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Abstract

Background: Socioeconomic position is associated with health inequalities. One way of
understanding these health disparities is through the role of chronic inflammation, as
measured by inflammatory biomarkers, including C-reactive protein (CRP) and fibrinogen.
However, it is not yet fully explained how socioeconomic position and inflammation are

associated and whether other factors play a mediating role within this relationship.

Objective: The purpose of this study was to examine the potential mediating role of
psychological distress (General Health Questionnaire; GHQ-12), sleep duration (9 hours or
more, 7-8 hours, 6-7 hours, 6 hours or less), and sleep quality (very good, fairly good, fairly
bad, very bad) in the link between socioeconomic position and inflammation, using the

inflammatory biomarkers, CRP and fibrinogen.

Methods: Secondary data analysis was completed using Understanding Society: the UK
Household Longitudinal Study. Multiple linear and ordinal regression analyses were used to
examine the association between socioeconomic position and inflammation, together with
using mediation analysis to explore the potential mediating role of psychological distress and
sleep quality and duration. A number of relevant covariates were adjusted for within each of

the models.

Results: Lower educational attainment and household income were both associated with
raised concentrations of both CRP and fibrinogen. Higher rates of psychological distress were
associated with lower income but associations were not apparent for educational attainment.
Psychological distress did not meet the prerequisite conditions to be a possible mediator.
There was a significant association between lower educational attainment with sleep duration,

Contrary to what was hypothesised, having no qualifications was associated with a greater



likelihood of falling into the 9 hours sleep or more category. Similarly, being in the lowest
income tertile was associated with very good sleep, compared to the highest income tertile.
Sleep quality was a significant mediator in the association between both educational
attainment and household income and CRP, although this is an unexpected finding, therefore

more research is needed to explore this.

Conclusion: The overall findings demonstrate that socioeconomic disadvantage is associated
with increased levels of CRP and fibrinogen, sleep quality was shown to have a potential
mediating role, although more research is needed to further understand this relationship as it
could constitute a type | error. Sleep and psychological distress are potential points of
intervention to alleviate health inequalities. These findings also indicate the importance of

welfare support to help attenuate inequalities relating to both physical and mental health.



Chapter One: Introduction

Chapter Summary

This chapter provides the introductory context for the present study by reviewing the
association between socioeconomic position and inflammation. A definition of the construct
of socioeconomic position will be provided by explaining the main indicators that combine to
create this concept. These are income, occupation and educational attainment. There will be a
discussion of the work of Karl Marx and Max Weber in order to provide the theoretical
origins of the concept of socioeconomic position. There will be an introduction to the
literature illustrating the association between socioeconomic position and inflammation
together with an outline of the biomarkers of inflammation. The potential mediators that may
explain the association between socioeconomic position and inflammation will also be
outlined. The chapter concludes with a systematic review of the literature examining the
association between socioeconomic position and inflammation. Lastly, the aims of the

present study are outlined.

Socioeconomic Position

Defining Socioeconomic Position. Socioeconomic position is characterised by both
social and economic factors that guide which position people occupy within the structure of
society (Krieger et al., 1997; Lynch & Kaplan, 2000). Socioeconomic position is a frequently
used concept within health research. Researchers distinguish between various terms used to
describe the construct of socioeconomic position. Therefore, depending on the research
tradition, researchers will use concepts such as socioeconomic status, social stratification and

social class to describe this concept.

The term socioeconomic position will be used within the present research. Krieger et

al. (1997) described socioeconomic position as an “aggregate concept that includes both
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resource-based and prestige-based measures, as linked to both childhood and adult social
class position” (p. 345). Education, income and occupation are associated with varying
degrees of resource and prestige and as such are commonly used measures of socioeconomic

position.

Theoretical Origins

The concepts that underpin the use of socioeconomic position within health research
have their theoretical origin in the work of Karl Marx and Max Weber. The notion of social
class originated from the work of the philosopher Karl Marx (1844). It is helpful to
understand these historical origins in considering the development of the concept of
socioeconomic position. Marx postulated that society has gradually moved from a feudal
system, in which people were provided with land in return of services such as working for the
landowner, into a capitalist society. Capitalism concerns an economic system in which there
is private ownership of industry and it is operated for the pursuit of profit. The key tenets of
capitalism are capital accumulation, competitive markets, private property and wage labour.
Social class in its original meaning as conceived by Marx was in relation to classifying an
individual or group as to (a) whether they had ownership or control over a business, or (b)
whether the individual or group forms part of the labour force in such an establishment
(Marx, 1844). In this way, the ruling classes, also referred to as the bourgeois, held power
and used the working classes, also referred to as the proletariat, to produce goods (e.g. in
factories) and to ultimately retain the profit for themselves. Marx maintained that capitalism

created vast inequalities between the two classes.

Marx stated that the inequalities between social classes remain constant throughout
time. This is in contrast to the occasionally accepted notion in some countries that there is

social mobility, which refers to an individual, family or household moving between one class
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to another with relative simplicity (Muller & Pollak, 2015). However, theorists such as Marx
maintain that belonging to a specific class or social strata remains constant from one

generation to the next (Bowles & Gintis, 2002).

Max Weber, another social theorist, responded to Marx’s social class and theory of
social stratification by introducing further class divisions. Following Weber’s death one of
his famous works was published in 1922, Wirtschaft und Gesellschaft (translated as
‘Economy and Society’), it contained an essay later translated into English as ‘Class, Status
and Party’. This remained a central contribution by Weber in which he maintained that social
position was based on three separate domains: class, status and party or power (Weber,
1922). Class refers to having economic resources and is indicated through measures of
income. Status is characterised by an individual possessing a degree of respect and standing
within the community. Status is based on family background, lifestyle and social networks.
The last domain, power, is associated with the political context and the ability for an
individual or group to fulfil their aims and flourish despite the resistance of others (Liberatos
et al., 1988; Weber, 1922). Weber’s three domains of social class provide the basis for the
most common measures of socioeconomic position found within the literature, which seek to

examine occupation, education and income.

Indicators of Socioeconomic Position.

Education

Education is a commonly used indicator of socioeconomic position. Rooted within
Weberian theory, an individual’s education is associated with the status domain (Liberatos et
al., 1988). Predominantly, education is completed in early adulthood. Therefore, in
examining socioeconomic position across the lifespan it can be used to measure early life

socioeconomic position (Davey Smith et al., 1998).
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In terms of measurement, education can be both assessed as a continuous variable by
examining the number of years of completed education, or as a categorical variable by
evaluating key educational indicators across the life course such as completion of primary
school, high school, further education and degrees. The two variables of measurement make
distinct assumptions about how socioeconomic position is indicated (Liberatos et al, 1988).
The continuous measure assumes that the number of years of completed education
contributes equally to an individual’s indicated socioeconomic position. Whilst, on the other
hand, the categorical measure assumes that the level of educational achievement is more

important than years spent completing education (Liberatos et al, 1988).

Income

Income is a determinant of socioeconomic position, which measures those material
resources that an individual possesses. Mostly referring to material resources of an individual
or household’s financial situation. Income is utilised to purchase commodities and services
that allow an individual to flourish. Income has a dose response relationship with health, in
such a way that those with a higher income tend to have better health outcomes than those on

a lower income (Ecob & Davey Smith, 1999).

Income can be broken down into individual income or that of a household. Income
encompasses several different monetary domains and includes wages, annual salary, profits
and any earnings received. Furthermore, any type of benefit an individual is in receipt of also

constitutes income (Ecob & Davey Smith, 1999).

A key feature of income is that it is cumulative over the life span (Lynch et al., 1997).
In contrast to other indicators of socioeconomic position (e.g. education), income has the

potential to change and because of this does not always remain the same, for example, if a
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person no longer meets the criteria to receive benefits or they must stop working for a given

reason.

Occupation

Occupation is a commonly used measure to determine socioeconomic position.
Associated with Weberian theory, occupation demonstrates Weber’s domains of class and
status. Within the Western part of the world, occupation is a symbol of a person’s role within
society, their social standing and is strongly associated with income and educational
attainment. In terms of measurement, invariably studies measure the current employment or
the employment of the longest duration held by the individual to indicate their socioeconomic
position. Occupation can also be seen as encompassing both employers and employees and is
associated, albeit less frequently, with Marxist theory in going towards demonstrating the
power inequalities within society between the two groups. Lower occupational level is
associated with increased employment insecurity, which refers to the perceived fear of losing
one’s job (Mohr, 2000). Furthermore, lower paid employment is associated with less
development opportunities and less decision latitude, which is a term that describes the
employee’s level of control over their work and conduct during their time at work (Karasek,
1979). The fear of loss of employment has a critical bearing on both physical and mental
health, although the effect on an individual’s mental health is larger than the effect on their

physical health (Sverke et al., 2002).

Socioeconomic Position and Health

Social and economic circumstances have an influence on health throughout the life
course and as such are commonly referred to as the ‘social determinants of health’ (Braveman
& Gottlieb, 2014). It has been well documented in the literature that disadvantaged

socioeconomic position has been linked with poor health outcomes.
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In a cohort study of 51, 417 adults from the United Kingdom it was found that the
risks for moderate and severe depression were substantially increased amongst those people
experiencing a more disadvantaged socioeconomic position (Lob et al., 2020). In a cross
sectional study of 10, 800 adults from Poland, Finland and Spain it was found that
socioeconomic position, indicated by education and level of household income, was inversely
related to depression. Furthermore, the findings revealed that higher educational attainment
(although not income) substantially reduced the risk of depression in each of the countries
(Freeman et al., 2016). Indeed, it is well documented that there is a social gradient across the
social determinants of health, accordingly there is a broad evidence base consistently
maintaining that those with lower income and educational attainment are more likely to
experience worse health outcomes than people with higher income and educational
attainment (Braveman & Gottlieb, 2014). Disadvantaged socioeconomic position has been
linked with poorer living standards, such as unsafe housing and difficulty accessing food,
which have been associated with depression and suicidality (Chen et al., 2017; Madigan &
Daly, 2023). Lower socioeconomic position is also associated with anxiety (Green &

Benzeval, 2013) and risk of psychosis (Sweeney et al., 2015).

Socioeconomic position is also associated with poorer physical health outcomes and
morbidity. Findings from a meta-analysis of 48 independent prospective cohort studies
showed that people of a lower occupation were 46% more likely to die early than those of a
higher occupation (Stringhini et al., 2017). Socioeconomic position has also been associated
with specific diseases, including cardiovascular disease (Schultz et al., 2018) and diabetes
(Tsalamandris, et al., 2019). The ways in which these social determinants influence health is
multifaceted and involves interconnecting factors that are often occurring over an
individual’s life course (Bibby, 2018). Whilst there is mounting evidence demonstrating

potential causal links from socioeconomic position to poor health, there is a plausible
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bidirectional relationship, in other words, poor health may lead to more socioeconomic
disadvantage. Chronic health conditions can impact on an individual’s employment status
(Varekamp et al., 2013). Long-term health conditions such as diabetes and cardiovascular
disease are both associated with unemployment, resulting in loss of potential income and

greater financial precarity (Pedron et al., 2019).

Inflammation

Inflammation refers to the body’s process of fighting injuries and pathogens in order
to heal itself. The nomenclature inflammation has its origins in the Latin word inflammare,
meaning ‘to cause to catch fire’ (Merriam-Webster, n.d.). The Roman scholar Aulus
Cornelius Celsus (c.25 BC — c. 50AD) first referred to inflammation as being indicated by

heat, redness, swelling and pain (Scott, 2004).

During the inflammatory response, the immune system releases white blood cells
which subsequently release cytokines (small proteins) which subside once the threat has
passed (Hansel et al., 2010; Slavich, 2015). The inflammatory response is not static but
rather fluctuates and is one that is activated in response to infections, such as disease
(Slavich, 2014). Accordingly, temporary increases in inflammation are an adaptive process
that are fundamental to survival. Inflammation can be categorised into two different types:
acute inflammation and chronic inflammation. Acute inflammation is rapid and temporary
and plays an important role in minimising the potential for infection or injury, it also
contributes to regaining physiological homeostasis and subsequently there should be a
resolution of the inflammatory process. On the other hand, chronic inflammation occurs when
the immune response stays in the body for months or years, leaving it in a state of high alert
(Straub, 2017). Chronic inflammation is linked with several diseases across the lifespan that

are the leading causes of chronic illness and disability worldwide (Furman et al., 2019). The
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inflammatory response is also triggered by psychosocial factors, such as persistent stress or
adverse experiences (Danese & Lewis, 2016; Lacey et al., 2020), in which case the
psychological distress experienced in turn activates the sympathetic nervous system and

subsequently invokes an inflammatory response (Bierhaus et al., 2003).

Assessing Inflammation

Inflammation is assessed through blood sampling which aims to detect proteins that
are made by the liver or the immune system. The most frequently assessed biomarkers are
acute phase proteins, these include C-Reactive Protein (CRP) and Fibrinogen, and cytokines,
these include TNFa and Interleukins 1B, 6, 8, 10 and 12 (Menzel et al., 2021). The current
study will focus on the former type of inflammation, specifically CRP and fibrinogen. Given
both CRP and fibrinogen have been shown in previous studies to be related to both physical

and mental health (Danese & Lewis, 2016).

CRP

CRP was discovered by two researchers, Tillet and Frances, in 1930 when they
identified that CRP was found in the serum of patients with acute inflammation who were
experiencing Pneumococcus. Located and expressed on the first chromosome, CRP is a
cytokine that is produced by the liver and is increasingly secreted in response to the release of

inflammatory cytokines (Pepys & Hirschfield, 2003).

There are many causes of increases in CRP. These include both acute and chronic
conditions and, in terms of aetiology, can be both infectious and non-infectious. CRP is

associated with physical illness and psychological distress (Bierhaus et al., 2003).

CRP levels are determined through blood sampling. Importantly, there are certain
medications that interfere with CRP levels, such as statins (e.g. Atorvastatin and Fluvastatin)

and non-steroidal anti-inflammatory drugs (e.g. Ibuprofen) that can decrease CRP levels
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(Kandelouei et al., 2022; Nehring et al., 2023). Conversely, if a person has a recent injury or

illness this can result in rapidly increasing CRP levels (Nehring et al., 2023).

Fibrinogen

Fibrinogen is glycoprotein complex produced in the liver and is a marker of
inflammation. It is the precursor of fibrin and plays a critical role in influencing blood
viscosity. It additionally plays an important role by facilitating the process of coagulation
(Fibrinogen Studies Collaboration, 2004). Fibrinogen additionally reflects inflammation in
the body. Increased levels of fibrinogen are associated with physical illness and

psychological distress (Martins-de-Souza et al., 2014).

Socioeconomic Position and Inflammation

A large body of research has shown an important relationship between socioeconomic
position and inflammation. As such, greater socioeconomic disadvantage is associated with
increased concentrations of inflammatory biomarkers, including CRP (Alley et al., 2006;
Davillias et al., 2017; Farmer et al., 2021; Kershaw et al., 2010) and fibrinogen (Kim et al.,
2016; Steptoe et al., 2003). Inflammation is hypothesised to be a critical underlying

mechanism linking socioeconomic position with health outcomes (Miller et al., 2011).

Lower socioeconomic position has been shown to be associated with poorer physical
and mental health outcomes (Lago et al., 2018), increased psychological distress in both
adults (Talala et al., 2011) and children (Kelly et al., 2017) and symptoms of depression
(Azizoddin et al., 2017; Hoebel et al., 2017). A systematic review by Nazmi and Victoria
(2007) of cross sectional and cohort studies found that of the studies reviewed rates of CRP
were heightened in people that were experiencing persistent stress related to low
socioeconomic position. The more years of education a person has completed has been

associated with lower levels of CRP (Wu et al., 2002). Furthermore, higher income families
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have been found to display lower levels of CRP (Jousilahti et al., 2003). Many studies have
shown an inverse relationship between socioeconomic position and inflammatory biomarkers.
A study by Hemingway et al. (2003), using the civil service employment grade (which
measures social position as relating to occupation by assessing job control and job demands),
found that lower status occupations had increased levels of CRP and Interleukin-6 (IL-6).
Although this association was reduced when taking into account waist-hip ratio. It is clear
from the broad evidence base available that there are many other factors that need to be taken
into consideration when delineating the relationship between socioeconomic position and

inflammation.

Socioeconomic Position and Inflammation: Potential Mediators

A key area of epidemiological research has focussed on examining the relationship
between socioeconomic position and inflammation and has sought to identify potential
mediators (Muscatel et al., 2018). A mediator is an intervening variable that may explain the
relationship between the dependent and independent variable (VanderWeele, 2016). Further
research should examine the potential mediating role of other factors within the link between
socioeconomic position and inflammation. A key finding is that higher body mass index
(BMI) is associated with enhanced levels of inflammation (Murray et al., 2015). However,
being overweight cannot exclusively explain inflammation in the body, given that obesity is
also strongly associated with adverse outcomes such as increased psychological distress
(Sarwer & Polonsky, 2016) and poor sleep (Beccuti & Pannain, 2011). Psychological distress
and poor sleep are also experiences that are commonly related to socioeconomic position

(Cohen et al., 2007), and associated with increased inflammation (Irwin et al., 2006). Taken
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together these findings suggest that difficulties with sleeping and psychological distress may

play a mediating role in the link between socioeconomic position and inflammation.

Psychological distress

Defining the Concept of Psychological Distress

Psychological distress is a term used to refer to a group of experiences that are
characterised by emotional discomfort and associated somatic symptoms (Goldberg &

Goodyear, 2005). Specifically, psychological distress is defined as:

A set of painful mental and physical symptoms that are associated with normal
fluctuations of mood in most people. In some cases, however, psychological distress may
indicate the beginning of major depressive disorder, anxiety disorder, schizophrenia,
somatization disorder, or a variety of other clinical conditions. It is thought to be what is
assessed by many putative self-report measures of depression and anxiety (American

Psychological Association Dictionary, Psychological Distress section).

Acute stress is characterised by stress that occurs for minutes or hours, whereas
chronic stress occurs for days, weeks or months (OIff, 1999). Generally, psychological
distress is as an experience that fluctuates in terms of the degree to which the emotional
discomfort is experienced and is invariably a transitory experience. Psychological distress can
result from psychosocial sources and is a key feature of many mental health difficulties
(Goldberg & Goodyear, 2005). When psychological distress is assessed to be high, this
indicates the individual is more likely to be experiencing difficulties with their mental health
and may be characteristic of mental health difficulties such as anxiety and depression (Cuijers

et al., 2009).
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Psychological distress is usually assessed through self-report measures. The General
Health Questionnaire-12 (GHQ-12; Goldberg &Goodyear, 2005) is a popular measure of
psychological distress (see Appendix A). The measure assesses concepts key to psychological

distress such as cognitive function, self-esteem and low mood.

Psychological Distress and Inflammation

There is evidence that there is communication between the neuroendocrine (‘stress’
mediating) and immune systems (Quan & Banks, 2007). There is a broad body of research
showing that psychological distress has been associated with increased levels of
inflammation (Maes et al., 1998). Similarly, stressful life experiences can result in heightened
levels of inflammation (Slavich & Irwin, 2014). Endocrine and immune system dysregulation
can be a consequence of persistent exposure to stressors, which results in increased

inflammation (Rohleder, 2014).

Several studies have shown associations between increased levels of inflammatory
biomarkers and depression (Valkanova et al., 2013). It was shown that levels of CRP could
predict whether medication or a behavioural intervention may be the more suitable treatment
for people with depression (Raison et al., 2018). The specific biomarkers that are indicated to
be increased within people with depression include IL-1, IL-6, TNF-a, CRP and fibrinogen.
Although, findings remain equivocal which has resulted in a need for research to elaborate
further on the association between inflammation and depression and to delineate the precise
links between inflammation and depression on certain types of symptoms (Rothermundt et
al., 2001). Sin et al. (2015) maintained that everyday stressors are related to both increased
levels of inflammation and individuals that experience low mood when encountering

stressors are more likely to display increased inflammation. On the other hand, some studies
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have found no link between psychological distress and inflammatory biomarkers (Linkas et

al., 2022).

There is some evidence suggesting that inflammation is more associated with the
somatic symptoms of depression as compared to affective symptoms (DellaGioa &
Hannestad, 2010). In this study, patients received a course of a pharmaceutical therapy
known as Interfon-a (IFN-a), which is a drug used to treat a range of conditions including
Leukeamia and hepatitis B. IFN-a is known to induce inflammation. In the first weeks,
patients who received this drug presented with slowed motor movements, fatigue, altered
sleep and changes in their appetite, which were non-responsive to antidepressants.
Interestingly, some of these patients additionally developed affective symptoms associated
with depression such as low mood or loss of enjoyment. These affective symptoms were
reduced in response to antidepressant medication, unlike the somatic symptoms, which it is

suggested were associated with the pro-inflammatory properties of IFN-a.

Pathways from Psychological Distress to Inflammation

Given the association between psychological distress and inflammation, there has
been significant interest to examine this relationship further and to delineate the potential

pathways from the experience of stress to elevated levels of inflammation.

The main pathways associated with the stress response are the hypothalamic-pituitary-
adrenal axis and the autonomic nervous system (Ader et al., 1995). In what follows, is a

summary of how each process functions in response to psychological distress.

The Hypothalamic-Pituitary-Adrenal Axis (HPA). The HPA plays an integral role
when a person experiences psychological distress by releasing cortisol. The HPA is regulated
by a circadian rhythm, this is why cortisol levels are likely to be heightened in the morning

and lower at night (Ramamoorthy et al., 2016). During the experience of psychological stress,
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the hypothalamic paraventricular nucleus both synthesises and releases corticotrophin
releasing hormone (CRH) into the hypophyseal portal system. The hypophyseal portal system
is a system of blood vessels located at the base of the brain that connects the hypothalamus
with the anterior pituitary, which refers to one of the two lobes of the pituitary gland. The
main function of this system is to rapidly transport hormones from the hypothalamus to the
anterior pituitary. Once CRH has been secreted it begins the release of adrenocorticotropic
hormone (ACTH). Subsequently cortisol is released, which is one of the main
glucocorticoids, from the zona fasciculata layer of the adrenal cortex (Thau et al., 2022). One
of the key functions of glucocorticoids is to control immunologic processes (Chrousos &
Gold, 1992) and recent research has shown evidence that glucocorticoids have a pro-

inflammatory impact on the immune system (Elenkov, 2008).

When cortisol is released in small amounts, cortisol can actually have an adaptive
function through boosting immunity by limiting inflammation (Cleveland Clinic, n.d.). The
central nervous system has its own immune cells, known as microglia, circulated within the
brain. During a response to a cortisol peak, microglia initiate both glucocorticoid and
mineralocorticoid receptors (Calcia et al., 2016). Furthermore, increased cytokines,
accumulation of monocytes and macrophages and elevated microglia have been detected in

response to exposure to psychological stress (Johnson et al., 2005).

The autonomic nervous system (ANS). The autonomic nervous system plays an
important role in moderating those automatic functions such as regulating heart rate,
breathing, blood pressure and digestion. The ANS also plays an integral role in regulating the
body’s response to psychological stress. The parasympathetic nervous system is a subdivision
of the autonomic nervous system. The sympathetic nervous system signals to the body to be

on alert, contrastingly, the parasympathetic nervous system sends signals to the body which
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facilitate a return to normal activity levels (Schmidt & Thews, 1989). Colloquially, the two
systems are respectfully referred to as the ‘fight/flight” and ‘rest and digest’ responses
(Schmidt & Thews, 1989).

When psychological stress is experienced the hypothalamus releases corticotrophin-
releasing hormone (CRH). This activates the noradrenergic centres in the brain stem and
spinal cord. The locus coeruleus is activated in the pons of the brain stem. The locus
coeruleus increases sympathetic activity through activation of the a1-adrenocepters on
preganglionic sympathetic neurons and reduces parasympathetic activity through the

activation of o2-adrenocepters on preganglionic parasympathetic neurons.

