is the simplest way to show significant effects. Also, the interpretation of the 

effects based on the slope of the exposure-outcome gradient and its changes based on the 

other exposure using a continuous variable is more complex than a categorical variable 

(DeCoster et al., 2011). By categorisation, we are able to simply compare the difference 

between outcome ratings for categorical groups of exposure based on different levels of 

the other exposure (i.e., effect modification). 

A common technique used in psychological research to examine the relationship between 

exposure and outcome - when at least exposure is continuous - is the extreme group 

approach (EGA) (Preacher et al., 2005). EGA is a sampling strategy to select individuals 

based on their extreme scores of exposures (typically upper and lower tertiles or 

quartiles), then examine the relationship between exposure and outcome only for those 
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individuals (which has its own disadvantages) (Preacher et al., 2005). Alternatively, 

instead of using EGD, psychological researchers collect data using measures that produce 

continuous variables/scores and create categorical group variables from them (e.g., 

creating high- and low-score groups) (DeCoster et al., 2011). Categorising the continuous 

variables enhances the interpretability of their results and makes these variables more 

meaningful and understandable for policymakers (DeCoster et al., 2011). Also, 

Farrington and Loeber (2000) showed that the gains in interpretability that categorisation 

provided were outweighed by the costs in terms of power (which were relatively small). 

Finally, it is impossible to create a model that encompasses all relevant predictors of 

outcomes in social and behavioural science (Neter et al., 1996). A model's predictive 

value should be optimised by including a variety of covariates that add unique information 

to the model (Marill, 2004). Nonetheless, one should avoid overlap between different 

covariates and multicollinearity, which occurs when there are too few or too many 

variables in the model (Marill, 2004). Also, correlated covariates should not be included 

in the models because their inclusion increases the standard error of the estimated 

regression coefficients (Krzywinski & Altman, 2015). Limiting the covariates and 

choosing the most important ones has significant benefits, namely: simplifying both the 

interpretation and multiple testing, and preventing overfitted models (which despite their 

good fit, have poor predictions) (Krzywinski & Altman, 2015). Accordingly, across all 

studies of this thesis, the covariates were chosen according to the general concept of 

health behaviours in order to encompass their different dimensions. The covariates 

represented four different conceptual factors: preventative behaviour (tooth brushing), 

risky behaviour (smoking), utilisation of health service (last dental visit), and enabling 

factors (dental insurance). It should be noted that these variables tend to cluster together 

rather than occur separately (Alzahrani et al., 2014; Sanders et al., 2005). Therefore, in 
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this thesis, the number of covariates in the models was deliberately limited to the most 

relevant health behaviour covariates to avoid overlapping health behaviour variables and 

overfitting the models. 

 

 Strengths 

One of the main strengths of this thesis is that a large and state-representative dataset 

(DCOHS) was used across all studies, strengthening the broader applicability, 

generalisability and universality of the findings. Also, each study used a relatively large 

sample that was representative of the study population. All studies analysed data using 

four similar multivariate models to assess the consistency and similarity of patterns and 

associations among models. Also, different statistical analysis techniques were used to 

fully utilise the potential of the available data in this thesis. The findings of all studies 

were interpreted based on the effect size and the direction of effect modification and 

interactions. Particularly, the final study had the advantage of estimating the interactions 

on both additive and multiplicative scales. Furthermore, the DCOHS comprises 

psychometrically validated and reliable scales for collecting SOC and personality traits 

(See 3.2.1.2.1 and3.2.1.2.2 3.2.1.2.2). Also, in the DCOHS, valid and standard PROMs 

were used for assessing health and quality of life outcome measures (See 3.2.1.3).  

 

 Limitations  

All studies of this thesis had common limitations, namely the cross-sectional design of 

the study and the moderate response rate in the DCOHS (44.8%). Despite that, cross-

sectional studies suggest possible associations between exposure (risk factor) and 

outcome, although the temporal relationship between the exposure of interest and 
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outcome is often difficult to determine. However, the analysis of large cross-sectional 

representative samples provides valuable insight into the population's health status and 

healthcare needs over time. Also, over the past three decades, the response rates for 

surveys have commonly been below 50% (Baruch & Holtom, 2008). Besides, there was 

a minimal probability of response bias, as the final samples used in each study had similar 

characteristics to the DCOHS and to the respondents that were excluded from the analysis 

(because of missing responses). As mentioned previously (See 3.1.1), the DCOHS 

participants were drawn at random from the Electoral Roll. Due to Australia's compulsory 

voting system, the Electoral Roll is a large and comprehensive sampling frame. 

Additionally, similar to previous research (Song et al., 2020a; Song et al., 2020b), the 

DCOHS was broadly representative of the age and sex distributions of the adult 

population in South Australia. 

 

 Study implications and future directions 

A potential implication of the findings is to consider the effect and importance of 

protective psychosocial factors in ameliorating income-health disparities, particularly for 

low-income groups. The findings suggest that interventions targeting protective 

psychosocial factors can be incorporated into effective multidimensional programs 

addressing income-health disparities. Since SES and psychosocial factors are intimately 

intertwined, tackling SES-health inequalities could be strengthened through broader SES-

targeted interventions and anti-poverty social policies supported by protective 

psychosocial factors. My studies provided evidence suggesting low-income individuals 

could achieve greater gains (in absolute terms) from strengthening protective 

psychosocial factors related to better health and quality of life than other income groups, 
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despite their socioeconomic disadvantages. Among these strengthening approaches are 

salutogenic interventions (Suárez Álvarez et al., 2022) and empowerment strategies (e.g., 

targeting personality traits linked to risky behaviours (Edalati & Conrod, 2019), positive 

psychology (Appiah et al., 2020), and mental health promotion (Castillo et al., 2019)). 