Neurotransmitters Involved in the Sympathetic and Parasympathetic Nervous
System. Neurotransmitters are chemicals with the principle function to allow neurons to
communicate with each other. The neuron releases a chemical that travels to the target cell
across a synapse (Sheffler et al., 2022). The main neurotransmitters involved with the
sympathetic nervous system are acetylcholine, norepinephrine and epinephrine.
Contrastingly, the parasympathetic nervous system utilises acetylcholine as the principle
neurotransmitter. In most circumstances, once a stressful situation has passed, the
parasympathetic nervous system is activated which releases hormones to relax the body and
mind in order to regain a state of homeostasis. In contrast, when the stress experienced is
persistent, the sympathetic nervous system proceeds to be activated with the exception of the
parasympathetic nervous system providing its compensating role. Therefore, when stress is
persistent there is an increase in catecholamine’s (norepinephrine and epinephrine) and a
decrease in levels of acetylcholine (Chrousos & Gold, 1992). This lessens the impact of the

parasympathetic nervous system providing its fundamental counterbalancing role.
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Socioeconomic Position, Psychological Distress and Inflammation

Symptoms of psychological distress are common within the general population
(Goldberg & Goodyear, 2005). Although the extent to which psychological distress is
experienced varies within and across countries of Europe, which suggests important
demographic and economic factors that may influence the development and maintenance of

psychological distress (Schlax et al., 2019).

A number of studies have found that elevated levels of CRP and fibrinogen are
associated with psychological distress (Wium-Andersen et al., 2013; Muscatell et al., 2020;
Lazzarino et al., 2015; Goldman-Mellor et al., 2010), sleep disturbances (Patel et al., 2009;
Meier-Ewert et al., 2004; Grandner et al., 2013) and socioeconomic position (Lubbock et al.,

2005; Berger et al., 2019; Davillas et al., 2017).

Sleep Quality, Sleep Duration and Inflammation

Sufficient sleep in terms of quality and duration is associated with improved
psychological wellbeing, augmented energy levels and reduction in fatigue and exhaustion
(Silva-Costa et al., 2015). Indeed, good quality sleep plays a fundamental role in maintaining
mental and physical health (Chokroverty, 2010). Contrastingly, sleep problems refer to
disturbances of subjective sleep quality and sleep duration (Lallukka et al., 2012; Patel et al.,
2008). Both sleep quality and sleep duration are commonly used measures within studies
examining the relationship between sleep and health outcomes (Bei et al., 2016). A long sleep
duration refers to sleeping 9 hours or more (Ren et al., 2019) and a short sleep duration refers
to a sleep of under seven hours (Centres for Disease Control and Prevention, n.d.). A long
sleep duration is associated with higher levels of CRP and IL-6 (Irwin et al., 2016). Similarly,

a short sleep duration is associated with cardiovascular disease, coronary heart disease and



25

obesity (Itani et al., 2017). Poor sleep quality has also been linked to having an adverse
impact on health and has been linked to a greater likelihood of having a stroke, heart attack
and increased risk of obesity (Wu et al., 2020). Sleep is modifiable and as such is susceptible
for intervention that can have potential positive health outcomes (Irwin et al., 2015). Markers
of inflammation such as CRP, interleukin 6 (IL-6) and fibrinogen have all been associated
with poor sleep, specifically elevated inflammatory markers have been linked with sleep

disturbances (Bjurstrom et al., 2017; Dowd et al., 2011; Dzierzewski et al. 2020).

The mechanisms that may influence the relationship between sleep and inflammation
include the hypothalamus-pituitary-adrenal (HPA) axis and the sympathetic nervous system
(SNS). Both of these systems modify the basal gene expression profile toward release of
greater proinflammatory cytokines (Slavich & Irwin, 2014). There is an existing
understanding that sleep problems are associated with psychological distress (Zhang et al.,
2022). The relationship between sleep and inflammation is bidirectional (Meng et al., 2015;
Veler, 2023). As such sleep increases inflammatory cytokines and some inflammatory
cytokines encourage sleep (Veler, 2023). However, in contrast to this evidence base there are
several studies that report no association between sleep and inflammatory biomarkers (Irwin
et al., 2016; Patel et al., 2009). One explanation of this is that elevated levels of inflammation

can lead to an individual utilising sleep as a key form of recovery (Irwin et al., 2016).

Links to Clinical Practice

Given the evidence suggesting that inflammation is linked with psychological
distress, sleep quality and sleep duration, there is an increasing interest in exploring these
relationship further due to the clinical applications of these findings. Psychological
interventions aim to reduce an individual’s distress and improve sleep, such interventions for

depression have been shown to attenuate inflammation (Thornton et al., 2009). Previous
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studies indicated that increased inflammation is a precursor to worse outcome of anti-
depressants (Liu et al., 2019). However, it is complicated to delineate the effects of the
medication on levels of inflammation (Strawbridge et al., 2020). In contrast with
psychotropic medication, psychological therapies have shown to be associated with reducing
inflammation. In a Randomised Control Trial (RCT) completed by O’Toole et al. (2018),
maintained that psychological therapy attenuated levels of CRP. On the contrary, a review of
12 studies reported that psychological therapies showed no significant improvement on
inflammation levels in individuals with depression. This suggests that findings are
inconsistent within this area, one way of understanding these variations in outcomes is the
heterogeneity between individuals with mental health problems. Furthermore, inflammation
appears to be more associated with the somatic depression which some authors maintain is
suggestive of a sub-category of individuals who are more likely to have both somatic

symptoms and elevated levels of inflammation (Strawbridge et al., 2020).

Policy context

The NHS 2022/23 priorities and operational planning guidance proposes a role for
Integrated Care systems in addressing health inequalities. This indicates that individuals from
socioeconomically deprived backgrounds and particular ethnic groups are more likely to
experience worse health outcomes than individuals who are more socioeconomically
advantaged. There is a drive for services to provide targeted strategies that will be both
supportive and ultimately aim to take preventative action as the main aim of their approach.
A key critique of government approaches to addressing health inequalities has been the
absence of implementing a long-term, systemic approach to reducing health inequalities.
Although the NHS has also been criticised for not having a substantial focus on alleviating

health inequalities (The King’s Fund, 2018).
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Systematic Review

Overview

Within this section, a systematic narrative review of the literature on socioeconomic
position and inflammation is presented. The aim of the review was to increase understanding
of the association between socioeconomic position and inflammation. The review aimed to
identify gaps in the literature, particularly in considering the mediating factors in the

relationship between socioeconomic position and inflammation.

Rationale and Objective

There has been a great amount of literature examining the links between
socioeconomic position and inflammation. The extent to which inflammatory markers are
associated with socioeconomic position varies across studies. This is possible due to variance
in methodological concepts, demographic characteristics of the study population and the use
of different measures of what constitutes socioeconomic position (Muscatell et al., 2020).
The findings within this research area remain inconsistent. Therefore, it is difficult to
determine the strength of the association between socioeconomic position and inflammation
from a single study. Recent studies reviewing socioeconomic position and inflammation have
focused on a North American population (Muscatell et al., 2020) or on socioeconomic

position in childhood (Milaniak & Jaffee, 2019).

The current review involved completing a narrative synthesis following the steps
outlined by Popay et al. (2006). This broadly included development of a theory of how the
intervention works, forming a preliminary synthesis of the findings of the included studies,

examining relationships between the findings of the studies and evaluation of the reliability
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of the synthesis. A meta-analysis was not undertaken due to methodological heterogeneity of
the studies, for example, the heterogeneity of criteria used to measure socioeconomic
position. Instead, a descriptive synthesis was completed.

Therefore, the objective of this review was to describe and synthesise findings of all
studies that examined the association between inflammation and socioeconomic position in

both adulthood and childhood. The research questions were:

1. To examine whether socioeconomic position is related to inflammation.

Search Strategy and Information Sources

A systematic review of the literature was completed using Medline and PsychINFO
between the years 2000 and 2023. In creating a search strategy, the Population, Intervention,
Comparison, Outcome (PICO) framework (Richardson et al., 1995) was used to ascertain the
key themes that were intended to be reviewed and to generate key words and synonyms to be
searched for. A broad set of search terms were highlighted, each relating respectively to
socioeconomic status and inflammation. To uphold sensitivity, the set of search terms for
each concept were combined with the Boolean operator OR and were then combined using
the Boolean operator AND. The databases were each searched using the following key
words: “Socioeconomic status”, “socioeconomic position”, “social position” AND
“inflammation” OR “CRP” OR “C-Reactive Protein” OR “Fibrinogen” OR “Biomarker”.
These terms were used given they comprise the main themes and objective of the literature
review, whilst also having been used successfully in other peer reviewed literature reviews
based on similar research areas (e.g. Muscatell et al. 2018). The broader terms relating to
socioeconomic position were chosen specifically. Initial searches were carried out using the

individual elements comprising socioeconomic position (i.e. ‘education’ and ‘income’),

however, this resulted in a plethora of other research areas which were subsequently
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identified by the database but were clearly irrelevant to the aim of the literature review,
therefore it was decided that these terms were to be excluded as search terms.

The search of the literature on Medline and PsychINFO and was carried out between
17th July 2023 and 31st July 2023. To ensure the review was up to date as possible, a final
search was performed on 2nd August 2023 on all three databases. A manual search was
conducted by examining reference lists of both selected articles and those cited in systematic
reviews on the similar area to identify any additional papers relevant to the present review

criteria.

Eligibility Criteria
Studies examining the relationship between socioeconomic position and inflammation

were identified. Titles and abstracts were screened against the following inclusion criteria:

1) Empirical study
2) Measured socioeconomic position
3) Measured inflammation

4) Peer reviewed
Articles were screened against the following exclusion criteria:

1) Conference extracts and dissertations
2) Not an empirical study

3) Non-human sample

Selection Process

Following initial database searches, articles were retrieved and merged together using
Microsoft Excel and any duplicate records of the same article were removed. The author
independently examined each article by title and abstract to ascertain whether the article was

relevant to the review objective. At this stage in screening articles were included if it was
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unclear as to whether they met the eligibility criteria, this was with the view that they could
be removed at a later stage following further scrutiny. Finally, the full text was retrieved and
examined to see if it met with eligibility criteria for inclusion in the final review (see Figure

1).

Data Collection Process

The author independently extracted data from all eligible studies and any queries

regarding study eligibility were discussed and resolved through discussion with
colleagues until a consensus was reached. The data extracted from each study was put into

tabular format.

Results

1307 articles were selected for title and abstract screening, and subsequently 106
articles were selected for full text screening (see Figure 1). A total of 22 papers were included
in the review. Table 1 presents general characteristics of each of these studies together with

their main findings.



Figure 1
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Study Characteristics. Characteristics of the studies are outlined in table 1; this included 22
studies exploring the links between socioeconomic position and inflammation. All studies
were published between 2001 and 2020 and were completed in different countries: United
States (n= 12), Brazil (n=1), Canada (n=1), United Kingdom (n=4), Mexico (n=1), Canada
(n=1), Japan (n= 1) and Finland (n=1). Three studies (Clark et al., 2012; Gallo et al., 2012;
Paul et al., 2008) included exclusively female participants. Two studies (Jousilahti et al.,
2003; Ishizaki et al., 2001) included exclusively male participants. The ethnicity of
participants was given in two studies (Chen et al., 2015; Clark et al., 2012), with the
remaining studies reporting the percentage of the sample as people who identified as non-
white which ranged from zero to 100%.

The majority of the studies included data that was gathered as part of larger projects
(Appleton et al., 2012; Boylan & Ryff, 2013; Camelo et al., 2014; Clark et al., 2012;
Davillas et al., 2017; Dowd et al., 2007; Janicki-Deverts et al., 2008; Jousilahti et al., 2003;
Koster et al., 2006; Loucks et al., 2005; Muennig et al., 2007; Mwendwa et al., 2013; Owen
et al., 2002; Steptoe et al., 2003; Zhang et al., 2008). Six studies were independent and
recruited participants from the community (Chen et al., 2015; Gallo et al., 2012; Hostinar et

al., 2015; Ishizaki et al., 2001; Paul et al., 2008; Thomas et al., 2005).

Socioeconomic position was measured primarily through self-report questionnaire in
10 of the studies (Davillas et al., 2017; Gallo et al., 2012; Janicki-Deverts et al., 2008;
Jousilahti et al., 2003; Koster et al., 2006; Loucks et al., 2005; McDade et al., 2006; Owen et
al., 2002; Steptoe et al., 2003; Thomas et al., 2005). Socioeconomic position was also
measured through interview, in four of the studies a face-to-face interview was utilised
(Appleton et al., 2012; Camelo et al., 2014; Dowd et al., 2007; Zhang et al., 2008) and one

study used a telephone based interview (Boylan & Ryff, 2013).
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Two studies indicated socioeconomic position by educational attainment (Boylan &
Ryff, 2013; Louks et al., 2005) and three utilised household income (Chen et al., 2015; Clark
etal., 2012; Paul et al., 2008). One study indicated socioeconomic position through
individual salary of each participant (Ishizaki et al., 2001) and one study used employment
grade (Steptoe et al., 2003). The remaining studies utilised both household income and
educational attainment as indicating socioeconomic position (Davillas et al., 2017; Dowd et
al., 2007; Gallo et al., 2012; Janicki-Deverts et al., 2008; Jousilahti et al., 2003; Koster et al.,
2006 (ownership of financial assets); Muennig et al., 2007; Mwendwa et al., 2013; Owen et

al., 2002; Zhang et al., 2008).

Three studies measured socioeconomic position by parental educational attainment,
household income and parental occupation (Appleton et al., 2012; Camelo et al., 2014;

Hostinar et al., 2015).
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Table 1
Main characteristics of the 22 included studies of the systematic review.

Publication Sample Non- Country  Age Male/Female  Measures of Markers of Key findings
size (N) white (%) ratio (%) socioeconomic inflammation

position

Appletonet 430 20 United 42 41/59 Household income CRP e Increased levels of inflammation were

al. (2012) States in childhood, associated with education, household
parental income and occupation.
educational e Adult inflammation was observed to be
attainment and higher in those adults who were exposed
occupation to lower socioeconomic position as

children.

o Disparities in CRP may have
developmental origins in childhood.
Socioeconomic position was a moderating
factor in linking child emotional
functioning and adult CRP.

e There was no evidence that childhood
emotional functioning mediated the link
between early life socioeconomic position
and adult CRP.

e Adult BMI mediated part of this
relationship between educational
attainment of the parent with CRP.
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Publication Sample Percent Country  Age Male/Female  Measures of Markers of Key findings
size (N) non-white (%) socioeconomic inflammation
position
Smoking, alcohol consumption and
Boylan and 1054 93 United 58 55/45 Education CRP, IL-6 physical activity were not significant in
Ryff (2013) States explaining this relationship between
inflammation and socioeconomic position.
Lower childhood socioeconomic position
Cameloetal. 13,371 47.8 Brazil 52 NR Childhood: CRP was associated with higher levels of CRP.
(2014) parental education. Higher levels of inflammation were
Adulthood: associated with increased adverse social
household income circumstances during the life course.
and occupational Health risk behaviours accounted for
social class 13.4% of the effect of socioeconomic
position on CRP for men and only 4.4%
for women. Alcohol consumption was
associated with higher CRP levels
amongst men who were socioeconomic
disadvantaged position.
As socioeconomic position lowered, shift
Chenetal. 7,943 57 Canada 55 49/51 Household income  CRP, IL-6 and persist strategies were associated with
(2015) lower CRP and IL-6.
Household income was associated with
Clark et al. 24, 664 5 United 53 0/100 Household income  CRP, higher levels of fibrinogen and sSICAM.
(2012) States fibrinogen, More favourable state-level
sICAM socioeconomic circumstances were

correlated with lower CRP.

High levels of CRP were found amongst
women with a low-income in the most
deprived states.
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Publication Sample Percent Country  Age Male/Female  Measures of Markers of Key findings
size (N) non-white (%) socioeconomic inflammation
position

In terms of age, socioeconomic

Davillas et 7,943 NR United NR 2163out of Education and CRP, inequalities in CRP emerged in 30s,

al. (2017) Kingdom 7943 females  household income  fibrinogen increased up to mid-50s or early 60s and
decreased with age. Lower fibrinogen
levels were associated with those with
higher income and educational attainment.
Health related behaviours played a role in
the relationship, with BMI playing the
greatest role. Smoking and healthy diet
was most important at early and later
middle life compared to older ages.
CRP was not found to be associated with

Dowd et al. 931 0 United 58.1 Education CRP socioeconomic position.

(2007) States CRP strongly related to health-related
behaviours such as smoking and obesity.
Lower educational attainment and income

Gallo et al. 284 100 Mexico 49 0/100 Education, CRP, IL-6, were associated with increased levels of

(2012) household income  sICAM CRP, IL-6 and SICAM-1.
Obesity and dietary fat were implicated in
this association.
Lower early life and current

Hostinar et 360 35 Canada 36 44/56 Parental CRP, IL-6 socioeconomic position were associated

al. (2015) occupational with increased levels of inflammation.

status, current
occupational status

Lower socioeconomic position in early life
was associated with harsher family climate
and socioeconomic position disadvantage
in adulthood was associated with
perceived stress.

Found no evidence that smoking, alcohol
consumption or physical activity played an
explanatory role.
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Publication

Sample
size (N)

Percent
non-white

Country

Age

Male/Female
(%)

Measures of
socioeconomic
position

Markers of
inflammation

Key findings

Ishizaki et
al. (2001)

4,334

Japan

NR

100/0

Annual income

Fibrinogen

Higher levels of fibrinogen were shown in
groups of a lower socioeconomic position.
No clear relationships between job strain
or job demands and fibrinogen levels.

Janicki-

Deverts et al.

(2008)

1,117

37

United
States

40

56/44

Household
income, education

CRP

Unemployment predicted higher levels of
CRP aged 33-45 years old during 3 year
follow up on initial CRP measurement.
The association between unemployment
and CRP was independent of BMI, income
and education.

Poor health behaviours such as smoking
status, alcohol intake and physical activity
accounted for 20% of this association.
Chronic psychological distress is
hypothesized to account for the remaining
variance.

Jousilahti et
al. (2003)

1,503

NR

Finland

NR

100/0

Education,
household income

CRP,
fibrinogen,
serum
amyloid A
protein (SAA)

Levels of CRP, fibrinogen and SSA all
decreased with increasing socioeconomic
position. The inequalities in CRP and
fibrinogen remained significant after
taking into account smoking status and
waist-to-hip ratio.

The association between higher levels of
inflammation and lower socioeconomic
position was particularly pertinent among
men below 60 years of age.
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Publication Sample Percent Country  Age Male/Female  Measures of Markers of Key findings
size (N) non-white (%) socioeconomic inflammation
position
Kosteretal. 3,044 1264 out  United 74 49/51 Education, income  CRP, IL-6, Lower socioeconomic position was
(2006) of 3044 States and ownership of TNF-a associated with elevated levels of CRP,
financial assets IL-6 and TNF-a.

Health related behaviours, such as
smoking, alcohol consumption and obesity
explained a significant part of this
association.
Adjustment for heart diseases, lung
disease and diabetes accounted for less of
the association.

Loucksetal. 2,729 NR United 62 47/53 Education CRP, IL-6, Lower educational attainment was

(2006) States SICAM associated with elevated levels of CRP,
IL-6, SICAM.

McDade et 188 NR United 59 NR Education CRP Lower educational attainment was

al. (2006) States associated with higher levels of CRP.
Waist circumference, latency to sleep,
smoking and perceived stress were
independently associated with elevated
levels of CRP.

Muenning et 10, 524 NR United NR CRP, fibrinogen CRP, Fibrinogen was not associated with

al. (2007) States fibrinogen socioeconomic position. Increased levels

of CRP was associated with lower
household income and educational
attainment.

This relationship persisted after
controlling for age, dietary behaviours,
smoking, exercise, BMI, gender, and
ethnicity. Hypothesised stress differences
between socioeconomic positions may
play a role.
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Publication Sample Percent Country  Age Male/Female  Measures of Markers of Key findings
size (N) non- socioeconomic inflammation
white position

Mwendwa et 198 100 United 45 NR Education, income  CRP, IL-6 Increased levels of hostility and

al. (2013) States depression were associated with elevated
levels of CRP.
Dispositional depression and CRP was
more associated with greater hostility and
lower educational attainment.

Owen et al. 240 0 United 40 NR Occupational CRP Lower educational attainment and income

(2003) Kingdom status, was associated with increased levels of

employment, CRP, independent of sex, body mass, age,
income, education waist-hip ratio, smoking, alcohol

consumption.

Paul et al. 219 100 United 31 0/100 Income CRP Lower income was associated with

(2008) States increased levels of CRP. Perceived stress
and social support were not significantly
related to CRP.
Stressful life events were a predictor of
CRP levels.

Steptoe etal. 221 0 United 50 NR Grade of Fibrinogen Fibrinogen was higher in low employment

(2003) States employment grade groups compared to high
employment grade groups. Women had
higher fibrinogen levels than men.
Men with low job control revealed greater
fibrinogen levels in response to acute
stress compared to those with high job
control.

Thomas et 208 0 United 12 51/49 Free school meal CRP, Elevated levels of fibrinogen and CRP

al. (2005) Kingdom eligibility, indices  fibrinogen, were found in higher socioeconomic

for deprivation
(income, education
and employment)

homocyst(e)ine
(Hey)

group.
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Table 1 (Continued)

Publication Sample Percent Country  Age Male/Female  Measures of Markers of Key findings
size (N) non- (%) socioeconomic inflammation
white position
e Increased levels of CRP were associated
Zhangetal. 792 50 United 53 50/50 Education, income CRP with lower educational attainment and
(2008) States income, although sex, ethnicity, BMI and

smoking were shown to be significant in
this relationship.

Note. CRP, C-Reactive Protein; IL-6, Interleukin 6; NR, Not Reported; sSICAM, Soluble Intercellular Adhesion Molecule; SAA, serum amyloid A protein;
TNF-a, Tumor Necrosis Factor Alpha; BMI, Body Mass Index
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Methodological Quality Assessment. Several tools were considered to assess the
quality of the studies included within the present review. These included the National
Institutes of Health (NIH) quality assessment tool for cross sectional studies, the Appraisal
Tool for Cross-Sectional Studies (AXIS) and the Joanna Briggs Institute (JBI) Checklist for
Analytical Cross-Sectional Studies. All of these tools are recommended tools for assessing
the methodological quality of cross-sectional studies. Out of these tools, the JBI (Moola et al.,
2020) is the preferred one (Ma et al., 2020). The JBI is an international, not-for-profit
researching and development organisation based in Adelaide, South Australia. Therefore, it
creates appraisal checklists that assess the methodological quality of health care studies. The
purpose of the JBI is to evaluate the methodological quality of a study and to assess the risk
of potential bias within the study. The JBI is comprised of eight questions that are described
in below (see Categories). The process of using the JBI checklist involved considering
whether the study met eight predetermined questions which are outlined within the tool. The
questions are answered with a response of either ‘yes’, ‘no’, “unclear’ or ‘not applicable’. A
response of ‘yes’ indicates that the criterion was met and a response of ‘no’ indicates the
criterion was not met.

For further information (see Appendix C) regarding the process of quality appraisal
including a detailed explanation of each of the eight items together with a description of the
information which was used to judge each individual question (i.e. the minimum criteria to
give a ‘yes’ response).

Categories. Table 2 outlines the quality check performed and the extracted
characteristics pertaining to the quality questions. A review of the quality check is outlined
in further detail and the eight checklist items are grouped into the following categories:

Sample (checklist items 1 and 2), Reliable Measure (checklist items 3 and 4), Inclusion of



Confounding Factors (checklist items 5 and 6) and measurement of the outcome (checklist

items 7 and 8).
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Table 2

Quality Assessment using the JBI Checklist for Analytical Cross-Sectional Studies

Checklist Items

Were the criteria Were the study ~ Wasthe  Were objective,  Were Were strategies ~ Were outcomes Was appropriate

for inclusion in subjects and the  exposure  standard criteria  confounding to deal with measured in avalid  statistical analysis

the sample clearly  setting measured  used for factors confounding and reliable way? used?

defined? described in inavalid measurement of identified? factors stated?

detail? and the condition?
reliable
way?

Appleton  Yes Yes Yes Yes Unclear Yes Yes Yes
etal.
(2012)
Boylan Yes Yes Yes Yes Yes Yes Yes Yes
and Ruff
(2013)
Camelo  Yes Yes Yes Yes Yes Yes Yes Yes
etal.
(2014)
Chenet  Yes Yes Yes Yes Yes Yes Yes Yes
al.
(2015)
Clark et Yes Yes Yes Yes Yes Yes Yes Yes
al.
(2012)
Davillas  Yes Yes Yes Yes Yes Yes Yes Yes
etal.