However, action must be taken to provide adequate funding and effective management to 

implement these approaches as long-term community programs successfully. Also, to 

establish causal relationships, future research is needed to investigate the effect of 

protective psychosocial factors on SES-health associations in other study designs, such 

as longitudinal and experimental studies. 

 

 Conclusions 

In general, this thesis investigated the influence of protective psychosocial factors (SOC 

and personality traits) on income gradients in self-reported health and quality of life 

following the conceptual guidelines of Wilson and Cleary's model. Findings showed 

positive cross-sectional associations between protective psychosocial factors (SOC and 

personality traits) and better oral and general health and quality of life outcome measures. 

At all income levels, these factors were protective against poor self-reported health and 

quality of life. Also, the modifying effect of protective psychosocial factors (SOC and 

personality traits) was associated with lower levels of poor self-reported oral and general 

health and quality of life outcome measures at all income levels. Findings suggested that 

having protective psychosocial factors, such as strong SOC and high emotional stability 

scores, had greater health and quality of life gains for low-income individuals than for 

high-income individuals. Also, given that oral health is associated with general health, 

similar relationships were observed in effect modifications, main effects, and the 
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interaction effects between income and the protective psychosocial factors (SOC and 

personality traits) in both oral and general health measures. 

Findings suggest that multidimensional approaches (e.g., interventions) incorporating 

protective psychosocial factors could be more efficient in addressing health inequalities. 

Other study designs, such as longitudinal and experimental studies, are needed to 

investigate the role of protective psychosocial factors in the association between SES and 

health.
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Figure 9.1 The five studies of this thesis used the patient-reported outcome measures in 

the same order as the underlying health concepts in Wilson and Cleary's conceptual model 

(functional status: Oral Health Impact Profile (OHIP-14), and European Quality of Life 

indicator or EuroQol (EQ-5D); general health perception: self-rated dental and general 

health (SRDH and SRGH, respectively); and overall quality of life: Satisfaction With Life 

Scale (SWLS)).   
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Appendix 1. Models for the effects of sense of coherence 

(SOC) on the overall quality of life (measured using SWLS) 

 

Following the final study (study 5, See Chapter 8), the presented models explored the 

main effects and interaction effects of SOC and income on life satisfaction. 

Four multivariable Poisson regression models (generalised linear model with a log-

Poisson link and robust error) were applied to investigate the associations (main effects) 

between SOC and household income levels (exposure variable) and their interaction 

effects with the overall quality of life, measured using SWLS (outcome).  

The main effects of SOC and income on life satisfaction were observed (Appendix Table 

1). Weak SOC (i.e., low coherence in terms of the relative strength of the concept of SOC) 

were significantly associated with low life satisfaction (PR=3.4, for the unadjusted model 

and models adjusted for sociodemographic variables; PR=3.2, for the fully adjusted 

model; representing the greater effect of SOC for life satisfaction). The interaction effect 

of weak SOC at the low-income level (PR=0.8, in adjusted models) showed a relatively 

greater effect for SOC at the high-income level (reflecting the lower prevalence of low 

life satisfaction for high-income respondents with strong SOC).  
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Appendix Table 1. Prevalence ratios of main effects and interaction between the sense of 

coherence and income with low life satisfaction 

 Model 1a Model 2s Model 3c Model 4d 

 PR (95%C.I.) PR (95%C.I.)  PR (95%C.I.) PR (95%C.I.) 

Sense Of Coherence 

(Ref. Category: 

Higher Coherence 

(Strong SOC)) 

3.4**(2.9-4.0) 3.4**(2.9-4.0) 3.4**(2.9-4.0) 3.2**(2.7-3.8) 

Low-Income 

Category 

(Ref. Category: High 

Income Category) 

1.7**(1.4-2.1) 2.0**(1.6-2.5) 2.0**(1.6-2.5) 1.9**(1.5-2.3) 

Interaction of Low-

Income Category 

and Lower 

Coherence (Weak 

SOC) 

0.8NS(0.6-1.0) 0.8* (0.6-1.0) 0.8* (0.6-1.0) 0.8* (0.6-1.0) 

** P<0.01 

* P<0.05 

NS: Not Significant 

 

Ref. Category: Reference Category 

PR: Prevalence Ratios 

SOC: Sense of coherence  

 

a: Model 1 comprised the interactions of SOC with different income groups and the main 

effects of income and SOC (crude model; unadjusted). 

b: Model 2 adjusted for sociodemographic variables: sex and age. 

c: Model 3 adjusted for all sociodemographic variables: sex, age, the main language spoken at 

home, and country of birth. 

d: Model 4 adjusted for all sociodemographics (sex, age, the main language spoken at home 

and country of birth) and all health behaviour variables (daily toothbrushing, smoking, dental 

insurance and last dental visit). 
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Appendix 2. DCOHS questionnaire 
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Appendix 4. Psychometric properties of the EQ-5D-3L in 

South Australia: a multi-method non-preference-based 

validation study 

 

This thesis also comprises an additional published article that I contributed to during my 

candidature as the first author. This study wasn't part of the original research questions 

and aims of the presented thesis. However, in this article, one of the outcome variables 

used in the thesis (EQ-5D-3L) was psychometrically validated for the first time in a 

general population sample in Australia. Also, this study used the same dataset as the 

present thesis (DCOHS, See 3.1.1). This study found that the EQ-5D-3L showed good 

psychometric properties and was able to discriminate healthy respondents from those with 

health problems. 
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