(2017)
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Checklist Items

Were the criteria Were the study  Wasthe  Were Were confounding ~ Were strategies ~ Were outcomes Was appropriate

for inclusion in subjects and the  exposure  objective, factors identified? to deal with measured in a valid  statistical analysis

the sample clearly  setting measured  standard confounding and reliable way? used?

defined? described in inavalid criteria used factors stated?

detail? and for
reliable measurement
way? of the
condition?

Dowdet Yes Yes Yes Yes Yes Yes Yes Yes
al.
(2007)
Galloet  Yes Yes Yes Yes Yes Yes Yes Yes
al.
(2012)
Hostinar  Yes Yes Yes Yes Yes Yes Yes Yes
etal.
(2015)
Ishizaki  Yes Yes Yes Yes Yes Yes Yes Yes
etal.
(2001)
Janicki-  Yes Yes Yes Yes Yes Yes Yes Yes
Deverts
etal.

(2008)
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Table 2 (Continued)

Checklist Items

Were the criteria Were the study ~ Wasthe  Were Were confounding ~ Were strategies ~ Were outcomes Was appropriate

for inclusion in subjects and the  exposure  objective, factors identified? to deal with measured in avalid  statistical analysis

the sample clearly  setting measured  standard confounding and reliable way? used?

defined? described in inavalid criteria used factors stated?

detail? and for
reliable measurement
way? of the
condition?

Jousilahti  Yes Yes Yes Yes Yes Yes Yes Yes
etal.
(2003)
Kosteret  Yes Yes Yes Yes Yes Yes Yes Yes
al. (2006)
Loucks et
al. (2006)  Yes Yes Yes Yes Yes Yes Yes Yes
McDade
etal. Yes Yes Yes Yes Yes Yes Yes Yes
(2006)
Muenning  Yes Yes Yes Yes Yes Yes Yes Yes
etal.

(2007)
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Table 2 (Continued)

Checklist Items

Were the criteria Were the study ~ Wasthe  Were Were confounding ~ Were strategies ~ Were outcomes Was appropriate
for inclusion in subjects and the  exposure  objective, factors identified? to deal with measured in avalid  statistical analysis
the sample clearly  setting measured  standard confounding and reliable way? used?
defined? described in inavalid criteria used factors stated?
detail? and for
reliable measurement
way? of the
condition?
Owen et Yes Yes Yes Yes Yes Yes Yes Yes
al. (2003)
Steptoe et Yes Yes Yes Yes Yes Yes Yes Yes
al. (2003)
Thomaset Yes Yes Yes Yes Yes Yes Yes Yes
al. (2005)
Zhang et Yes Yes Yes Yes Yes Yes Yes Yes

al. (2008)
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Results of Quality Assessment

Sample (checklist items 1 and 2). Predominantly the studies had a representative
sample in terms of age, gender and ethnicity. However, some studies had a similar sample in
terms of certain participant demographics, a result of having a homogenous sample is that it
may affect the overall generalisability of the findings. Two studies had exclusively male
participants (Janicki-Deverts et al., 2008; Jousilahti et al., 2003). Three studies (Clark et al.,
2012; Gallo et al., 2012; Paul et al., 2008) included female only participants. Three studies
had an exclusively white, middle-aged sample (Owen et al., 2002; Steptoe et al., 2003.,
Thomas et al., 2005). Four of the studies had a relatively small sample size which may affect
the generalisability of the findings (Gallo et al., 2012; Hostinar et al., 2015; Owen et al.,

2002; McDade et al., 2006;).

Reliable measure (checklist items 3 and 4). All of the studies included within the
review utilised robust recommended indicators of socioeconomic position as outlined by the
American Psychological Association (APA, 2007). In regards to inflammatory biomarkers,

all of the studies used recommended inflammatory biomarker assays.

Inclusion of confounding factors (checklist items 5 and 6). In terms of taking into
consideration confounding variables, all of the studies included within the review took into
consideration potential confounding effects of individual demographics and health
behaviours. Some studies were identified because they did not include particular confounding
factors. Chen et al. (2015) did not include health behaviours such as smoking and alcohol
consumption as potential covariates. Four studies did not take into consideration alcohol
consumption or smoking status of participants as confounding factors within their analysis

(Loucks et al., 2006; Jousilahti et al, (2003); Mwendwa et al., 2013).
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Medications such statins, HRT and anti-inflammatory medications have been shown
to influence inflammation (Kandelouei et al., 2022; Nehring et al., 2023). Seven studies did
not take into consideration a participant’s medication use as a confounding factor (Appleton
etal., 2012; Boylan et al., 2020; Chen et al., 2015; Ishizaki et al., 2001; Mwendwa et al.,
2013; Paul et al. 2008; Steptoe et al., 2003). No studies took into account use of HRT or
contraception with the exception of Zhang et al. (2008). All of the studies used some form of

multivariate analysis to take into consideration the covariates measured.

Statistical analysis (checklist items 7 and 8). All the studies used multivariate

regression models, with the exception of one study that used ANOVA (Thomas et al., 2005).

Synthesis of Systematic Review Findings

The following paragraphs summarise the narrative findings of the systematic review

in regard to the research questions.

Socioeconomic Position and Inflammatory Biomarkers

Socioeconomic position was associated with elevated levels of CRP in all studies
(see table 1), except from Dowd et al. (2007) who found no association between
socioeconomic position and CRP. Of the six studies that examined fibrinogen, all but one
(Muenning et al. 2007) found that fibrinogen increased in relation to lower socioeconomic
position. A table depicting the effect sizes and confidence intervals of the studies included in
the systematic review which show the relationship between socioeconomic position and
markers of inflammation included in the systematic can be found in Appendix D. In terms of
effect sizes, greater effect sizes were found in studies that measured socioeconomic position
by household income. Furthermore, larger effect sizes were shown in studies. All of the
studies except from Dowd et al. (2007 and Muenning et al. (2007) had consistent medium to

large effect sizes. The smallest effect sizes were -0.02 found in Dowd et al. (2007). The
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highest effect size was 0.48 which was reported by Paul et al. (2008) examining lower

household income and increased concentrations of CRP.

Three studies explored levels of CRP in adulthood after examining their
socioeconomic position in childhood (Appleton et al., 2012; Camelo et al., 2014; Hostinar et
al, 2015). Of these studies, all three studies found that CRP was most elevated among those
adults who had been exposed to a disadvantaged socioeconomic position in childhood.
Appleton et al. (2012) found that those children with emotional difficulties who grew up in
lower socioeconomic environment were more likely to have higher levels of CRP in
adulthood. They found no evidence suggesting that emotional difficulties mediated the link
between CRP and socioeconomic position. These findings suggest that inequalities in CRP
may have their origins in childhood. Although, one study found that childhood
socioeconomic position was not a critical period in which exposure to adverse circumstances

results in lasting physiological impact (Camelo et al., 2014).

Two studies explored macro level socioeconomic conditions together with individual
socioeconomic position (Clark et al. 2012; Gallo et al. 2012). The findings of Clark et al.
(2012) revealed the importance of considering both micro and macro socioeconomic
conditions through examining both individual socioeconomic position and state level
deprivation. Using a large sample based in the United States, the authors found that higher
levels of wealth and labour productivity and lower levels of state-level poverty and income
equality were associated with lower levels of CRP. Personal household income was
associated with sSICAM-1 and fibrinogen than more macro state-level conditions. Whilst the
sample size was large (n= 26, 029), a limitation is that the sample comprised only of female
participants and due to the cross sectional design causal relationships between socioeconomic
position and inflammatory biomarkers cannot be inferred. Contrastingly, Gallo et al. (2012)

found neighbourhood socioeconomic circumstances were not statistically significant in the
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link between socioeconomic position and inflammation, although a key limitation of this

study was a small sample size.

Mediators in the Association between Socioeconomic Position and Inflammation

Metabolic Alterations. Loucks et al. (2006) found that after adjusting for systolic
blood pressure, diastolic blood pressure, total cholesterol, high density lipoprotein cholesterol
ratio and cardiovascular disease, there was still an inverse relationship between educational
attainment and income and levels of CRP and sICAM. Although lower childhood
socioeconomic position was associated with higher levels of CRP in adult life, this
association was not independent of adulthood socioeconomic position. There was a linear
relationship between CRP increasing with the number of adverse social circumstances during
a person’s life. The metabolic alterations were the most substantial mediator between
socioeconomic position and CRP, these included obesity, hypertension, cholesterol,
hypertriglyceridemia and diabetes. Although, this mediation path accounted for less than half
(49.5%) of the total effect of cumulative socioeconomic position on CRP among women, but
only 20.2% among men. Koster et al. (2006) found that prevalent diseases that are associated
with inflammation (including heart disease, diabetes and mellitus) explained less of the

association between socioeconomic position and inflammation.

Unemployment. Janiki-Deverts et al. (2008) found that employment was associated
with inflammation. Within this longitudinal study, the authors reported that having a history
of unemployment during the three years following a CRP measurement was associated with
elevated levels of CRP five to eight years later. This association was independent of BMI,
ethnicity, age, educational attainment or income. Depression and health-related behaviours,
including smoking, alcohol consumption and physical activity, accounted for approximately

22% of this association. Persistent psychological distress was not included in the analysis
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and the authors maintain that this may have played a substantial role within this relationship,

given the links between chronic psychological stress and levels of inflammation.

Health Related Behaviours. There were a number of health related behaviours that
were implicated to be important in the relationship between socioeconomic position and
inflammation. Smoking status was found to have relative importance in two studies (Loucks
et al., 2006; Jousilahti et al. (2003). A number of studies demonstrated that BMI and waist to
hip ratio were a significant factor in the association between socioeconomic position and

inflammation (Jousilahti et al. (2003).

Loucks et al. (2006) found after adjusting for smoking and BMI there was still an
inverse association between socioeconomic position (educational attainment and income) and
levels of CRP and sICAM. Contrastingly, Hostinar et al. (2015) found no evidence that
smoking, alcohol consumption or physical activity played an explanatory role in the
association between socioeconomic position and inflammation. This study did have strict
eligibility criteria in regards to health, which may have indirectly influenced the study sample

by limiting the range of unhealthy behaviours to be included.

Koster et al (2006) found that health-related behaviours such as smoking, drinking
alcohol and obesity explained a substantial part of the association between socioeconomic
position and inflammation. Obesity and dietary fat were implicated in the association
between socioeconomic position and inflammation (Gallo et al. 2012). Consistent with the
previous studies, Davillas et al. (2017) found that health related behaviours were important in
explaining the relationship between socioeconomic position and inflammation. Accounting
for BMI, smoking status, physical activity and healthy diet partly explained the association
between socioeconomic position and CRP. BMI exerted the most substantial influence in

differences in CRP and educational attainment.
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Camelo et al. (2014) found that health risk behaviours accounted for 13.4% of the
effect of socioeconomic position on CRP for men and only 4.4% for women, suggesting
differences between men and women in terms of health-risk behaviours. Excessive alcohol
consumption was associated with higher CRP levels and amongst men of a lower income.
The prevalence of smoking and other health-risk behaviours were higher among men than
compared to women. However, a substantial part of the association between socioeconomic
position and inflammation could not be explained through health related behaviours or
metabolic alterations, which suggests that other pathways, may play an important part.
Psychological factors such as psychological distress were not included in the analysis and

could be an important mediator as suggested by previous studies (Matthews et al., 2010).

Interestingly, in contrast to the other studies included within this review, Davillas et
al. (2017) examined whether there were age-specific patterns between inflammation and
socioeconomic position by examining differences across the adult age span. The authors
found that heterogeneity in age was important in determining the role of health related
behaviours. There was little evidence of age differences in the explanatory role of BMI and
physical activity in the link between educational attainment and CRP. Smoking and healthy
diet were most important at early and later middle life compared to older ages. In the case of
fibrinogen, variances in BMI were less important in explaining income differences in
fibrinogen as individuals got older, whereas physical activity was more relevant as
individuals got older. For example, this disparity was shown through 33% of the income
differences in fibrinogen were explained by the role of BMI at the age of 25 in comparison to

8% at the age of 70.

The study by Koster et al. (2006) used a sample of older adults (aged 70-79) and
reported that low socioeconomic position was associated with elevated levels of IL-6, CRP

and TNF-a. Health related behaviours, such as smoking, alcohol consumption and obesity,
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accounted for the largest part of the association between socioeconomic position and

inflammation.

Psychological Factors. A limited number of studies (n=3) examined psychological
factors having a potentially mediating role within the relationship between socioeconomic

position and inflammation. In the following section, those studies will be outlined.

Chen et al (2018) reported that those individuals with a lower socioeconomic position
who utilised a shift-and-persist strategy had lower levels of inflammation. Therefore, by
adopting a psychological approach that attenuates the perceptions of stress and reduces the
inflammatory cytokine production. A similar finding was reported in children of a
disadvantaged socioeconomic position; shift-and-persist was related to lower levels of CRP

and IL-6.

Hostinar et al. (2015) investigated the concept of self-control. The authors defined
self- control as “the ability to control one’s impulses and abstain from gratifying immediate
demands or desires”. Self-control has been linked to the adoption and maintenance of health-
related behaviours such as smoking, excessive alcohol use and obesity (Bogg & Roberts,
2012). These behaviours have been linked to inflammation (Elisia et al., 2020; Ellulu et al.,
2017). Lower early life and current socioeconomic position was associated with increased
levels of inflammation. Analysis revealed that lower self-control was important in this

association.

Hostinar et al (2015) found that lower socioeconomic position in early life and lower
socioeconomic position in adulthood was associated with perceived stress, both of which
were related to a reduction in self-control (ability to control one’s impulses) which was
associated with abdominal adiposity (i.e. body fat) and linked with increased inflammation.

This association was independent of participants current socioeconomic position, ethnicity,
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gender or age. The findings should be viewed tentatively given the cross-sectional design of

the study, this precludes a definitive causal inference to be made.

One study explored whether differences in anger expression mediated the link
between socioeconomic position and inflammation. Boylan and Ryff (2020) found that
differences in level of anger management moderated the association between low educational
attainment. Higher educational attainment was associated with elevated levels of IL-6 and
fibrinogen and expression of anger, as shown through high trait anger, anger-out and low
anger control. Whereas, individuals with lower educational attainment and with greater anger

control had lower levels of IL-6.

The Current Study

Using the Understanding Society data, a number of studies have explored associations
between inflammatory biomarkers and socioeconomic position (e.g. Davillas et al., 2017),
although no studies from this data set have examined psychological distress, sleep duration
and sleep quality as potential mediators linking the association between socioeconomic

position and inflammation.

Given the broad body of previous research showing the associations between
socioeconomic position and inflammation, it is vital that current research considers the
factors that potentially mediate this relationship. This may offer further understanding of the
relationship between socioeconomic position and inflammation and offer a complimentary

psychological perspective alongside one that is biological in nature.

Study Aim

Based on previous findings showing that increased levels of inflammatory biomarkers

are associated with psychological distress (Muscatell et al., 2020), socioeconomic position
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(Berger et al., 2019) and sleep disturbances, in terms of sleep quality and sleep duration,
(Grandner et al., 2013), this study aimed to examine the potential mediating role of
psychological distress, sleep quality and sleep duration in the link between socioeconomic

position and inflammation, using the inflammatory biomarkers, CRP and fibrinogen.

Using data from Understanding Society: the UK Household Longitudinal Study, this
research aimed to determine (1) whether socioeconomic position measured by educational
attainment and income is associated with increased rates of inflammation, as measured by the
inflammatory biomarkers CRP and fibrinogen (2) whether psychological distress mediates
the link between socioeconomic position and inflammation and, (3) whether sleep quality or

sleep duration mediates the relationship between socioeconomic position and inflammation.

Hypotheses

Firstly, it will be hypothesised that increased levels of CRP and fibrinogen will be
present in those with lower educational attainment and lower household income. Secondly, it
will be hypothesised that psychological distress, sleep quality and sleep duration will be

potential mediators in the link between socioeconomic position and inflammation.
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Chapter Two: Methods

Epistemological Position

Epistemology is concerned with studying the nature, origin and range of knowledge.
It is a derivative of the ancient Greek word episteme, which is defined as pertaining to
“knowledge, understanding, skill and scientific knowledge” (Oxford Dictionaries, 2014).
Ontology is a branch of philosophy that is characterised by the study of the beliefs about
reality within the material, social, cultural and political contexts (Richards, 2003).
Epistemology and ontology, whilst being two separate branches of philosophy, are related in
so far as they both posit assumptions relating to the existence of entities and the acquisition of
knowledge. Therefore, the relation between epistemology and ontology is important in
taking into consideration both knowledge and the milieu in which it is produced (Gruba &
Lincoln, 1994) Considering the ontological belief system is fundamental given it steers the
researcher into making particular epistemological assumptions. According to Gruba and
Lincoln (1994) if a singular truth is assumed the standpoint of the researcher is to be one of
objectivity to allow for the acquisition of knowledge without the researcher’s own bias
having an impact on the process and findings of the research. The positivist approach is based

on a standpoint that research is conducted from a position of objectivity (Aliyu et al., 2014).

The positivist-empiricist theory of knowledge is based on Francis Bacon’s contention
that knowledge about the natural world can be acquired through observation. Historically, the
empiricist standpoint has been the predominant paradigm within psychological research, as
exemplified through the work of the American philosopher and psychologist William James

(Leahey, 2003). The empiricist standpoint maintains that true knowledge is arrived at through
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sensory experience (i.e. through application of the sense organs) and that reality is
measurable in this way. The positivist tradition arose from the enlightenment period and was
expounded by Auguste Comte in the early 19" century (Richards, 2003). Its theoretical
assumptions are based on understanding the social world through the notion that knowledge
can be acquired and as such, knowledge claims can be justified through verified data and
general laws. In addition, through the conduction of experimentation it is maintained that the

findings are invariably observable and quantifiable.

Emerging in the 1960s and 70s, the postpositivism stance was born out of a critique of
positivism. Postpositivism is based on the ontological position of critical realism which
makes the assumption that the social world exists independent of the researcher. Central to
this stance is that knowledge of the social world can be only asserted imperfectly given the
effects of possible biases of the researcher such as background knowledge can influence what
is observed (Deluca et al., 2008). Therefore, within psychological research conclusions are
based on probability as opposed to a singular truth. The work of Karl Popper (1959) was
instrumental in asserting the principle hypothesis should be falsified rather than the positivist

notion of verification of the hypothesis.

By taking such an approach, the investigator can examine a phenomenon in such a
way without significantly influencing it or being influenced by it (Sale et al., 2002). The aim
is to investigate a given phenomenon with the view to reveal causal effects or correlational
relationships that are generalizable to a wider population and, therefore, affords the
opportunity for the proposal of predictions to be made about a given population. An
important component of this approach is that objective truths or facts can be delineated from
subjective beliefs and values. The concept of validity is critical to this theoretical position and
factors that may compromise validity are mitigated through scientific rigour, the purpose of

which is to reduce the impact of subjective values and biases that may influence the research
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outcomes (Gruba & Lincoln, 1994). The quantitative positivist approach utilises methods that
are rooted in statistical analysis, inferential statistics, structured research protocol,
standardised psychometric tests and objective assays (Park et al., 2020). Given the main
consideration that research findings should be applied to the wider population, a key
requirement is that participant samples must be large enough to support claims of

generalisability and ensure representativeness of findings (Park et al., 2020).

Given the present study is examining experiences of psychological distress and
related sleep disturbances (sleep quality and sleep duration) it is important to acknowledge
that the traditional view of mental health problems. This traditional position invariably
proposes that mental health problems are discrete disease entities that can be classified by
researchers (Bentall, 2003). The degree of validity and reliability of these putative mental
disorders remains equivocal (Bental, 2010). Central to these debates is that disorders can be
understood from one standpoint to be discrete biological entities and from another standpoint
to be social constructs (Zachar & Kendler, 2017) that are shaped by the social and cultural
context in which they are conceptualised (Kirmayer, 2005). This has resulted in mental health
problems or psychological distress being understood as resulting from a complex
interconnection between biology, psychology and socio-environmental factors, such an
approach is known as the biopsychosocial paradigm and was first conceived by Engel (1977).
In other words, as opposed to attributing a mental health problem as an entity that is located
within an individual’s body, rather a mental health problem or an individual’s psychological
distress is conceptualised as being closely linked to the individual’s biological make up,
psychology, social circumstances and the surrounding environment (Arnold & Wade, 2015).
Given these assumptions, the current research was positioned within the postpositivist

epistemological paradigm given it was rooted within empiricism and objectivism, whilst also
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taking into consideration the possible biases of the researcher which can influence the

research which is being undertaken.

Design
Given the assumptions of the postpositivist approach, a quantitative research design

was utilised to address the aims of the current study. The design of the current study utilised
a cross-sectional correlational analysis based on secondary data analysis collected as part of
Understanding Society: the UK Household Longitudinal Survey (UKHLS; Buck and McFall,
2012; University of Essex, 2013). The UKHLS data set was selected for the current study
given it affords the opportunity of a large and representative sample size and contains the

variables of interest to the aims of the study.

Participants

The current study used data from Understanding Society: the UK Household
Longitudinal Study (Buck and McFall, 2012; University of Essex, 2013). The Understanding
Society sample is comprised of 40,000 households in the United Kingdom, a stratified
clustered sample of households recruited in 2009-2010, the former British Household Panel
Survey (BHPS; which was conducted from 1991-2009), the Ethnic Minority Boost Sample
and the Immigrant and Ethnic Minority Boost Sample. Information is gathered about
members of the household; young people aged 10-15 are asked to complete a questionnaire
and all adults are invited to participate in an interview. The objective of Understanding
Society is to provide longitudinal data on various domains such as health and wellbeing,

education, employment and social life.

In 2010-2012 direct health assessments and collection of blood samples were included
in the overall survey. The health assessment entailed participant information being gathered
regarding measures of specific health risks and key features that may be precipitating factors

to chronic health conditions. Additionally, the blood samples have been used to measure a
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range of biomarkers. The term biomarker refers to “a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes, pathogenic processes,
or pharmacologic responses to a therapeutic intervention.” (National Institutes of Health
Biomarkers Definitions Working Group, 1998). The biomarker data from Understanding
Society were collected by NatCen on behalf of the Institute for Social and Economic
Research (ISER) and was funded by the Economic and Social Research Council. They can be

made available through the United Kingdom Data Service (SN 7251).

Over a period of two years, the nurse health assessments in Wave 2 were completed
with a subset of the General Population Sample (GPS) and included blood samples being
taken alongside other anthropometric measurements including height, weight and percentage
of body fat. The nurse health assessments were completed approximately five months
following the main survey interview. All participants eligible to take part in the nurse health
assessment had to be aged 16 or over, were not pregnant and had taken part in the main
interview and living in England, Scotland or Wales. The nurse health assessments were not
conducted in Northern Ireland or with the ethnic minority boost sample. The nurse
interviewers were members of the Royal College of Nurses (RCN), the Royal College of
Midwives (RCM) or registered on the Nursing and Midwifery Council (NMC) and were
competent in venepuncture (McFall et al., 2012). More information is available from:

https://www.understandingsociety.ac.uk/documentation/health-assessment/user-guide/

Data collection began in May 2010 for eligible participants interviewed in January
2010. At wave 2, 80% of households took part in the GPS and of them 90% of individuals
took part (Knies, 2016). Of the 26,961 of those individuals who were eligible to take part in
the nurse heath assessment at wave 2, 15,591 participated in the nurse health assessment.
Participants were eligible for blood sampling on the condition that the participant had no

clotting or bleeding disorder, such as haemophilia or low platelets. A stroke caused by a clot,
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a myocardial infarction or an embolus, history of thrombophlebitis, a deep venous thrombosis
were all not included as a clotting disorder. Exclusion criteria also included those respondents
who volunteered that they were HIV positive or had hepatitis B or C. Lastly, people who
have ever had a fit or were taking anticoagulant medications, such as warfarin, were excluded
from giving a blood sample. However, Aspirin was not considered as an anticoagulant

medication (Benzeval et al., 2014).

The interview was conducted with Computer Assisted Personal Interviewing (CAPI).
The average duration of the nurse visit was approximately one hour if all the measurement
samples were taken. Participants received leaflets about the specific measures and blood
sampling procedure. All participants were given time to read the leaflets and consent form
before signing the consent document. Participants were free to consent or not to any of the

measures within the nurse visit (McFall et al., 2014).

For the present research, following similar studies (e.g. Davillas et al., 2017),
participants were included if they were aged 25 years and above, this is because those adults

were more likely to have completed their full time education and earning their own income.

Variables

The current study used secondary data analysis of data collected as part of the
UKHLS, therefore all inflammatory assays, measures of sleep duration and sleep quality and
psychological distress were assessed as part of routine data collection for Understanding

Society (Buck and McFall, 2012).

Biomarkers

Blood sampling and analysis



62

Non-fasting blood samples were taken from participants and labelled with their date
of birth and a unique serial number. Samples were stored at the Fisher BioServices storage
facility and processed which involved separating plasma and serum and storing them in
freezers at -80 degrees Celsius. The duration from blood collection to the samples being
processed was on average 2.4 days and 90% of the samples were processed within 90 days

(Benzeval et al., 2014).

The blood samples were analysed by the Newcastle Upon Tyne Hospitals NHS
Foundation Trust (NUTH). Between December 2013 and July 2014, batches of blood
samples for 2000 participants were sent to NUTH sites. On arrival, each sample’s bar code
was scanned and subsequently assigned a unique bar code in accordance with the NUTH
system. The analysis of serum was completed on a single Roche machine that needed
2x250uL of serum. The results were transmitted electronically from the analysers into a
patient management information system and exported and transferred to ISER (Benzeval et

al., 2014). Predominantly samples were processed within four days.

All analyses were completed in line with the Standard Operating Procedures by
Health Care Professions Council (HCPC) Registered Biomedical Scientists. Internal Quality
Controls (IQC) were undertaken on each machine at regular intervals per day. External
Quality Assurance (EQA) systems were established to monitor all tests. Both internal and
external quality assessments were regularly reviewed by the quality team and any trends
identified were communicated through internal governance protocol; any non-conformities

with EQAs were identified and investigated (Benzeval et al., 2014).

CRP. Following collection, CRP (mg/L) was analysed from serum utilising the N
latex CRP mono assay on the Behring Nephelometer Il Analyser (Dade Behring, Milton

Keynes, UK). Intra and inter assay coefficients of variation were less than 2% (Benzeval et
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al., 2014). The cut off for CRP of systemic inflammation will be defined as CRP >3mg/L
levels (Pepys & Hirschfield, 2003). This delineation was based on the Centres for Disease
Control and Prevention and the American Heart Association (Pearson et al., 2003). Given
inflammation levels increase during times of recent infection, participants with CRP levels
higher than 10mg/L will be excluded (Pearson et al., 2003). CRP is influenced by the
following medication: anti-inflammatory medications, statins and contraception and hormone
replacement therapy. This was accordingly taken into account in the analysis and these
medications were considered as covariates (See covariates) to be analysed. The CRP data was
tested for normality using visual evaluation of Q-Q plots and histograms along with a
Kolmogorov-Smirnov test. CRP was not normally distributed and to reduce skewness the

CRP values were log transformed.

Fibrinogen. Fibrinogen is glycoprotein complex produced in the liver and is a marker
of inflammation. Fibrinogen (g/L) was analysed from citrate plasma samples utilising an
adjustment of the Clauss thrombin clotting method of the IL-ACS-TOPS analyser. Intra and
inter assay coefficients of variation were less than 7% (Benzeval et al., 2014). There are no
established cut off points to demonstrate clinical significance and this data will be
continuous. The lower limit of the assay was 0.5g/L. Fibrinogen can be influenced by the
following medication: contraception and hormone replacement therapy (Benzeval et al.,
2014). This was taken into consideration when analysing these data (see covariates). The
fibrinogen data was tested for normality using visual evaluation of Q-Q plots and histograms
along with a Kolmogorov-Smirnov test. Fibrinogen values were not normally distributed and

to reduce skewness the fibrinogen values were log transformed.

Psychological Distress
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Psychological distress is a key feature of many mental health problems and refers to
experiences of anxiety, depression, stress and somatic symptoms (Goldberg & Goodyear,
2005). Symptoms of psychological distress are common within the general population as well

as diagnosable mental health problems (Goldberg & Goodyear, 2005).

Psychological distress was measured using the 12-item General Health Questionnaire
(GHQ-12; Goldberg et al., 1997), which asked participants “questions regarding the way you
have been feeling recently”. The GHQ-12 comprises the following questions: “Have you
recently been able to concentrate on whatever you’re doing”, “Have you recently lost much
sleep over worry”, “Have you recently been feeling you were playing a useful part in things”,
“Have you recently felt capable of making decisions about things”, “Have you constantly felt
under strain”, “Have you recently felt you couldn’t overcome your difficulties”, “Have you
recently been able to enjoy your normal day-to-day activities”, “‘Have you recently been able
to face up to your problems”, “Have you recently been feeling unhappy or depressed”, “Have
you recently been losing confidence in yourself”, “Have you recently been thinking of

yourself as a worthless person”, “Have you been feeling reasonably happy, all things

considered” (see Appendix A).

For negatively phrased responses, the items on the scale were scored in the following
manner: 1 = Not at all, 2 = No more than usual, 3 = Rather more than usual, 4 = Much more
than usual. For positively phrased responses, the items on the scale were scored in the
following manner: 1 = More than usual, 2 = Same as usual, 3 = Less than usual, 4 = Much
less than usual. According to the scoring method of GHQ items, higher values represent
higher psychological distress. The caseness scoring was used to measure psychological
distress. In accordance with the GHQ-12, a cut off score of > 3 is used as a demarcation

indicating at least moderate psychological distress (Goldberg et al., 1997). The GHQ-12 has
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been robustly validated as a measure of psychological distress (Anjara et al., 2020; Lundin et

al., 2016; Werneke et al., 2000).

Sleep Quality and Duration

Participants were asked about their sleep habits as part of Understanding Society
through the ‘Self-Completion Adult Module’ questionnaire, which collated sleep related data
through self-report measures on sleep duration and sleep quality, this was asked of
participants every three years (see Appendix B). In terms of sleep duration respondents were
asked: “How many hours of actual sleep did you usually get a night during the last month”,
the responses produced continuous data based on hours of sleep. Sleep duration was divided
into four categories: 6 hours or less, 6-7 hours, 7-8 hours, 9 hours or more. In terms of sleep
quality respondents were asked: “During the last month, how would you rate your sleep
quality overall”. Respondents were invited to choose a category that most appropriately
described their quality of sleep, the categories were: “Very good”, “Fairly good”, “Fairly
bad”, “Very bad”. These questions are items from the Pittsburgh Sleep Quality Index (Buysse

et al., 1989).

Socioeconomic position

Household Income

Socioeconomic position was assessed by both equivalised monthly household income
and educational attainment, being two of the main indicators of socioeconomic position
(APA, 2007). Family income is a measure of current socioeconomic position, whilst an
individual’s educational attainment is invariably determined earlier in life and therefore may
attenuate the role of any possible effects of health shocks on socioeconomic position (Van

Kippersluis et al., 2010).
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All adult participants were asked about all sources of income including earnings from
principle jobs and second jobs, welfare benefits, state and private pensions and separate
sources of income (Fisher et al., 2019). Monthly household income was subsequently divided
into tertiles between low, middle and high (reference group), as has been done previously

(Davilias et al., 2017).

The requirements of a household are assumed to change as a household increases in
size. Accordingly, it is important to take into consideration the principle of economies of
scale in consumption in regards to a household, this refers to the combined consumption of
goods within a household. For example, the expenditure on energy bills will not increase five
times for a household with five members than for a single person (Angus & Deaton, 1998).
Through the use of equivalence scales each household type was allocated a value which
corresponds to its needs. Important factors that are taken into consideration are the size of the
household and the age of its members, for instance if the household member is an adult or a
child (Atkinson et al., 1995; Burniaux et al., 1998). The income variable was equivalised
using the modified OECD scale (Haagenars et al., 1994). This allocates a value of 1 to the
first household member and subsequently 0.5 to each additional adult household member and

finally 0.3 to each child living within the household.

Educational Attainment

Participants were asked about current and past educational attainment, this comprised
of measuring the highest educational attainment. Respondents indicated which of the
following applied to them: no qualifications, GCSE/basic qualifications, A-level, other higher

degree, degree (reference group).

Covariates
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The strength of associations were tested after fully adjusting for a number of possible
confounding effects of covariates. These covariates were considered in terms of variables that
have been included as relevant covariates in previous studies, together with variables that are

typically associated with increased inflammatory biomarkers.

Demographic characteristics were included as relevant covariates. Age was treated as
a continuous variable. Sex was reported as either male or female. Respondents were asked to
provide their ethnicity which was assessed by the question: “what is your ethnicity?”” Within
the current study, ethnicity was treated as categorical variable. Respondents were categorised
into five groups: White (reference group), Black/Black British, Asian/British Asian, Mixed
Background/Other. Labour status was self-reported and included unemployed, employed

(reference group), self-employed, student, retired and other.

Increased inflammation is linked with daily cigarette smoking, alcohol use and
exercise (Crews et al., 2006). Smoking status was categorised as ‘previous smoker’
(reference group), ‘current smoker’ and ‘never smoked’. Alcohol consumption was
categorised as ‘everyday’, ‘weekly’ (reference group), ‘monthly’, ‘less often’, ‘never drink’.
Participation in exercise has been shown to be associated with levels of inflammation
(Esteghamati et al., 2012) and was considered as a covariate, it was combined into a

categorical variable of either ‘yes’ (reference group) or ‘no’.

The use of anti-inflammatory medication will also comprise the covariates included in
the analysis, as these have been known to influence inflammatory levels in the body (Danese
etal., 2011). Furthermore, the use of Hormone Replacement Therapy (HRT), contraception
and statins have also been shown to influence inflammation levels. Those taking such
medications will be compared to those not taking them. Such covariates are included in past

research examining levels inflammation (Davillas et al., 2017; Trotta et al., 2021).
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Body Mass Index (BMI) has been known to be associated with increased levels of
inflammation through the production of pro-inflammatory cytokines by adipocytes (Brummet
et al., 2013). BMI is calculated from measurements of height and weight. Height was
measured using a stadiometer and body weight was measured by a scale (Tanita BF 522).
BMI was calculated as the weight (kilograms) over the square of height (meters).
Respondents were required to take off their socks, shoes and any bulky clothing that may
affect the final weight measurement (Institute for Social and Economic Research, 2022). BMI
(kg/m2) was measured and being overweight was defined as a BMI greater than or equal to

25, BMI was considered as a continuous variable.

Statistical Analysis

All statistical data analysis was completed using IBM SPSS Statistics version 29.00.

Characteristics of the Sample

Wave 1 sleep quality, sleep duration and psychological distress data was merged with
Wave 2 nurse assessment data. The basic demographic characteristics of respondents were
recorded together with the key variables of interest: psychological distress, sleep quality and
duration, measures of socioeconomic position (household income and educational attainment)
and levels of CRP (mg/L) and fibrinogen (g/L). During the nurse visit at their home, some
respondents did not volunteer to give a blood sample or were not eligible to do so. In the
preliminary stages of data analysis, this resulted in two groups of respondents who took part
in the broader nurse health visit during wave 2: those that gave blood and those that did not
give blood. Those respondents that did provide a blood sample constituted the analytical

sample. To examine for differences in the means (e.g. age, ethnicity) between the two groups
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preliminary analyses were conducted using an independent samples t-test for all data

identified as continuous and a Chi-square for all data identified as categorical.

CRP and fibrinogen data is not normally distributed and was log transformed to
improve normality of their distributions and allow for statistical analysis, as has been done in
previous studies (e.g. Trotta et al, 2021). CRP and fibrinogen was identified as continuous
data. The biomarker data was positively skewed as indicated from inspection of Normal Q-Q
Plots and histograms. A Kolmogorov-Smirnov test indicated that the CRP data did not
follow a normal distribution D(8537) = .332, p=0.001. A Kolmogorov-Smirnov test
indicated that the fibrinogen data did not follow a normal distribution D(8537) = .079, p=

0.00s.

The analysis of the association between socioeconomic position and CRP and
fibrinogen was conducted using multiple regression with the exclusion of the mediating
variables. Given the concept of socioeconomic position is derived from educational
attainment and household income, in order to conduct the linear regression, binary indicator
(dummy) independent variables were recoded to indicate the multiple categories of
educational attainment (e.g. degree, other degree, A-Level etc.) Statistical significance was

set at a cut off of p < 0.05. Covariates were fully adjusted for in each model.

Linear regression was used to explore levels of inflammation based on socioeconomic
position, whilst controlling for covariates. This included the two measures of socioeconomic
position (household income and educational attainment) being added to the model, together

with the selected covariates to be analysed.

Mediation Analysis
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Psychological distress and sleep (quality and duration) were tested as potential
mediating variables in the association between socioeconomic position and inflammation (see
Figures 2 and 3). Accordingly, mediation analysis was proposed to test this relationship
(Baron & Kenny, 1986). Psychological distress and both sleep duration and sleep quality
were suggested to function as mediating variables given that they met the three conditions
outlined by Baron and Kenny (1986). These conditions were, firstly, differences in
socioeconomic position (independent variable) were associated with differences in the
proposed mediators of psychological distress and sleep duration and quality (path A).
Secondly, differences in psychological distress and both sleep duration and quality were
associated with differences in the markers of inflammation (path B). Lastly, when pathways
A and B are controlled for then a previous significant relationship between socioeconomic
position and markers of inflammation (path C) should be significantly decreased. If the
pathway C is not zero it suggests that there potentially multiple mediators, it is well
documented that within psychological research a more feasible goal is to pursue mediators
that significantly attenuate the relationship between the independent and dependent variables

rather than remove it entirely (Baron & Kenny, 1986).

Mediation model

Socioeconomic position was identified as the independent variable and CRP and
Fibrinogen were identified as the dependent or outcome variables. To elucidate the mediation
relationship, a conceptual illustration of each model depicts the two pathways leading to the
outcome variable (figures 2 and 3). The first model (figure 2) suggests the potential
mediating pathway of sleep duration and sleep quality in the relationship between
socioeconomic position and inflammation. The second model (figure 3) suggests the potential
mediating pathway of psychological distress in the relationship between socioeconomic

position and inflammation. Therefore, it is proposed that there are two pathways leading to
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the biomarkers of inflammation. There is a direct pathway (path c) from socioeconomic
position into the biomarkers of inflammation, CRP and fibrinogen. In the mediator pathway
(path b), psychological distress and sleep (quality and duration) were set as two separate
mediators going leading to CRP and fibrinogen. Finally, there is a pathway (path a) from
socioeconomic position into the two separate mediators, psychological distress and sleep
(quality and quantity). To explore if the indirect effect is significant, a Sobel test was
completed using unstandardised coefficients and standard errors (Sobel, 1986). In the
instance where there was more than one dummy variable capturing a construct, the Sobel test

was applied to only one level of the dummy variable.

Figure 2
Mediation model exploring the potential mediating roles of sleep duration and sleep quality

on the relationship between socioeconomic position (separately measured by household
income and educational attainment) and inflammation (separately measured by CRP and

fibrinogen).

Sleep duration

Path a //,’ Sleep quality \\\ Path b

Socioeconomic position Inflammation

v

Path c
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Figure 3
Mediation model exploring the potential mediating roles of psychological distress on the

relationship between socioeconomic position (separately measured by household income and

educational attainment) and inflammation (separately measured by both CRP and

fibrinogen).
Path a : Path b
Psychological
distress
Socioeconomic position > Inflammation
Path ¢

Ethical Considerations

Following the initial interview, participants were sent a letter and leaflet by
post outlining details of the nurse health assessment (Mcfall et al., 2014). These resources
can be found at https://www.understandingsociety.ac.uk/documentation/mainstage/fieldwork-

documents.

Initial contact was made with participants by telephone and the health assessment was
explained as part of the overall survey. Within this contact, any non-clinical questions were

answered and the next steps were outlined in that the nurse would be making contact with the
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participant to schedule an appointment. During the visit, participants were given additional
information about specific measures and the blood sampling procedure. The participant was
given time to read the leaflet and consent form before signing it or giving oral consent to a
procedure. Participants were aware that their participation was voluntary and they were free
to give or withdraw their consent at any time to any procedure (Mcfall et al., 2014). The
written consent form can be found at

https://www.understandingsociety.ac.uk/documentation/mainstage/fieldwork-documents.

Following blood sampling, participants received a copy of their signed consent form
and were provided with information regarding how they could withdraw their consent to

blood sample storage if they wished to do so after completion of the nurse visit.

All participants eligible to take part in the nurse visit had to be aged 16 or above and
gave informed written consent for their blood to be taken and stored for future scientific
analysis. The UKHLS was granted ethical approval by the University of Essex Ethics
Committee and the nurse visit data collection by the National Research Ethics Service
(10/H0604/2). Details of Understanding Society can be found at

https://www.understandingsociety.ac.uk/

Approval from the National Research Ethics Service was obtained for the collection
of biosocial data by trained nurses in Waves 2 and 3 of the main survey. (Understanding
Society - UK Household Longitudinal Study: A Biosocial Component, Oxfordshire A REC,
Reference: 10/H0604/2). Further details on specific measures and specific project instructions
are available online

https://www.understandingsociety.ac.uk/documentation/mainstage/fieldwork-documents.

For the present research, all data remained confidential and no identifiable

characteristics of participants were included in the study or in future dissemination of


https://www.understandingsociety.ac.uk/documentation/mainstage/fieldwork-documents
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findings. The dataset was stored securely using an encrypted file on a password-protected

computer to ensure confidentiality was not breached.

Dissemination

A journal article is planned to be written based on the findings of the current study. It
is intended that the research findings will be published in a journal related to the area of
study. The favoured preference currently is in a journal such as Brain, Behaviour and
Immunity, given that it is orientated to the area under study and achieves a high impact factor
(12.84). To ensure that the clinical implications of the study are disseminated the findings
will be presented at the annual University of Essex Health and Social Care Research
Conference. This will be a proficient way of communicating the findings to researchers and
clinical psychologists. The findings will be considered to be presented to mental health

services in Essex.
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Chapter Three: Results

Chapter Summary

This chapter outlines the results of the current study. Descriptive statistics of
both the full sample and analytical sample are provided. Subsequently, the main findings of
the regression analyses are outlined regarding the proposed mediation models, as depicted in
Figures 2 and 3. The results in the subsequent pages are conveyed in the following manner.
Firstly, regression analyses examining the direct pathway (path c) from socioeconomic
position into CRP and fibrinogen were completed. Then, independent regression analyses
were competed examining the pathway (path b) from psychological distress and sleep
(quality and duration) into CRP and fibrinogen. Finally, regression analyses were completed
to examine the pathway (path a) from socioeconomic position into the two separate

mediators, psychological distress and sleep (quality and quantity).

Descriptive Statistics

To examine whether there were differences found in the demographic characteristics
of those without to those with inflammatory biomarker data, chi-square and t-tests were
completed.

Full Sample. The full sample was comprised of a total of 14, 905 respondents from
whom blood samples were collected as part of the biomarker survey. In this broader sample
the average age was 50 years old (range 16 — 101 years) and consisted of 6,470 men (43.4%)
and 8,435 women (56.6%). The average BMI was 28.02 (range 13-64). From this broader
sample, there were 9,006 respondents who had CRP (5,899 respondents did not have a CRP
value) and 9,181 respondents with fibrinogen (5724 respondents did not have a Fibrinogen

value). The full sample was subsequently restricted to 25 years + to focus on adults who have
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more likely completed their full-time education. This resulted in 13,767 respondents both

with and without inflammatory biomarker data.

Respondents without Inflammatory Biomarker Data. There were 4,965 respondents
who did not have either CRP or fibrinogen data. Of the respondents who did not give
inflammatory biomarker data, 2,151 were men and 2,814 were women (see Table 3). The
average age of this participant group was 52 years old (range 25 — 97 years). The average
BMI was 28.37. In terms of sex, there were no significant differences between the male and
female within either sample. There were differences between level of educational attainment
between those with and without inflammatory biomarkers. The without inflammatory
biomarker group differed from the analytical sample in terms of ethnicity, educational
attainment, employment status, alcohol use and participation in exercise (see Table 3 for

exact p values).

Analytical Sample. There were 8,802 respondents with either one or both
inflammatory biomarkers. The sample consisted of 3,848 men and 4,954 women. The mean
age was 53.29 years old (range 25 — 101 years). There were 8,697 (63.2%) respondents with
CRP data and 8,642 with fibrinogen data. The mean CRP value was 3.27 and the mean

fibrinogen value was 2.81. Sample characteristics are outlined in Table 3.



Table 3

7

Characteristics of both those without inflammatory biomarker data and those with

inflammatory biomarker data (analytical sample)

Baseline characteristic Without biomarker Biomarker sample Value of relevant p-value
sample (n=4,965) (n=8,802) comparative statistic
N (%) or Mean N (%) or Mean
Gender X2 (1)=.189 .664
Male 2,151 (43.3) 3848 (43.7%)
Female 2,814 (56.7) 4954 (56.3%)
Age 52.09 53.29 t(1)=203.088 .001
Ethnicity? X2 (3)=65.582 .001
White 4,478 (90.2) 8,266 (93.9)
Black/Black British 115 (2.3) 94 (1)
Asian/British Asian 212 (4.3) 224 (2.4)
Mixed Other 92 (1.9) 107(1.3)
Educational Attainment X2 (4)=21.438 .001
Degree 1,809 (35.3) 3,198 (36.3)
A-Level 802 (15.6) 1447 (16.4)
GCSE 942 (18.4) 1,671 (19)
Other 648 (12.6) 1070 (12.2)
No Qualifications 922 (18.0) 1,408 (16)
Income € (£)
High 1,627 (31.8) 3,013 (34.2)
Middle 1,654 (32.3) 2,976 (33.8)
Low 1,839 (35.9) 2,807 (31.9)
Employment X2 (5)=43.592 .001
Unemployed 250 (5.0) 335 (3.8)
Student 26 (0.5) 42 (0.5)
Employed 2,284 (46.0) 4,275 (48.5)
Self-employed 363 (7.3) 669 (7.6)
Retired 1,377 (27.7) 2,620 (29.8)
Other 631 (12.7) 857 (9.7)



Baseline characteristic Without biomarker Biomarker sample Value of relevant p-value
sample (n=4,965) (n=8,802) comparative statistic
N (%) or Mean N (%) or Mean
Inflammatory Biomarkers
CRP (mg/L) n/a 3.27
Fibrinogen (g/L) n/a 2.81
Quality of Sleep X2 (3)=.818 .845
Very good 1,056 (21.3) 1,921 (21.8)
Fairly 2,308 (46.5) 4,159 (47.3)
Fairly bad 826 (16.6) 1,471 (16.7)
Very bad 207 (4.2) 332(3.8) X2 (3=1.096 137
Duration of sleep (hours) 1,596 (32.1) 2,954 (33.6)
6 hours or less 1,335 (26.9) 2,534 (28.8)
6-7 hours 1,043 (21) 1,714 (19.5)
7-8 hours 247 (5) 391 (4.4)
9 hours +
Psychological Distress 1.85 1.61 t(13) =1.512 131
(GHQ-12) 28.34 28.20
BMI X2 (1)=11.956 .001
Medication
Contraception or 68 (1.4) 183 (2.1) X2 (1)=479 489
HRT 916 (18.4) 1,616 (18.4) X2 (1)=5.820 .016
Statins 308 (6.2) 622 (7.1)
Anti-inflammatories
Smoking status 1,995 (40.2) 3,380 (39.1) X2 (2)=.904 342
Never smokers 2,970 (59.8) 8,323 (60.5)
Former smokers 989 (32.3) 1,648 (31.3)
Current smokers
Alcohol 407 (8.2) 785 (8.9) X2 (4)=.904 .001
Everyday 2,022 (40.7) 4,040 (45.9)
Weekly 1,021 (20.6) 1,792 (20.4)
Monthly 408 (8.2) 693 (7.9)
Less often 117 (2.4) 132 (1.5)
Never drink X2 (1)=66.784 .001
Exercise 3,597 (72.4) 6,821 (77.5)
Yes 1,368 (27.6) 1,981 (22.5)
No

Note.»White= British/Scottish/Welsh Northern Irish, Gypsy or Irish Traveller, Any Other
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White Background; Black/Black British= Caribbean, African, Any Other black Background;
Asian/British Asian= Indian, Pakistani, Bangladeshi; Chinese, Any other Asian background;
Mixed/Other=White and Black Caribbean, White and Black African, White and Asian, Any
Other Mixed Background, Any Other Background Not Stated. CRP; C-reactive protein. Mg/l,

Milligrams per litre. GHQ-12; General Health Questionnaire -12. BMI; Body Mass Index.
HRT; Hormone Replacement Therapy.

Regression Analyses
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Socioeconomic Position and CRP. The following regression analyses consisted of
examining the direct pathway (path c), firstly, from educational attainment to CRP and,

secondly, from household income to CRP (see Table 4).

The regression model exploring educational attainment and CRP was significant
F(24, 8421) = 91.775, p < .001, explaining 20.7% (R? = .207) of the variance in levels of
CRP. Compared to the highest level of education, CRP was raised in those with the lowest
level of educational attainment following adjustment for all covariates (B = .093, SE=0.15,

p<.001).

The regression model exploring household income and CRP was significant, F(24,
8421) = 91.052, p <.001, explaining 20.6% (R? = .206) of the variance in CRP. In a similar
manner, compared to those in the highest income tertile, both middle (B=.042, SE=.013,
p<.001) and lowest (B=.061, SE=.012, p<.001) income tertiles were associated with higher
concentrations of CRP. The coefficient was larger for those with a lower household income

compared to a middle household income.

In terms of covariates for both educational attainment and household income models,
following full adjustment, several variables remained independently associated with CRP
(see table 4 for the specific levels of significance regarding the covariates specific to each
model). Men were associated with lower levels of CRP compared with women. Taking anti-
inflammatory medication and contraception or HRT was associated with elevated CRP
compared with those not taking these medications. In contrast, taking statins was associated
with lower concentrations CRP, compared with not being on this medication. There was an
association between those that have never smoked and lower levels of CRP, compared to
people who were former smokers. Compared with previous smokers, current smoking was

associated with higher levels of CRP and never smoking was associated with lower levels of
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CRP. Not participating in exercise was associated with higher CRP compared to those who

do exercise. BMI and age were also associated with higher levels of CRP.



Table 4
Regression analysis results for socioeconomic position and CRP

Educational Attainment Household Income

Coefficient Standard Coefficient Standard
Error Error
Primary Variables
Educational Attainment
(Ref=Degree)
A-Level .020 011
GCSE .023 014
No Qualifications .093*** 0.15
Household Income
(Ref=High income)
Middle household income 042%** 013
Low household income 061*** 012
Covariates
Gender (Ref=Female)
Male -.033*** .010 -.033* .010
Age .005*** .001 .005*** .001
Ethnicity (Ref=white)
Black/Black British -.008 .048 -.016 .048
Asian/British Asian 041 .033 .033 .033
Mixed background/Other .063 .045 . 054 .045
Medication
Contraception/HRT 197*x** .034 202%** 034
Anti-inflammatories
.005 .003 .005 .003

Statins

Smoking status

(Ref=previous smoker)
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Table 4 (Continued)
Educational Attainment Household Income

Coefficient Standard Error Coefficient Standard Error

Current smoker 130*** 0.14 132%** .014
Never smoked -.024* 0.11 -.024* .011

Alcohol consumption
(Ref=Weekly)

Everyday 016 .018 .015 .018
Monthly .023 .013 .020 .013
Less often .015 .019 .015 .019
Never drink alcohol .023 .042 .026 .042
BMI .033*** .001 .034*** .001
Exercise (Ref= Yes- exercise)
No exercise .067*** .013 .075 .013

*p<0.05 ** p<0.01 ***p<0.001

Socioeconomic Position and Fibrinogen. The following regression analyses consisted of
examining the direct pathway (path c), firstly, from educational attainment to fibrinogen and,

secondly, from household income to fibrinogen (see Table 5).

The regression model exploring educational attainment and fibrinogen was
significant, F(25, 8361) = 65.008, p <.001, explaining 16.3% (R? = .160) of the variance in
fibrinogen. Compared to the highest level of education, fibrinogen was raised in those with
the lowest level of educational attainment (B = .006, SE=.003, p=.036) following adjustment

of all covariates.
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The regression model exploring household income and fibrinogen was significant,
F(23, 8363)=70.870, p<.001), explaining 16.3% (R2=.163) of the variance in fibrinogen.
Compared to those in the highest income tertile, both middle and lowest income tertiles were

associated with higher concentrations of fibrinogen (B=.008, SE=.003, p=.003).

In terms of covariates for both educational attainment and household income models,
following full adjustment, several variables remained independently associated with
fibrinogen (see table 5 for the specific levels of significance regarding the covariates specific
to each model). Compared with women, men were associated with having lower levels of
fibrinogen. Compared to those who previously smoked, current smokers were associated with
higher levels of fibrinogen. Compared to drinking alcohol weekly, drinking alcohol everyday
was associated with lower fibrinogen, whereas drinking alcohol monthly was associated with
higher fibrinogen. Those with a higher BMI had higher levels of fibrinogen compared to
those with a lower BMI. Those who did not participate in exercise were associated with
higher levels of fibrinogen compared to those who do exercise. There were no associations
between ethnicity and fibrinogen in either model. In the household income model, taking
statins was associated with higher fibrinogen. There were no other associations regarding

medication and levels of fibrinogen in either of the models.



Table 5

Regression analysis results for socioeconomic position and fibrinogen

Educational Attainment

Household Income

Coefficient Standard Coefficient Standard
Error Error
Educational Attainment
(Ref=Degree)

A-Level .003 .001

GCSE .004 .003

No Qualifications .006* .003

Household Income
(Ref=High household

income)

Middle household income .005* .002
Low household income .008* .003
Gender (Ref=Female)

Male -.015*** .002 -.015*** .002
Age 002*** .000 .002*** .000
Ethnicity (Ref=white)
Black/Black British .004 .009 .003 .009
Asian/British Asian 012 .006 011 .006
Mixed background/Other 014 .008 .013 .008
Medication
Contraception/HRT -.010 .006 -.009 .006
Statins .004 .003 .004 .003
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Educational Attainment

Household Income
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Coefficient Standard Error Coefficient Standard Error
Anti-inflammatories .001 .004 .001 .004
Smoking status
(Ref=previous smoker)
Current smoker .035*** .003 .034*** .003
Never smoked -.004 .002 -.003 .002
Alcohol consumption
(Ref=Weekly)
Everyday -.012*** .003 -.012*** .003
Monthly .010*** .002 .010*** .002
Less often .006 .004 .005 .004
Never drink alcohol .003 .008 .003 .008
BMI .004*** .000 .004*** .000
Exercise (Ref= Yes-
exercise)
No exercise .009*** .002 .009*** .002

*p<0.05 ** p<0.01 ***p<0.001

Socioeconomic Position and Psychological Distress

Table 6 depicts the regression models for both socioeconomic position and

psychological distress.
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Socioeconomic Position and Psychological Distress. The regression model exploring
educational attainment and psychological distress was significant, F(24, 7817)=20.134,
p<.001), explaining 58% (R2=.058) of the variance in psychological distress. Educational
attainment was not associated with psychological distress, whilst an association was apparent
when household income was examined as a measure of socioeconomic position (B=.340,
SE=.095, p<.001). Thus, those in the lowest household income tertile had raised
psychological distress compared to those in the highest household income tertile. The model
was significant, F(23, 7818)=21.422, p<.001), explaining 59% (R2=.059) of the variance in

the outcome variable.

In terms of covariates for both models, following full adjustment, several variables
remained independently associated with psychological distress (see Table 6 for the specific
levels of significance regarding the covariates specific to each model). In both models, men
were associated with lower psychological distress compared with women. Within the
educational attainment model, there were significant associations with higher psychological
distress found in those taking contraceptive medication or HRT compared to not taking these
medications. Within the household income model, there were significant associations with
psychological distress and taking anti-inflammatory medication and statins, when compared
to those who were not taking these medications, respectively. Contrastingly, within the
education model, only being a current smoker was associated with higher levels of
psychological distress compared to those who previously smoked. In terms of alcohol
consumption within the educational attainment model, both those that drank alcohol monthly
and those that drank alcohol less often were associated with having higher psychological
distress compared to those that drank alcohol weekly. Whereas, in the household income
model, those that drank alcohol less often were associated with having higher psychological

distress when compared to those that drank alcohol weekly. Those who did not participate in



exercise were associated with higher levels of psychological distress compared with those
who do participate in exercise. A higher BMI was associated with higher levels of

psychological distress in both models.

Table 6
Regression analysis results for socioeconomic position and psychological distress

Educational Attainment Household Income
Coefficient Standard Coefficient Standard
Error Error
Educational Attainment
(Ref=Degree)

A-Level 111 .098

GCSE 112 .097

No Qualifications -.048 A11

Household Income
(Ref=High household

income)

Middle household income .148 .085
Low household income 340*** .095
Gender (Ref=Female)

Male - 325*** 074 -.309*** 074

Age -.011* .004 -.010* .004

Ethnicity (Ref=white)
Black/Black British -.124 392 -.136 392
Asian/British Asian 128 252 .078 252
Mixed background/Other 379 .320 .367 .320
Medication

Contraception/HRT 916*** 244 .946 244

Statins 041 .100 027%** 100




Table 6 (Continued)

Educational Attainment Household Income

Coefficient Standard Error Coefficient

Standard Error

Anti-inflammatories 506 o1 S0
Smoking status
(Ref=previous smoker)
Current smoker DH9I*** .100 DHTF**
Never smoked -.102 .078 -.093
Alcohol consumption
(Ref=Weekly)
Everyday 104 122 122
Monthly 173* 087 155
Less often .341* .130 .315*
Never drink alcohol -.137 295 -.175
BMI .026*** .006 025***
Exercise (Ref= Yes-
exercise)
No exercise .598*** .093 5H2***

139

100

.078

122

.087
130
295
.006

.092

*p<0.05 ** p<0.01 ***pp<0.001

Socioeconomic Position and Sleep Duration

Table 7 depicts the ordinal regression model results for both educational attainment and

household income for sleep duration.

Socioeconomic Position and Sleep Duration. In the ordinal regression model

exploring educational attainment and sleep duration (‘6 hours or less’, ‘6-7 hours’, ‘7-8
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hours’ and ‘9 hours or more”), there was a significant association between educational
attainment and sleep duration, however, these were in directions that were not hypothesized.
Having no qualifications was associated with an increased likelihood of falling within the ‘9
hours or more’ sleep category, compared to those with the highest level of qualifications
(B=.300, SE=.066, p<.001). Overall, the educational attainment model accounted for
approximately 0.7% of the variance in sleep duration, McFadden’s pseudo-R?=.007.
Contrastingly, there were no significant associations between sleep duration and household

income.

In terms of covariates for both models, following full adjustment a number of
variables remained independently associated with sleep duration (see Table 7 for the specific
levels of significance regarding the covariates specific to each model). Unless it is indicated,
these covariates were significant in both the educational attainment and the household income
model of sleep duration. Men had lower sleep duration compared with women. Being a
current smoker was associated with higher sleep duration compared with being a previous
smoker. A higher BMI was associated with a lower sleep duration. In terms of ethnicity,
people who identified as Black or Black British, Asian or British Asian and a Mixed
background were associated with an increased likelihood of falling within the ‘9 hours or

more’ sleep category, compared to those who were White.



Table 7
Regression analysis results for socioeconomic position sleep duration

Educational Attainment Household Income
Coefficient Standard Coefficient Standard
Error Error
Educational Attainment
(Ref=Degree)
A-Level 075 .058
GCSE 154* .056
No Qualifications .300*** .066
Household Income
(Ref=High household
income)

Middle household income -.002 .048
Low household income .044 .051
Gender (Ref=Female)

Male 117+ 041 .108* 041

Age -.001 .002 -.001 .001
Ethnicity (Ref=white)

Black/Black British .869*** 197 195*** 196

Asian/British Asian B43*** 132 594*** 132

Mixed background/Other .384* 178 344 178
Medication (Ref = Not

taking stated medication)
Contraception/HRT 204 .136 204 136

Statins .006 .056 .018 .056
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Household Income

Coefficient Standard Coefficient Standard
Error Error
Anti-inflammatories -.009 .078 .006 .078
Smoking status
(Ref=previous smoker)
Current smoker 276%** .056 310*** .056
Never smoked .067 .044 .057 .044
Alcohol consumption
(Ref=Weekly)
Everyday .056 071 .063 071
Monthly -.084 .050 -.071 .050
Less often .000 076 .030 .075
Never drink alcohol -.156 171 -.119 170
BMI -.021*** .004 -.020%** .004
Exercise (Ref= Yes-
exercise)
No exercise 120* .052 .198*** .098

*p<0.05 ** p<0.01 ***pp<0.001

Socioeconomic Position and Sleep Quality

Table 8 depicts the ordinal regression model results for both educational attainment

and household income for sleep duration.

Socioeconomic Position and Sleep Quality. An ordinal regression analysis was used

to examine the relationship between educational attainment and sleep quality (‘very bad’,
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“fairly bad’, ‘fairly good’ and ‘very good’). Similar to associations with sleep duration and
educational attainment, associations were apparent with measures of socioeconomic position
and sleep quality. However, these were also in directions that were not hypothesised. Overall,
the educational attainment model accounted for approximately 30% of the variance in sleep
quality, McFadden’s pseudo-R?=.030. Thus, having no qualifications was associated with an
increased likelihood of falling within the ‘very good sleep’ category (B=.211, SE=.074,
p=.004), compared to the highest level of qualifications. Similarly, being in the lowest
income tertile was associated with very good sleep (B=.197, SE=.060, p=.001), compared to
the highest income tertile. Overall, the household income model accounted for

approximately 30% of the variance in the outcome, McFadden’s pseudo-R?=.030.

In terms of covariates for both models, following full adjustment a number of
variables remained independently associated with sleep quality (see Table 8 for the specific
levels of significance regarding the covariates specific to each model). Unless it is indicated,
these covariates were significant in both the educational attainment and the household income
model of sleep quality. A higher BMI was associated with a higher likelihood of falling
within the lower category of sleep quality. Compared with women, men were more likely to
have increased likelihood of falling within the lower sleep category. In terms of ethnicity,
compared with White respondents, Black British respondents were associated with having
‘very good sleep’. Drinking alcohol less often was associated with falling within the very
good category of sleep quality, compared to drinking alcohol weekly. Not participating in
exercise was associated with an increased likelihood of falling within a higher sleep quality,

compared with those that do participate in exercise.
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Table 8
Regression analysis results for socioeconomic position sleep quality and covariates

Educational Attainment Household Income
Coefficient Standard Coefficient Standard
Error Error
Educational Attainment
(Ref=Degree)
A-Level 091 .065
GCSE .064 .063
No Qualifications 211* 074
Household Income
(Ref=High household
income)

Middle household income .046 .054
Low household income 197%*x* .060
Gender (Ref=Female)

Male -.250 047 - 249*** .047
Age 013 .002 -.
Ethnicity (Ref=white)
Black/Black British -.644** 241 - 704** 241
Asian/British Asian -.007 .160 -.036 .160

Mixed background/Other 311 202 .283 .202

Medication (Ref = Not
taking stated medication)
Contraception/HRT .320* 152 341* 152

Statins 133* .064 136* .063




Table 8 (Continued)
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Household Income

Coefficient Standard Coefficient Standard
Error Error
Anti-inflammatories 357*** .087 .362%** .087
Smoking status
(Ref=previous smoker)
Current smoker 348%** .063 .353*** .063
Never smoked -.061 .050 -.062 .050
Alcohol consumption
(Ref=Weekly)
Everyday .000 .079 .000 079
Monthly .010 .056 .005 .056
Less often .260 .084 259** .084
Never drink alcohol -.306 201 -.309 201
BMI -.022%** .004 -.023%** .004
Exercise (Ref= Yes-
exercise)
No exercise 239%** .058 252%** .058

*p<0.05 ** p<0.01 ***pp<0.001

Psychological Distress and Inflammation

Table 9 depicts the regression model for psychological distress on both CRP and fibrinogen..

Psychological Distress and Inflammation. A multiple linear regression was conducted to

examine the relationship between psychological distress and levels of CRP. The CRP model

was significant, F(22, 7730)=88.827, p<.001), explaining 20.2% (R?=.202) of the variance in
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the CRP. However, there was no significant association between psychological distress and

CRP.

A multiple linear regression was conducted to examine the relationship between
psychological distress and levels of fibrinogen. The model was significant, F(20,
7685)=74.628, p<.001), explaining 16.3% (R?=.163) of the variance in the outcome variable.

Similarly, there was no significant association with psychological distress and fibrinogen.

In terms of covariates for both models, following full adjustment a number of
variables remained independently associated with psychological distress (see Table 9 for the
specific levels of significance for each model). Unless it is indicated, these covariates were
significant in both CRP and the fibrinogen models of psychological distress. Men had lower
levels of CRP but not in the fibrinogen model (B=-.044, SE=.011, p<.001). Those that did not
exercise had higher levels of CRP compared to those that do participate in exercise.
Respondents of a Mixed ethnic background were associated with higher levels of fibrinogen
(B=.021, SE=.009, p=.019), as compared with those respondents that were White. In contrast,
there were no significant associations between ethnicity and CRP. In terms of medication,
taking anti-inflammatory medication (B=.115, SE=.020, p<.001) and taking contraceptive
medication and HRT was associated with higher levels of CRP (B=.184, SE=.036, p<.001),
when compared to those not on these medications, respectively. In contrast, only statins were
significantly associated with higher levels of fibrinogen compared to those not on this
medication. Compared to those who previously smoked, being a current smoker was
associated with higher levels of CRP and fibrinogen (B=.143, SE=.015, p<.001), whereas
never smoking was associated with lower levels of CRP (B=-.026, SE=.011, p<.022). Age
was associated with higher rates of CRP and fibrinogen (B=.005, SE=.001, p<.001). A higher
BMI was associated with higher levels of CRP and fibrinogen (B=.034, SE=.001, p<.001).

Compared to those who drink alcohol weekly, those that drink alcohol monthly (B= .012,



SE=.002, p<.001) and drank alcohol less often (B=.009, SE=.004, p=.015) was associated

with having higher levels of fibrinogen.

Table 9
Regression analysis results for psychological distress, CRP and fibrinogen

CRP Fibrinogen
o Standard . Standard
Coefficient Coefficient

Error Error
Psychological distress

(GHQ-12) .001 .002 .000 .000
Gender (Ref=Female)

Male -.039*** 011 -.017 .002

Age .005*** .001 .002*** .000
Ethnicity (Ref=white)

Black/Black British 007*** .058 -.001 011

Asian/British Asian .034 .037 .007 .007

Mixed background/Other .059 .048 .021* .009
Medication (Ref = Not

taking stated medication)
Contraception/HRT 182*** .036 -.010 .007

Statins -.079*** .015 .007* .003
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CRP Fibrinooen
Coefficient Standard Coefficient Standard
Error Error
Anti-inflammatories J111%** .020 .002 .004
Smoking status
(Ref=previous smoker)
Current smoker 140%*** .015 .036%** .003
Never smoked -.025* 012 -.003 .002
Alcohol consumption
(Ref=Weekly)
Everyday 012 .018 .005 .007
Monthly 023 013 012%x 002
Less often .020 .019 .009* .004
Never drink alcohol .033 .043 .008 .008
BMI .034*** .001 .004*** .000
Exercise (Ref= Yes-
exercise)
No exercise .083*** .013 010*** .003

*p<0.05 ** p<0.01 ***p<0.001

Sleep Quality and Sleep Duration and Inflammation

Table 10 depicts the regression model for sleep duration, sleep quality and CRP and

table 11 depicts the regression model for sleep duration, sleep quality and fibrinogen.

Sleep Quality and Inflammation. The regression model exploring sleep quality and levels of

CRP was significant, F(23, 8422)=94.099, p<.001), explaining 20.4% (R?=.204) of the
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variance in levels of CRP. An association between CRP and sleep quality was apparent such
that poor sleep quality was associated with raised levels of CRP compared to high quality
sleep. Both ‘fairly bad’ (B=.038, SE=.015, p<.005) and ‘very bad’ sleep (B=.054, SE=.027,

p<.005) were associated with raised levels of CRP compared to high quality sleep.

The regression model exploring sleep quality and levels of fibrinogen was significant,
F(23, 8364)=72.848, p<.001), explaining 16.1% (R?=.161) of the variance in fibrinogen.
However, in contrast to CRP, sleep quality did not significantly contribute to the model and

there was no association with sleep quality and fibrinogen.

In terms of covariates for both models, following full adjustment a number of
variables remained independently associated with CRP and fibrinogen (see Table’s 10 and 11
for the specific levels of significance for each model). Unless it is indicated, these covariates
were significant in both sleep duration and sleep quality models of CRP and the fibrinogen.
Compared with women, men had lower levels of CRP and fibrinogen. There were no
significant associations between ethnicity and each inflammatory marker. In terms of
medication, those taking statins had lower rates of CRP compared with those not taking
statins, contrastingly, those taking contraceptive medication and HRT and anti-inflammatory
medication had higher concentrations of both inflammatory markers, compared to those not
taking these respective medications. Compared to those who previously smoked, higher
concentrations of both CRP and fibrinogen were associated with being a current smoker,
whereas never smoking was associated with lower levels of both inflammatory markers.
There were no significant associations between levels of alcohol consumption and
concentrations of CRP and fibrinogen within either model. Not participating in exercise was
associated with higher levels of CRP and fibrinogen, compared to those that do participate in

exercise. Age and BMI were associated with higher rates of CRP and fibrinogen.
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Sleep Duration and Inflammation. A multiple linear regression was conducted to examine
the relationship between sleep duration and levels of CRP. The model was significant, F(22,
8423)=97.281, p<.001), explaining 20.3% (R2=.203) of the variance in the outcome variable.
In a similar manner to sleep quality, a longer sleep duration was associated with a higher
level of CRP and this association was specific as associations were not apparent for
fibrinogen. The regression model exploring sleep duration and levels of fibrinogen was
significant, F(22, 8364)=72.695, p<.001), explaining 16.1% (R2=.161) of the variance in the

fibrinogen.

In terms of covariates for both models, following full adjustment a number of
variables remained independently associated with CRP and fibrinogen (see tables 10 and 11
for the specific levels of significance for each model). Unless it is indicated, these covariates
were significant in both sleep duration models of CRP and fibrinogen. Compared with
women, men had lower levels of CRP and fibrinogen (B=-.044, SE=.015, p<.001). Both age
and BMI were associated with higher rates of CRP and fibrinogen. There were no significant
associations between ethnicity and CRP and fibrinogen. In terms of medication, those taking
statins had lower rates of CRP compared with those not taking statins, contrastingly, those
taking contraceptive medication and HRT (B=.209, SE=.036, p<.001) and anti-inflammatory
medication (B=.105, SE=.021, p<.001), had higher rates CRP, compared to those not taking
these respective medications. There were no associations with medication with fibrinogen in
the sleep duration model. Compared to those who previously smoked, higher levels of CRP
and fibrinogen were associated with being a current smoker. There were no significant
associations between alcohol consumption and levels of CRP in the sleep duration model.
Not participating in exercise was associated with higher levels of CRP and fibrinogen

compared to those that do participate in exercise.
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Table 10
Regression analysis results for sleep duration, sleep quality and CRP

Sleep Duration Sleep Quality
o Standard o Standard
Coefficient Coefficient
Error Error
Sleep Duration (Ref=6-7
hours)
6 hours or less .008 011
7-8 hours 025 .013
9 hours or more 067*** .024
Sleep Quality (Ref=Very
good)
Fairly good .007 011
Fairly bad .038** .015
Very bad .054* 027
Gender (Ref=Female)
Male -.039*** .010 -.042%** .010
Age .005*** .001 .005*** .000
Ethnicity (Ref=white)
Black/Black British -.014 .049 -.003 .049
Asian/British Asian .049 .033 .048 .033
Mixed background/Other .055 .045 .056 .045
Medication (Ref = Not
taking stated medication)
Contraception/HRT 199*** .034 191*** 034

Statins -.087*** 014 -.083*** 014
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Sleep Duration Sleep Quality
Coefficient Standard Coefficient Standard
Error Error
Anti-inflammatories 115*** .020 113%** .020
Smoking status
(Ref=previous smoker)
Current smoker 143%** 014 142%** .014
Never smoked -.027* 011 -.026* 011
Alcohol consumption
(Ref=Weekly)
Everyday .009 017 .010 .018
Monthly 021 012 .023 .013
Less often .020 .019 .020 .019
Never drink alcohol .035 .042 .040 .042
BMI 034>** .001 034*** .001
Exercise (Ref= Yes-
exercise)
No exercise 087*** .013 .089*** .013

*p<0.05 ** p<0.01 ***p<0.001
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Table 11
Regression analysis results for sleep duration, sleep quality and fibrinogen

Sleep Duration Sleep quality
Coefficient Standard Coefficient Standard
Error Error
Sleep Duration (Ref=6-7
hours)
6 hours or less .002 .002
7-8 hours .005 .003
9 hours or more -.001 .005
Sleep Quality (Ref=Very
good)
Fairly good .001 .002
Fairly bad .003 .003
Very bad .004 .005
Gender (Ref=Female)
Male -.016*** .002 -.016*** .002
Age .002*** .000 .002*** .000
Ethnicity (Ref=white)
Black/Black British .004 .009 .004 .009
Asian/British Asian 012 .006 .012* .006
Mixed background/Other 014 .009 014 .008
Medication (Ref = Not
taking stated medication)
Contraception/HRT -.010 .006 -.010 .006

Statins .005 .003 .004 .003
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Sleep Duration Sleep Quality
Coefficient Standard Coefficient Standard
Error Error
Anti-inflammatories .001 .002 .001 .004
Smoking status
(Ref=previous smoker)
Current smoker .036*** .003 .036*** .003
Never smoked -.004 .002 -.004 .002
Alcohol consumption
(Ref=Weekly)
Everyday -.012%** .007 -.012%** .003
Monthly 010*** .002 .010*** .002
Less often .006 .004 .006 .004
Never drink alcohol .004 .008 .004 .008
BMI .004*** .000 .004*** .000
Exercise (Ref= Yes-
exercise)
No exercise 011%** .002 011*** .002

*p<0.05 ** p<0.01 ***pp<0.001

Mediation Analyses: Socioeconomic position, Sleep Quality and CRP

Based on the results of these regression analyses, two models were tested (see table

12) and one model involving sleep duration was estimated given it met the preconditions that

were needed to proceed with mediation analysis. Therefore, it is estimated that in this model

sleep duration may have been a possible mediator in the relationship between educational

attainment and CRP. Although as discussed there were important associations found
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regarding psychological distress, psychological distress did not meet the prerequisite

requirements for mediation.

The regression model (model 1) exploring household income, sleep quality and CRP
was significant, F(21, 8424)=102.901, p<.001), explaining 20.4% (R?=.204) of the variance
in CRP. Those with ‘fairly bad’ sleep were associated with raised levels of CRP compared to
high quality sleep (B=.036, SE=.015, p=.027). Those in the lowest household income tertile
(B=.074, SE=.013, p<.001) had raised CRP compared to those in the highest household

income tertile

The regression model (model 2) exploring educational attainment, sleep quality and
CRP was significant, F(22, 8423)=98.255, p<.001), explaining 20.4% (R?=.204) of the
variance in CRP. Those with ‘fairly bad’ sleep were associated with raised levels of CRP
compared to high quality sleep (B=.036, SE=.015, p<.005). Those with no qualifications
(B=.091, SE=.015, p<.001) had raised CRP compared to those in the highest educational

attainment. Covariates were adjusted for in both model 1 and 2 and are depicted in table 12.

Model 1 examined sleep quality as a mediator between the lowest household income
tertile and CRP. In this model, sleep quality was significantly associated with CRP, though
the association with lowest household income remained significant and the Sobel test
indicated that the indirect effect of sleep quality was significant (Sobel= 2.8441253, SE=
0.00512565, p=0.00445335). (Aroian=2.81175509, SE= 0.00518466, p=0.0049272). This
suggests that sleep quality is a significant mediator in the association between household

income and CRP.

Model 2 examined sleep quality as a mediator between educational attainment and
CRP. In this model, sleep quality was significantly associated with CRP, though the

association with educational attainment remained significant and the Sobel test indicated that
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the indirect effect of sleep quality was significant (Sobel= 2.5805376, SE= 0.0074407, p=
0.00986466). (Aroian=2.55229381, SE= 0.00752304, p= 0.01070162). This suggests that
sleep quality is a significant mediator in the association between educational attainment and

CRP.

Table 12.
Sleep quality as a mediator between income and education and CRP

Model 1 Model 2
Predictor: Income Predictor: Education
Mediator: Sleep quality Mediator: Sleep quality
B SE B SE
Primary variables Primary variables
Household Income Education
Middle household income .046 .027 A-Level .019 014
Lowest household income 074%** .013 GCSE .013 .013
No qualifications 091*** 015
Sleep Quality Sleep Quality
Fairly good .007 011 Fairly good .006 011
Fairly bad .036* .015 Fairly bad 037** 015
Very bad .046 .027 Very bad .051 027
Covariates Covariates
Gender Gender
Male -.039*** .010 Male -.040*** 010
Age .005*** .000 Age .005*** 000
Ethnicity Ethnicity
Black/Black British -.005 .048 Black/Black British .004 .048
Asian/British Asian .037 .033 Asian/British Asian .047 .033

Mixed Background/Other .051 .045 Mixed Background/Other .061 .045
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Model 2

Predictor: Income

Mediator: Sleep quality

Predictor: Education

Mediator: Sleep quality

Covariates
Medication

Contraception/HRT

Statins
Anti-inflammatories
Smoking status
Current smoker
Never smoked
Alcohol consumption
Everyday
Monthly
Less often
Never drink alcohol
BMI
Exercise

No exercise

1997 x>

_.088***

1127

-.005

.037

.014

.019

.013

.031

033***

078***

.034

.014

.020

.048

.033

.018

.013

.019

.042

.001

.013

Covariates
Medication

Contraception/HRT

Statins
Anti-inflammatories
Smoking status
Current smoker
Never smoked
Alcohol consumption
Everyday
Monthly
Less often
Never drink alcohol
BMI
Exercise

No exercise

192***

_.088***

117+

134>

-.024*

.014

.023

.015

.033

033***

074%%%

.034

.000

.020

.014

011

.018

.013

.019

.042

.001

.013
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Chapter Four: Discussion

Chapter Summary

This chapter provides an overview of the findings of the current study. Relevant
theory and literature was utilised to discuss the findings. This chapter also outlines the
strengths and limitations of the current study. Potential clinical implications and impact on
policy is outlined. Finally, conclusions are drawn from the current study and the author gives

a reflexive account.

Summary of Findings

The main objective of the current study was to examine the potential mediating role of
psychological distress and sleep duration and sleep quality in the association between
socioeconomic position and inflammation, using the inflammatory biomarkers, CRP and
fibrinogen. Although other studies have found that socioeconomic position is linked with
levels of inflammation, less is known about the potential underlying mechanisms of this
association. The current study addresses this gap in the literature by examining sleep
(duration and quality) and psychological distress as possible mediators in the association
between socioeconomic position and inflammation. Using data from Understanding Society:
the UK Household Longitudinal Study, this research aimed to determine whether
socioeconomic position, as measured by educational attainment and household income, was
associated with increased rates of inflammation, as measured by the biomarkers, CRP and
fibrinogen. Secondly, the current study aimed to determine whether (a) psychological distress
mediates the link between socioeconomic position and CRP and fibrinogen, and (b) whether
sleep quality and sleep quantity mediate the link between socioeconomic position and CRP

and fibrinogen. A range of relevant covariates were adjusted for within each analysis.
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Overall, the findings of the study supported the first hypothesis. Compared to the
highest level of education, both CRP and fibrinogen was raised in those with the lowest
educational attainment following adjustment for all covariates. Similarly, compared to those
in the highest income tertile, both middle and lowest income tertiles were associated with

higher concentrations of both CRP and fibrinogen.

Educational attainment was not associated with psychological distress, however,
when household income was used as a measure of socioeconomic position, those with the
lowest household income had raised psychological distress compared to those in the highest
household income. However, there was no association of either CRP and fibrinogen and

psychological distress following adjustment for all covariates.

In terms of sleep, there were no associations between sleep duration and household
income. There was a significant association between educational attainment and sleep
duration, however, these were in the opposite directions than were hypothesised. Having no
qualifications was associated with an increased likelihood of falling within the ‘9 hours or
more’ sleep category, compared to the highest level of qualifications. However, a longer
sleep duration was associated with a higher level of CRP, although these associations were

not evident for fibrinogen.

Similar to associations with sleep duration and educational attainment, associations
were apparent with measures of socioeconomic position and sleep quality. However, these
were in directions that were not hypothesised. Thus, having no qualifications was associated
with an increased likelihood of falling within the ‘very good sleep’ category, compared to the
highest level of qualifications. Similarly, being in the lowest income tertile was associated

with ‘very good sleep’, compared to the highest income tertile.
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Psychological distress did not meet the prerequisite criteria to be a possible mediator,
given it was not associated with either CRP or fibrinogen. However, the results do
demonstrate that sleep quality may mediate the relationship between raised concentrations of
CRP and socioeconomic position, when measured either by educational attainment or by

household income and following adjustment for all covariates.

Discussion of findings

Socioeconomic Position and Inflammation

Research has shown that socioeconomic position is associated with the
biomarkers of inflammation, including CRP (Alley et al., 2006; Davillias et al., 2017; Farmer
et al., 2021) and fibrinogen (Kim et al., 2016; Steptoe et al., 2003). In recent years,
inflammation has been maintained to be an important aspect in the relationship between those
who are disadvantaged in terms of education and income and health outcomes (Miller et al.,

2011).

Based on the systematic review of the literature completed as part of this thesis, it is
generally demonstrated that a more disadvantaged socioeconomic position, whether it is
measured by income, educational attainment or occupation, is associated with higher levels of
inflammation. This may explain why socioeconomic position is associated with poor health
outcomes, thus compared to individuals of a more advantaged socioeconomic position. For
instance, individuals of a lower socioeconomic position are more likely to experience
increased rates of serious physical health conditions such as cardiovascular disease (Schultz
et al., 2018) and diabetes (Tsalamandris et al., 2019). These health disparities are also shown

for psychological wellbeing. Research has shown that there is a higher risk of depression
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amongst people of a lower socioeconomic position (Lob et al., 2020). In fact, previous
research has indicated that there is an inverse relationship between socioeconomic position
and mental health, for example, higher education considerably decreased the risk of

experiencing depression (Freeman et al., 2016).

The current findings revealed that both CRP and fibrinogen were elevated in those
with the lowest level of educational attainment compared to those with the highest level of
education. The association with educational attainment with CRP and fibrinogen was
independent of demographic factors such as age, sex and ethnicity and health related
behaviours such as alcohol consumption, smoking status, exercise, BMI and medication use
(anti-inflammatory medication, statins, HRT and contraception). The coefficients pertaining
to educational and income were larger compared to the fibrinogen coefficients. This may
suggest that the impact of level of educational attainment and household income on CRP is
more substantial than compared to fibrinogen. These findings suggest educational attainment
is a considerable factor that underlies the dipartites in raised concentrations of CRP. Previous
research has demonstrated similar findings showing that education attainment exerts a power
over CRP levels than compared to income (Dinwiddie et al., 2015). One way of
understanding these findings is that an individual’s educational attainment allows for the
opportunity to engage with educational facilitates. This can promote the likelihood of
securing an occupation that occasions the opportunities to increase income and thus allowing
access to nutritious food, leisure activities and health care, all of which may alleviate stress

and reduce behaviours that are adverse to health (Dinwiddie et al., 2010).

A similar relationship was shown when socioeconomic position was measured by
household income. Compared to those in the highest income tertile, both middle and lowest
income tertiles were associated with higher concentrations of both CRP and fibrinogen. The

coefficient was larger for those with a lower household income compared to a middle
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household income. The association with educational attainment with CRP was independent of
demographic factors, alcohol consumption, smoking status, exercise, BMI and medication
use. Therefore, the current study aligns with the extant literature (e.g. Davillias et al., 2017;
Kim et al., 2016) and provides evidence showing that a lower socioeconomic position is
associated with increased inflammation, as measured by CRP and fibrinogen. It is important
to consider that whilst there is evidence of an association between socioeconomic position
and inflammation, it cannot be determined which direction the association is travelling. It is
feasible that both may influence each other over time (Pedron et al., 2019; Varekamp et al.,

2013).

Socioeconomic Position and Psychological Distress

The current results showed that educational attainment was not significantly
associated with psychological distress. This is in contrast to a growing body of literature
illustrating that the more years of education a person has or a higher level of educational
attainment is linked with overall better psychological wellbeing compared to individual’s
with lower educational attainment (Avendano et al., 2020; Mirowsky & Ross, 2003). This
may be due to the virtue of possessing an education increases the chances of psychological
wellbeing through better skills and resources (Ross & Zhang, 2008). Although, in
accordance with the current findings, there are exceptions to this where no evidence has been
found that educational attainment is related to better mental health (Dahmann & Schnitzlein,
2019). One explanation of this is that educational attainment is different in the UK now than
it used to be. There has been increases in overall educational attainment because of policy
changes. Currently policy is being developed referred to as The Advanced British Standard

which states that some form of numeracy and literacy will be studied until the age of 18. It is
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possible these changes have broken the link between educational attainment and

psychological distress.

In the current study, when household income was used as a measure of socioeconomic
position, those with the lowest income had higher rates of psychological distress compared to
those with the highest household income. As discussed previously, psychological distress is a
broad term that conceptualises stress, anxiety and depression and is an important
characterisation of any mental health problem (Goldberg & Goodyear, 2005). There is a large
evidence base showing that together with psychological distress, lower income is related to
depression (Chen et al., 2017), anxiety (Green & Benzeval, 2013), suicide (Madigan &Daly,
2023) and psychosis (Sweeney et al., 2015). It is important to consider that whilst there is
evidence of an association between household income and psychological distress, it cannot be
determined which direction the association is travelling. Both household income and
psychological distress may influence each other over time. Lower income may contribute to
increased psychological distress due to the anxiety in relation to financial precarity (Sun &
Houle, 2020; Ryu & Fan, 2023). Indeed, there is a perceived association between low
household income and higher psychological distress (McMillan et al., 2010), for a review see
Thomson et al. (2022). It is also important to note that the relationship between household
income and psychological distress can be bidirectional. For example, high psychological
distress may result in a lower income through being unable to maintain employment and

being unable to address financial burdens (Fenn et al., 2014).

Broadly, there are two main approaches to delineating the pathways between income
and psychological distress and mental health. These are social causation and social selection
(also referred to as social drift). The social causation hypothesis posits that the financial
stress, poor living conditions and hardship linked with low income results in an exacerbation

of psychological stress and development of depression, anxiety and other mental health


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8806009/#CR36
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problems (Kessler et al., 1997; Wickham et al., 2017). Contrastingly, the social selection
hypothesis maintains that individuals experiencing high levels of psychological distress and
mental health problems are more likely to be faced with a loss of employment with related
loss of income, lower income employment and hospital admissions related to mental health
(Dohrenwend et al., 1992). Recent research has provided evidence that both these

mechanisms may act simultaneously (Jin et al., 2020).

There is a preponderance of studies consistently demonstrating the vital role of
material factors in elucidating the socioeconomic position gradient in mental health (for a
meta-analysis see, Thompson et al., 2022). Household income has been most robustly
associated with the capability to purchase goods and services that foster health (Subramanian
et al., 2002). Poverty and low income can result in stressors related to financial precarity and
uncertainty regarding having enough money to purchase essential goods such as food, heating
and issues around securing adequate housing. Furthermore, low-income communities are
more likely to experience difficulties with poor schooling systems, higher rates of crime and
violence and poor infrastructure, all of these factors have a negative impact on psychological

wellbeing (Shule & Bolte, 2015).

Together with the health implications of being unable to buy health enhancing goods,
being in a financial position of low income, where it is not possible to achieve material needs
might also result in high psychological distress through a process of social comparison
(Marmot & Wilkinson, 2001). Social comparison theory refers to individual’s evaluating
their own worth in regards to how they compare to others in their social environment
(Festinger, 1954). Indeed, material goods offer more than satisfying essential requirements,
such as purchasing food and heating, being capable of purchasing and being a consumer of
goods and services affords the opportunity to express a social identity (Marmot & Wilkinson,

2001). Indeed, Marx (1942) and Weber (1922) espoused this perspective in their
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conceptualisation of socioeconomic position and its relation to power and prestige. An
individual’s self-image is fortified through the acquisition of possession of material goods
(Marx, 1942; Weber, 1922). Income is a representation of social status and success, similar to
how being in a financially disadvantaged position might be stigmatising (Foster, 2021).
Although this theoretical lens focuses on Western ideas of materialism, it has been indicated
that materialism occurs in various other countries around the world (Belk, 1988), although it

is the given expression of materialism that tends to be culturally specific (Ger & Belk, 1996).

Socioeconomic Position and Sleep Duration

There were no significant associations between sleep duration and household
income. This is represents an anomaly and is not consistent with the literature which usually
demonstrates an association between an adequate sleep duration (7-9 hours) and higher
income (e.g. Mukherjee et al., 2015). Evidence suggests that an optimum sleep pattern is
between seven and 9 hours, less than 7 hours is considered inadequate sleep and a sleep
duration that exceeds 9 hours is deemed to be a too long sleep (Ren et al., 2019). When
educational attainment was used as a measure of socioeconomic position, however, the
current results did reveal a significant association but in the reverse direction as to what was
initially hypothesised. Thus, having no qualifications was associated with an increased
likelihood of having a longer sleep duration (9 hours or more), compared to those with a
higher level of education. These findings align with a recent study conducted by Berry-Caban
et al. (2023) which showed that those with a sleep duration of 9 hours or more had lower
educational attainment, reported substantial life discontent and experienced poorer overall
health. Furthermore, these findings are consistent with previous studies that have shown that

individuals with less education report longer sleep durations (e.g. Basner et al., 2014).
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These disparities in education and sleep duration might be understood as being related
to type of employment. For instance, people with less education have a greater likelihood of
working non-standard hours such as shift work, which has been shown to effect sleep
adversely and leads to a longer sleep duration (Kecklund & Axelsson., 2016). As discussed
previously, within the current study it was found that both education and income were
associated with psychological distress. This is finding is important in that an increased risk of
psychological distress has been shown to be more prominent in those sleeping for both
shorter and for longer periods of time (Vestergaard et al., 2024). It is important to consider

that there is a bidirectional relationship between socioeconomic position and sleep duration.

Socioeconomic Position and Sleep Quality

The current findings revealed that having no qualifications was associated with an
increased likelihood of having better quality sleep (i.e. ‘very good sleep’ category), compared
to those with the highest level of qualifications. Correspondingly, being in the lowest income
tertile was associated with very good sleep, compared to those in the highest income tertile.
These findings are in contrast with the extant literature (e.g., Patel et al., 2010) which
invariably shows that lower income and higher educational attainment is associated with

better sleep quality.

Sleep and Inflammation

Sleep Duration. Consistent with the previous findings, the current results indicate
that a long sleep duration of 9 hours or more is associated with higher concentrations of CRP,
although this was not apparent for fibrinogen. Therefore, this indicates a specificity in the
link between CRP as a biomarker of inflammation and a long sleep duration. In contrast, the
impact of a short sleep duration was not found to be statistically significant after full

adjustment of covariates. The biological pathways that underpin the association between long
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sleep duration (9 hours or more) and CRP are still not fully explained. This perhaps reflects
the inconsistent results in the evidence base on the link between sleep duration and levels of
inflammation. For instance, the Longitudinal Whitehall 11 study showed that a shorter sleep
duration was associated with raised concentrations of CRP (Ferrie et al., 2013). Previous
studies have shown that a long sleep duration (9 hours or more) is associated with high levels
of CRP (Garbarino et al., 2021). A meta-analysis conducted by Irwin et al., (2016) found that
evidence from 72 studies that sleep disturbance and longer sleep duration were related to
elevated CRP and IL-6. Furthermore, epidemiologic research has provided evidence that both
a short and long duration of sleep are related to raised levels of CRP (Patel et al., 2009). The
mechanisms linking long sleep duration to increased CRP are not conclusive. However, it has
been postulated that a greater sleep duration could be caused by an undiagnosed medical
condition, such as risk of stroke, or a comorbid condition that is related to fatigue or tiredness
(Wen et al., 2016). In terms of psychological explanations, depression is characterised
lethargy and sleeping for longer amounts of time, such as excessive sleep is referred to as
hypersomnia (Lopez et al., 2017). Sleeping for longer durations may be related to an effort to
avoid psychological distress and cope with depressed mood (Lopez et al., 2017). Indeed,
those that report a long sleep duration report more symptoms in accordance with depression
(Lee at al., 2020). Furthermore, depression has been associated with inflammation
(Valkanova et al., 2013). It is important to consider that there is a bidirectional relationship

between sleep duration and inflammation.

Psychological Distress and Inflammation

Psychological distress was not associated with either CRP or fibrinogen. This
perhaps reflects the extant literature which conveys inconsistent findings on the relationship

between psychological distress and inflammatory biomarkers, with some studies reporting an
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association (Baek et al., 2019; Purnichi et al., 2017) and others not (Linkas et al., 2022).
Furthermore, there may be other factors that influence this relationship such as adverse life
experiences, there is large body of studies showing that the experience of trauma with
psychological distress is associated with increased levels of inflammatory biomarkers,
including CRP and IL-6 (Lawn et al., 2022). A prospective study by Purnichi et al., (2017)
found that fibrinogen levels were associated with psychological distress and depression,
participants who scored highly in terms of psychological distress had raised levels of
fibrinogen, compared to those who scored lower for psychological distress, although the
authors do caution that the effect size was quite small. One explanation for not finding an
association between psychological distress and inflammation within the current study is that
some of the studies reporting the link between psychological distress and inflammation have
been completed with exclusively clinical populations (e.g. Yuan et al., 2019), in contrast to
the current study which comprised of a large sample of the general population. A further
explanation to take into consideration is that of chronicity, as suggested by Dantzer et al.
(2008) who maintained that a potential factor in the link between inflammation and mental
health is the long duration of elevated rates of inflammation over a period of time which
might then have more impact on the brain. Another factor to take into consideration is that it
has been reported that elevated levels of inflammatory biomarkers have been associated with
the somatic symptoms of depression (DellaGioa & Hannestad, 2010). However, the GHQ-12
does not comprehensively measure somatic symptoms associated with psychological distress
and depression such as changes in appetite, lack of energy and loss of libido (Tylee &
Gandhi, 2005). It is important to consider that there is a bidirectional relationship between

psychological distress and inflammation (Beurel et al., 2020).

Mediation of sleep quality
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In contrast to psychological distress, the results do demonstrate that sleep quality may
mediate the relationship between raised concentrations of CRP and socioeconomic position,
when measured either by educational attainment or by household income and following
adjustment for all covariates. People with lower educational attainment and in the lowest
household income tertile were more likely to rate the quality of their sleep as ‘very good’.
Therefore, the indication that ‘good quality’ mediates the link between CRP and lower
educational attainment and household income is an unpredicted finding. As discussed
previously, a longer sleep (9 hours or more) is associated with poorer health outcomes and
increased inflammation. There are some possible reasons for this unexpected finding of how
it appears that ‘very good’ sleep mediates the link between socioeconomic position and
inflammation. It is important to consider that the evidence of mediation could constitute a
type | error, given that only one of the 12 possible models that could have been tested had

ultimately met all of the preconditions and shown evidence of mediation.

A type | error is characterised by erroneously stating that the study found significant
differences and the null hypothesis is rejected, or in other words it refers to a false positive. If
indeed, this was a type I error it would mean that ‘very good’ sleep quality was not a
mediator between the relationship between CRP and socioeconomic position. A reason for
this result is that the variable ‘very good’ sleep was acting as a proxy variable for something
else that might be the true mediating variable. This may have occurred given that the

construct of sleep quality was examined using a single item question.

Future research should examine how the single item sleep disturbance question varies
by the other sleep disturbance questions or the sleep duration categories. This may highlight
if those people subjectively rating their sleep as ‘very good’ may have other sleep behaviours
that would be expected to mediate the relationship between CRP levels and socioeconomic

position. This could be completed by running the cross tabulation function in SPSS to
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quantitatively examine the relationship and possible correlations between ‘sleep quality’ and
the other variables in the data set, such as ‘sleep duration’ and other items measuring sleep
quality such as ‘waking during the night’, use of sleeping pills, taking a long time to get to
sleep. A possible explanation for this unexpected finding is that despite subjectively reporting
‘very good’ quality of sleep, respondents may have additionally experienced sleep
disturbances such as broken sleep, waking up tired, and a taking a long time to get to sleep,
all of which have been associated with increased inflammatory biomarkers (Bjurstrom et al.,

2017; Dowd et al., 2011; Dzierzewski et al. 2020).

To test this relationship further, future research should consider utilising additional
questions of the Pittsburgh Sleep Quality Index (Buysse et al. 1989), these include questions
such as ‘How many minutes does it take to get to sleep each night’, “Waking up in the middle

of the night or early in the morning” and ‘Have to wake up to use the bathroom.

Sleep quality and inflammation

Previous studies have shown that poor sleep quality is associated with raised CRP

(Wilson et al., 2015; Lee et al., 2020).

The current findings confirmed these previous results, both ‘fairly bad’ and ‘very bad’
sleep were associated with raised levels of CRP compared to ‘very good’ sleep quality.
However, the association was specific, as there was no apparent association when fibrinogen
was the measure of inflammation. Some studies have shown that fibrinogen is linked with a

longer sleep duration (Hale et al., 2012).

These findings are important given that raised CRP is as an associated risk factor

depression (Valkanova et al., 2013) together with physical health conditions such as for
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coronary heart disease (Amezcua-Castillo et al., 2023) and diabetes (Kanmani et al., 2019).
The mechanisms that may underpin the relationship between poor sleep and health include
the sympathetic nervous system and proinflammatory responses. It has been well documented
that sleep performs an essential function in physiological recouperation (Hamilton et al.,
2007). During periods of good sleep, the sympathetic nervous system is deactivated whilst
the para-sympathetic nervous system is triggered resulting in the release of growth hormone.
This allows the body to be in a state sometimes referred to as ‘rest and digest’, as discussed
previously (Schmidt & Thews, 1989). This is essential in facilitating the recovery of
psychological stress related to daily life (Van Reeth et al., 2000). In contrast, if a person is
experiencing prolonged periods of poor quality sleep the sympathetic nervous system is

initiated and this results in the release of inflammatory cytokines.

There are a number of explanations as to why poor quality of sleep may raise
concentrations of inflammation. For example, typically there is an elevation in acute
inflammation when someone is awoken from sleep (Ranjbaran et al., 2007), however, if a
person has an enduring time of disturbed sleep and low sleep quality this results in a
proliferation of proinflammatory and anti-inflammatory cytokines (Frey et al., 2007). Taken
together these finding point to an explanation of why poor sleep quality is associated with
increased inflammation (Huang et al., 2017). Another factor to take into account is the
circadian clock, which plays an integral role in facilitating homeostasis and is coordinated
with the 24-hour day (Lowrey et al., 2004). Interestingly, circadian rhythms exist in
predominantly all of the body’s cells and are coordinated by a central clock that resides in the
suprachiasmatic nucleus (SCN) which is located in the hypothalamus region of the brain (Ko
& Takahashi, 2006). Accordingly, poor sleep quality may increase inflammation by persistent

disturbance of these cellular parts (Irwin et al., 2016).
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Discussion of covariates

Consistent with previous studies, there were a number of variables that were included
as covariates that were independently shown to be related to increased concentrations of CRP
and fibrinogen. Compared with women, men were associated with having significantly lower
levels of CRP and fibrinogen. Previous findings have shown that women do tend to have
higher rates of CRP when compared to men (Khera et al., 2005). In a longitudinal study of
adults aged 20 to 74 years, over a period of 11 years CRP was raised in women compared
with men (Kranjac et al., 2021). A putative mechanism suggested to be involved in sex
differences of CRP is that there are differences in the link between CRP and obesity in
women. Specifically, as body fat (or adiposity) increases so too does CRP in women
compared with men (Khera et al., 2005). It was also found that those who did not participate
in exercise were associated with having raised CRP and fibrinogen. This confirms previous
findings that have demonstrated that lack of exercise and sedentary lifestyle is correlated with
higher rates of CRP (Esteghamati et al., 2012) and exercise has been shown to be associated

with reduce rates of inflammatory biomarkers, including CRP (Zheng et al., 2019).

Increasing BMI was associated with higher concentrations of CRP and fibrinogen as
has been extensively reported previously (e.g. Ellulu et al., 2017). Being a current smoker
was associated with higher concentrations of CRP compared to those who previously
smoked. This confirms previous findings of higher rates of CRP being found in those who

currently smoke (Elisia et al., 2020).

Strengths

Understanding Society is a both nationally and internationally renowned dataset, it
offers very large sample sizes and has been frequently utilised to facilitate impact on

government policy, together with contributing to and developing a greater understanding of
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how social problems, such as health inequalities, can be understood and addressed (Harding
et al., 2022). The large sample size of the current study may lend itself to better
generalisability of findings (Dunn et al., 2015). The current study uses secondary data
analysis which has many benefits. It afforded the opportunity to analyse a large data set that
typically would not be within the scope of the current study being completed by a single

researcher (Dunn et al., 2015).

In terms of measurement of variables, the current study uses both educational
attainment and household income as measures of socioeconomic position. This allows for a
broader indication of socioeconomic position. Furthermore, as well as self-report measures
for sleep and psychological distress, it uses biomarker data as an outcome which is not
affected by reporting biases and allows for further understanding of the relationship between
psychological and physical health. A further strength regarding methodology is that the data

set was collected utilising standardised measures that have been validated.

Limitations

Firstly, a key limitation of the current study is that the study design was cross-
sectional, this means that causation can be inferred but it cannot be assertively determined
and it is not possible to ascertain whether there is a causal relationship between the
associations between socioeconomic position, psychological distress, sleep duration, sleep
quality and inflammatory biomarkers. For example, inflammation may affect a person’s
health which may then result in changes to their income. Secondly, whilst a number of
covariates were adjusted for in the analyses, it was not possible to include childhood trauma
as a covariate given it is not obtained as part of data collection within Understanding Society.
Childhood adverse life experiences have been linked to inflammation (Danese & Lewis,

2016; Lacey et al., 2020). Therefore, it is possible that the impact of childhood trauma may
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have been an unaccounted for confounding variable. Thirdly, it is known that inflammatory
biomarkers indicate different characteristics of inflammation, for example, synergistic effects
of inflammatory biomarkers or anti-inflammatory cytokines, both of which play a role in
counteracting the aspects of inflammation, such as Interleukin-4, Interleukin-10 and
Interleukin-13 (Libby, 2007). Therefore, the inflammatory biomarkers used within the current
study do not capture all aspects of inflammation. The measure of sleep quality may be
limited. A broader measure that captured experiences such as difficulty falling asleep may
have yielded slightly different findings. Another shortcoming is that the study relied on self-
report measures of sleep and other health related behaviours, these may have been subject to
some degree of measurement error. Therefore, certain ‘desirable’ behaviours may be over
reported whilst ‘undesirable’ behaviours are potentially under reported. Thus, characterising a

social desirability bias, which is a shortcoming of self-report measures.

Another limitation to be considered is related to the quality appraisal of the studies to
be included within the systematic review. The tool may have lacked sensitivity when it was
used to appraise the quality of studies for the systematic review. Whilst the JBI is a robust
checklist for assessing the quality of studies there are some shortcomings to this tool and its
administration within the present study. The tool has been used for approximately 20 years,
however, through this time there have been changes in how the risk of bias can be examined
in recent years, this has resulted in a critique being directed at the tool in that it may be
outdated. A recent review by Barker et al. (2023) has suggested that to improve the tool’s
sensitivity in detecting bias there should be a number of amendments made to it, specifically
in accordance with the recent progresses in the synthesis of evidence, for example reporting

in line with the PRISMA (2020).
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Implications of the study

The findings of the current study have various important implications for clinical

practice, policy and future research.

Policy Making Decisions

The findings have important implications for policy makers aiming at addressing
socioeconomic disparities in health. The results are particularly significant as they
demonstrate a vital link between lower educational attainment and lower household income
with increased levels of inflammation. Inflammation is a key link to health outcome (Miller
etal., 2011) and linked to both mental health, such as depression (Valkanova et al., 2013),
and physical health conditions, such as diabetes (Kanmani et al., 2019). This finding has
important implications for policy. The cost of living in the United Kingdom has increased
and inflation was at its peak level in April 2022. Food, non-alcoholic beverages, electricity
and gas were the goods and services that were impacted most by inflation (Joseph Rowntree
Foundation, 2024). However, incomes are not increasing commensurately with inflation, in
fact, any small increases are being overshadowed by inflation. It has been shown that 4.3
million households were not able to purchase essential goods in 2022/23 (Joseph Rowntree
Association, 2024). According to Karjalainen and Levell (2022), those families that have a
lower household income will be considerably more be impacted by increased inflation. For
instance, heating bills are substantially impacted by inflation, and it has been shown that
these families are paying a great proportion of their budget on basic requirements such as

buying food and paying energy bills.

In terms of policy, income is receptive to policy change and intervention (Thomson et
al., 2022). These findings may inform policy making decisions at a population based level

that may help to decrease socioeconomic inequalities in health. Therefore, policy makers may
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benefit from these findings when considering the psychological impact associated with lower
income and the importance of implementing a sufficient financial support plan to protect
against the detrimental impact of socioeconomic inequalities and the corresponding health
inequalities associated with them (Thomson et al., 2022). This suggests the importance of a
joint up approach at both the individual level (e.g. therapeutic intervention) together with

larger economic and social policy interventions.

Informing Psychological Interventions

The current research identifies the potential psychological impact of disparities in
socioeconomic position, in terms of sleep and psychological distress. This is important as
both sleep and psychological distress are responsive to intervention. There are important
contributions which add to the evidence base showing the value of exploring socioeconomic
factors with clients. An integral aspect within clinical psychology practice is formulation and
it is characterised by a process of creating a hypothesis or understanding of the beginnings of
a person’s distress (Johnstone & Dallos, 2013). These findings support the importance of
including socioeconomic factors within either a team formulation or when co-creating a
formulation with a client to capture the potential social determinants of mental health. Given
socioeconomic position is linked with mental health and comorbid physical health conditions,
as previously discussed. This study demonstrates the importance of identifying these factors
in order to address them, which might have consequences on reducing the overall burden of

ill health, for example, in order helping to access the appropriate financial support.

This study has shown associations between socioeconomic position, psychological
distress and inflammation. Thus, the current findings have provided support and contributed
to the broad evidence base maintaining that the immune system and inflammation is

influenced by behavioural, social and neurocognitive influences (Slavich & Cole, 2013).
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There is a lot of evidence showing that a range of psychological interventions can have an
impact on reducing inflammation, such as Acceptance and Commitment Therapy (Jarvela-
Reijonen et al., 2020). A systematic review of 23 studies maintained that CBT was involved
with reducing inflammation in people with depression (Lopresti (2017). A meta-analysis of
more than 40 studies that psychological interventions such as CBT and other psychotherapies
were effective in enhancing immunity and reducing levels of inflammation (Shields et al.,
2020). The findings also contribute to the literature on psychological interventions for sleep,
given that sleep is amenable to intervention. Cognitive Behavioural Therapy for Insomnia
(CBTI) is a first line intervention that is comprised of relaxing techniques, identification and
management of unhelpful thinking patterns and sleep restriction (van der Zweerde et al.,
2019). The findings provide a rationale for the use of interventions for sleep such as CBTi.
Furthermore, within the current literature it is known that there is a need for more research in
relation to vulnerable groups for whom CBTi is directed, this may include inequalities in
terms of education and income (Muench et al., 2022). The current findings make a
contribution to understanding the links between sleep and people with a lower education and
household income. Therefore, this research contributes to the theories on sleep difficulties
and gives further contribution to the literature in consideration of the findings on the
associations between socioeconomic position and inflammation. This study offers evidence
of how factors vital to psychological health, such as getting sleep that is adequate in both
duration and quality is associated with inflammation. Thus showing a clear link between
psychological and physiological health. Therefore, it is fundamental value that mental health
services are sufficiently funded and available to access. This aligns with the NHS Long Term
Plan that has identified a need for mental health services to better integrate both mental and

physical health care (NHS Long Term Plan, 2019).
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Reducing Stigmatisation and Evidence for a Biopsychosocial Approach to Health

These findings challenge the stance that mental health problems or psychological
distress are inherent or ‘located within’ an individual, which may contribute to reducing the
stigma attached to mental health problems attached to the person. They highlight the need for
mental health difficulties to be regarded less like an ‘illness’ within society and for policy
makers to take into consideration that psychological distress is characterised by a complex
interplay between biological, social and psychological factors. As such providing evidence of
the value in taking a biopsychosocial approach (Engel, 1977). Furthermore, these findings
contribute to the evidence base of such theories that psychological distress occurs on a
continuum, these findings lend support to the dimensional view of mental health that posits
that people can experience psychological distress at varying degrees, which are related to
social factors such as income and education disparities (British Psychological Society, 2017;

Speed & Taggart, 2019).

Services and Policy

As well as disseminating research findings to academic audiences, it is intended that
the clinical implications of the current study will be disseminated to services that provide
support for service users impacted by psychological distress. In terms of influencing general
policies, the Policy Team of the British Psychological Society (BPS) might be contacted. The
findings may reveal important clinical implications in highlighting the impact of the wider
socio-political context on mental health. The findings help further understand and inform
initiatives aimed at reducing inequalities in social position and informing targeted

psychological interventions aimed at managing psychological distress.
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Directions for Future Research

Future studies may want to explore the potential associations between sleep and
psychological distress. The current study design was cross sectional, therefore a
recommendation for future research is to explore the relationship of these variables over a
period of time, such a longitudinal analysis would afford the opportunity to examine changes
to rates of inflammation over time. In addition, future research should examine the potential
bidirectional relationships between measures of socioeconomic position and inflammatory
biomarkers. Lastly, future research may benefit from exploring interactions between variables
relevant to this area, such as examining whether demographical factors interact, for example,

exploring the interactions between gender and socioeconomic position and distress.

Self-Reflexivity

The following section is a reflective account outlining both my learning and my
positioning in regards to this thesis using self-reflexivity. Self-reflexivity refers to the process
of a researcher reflecting on their own research in terms of their own assumptions, biases,
positioning and life experiences. An integral part of this is then considering how these might
influence the research that is being undertaken (Potter & Hepburn, 2012). In terms of a
reflexive position to my research, | am considering these reflections from what Burnham
(1992) referred to as ‘Approach’, which denotes the manner in which a therapist or a

researcher positions themselves within their work.

Given my current role as Trainee Clinical Psychologist, | am at present completing
my final year specialist placement working within a psychotherapy team. As part of this role,
I complete long-term psychodynamic psychotherapy with adults experiencing severe
psychological distress and many of whom have attracted diagnoses such as personality

disorder. A cornerstone of psychodynamic therapy is fostering a warm therapeutic
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relationship with the client through sitting alongside in a therapeutic manner with the view to

help alleviate their psychological distress.

From my point of view as the therapist, the therapeutic process relies on me getting to
know the client exceptionally well and taking notice of how they are making me feel and the
feelings | might elicit in them. This work involves building an understanding, jointly with the
client, over the course of several months (or years) with the intention to understand and make
sense of their distress. In this way, psychodynamic psychotherapy is largely exploring
individual experience at a phenomenological level, in terms of the person’s own life history,
their perceptions of self and others and the meanings they come to derive (Malan, 2003).
Therefore, completing secondary data analysis of a large data set of over 8,000 people
reflects a big contrast to this work and my own positioning as a therapist. With such a large
data set, I think there is a reductive aspect to the idiosyncratic experience of the individuals
taking part in the study, as such, the participants within the sample may appear as a list of
numbers and figures within a data file. It has led me to reflect that a phenomenological
perspective of these personal experiences (e.g. on the experience of distress or the experience

of having a low income) is missing due to the nature of a quantitative research design.

Notwithstanding these considerations, | believe the choice to undertake a secondary
data analysis afforded the opportunity to examine a range of variables | was interested in
exploring, these variables included socioeconomic position, inflammation, psychological
distress and sleep duration and quality. It allowed me to create a broad understanding of these
associations within the general population, which may have greater generalisability and a
better application of the findings given the size of the data set. It also afforded me the
opportunity to work with a very large data set that | would otherwise not have access to due

to practicalities of recruitment and financial reasons.
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At first, when contemplating my thesis interests, | wanted to focus on a particular
diagnostic category such as depression or schizophrenia. However, on reflection during my
doctoral studies, I have taken into consideration that the phenomenon of psychological
distress is substantially more than what can be described within a single diagnostic category
or more than a characterisation limited to a discrete entity (Bentall, 2003, 2010).
Accordingly, having spent an extensive period of time during this research considering
psychological wellbeing as being related to socioeconomic position, I have noticed how this
experience has now altered my perception of referrals to mental health services, which
regularly convey a client in an individualistic position. Whilst such a position | believe is
useful, I have developed an appreciation of the importance of holding a multiple lens
perspective in terms of the factors related to understanding psychological distress and
ultimately how wellbeing is to be improved. Furthermore, through completing this research,
it has indicated the alternatives to a diagnostic conceptualisation of psychological distress.
Particularly in how such experiences may be better characterised by taking into consideration
biological, psychological and social factors. Included in such an approach, is the vital
contextualisation of the person’s distress within the wider familial, social and political
systems in which they live. Frequently, | have noticed that factors relating to the person’s life,

be they from the present or past experiences, were relevant in making sense of their distress.

I have developed an understanding of the power imbalances that exist within society,
particularly in social circumstances and the stressors that are a part of daily life. Together
with taking into consideration how these factors can affect our psychological safety and
wellbeing. On reflection, I think this is what led me to develop an interest in this area of
research exploring socioeconomic circumstances, together with having an appreciation of the
fundamental value of examining both the physical and psychological health impacts of these.

| realise in writing this that making such a binary distinction is already separating the two
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areas as discrete entities. Through several years of clinical work, I have noticed that both
physical and mental health are invariable intertwined, with one having the capacity to affect

the other.

| am aware of my own socioeconomic position, as a Trainee Clinical Psychologist, |
am in a relatively privileged position in terms of my own educational attainment and
occupational income. It has made me more conscious of the language and the way in which |

write about these concepts.

Language is one of the main forms through which we communicate. | have come to
gain a deepened appreciation of how the language we use can influence the meaning we
make of ourselves, others and our life experiences. | have found this particularly important
when considering the terms | would use to describe groups within my research. As well as
consulting language guidelines such as those from the American Psychological Association
(APA) Publication Manual. It became important to endeavour to write in a strengths-based
way that reduced bias and avoided a deficit-based language style which was based on what
people do not have. However, although I have been very conscientious of this, | realise that it
is with great difficulty to completely avoid language that may have negative connotations

attached to it.

| have also reflected on the ways in which the findings of this study might be
implemented, in line with what has been discussed already, | believe there is value in
systemic change being undertaken such as welfare support from the state or targeted
psychological interventions regarding alleviating psychological distress or improving sleep. |
have also reflected on the other ways in which the findings might be utilised, particularly
applications that might not align with my own attitudes and values. One of the main findings

of the research demonstrates that high rates of inflammation are more prevalent in people
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who have lower educational attainment and low household income compared to people with
high education and high household income. | have considered that such a finding as this
could possibly be used in a way that a dominant single narrative is upheld, such as locating
the origins of health as exclusively intrinsic, which could lead to the implementation of an

exclusively biomedical intervention to these people in the absence of other systemic changes.

Through completing this thesis, | have come to develop a greater appreciation that
research is an iterative process, rather than being linear in nature. | have come to gain an
understanding that it is an ever-changing process. | recall first thinking about embarking on
this research and those initial stages of considering key research questions and | have seen
how my ideas have changed and developed over this time. | have noticed that | have needed
to frequently make adaptations and consider how to overcome challenges at different stages
of the research. Overall, | place a lot of value on what I have learnt throughout conducting

this research.

Conclusion

Lower educational attainment and household income were both associated with raised
concentrations of both CRP and fibrinogen. Higher rates of psychological distress were
associated with lower income but were not apparent for educational attainment. Although,
psychological distress did not meet the prerequisite conditions to be a possible mediator.
There was a significant association between lower educational attainment with sleep duration,
although these were in directions not hypothesised. Having no qualifications was associated
with a greater likelihood of falling into the ‘9 hour or more’ sleep category. Similarly, being
in the lowest income tertile was associated with ‘very good sleep’, compared to the highest

income tertile. Sleep quality was a significant mediator in the association between both
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educational attainment and household income and CRP. However, it is important to consider

that the evidence of mediation could constitute a type I error.

The overall findings demonstrate that socioeconomic disadvantage is associated with
increased levels of CRP and fibrinogen. Furthermore, this finding contributes to delineating
the underlying mechanisms linking socioeconomic position and inflammation. Sleep and
psychological distress are both amenable to change, therefore may be a potential point of
intervention to alleviate health inequalities, although additional research is needed to explore
this further. Furthermore, at a population level these findings indicate the importance of

welfare support to help attenuate inequalities relating to both physical and mental health.



134

References

Adler, G. K., Manfredsdottir, V. F. & Rackow, R. (2002). Hypothalamic-Pituitary-Adrenal
Axis Function in Fibromyalgia and Chronic Fatigue Syndrome. The Endocrinologist,
12(6), 513-524.

Aliyu, A. A., Bello, M. U., Kasim, R., & Martin, D. (2014). Positivist and Non-Positivist
Paradigm in Social Science Research: Conflicting Paradigms or Perfect Partners?
Journal of Management and Sustainability, 4(3). https://doi.org/10.5539/jms.v4n3p79

Alley, D. E., Seeman, T. E., Ki Kim, J., Karlamangla, A., Hu, P., & Crimmins, E. M. (2006).
Socioeconomic status and C-reactive protein levels in the US population: NHANES
IV. Brain, Behavior, and Immunity, 20(5), 498-504.
https://doi.org/10.1016/j.bbi.2005.10.003

Amezcua-Castillo, E., Gonzalez-Pacheco, H., Saenz-San Martin, A., Méndez-Ocampo P.,
Gutierrez-Moctezuma, ., Massd, F., Sierra-Lara, D., Springall, R., Rodriguez, E.,
Arias-Mendoza, A., Amezcua-Guerra, L. M. (2023). C-Reactive Protein: The
Quintessential Marker of Systemic Inflammation in Coronary Artery Disease-
Advancing toward Precision Medicine. Biomedicines, 11(9), 2444. doi:
10.3390/biomedicines11092444. PMID: 37760885; PMCID: PMC10525787.

Anjara, S. G., Bonetto, C., van Bortel, T., & Brayne, C. (2020). Using the GHQ-12 to screen
for mental health problems among primary care patients: Psychometrics and practical
considerations. International Journal of Mental Health Systems, 14(1).
https://doi.org/10.1186/s13033-020-00397-0

Appleton, A. A., Buka, S. L., McCormick, M. C., Koenen, K. C., Loucks, E. B., &

Kubzansky, L. D. (2012). The association between childhood emotional functioning



135

and adulthood inflammation is modified by early-life socioeconomic status. Health
Psychology, 31(4), 413-422. https://doi.org/10.1037/a0027300

Atkinson, A.B., Rainwater, L., & Smeeding, T. M. (1995, September 8-11). Income
Distribution in OECD Countries [Paper presentation]. OECD Social Policy Studies,
No. 18, Paris, France.

Azizoddin, D. R., Zamora-Racaza, G., Ormseth, S. R., Sumner, L. A., Cost, C., Ayeroff, J.
R., Weisman, M. H., & Nicassio, P. M. (2017). Psychological Factors that Link
Socioeconomic Status to Depression/Anxiety in Patients with Systemic Lupus
Erythematosus. Journal of Clinical Psychology in Medical Settings, 24(3-4), 302—
315. https://doi.org/10.1007/s10880-017-9505-z

Baek, J., Lee, S., Cho, T., Kim, S. W., Kim, M., Yoon, Y., Kim, K. K., Byun, J., Kim, S. J.,
Jeong, J., & Shin, H. S. (2019). Neural circuits underlying a psychotherapeutic
regimen for fear disorders. Nature, 566(7744), 339-343.
https://doi.org/10.1038/s41586-019-0931-y

Barker, T. H., Stone, J. C., Sears, K., Klugar, M., Tufanaru, C., Leonardi-Bee, J., Aromataris,
E., & Munn, Z. (2023). The revised JBI critical appraisal tool for the assessment of
risk of bias for randomized controlled trials. JBI evidence synthesis, 21(3), 494-506.
https://doi.org/10.11124/JBIES-22-00430

Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. Journal of
personality and social psychology, 51(6), 1173-1182. https://doi.org/10.1037//0022-
3514.51.6.1173

Basner, M., Spaeth, A. M., & Dinges, D. F. (2014). Sociodemographic Characteristics and
Waking Activities and their role in the timing and duration of sleep. Sleep, 37(12),

1889-1906. https://doi.org/10.5665/sleep.4238



136

Beccuti, G., & Pannain, S. (2011). Sleep and obesity. Current Opinion in Clinical Nutrition
and Metabolic Care, 14(4), 402—-412.https://doi.org/10.1097/MC0.0b013e328347910

Bei, B., Wiley, J. F., Trinder, J., & Manber, R. (2016). Beyond the mean: A systematic
review on the correlates of daily intraindividual variability of sleep/wake patterns.
Sleep medicine reviews, 28, 108-124. https://doi.org/10.1016/j.smrv.2015.06.003

Belk, R.W. (1988). Possessions and the ‘extended self’, Journal of Consumer Research,
15(2), 139-168.

Bentall, R. (2003). Madness Explained: Psychosis and Human Nature. Penguin Books.

Bentall, R. (2010). Doctoring the mind: Why psychiatric treatments fail (1st ed.). Penguin
Books.

Benzeval, Michaela, Davillas, Apostolos, Kumari, Meena, Lynn, Peter. (2014).
Understanding Society:UK Household Longitudinal Study: Biomarker User Guide
and Glossary. Colchester: University of Essex.

Berger, E., Castagneé, R., Chadeau-Hyam, M., Bochud, M., d’Errico, A., Gandini, M., Karimi,
M., Kiviméki, M., Krogh, V., Marmot, M., Panico, S., Preisig, M., Ricceri, F.,
Sacerdote, C., Steptoe, A., Stringhini, S., Tumino, R., Vineis, P., Delpierre, C., &
Kelly-Irving, M. (2019). Multi-cohort study identifies social determinants of systemic
inflammation over the life course. Nature Communications, 10(1) 1-10.
https://doi.org/10.1038/s41467-019-08732-X

Beurel, E., Toups, M., & Nemeroff, C. B. (2020). The Bidirectional Relationship of
Depression and Inflammation: Double Trouble. Neuron, 107(2), 234-256.
https://doi.org/10.1016/j.neuron.2020.06.002

Bierhaus, A., Wolf, J., Andrassy, M., Rohleder, N., Humpert, P. M., Petrov, D., Ferstl, R.,
von Eynatten, M., Wendt, T., Rudofsky, G., Joswig, M., Morcos, M., Schwaninger,

M., McEwen, B., Kirschbaum, C., & Nawroth, P. P. (2003). A mechanism converting



137

psychosocial stress into mononuclear cell activation. Proceedings of the National
Academy of Sciences of the United States of America, 100(4), 1920-1925.
https://doi.org/10.1073/pnas.0438019100

Biomarkers Definitions Working Group. (2001). Biomarkers and surrogate endpoints:
preferred definitions and conceptual framework. Clinical pharmacology and
therapeutics, 69(3), 89-95. https://doi.org/10.1067/mcp.2001.113989

Bjurstrom, M. F., Olmstead, R., & Irwin, M. R. (2017). Reciprocal Relationship between
Sleep Macrostructure and Evening and Morning Cellular Inflammation in
Rheumatoid Arthritis. Psychosomatic Medicine, 79(1), 24-33.
https://doi.org/10.1097/PSY.0000000000000363

Bowles, S., Gintis, H., Durlauf, S., Fehr, E., Glaeser, E., Laibson, D., Thanks, B. S., Baird,
K., Carter, M., Carpenter, J., Fong, C., Hayami, Y., & Wood, E. (2001). Social
Capital and Community Governance. The Economic Journal, 112(483) Pages 419-
436. http://www-unix.oit.umass.edu/"bowles,andhgintis@mediaone.net,http://www-
unix.oit.umass.edu/"gintis.

Boylan, J. M., & Ryff, C. D. (2013). Varieties of anger and the inverse link between
education and inflammation: Toward an integrative framework. Psychosomatic
Medicine, 75(6), 566-574. https://doi.org/10.1097/PSY.0b013e31829683hbd

Braveman, P., & Gottlieb, L. (2014). The social determinants of health: it's time to consider
the causes of the causes. Public health reports (Washington, D.C. : 1974), 129 Suppl
2(Suppl 2), 19-31. https://doi.org/10.1177/003335491412915206

British Psychological Society. Division of Clinical Psychology, & Cooke, A. (2014).
Understanding psychosis and schizophrenia.
https://www.bps.org.uk/sites/www.bps.org.uk/files/Page%20-

%20Files/Understanding%20Psychosis%20and%20Schizophrenia.pdf



138

Brummett, C. M., Janda, A. M., Schueller, C. M., Tsodikov, A., Morris, M., Williams, D. A.,
& Clauw, D. J. (2013). Survey criteria for fiboromyalgia independently predict
increased postoperative opioid consumption after lower-extremity joint arthroplasty: a
prospective, observational cohort study. Anesthesiology, 119(6), 1434-1443.
https://doi.org/10.1097/ALN.0b013e3182a8eb1f

Buck, N., & McFall, S. (2011). Understanding Society: design overview. Longitudinal and
Life Course Studies, 3(1), 5-17.

Burniaux, J.-M., Dang, T.-T., Fore, D., Forster, M., Mira D’ercole, M., & Oxley, H. (1998).
INCOME DISTRIBUTION AND POVERTY IN SELECTED OECD COUNTRIES :
ECONOMICS DEPARTMENT WORKING PAPERS No. 189 62665
http://www.oecd.org/eco/eco

Buysse, D. J., Reynolds, C. F., 3rd, Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry research, 28(2), 193-213. https://doi.org/10.1016/0165-
1781(89)90047-4

Calcia, M. A,, Bonsall, D. R., Bloomfield, P. S., Selvaraj, S., Barichello, T., & Howes, O. D.
(2016). Stress and neuroinflammation: A systematic review of the effects of stress on
microglia and the implications for mental illness. Psychopharmacology, 233(9),
1637-1650. Springer Verlag. https://doi.org/10.1007/s00213-016-4218-9

Chen, E., McLean, K. C., & Miller, G. E. (2015). Shift-and-Persist Strategies: Associations
With Socioeconomic Status and the Regulation of Inflammation Among Adolescents
and Their Parents. Psychosomatic medicine, 77(4), 371-382.
https://doi.org/10.1097/psy.0000000000000157

Chrousos, G. P., & Gold, P. W. (1992). The concepts of stress and stress system disorders.

Overview of physical and behavioral homeostasis. JAMA, 267(9), 1244-1252.



139

Clark, C., Ridker, P., Ommerborn, M., Huisingh, C., Coull, B., Buring, J., & Berkman, L.
(2012). Cardiovascular inflammation in healthy women: Multilevel associations with
state-level prosperity, productivity and income inequality. BMC Public Health, 12(1),
211. https://doi.org/10.1186/1471-2458-12-211

Cleveland Clinic. (n.d.). Cortisol. https://my.clevelandclinic.org/health/articles/22187-
cortisol

Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and disease.
JAMA, 298(14), 1685-1687. https://doi.org/10.1001/jama.298.14.1685

Coleman, J. (1999). Overview of sleep disorders: Where does obstructive sleep apnea
syndrome fit in? Otolaryngologic Clinics of North America, 32(2), 187-193.
https://doi.org/10.1016/S0030-6665(05)70123-7

Cuijpers, P., Smits, N., Donker, T., ten Have, M., & de Graaf, R. (2009). Screening for mood
and anxiety disorders with the five-item, the three-item, and the two-item Mental
Health Inventory. Psychiatry Research, 168(3), 250-255.
https://doi.org/10.1016/j.psychres.2008.05.012

Cuijpers, P., van Straten, A., van Schaik, A., & Andersson, G. (2009). Psychological
treatment of depression in primary care: A meta-analysis. British Journal of General
Practice, 59(559), 120-127). https://doi.org/10.3399/bjgp09X395139

Dahmann, S. C., & Schnitzlein, D. D. (2019). No evidence for a protective effect of
education on mental health. Social Science and Medicine, 241, 1-8.
https://doi.org/10.1016/j.socscimed.2019.112584

Dallos, R., Stedmon, J., & Johnstone, L. (2014). Integrative formulation in theory. In L.
Johnstone & R. Dallos (Eds.), Formulation in psychology and psychotherapy: Making
sense of people's problems (2nd ed., pp. 173-190). Routledge/Taylor & Francis

Group. doi:http://dx.doi.org/10.14301/llcs.v3i1l.159R



140

Danese, A., Moffitt, T. E., Pariante, C. M., Ambler, A., Poulton, R., & Caspi, A. (2008).
Elevated inflammation levels in depressed adults with a history of childhood
maltreatment. Archives of General Psychiatry, 65(4), 409-416.
https://doi.org/10.1001/archpsyc.65.4.409

Dantzer, R., O’Connor, J. C., Freund, G. G., Johnson, R. W., & Kelley, K. W. (2008). From
inflammation to sickness and depression: When the immune system subjugates the
brain. In Nature Reviews Neuroscience (Vol. 9, Issue 1, pp. 46-56).
https://doi.org/10.1038/nrn2297

Davillas, A., Benzeval, M., & Kumari, M. (2017). Socio-economic inequalities in C-reactive
protein and fibrinogen across the adult age span: Findings from Understanding
Society. Scientific Reports, 7(1). https://doi.org/10.1038/s41598-017-02888-6

Deaton, A., & Paxson, C. (1998). Economies of Scale, Household Size, and the Demand for
Food. Journal of Political Economy, 106(5), 897-930.

DellaGioia, N., & Hannestad, J. (2010). A critical review of human endotoxin administration
as an experimental paradigm of depression. Neuroscience and Biobehavioral
Reviews, 34(1), 130-143. https://doi.org/10.1016/j.neubiorev.2009.07.014

Deluca, D., Gallivan, M. J. & Kock, N. (2008). Furthering Information Systems Action
Research: A Post Positivist Synthesis of Four Dialectics. Journal for Information
Systems, 9(2), 48-72.
https://www.researchgate.net/publication/220580523 Furthering_Information_Syste
ms_Action_Research_A_Post-Positivist_Synthesis_of Four_Dialectics

Dinwiddie, G. Y., Zambrana, R. E., Doamekpor, L. A., & Lopez, L. (2015). The impact of
educational attainment on observed race/ethnic disparities in inflammatory risk in the

2001-2008 national health and nutrition examination survey. International Journal of



141

Environmental Research and Public Health, 13(1).
https://doi.org/10.3390/ijerph13010042

Dohrenwend, B. P., Levav, I., Shrout, P. E., Schwartz, S., Naveh, G, Link, B. G., Skodol, A.
E., & Stueve, A. (n.d.). Socioeconomic Status and Psychiatric Disorders: The
Causation-Selection Issue. https://www.science.org

Dowd, J. B., Goldman, N., & Weinstein, M. (2011). Sleep Duration, Sleep Quality, and
Biomarkers of Inflammation in a Taiwanese Population. Annals of Epidemiology,
21(11), 799-806. https://doi.org/10.1016/j.annepidem.2011.07.004

Downes, M. J., Brennan, M. L., Williams, H. C., & Dean, R. S. (n.d.). Development of a
critical appraisal tool to assess the quality of cross-sectional studies (AXIS).
https://doi.org/10.1136/bmjopen-2016

Dzierzewski, J. M., Donovan, E. K., Kay, D. B., Sannes, T. S., & Bradbrook, K. E. (2020).
Sleep Inconsistency and Markers of Inflammation. Frontiers in Neurology, 11, 1042.
https://doi.org/10.3389/fneur.2020.01042

Ecob, R., & Smith, G. D. (1999). Income and health: what is the nature of the relationship?.
Social science & medicine, 48(5), 693-705. https://doi.org/10.1016/s0277-
9536(98)00385-2

Elenkov, 1. J. (2008). Neurohormonal-cytokine interactions: Implications for inflammation,
common human diseases and well-being. Neurochemistry International, 52(1), 40-51.
https://doi.org/10.1016/j.neuint.2007.06.037

Elisia, I., Lam, V., Cho, B., Hay, M., Li, M. Y., Yeung, M., Bu, L., Jia, W., Norton, N., Lam,
S., & Krystal, G. (2020). The effect of smoking on chronic inflammation, immune
function and blood cell composition. Scientific reports, 10(1), 19480.

https://doi.org/10.1038/s41598-020-76556-7



142

Ellulu, M. S., Patimah, 1., Khaza’ai, H., Rahmat, A., & Abed, Y. (2017). Obesity &
inflammation: The linking mechanism & the complications. Archives of Medical
Science, 13(4), 851-863. https://doi.org/10.5114/aoms.2016.58928

Esteghamati, A., Morteza, A., Khalilzadeh, O., Anvari, M., Noshad, S., Zandieh, A., &
Nakhjavani, M. (2012). Physical inactivity is correlated with levels of quantitative C-
reactive protein in serum, independent of obesity: Results of the national surveillance
of risk factors of non-communicable diseases in Iran. Journal of Health, Population
and Nutrition, 30(1), 66—72. https://doi.org/10.3329/jhpn.v30i1.11278

Farmer, H. R., Wray, L. A., & Haas, S. A. (2021). Race, Gender, and Socioeconomic
Variations in C-Reactive Protein Using the Health and Retirement Study. The
Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 76(3),
583-595. https://doi.org/10.1093/geronb/ghaa027

Fenn, K. M., Evans, S. B., McCorkle, R., DiGiovanna, M. P., Pusztai, L., Sanft, T.,
Hofstatter, E. W., Killelea, B. K., Knobf, M. T., Lannin, D. R., Abu-Khalaf, M.,
Horowitz, N. R., & Chagpar, A. B. (2014). Impact of financial burden of cancer on
survivors' quality of life. Journal of oncology practice, 10(5), 332-338.
https://doi.org/10.1200/JOP.2013.001322

Ferrie, J. E., Kiviméki, M., Akbaraly, T. N., Singh-Manoux, A., Miller, M. A., Gimeno, D.,
Kumari, M., Davey Smith, G., & Shipley, M. J. (2013). Associations between change
in sleep duration and inflammation: findings on C-reactive protein and interleukin 6 in
the Whitehall 11 Study. American Journal of Epidemiology, 178(6), 956-961.
https://doi.org/10.1093/aje/kwt072

Festinger, L. (1954). A theory of social comparison processes. Human Relations, 7, 117-140.
Fibrinogen Studies Collaboration (2004). Collaborative meta-analysis of prospective studies

of plasma fibrinogen and cardiovascular disease. European journal of cardiovascular



143

prevention and rehabilitation, 11(1), 9-17.
https://doi.org/10.1097/01.hjr.0000114968.39211.01

Foster, S. (2021). Socioeconomic status and mental illness stigma: How income level and
social dominance orientation may help to perpetuate stigma. Stigma and Health, 6(4),
487-493. https://doi.org/10.1037/sah0000339

Frank, P., Jokela, M., Batty, G. D., Cadar, D., Steptoe, A., & Kiviméki, M. (2021).
Association Between Systemic Inflammation and Individual Symptoms of
Depression: A Pooled Analysis of 15 Population-Based Cohort Studies. The
American Journal of Psychiatry, 178(12), 1107-1118.
https://doi.org/10.1176/appi.ajp.2021.20121776

Freeman, A., Tyrovolas, S., Koyanagi, A., Chatterji, S., Leonardi, M., Ayuso-Mateos, J. L.,
Tobiasz-Adamczyk, B., Koskinen, S., Rummel-Kluge, C., & Haro, J. M. (2016). The
role of socio-economic status in depression: results from the COURAGE (aging
survey in Europe). BMC public health, 16(1), 1098. https://doi.org/10.1186/s12889-
016-3638-0

Frey, D. J., Badia, P., & Wright, K. P. (2004). Inter- and intra-individual variability in
performance near the circadian nadir during sleep deprivation. Journal of Sleep
Research, 13(4), 305-315. https://doi.org/10.1111/j.1365-2869.2004.00429.x

Galobardes, B., Shaw, M., Lawlor, D. A., Lynch, J. W., & Smith, G. D. (2006). Indicators of
socioeconomic position (part 1). Journal of Epidemiology and Community Health,
60(1), 7-12. https://doi.org/10.1136/jech.2004.023531

Garbarino, S., Lanteri, P., Bragazzi, N. L., Magnavita, N., & Scoditti, E. (2021). Role of
sleep deprivation in immune-related disease risk and outcomes. Communications

Biology, 4(1). Nature Research. https://doi.org/10.1038/s42003-021-02825-4



144

Ger, G., & Belk, R. W. (1996). Cross-cultural differences in materialism. Journal of
Economic Psychology, 17(1), 55-77.

Goldberg, D. P., Gater, R., Sartorius, N., Ustun, T. B., Piccinelli, M., Gureje, O., & Rutter, C.
(1997). The validity of two versions of the GHQ in the WHO study of mental illness
in general health care. Psychological Medicine, 27(1), 191-197.
https://doi.org/10.1017/S0033291796004242

Goldberg, P.D., & Goodyer, I.M. (2005). The Origins and Course of Common Mental
Disorders (1st ed.). Routledge. https://doi.org/10.4324/9781315820149

Goldman-Mellor, S., Brydon, L., & Steptoe, A. (2010). Psychological distress and circulating
inflammatory markers in healthy young adults. Psychological Medicine, 40(12),
2079-2087. https://doi.org/10.1017/S0033291710000267

Grandner, M. A., Sands-Lincoln, M. R., Pak, V. M., & Garland, S. N. (2013). Sleep duration,
cardiovascular disease, and proinflammatory biomarkers. Nature and science of sleep,
5, 93-107. https://doi.org/10.2147/NSS.S31063

Green, M. J., & Benzeval, M. (2013). The development of socioeconomic inequalities in
anxiety and depression symptoms over the lifecourse. Social Psychiatry and
Psychiatric Epidemiology, 48(12), 1951-1961. https://doi.org/10.1007/s00127-013-
0720-0

Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. In N.
K.Denzin & Y. S. Lincoln (Eds.), Handbook of qualitative research (Vol. 2, pp. 163—
194).

Hagenaars, A., K. de VVos and M.A. Zaidi (1994), Poverty Statistics in the Late 1980s:
Research Based on Micro-data, Office for Official Publications of the European

Communities. Luxembourg.



145

Hemingway, H., Shipley, M., Mullen, M. J., Kumari, M., Brunner, E., Taylor, M., Donald, A.
E., Deanfield, J. E., & Marmot, M. (2003). Social and psychosocial influences on
inflammatory markers and vascular function in civil servants (the Whitehall Il study).
The American journal of cardiology, 92(8), 984-987. https://doi.org/10.1016/s0002-
9149(03)00985-8

Hoebel, J., Maske, U. E., Zeeb, H., & Lampert, T. (2017). Social inequalities and depressive
symptoms in adults: The role of objective and subjective socioeconomic status. PL0S
ONE, 12(1). https://doi.org/10.1371/journal.pone.0169764

Hostinar, C. E., Ross, K. M., Chen, E., & Miller, G. E. (2015). Modeling the association
between lifecourse socioeconomic disadvantage and systemic inflammation in healthy
adults: The role of self-control. Health Psychology, 34(6), 580-590.
https://doi.org/10.1037/hea0000130

Huang, W. ya, Zou, X., Lu, F. er, Zhang, C., Ren, Y. lin, Xu, L. jun, Wang, K. fu, & Dong,
H. (2017). Effect of Jiaotai Pill on intestinal damage in partially sleep deprived rats.
Chinese Journal of Integrative Medicine, 23(12), 901-907.
https://doi.org/10.1007/s11655-017-2969-8

Institute for Social and Economic Research. (2022), Understanding Society: Waves 2 and 3
Nurse Health Assessment, 2010-2012, User Guide, Version 3, September, 2022,
Colchester: University of Essex

lob, E., Frank, P., Steptoe, A., & Fancourt, D. (2020). Levels of Severity of Depressive
Symptoms Among At-Risk Groups in the UK During the COVID-19 Pandemic.
JAMA Network Open, 3(10). https://doi.org/10.1001/jamanetworkopen.2020.26064

Irwin, M. R., Olmstead, R., & Carroll, J. E. (2016). Sleep disturbance, sleep duration, and

inflammation: A systematic review and meta-analysis of cohort studies and experimental



146

sleep deprivation. Biological Psychiatry, 80(1), 40-52.

https://doi.org/10.1016/j.biopsych.2015.05.014

Irwin, M. R., Olmstead, R., Breen, E. C., Witarama, T., Carrillo, C., Sadeghi, N., Arevalo, J.
M. G., Ma, J., Nicassio, P., Bootzin, R., & Cole, S. (2015). Cognitive Behavioral
Therapy and Tai Chi Reverse Cellular and Genomic Markers of Inflammation in Late-
Life Insomnia: A Randomized Controlled Trial. Biological Psychiatry, 78(10), 721—
729. https://doi.org/10.1016/j.biopsych.2015.01.010

Irwin, M. R., Wang, M., Campomayor, C. O., Collado-Hidalgo, A., & Cole, S. (2006). Sleep
deprivation and activation of morning levels of cellular and genomic markers of
inflammation. Archives of internal medicine, 166(16), 1756-1762.
https://doi.org/10.1001/archinte.166.16.1756

Ishizaki, M., Martikainen, P., Nakagawa, H., & Marmot, M. (2001). Socioeconomic status,
workplace characteristics and plasma fibrinogen level of Japanese male employees.
Scand J Work Environ Health, 27(4). https://about.jstor.org/terms

Itani, O., Jike, M., Watanabe, N., & Kaneita, Y. (2017). Short sleep duration and health
outcomes: a systematic review, meta-analysis, and meta-regression. Sleep Medicine,
32, 246-256. https://doi.org/10.1016/j.sleep.2016.08.006

Janicki-Deverts, D., Cohen, S., Matthews, K. A., & Cullen, M. R. (2008). History of
unemployment predicts future elevations in C-reactive protein among male
participants in the coronary artery risk development in young adults (CARDIA) study.
Annals of Behavioral Medicine, 36(2), 176-185. https://doi.org/10.1007/s12160-008-
9056-5

Jarveld-Reijonen, E., Puttonen, S., Karhunen, L. et al. (2020). The Effects of Acceptance and

Commitment Therapy (ACT) Intervention on Inflammation and Stress Biomarkers: a



147

Randomized Controlled Trial. International Journal of Behavioural Medicine, 27,
539-555. https://doi.org/10.1007/s12529-020-09891-8

Jin, Y., Zhu, D., & He, P. (2020). Social causation or social selection? The longitudinal
interrelationship between poverty and depressive symptoms in China. Social Science
and Medicine, 249. https://doi.org/10.1016/j.socscimed.2020.112848

Johnson, J. D., Campisi, J., Sharkey, C. M., Kennedy, S. L., Nickerson, M., Greenwood, B.
N., & Fleshner, M. (2005). Catecholamines mediate stress-induced increases in
peripheral and central inflammatory cytokines. Neuroscience, 135(4), 1295-1307.
https://doi.org/10.1016/j.neuroscience.2005.06.090

Joseph Rowntree Foundation (2024). UK Poverty 2024: The Essential Guide to
Understanding Poverty in the UK. https://www.jrf.org.uk/uk-poverty-2024-the-
essential-guide-to-understanding-poverty-in-the-uk

Kandelouei, T., Abbasifard, M., Imani, D., Aslani, S., Razi, B., Fasihi, M., Shafiekhani, S.,
Mohammadi, K., Jamialahmadi, T., Reiner, Z., & Sahebkar, A. (2022). Effect of
Statins on Serum level of hs-CRP and CRP in Patients with Cardiovascular Diseases:
A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Mediators
of inflammation, 2022, 8732360. https://doi.org/10.1155/2022/8732360

Kanmani, S., Kwon, M., Shin, M. K. & Kyung Kim, M. (2019). Association of C-Reactive
Protein with Risk of Developing Type 2 Diabetes Mellitus, and Role of Obesity and
Hypertension: A Large Population-Based Korean Cohort Study. Scientific Reports, 9,
4573. https://doi.org/10.1038/s41598-019-40987-8

Karasek, R. A. (1979). Job Demands, Job Decision Latitude, and Mental Strain: Implications

for Job Redesign. Administrative Science Quarterly, 24(2), 285-308.



148

Kecklund, G., & Axelsson, J. (2016). Health consequences of shift work and insufficient
sleep. BMJ (Online) (Vol. 355). BMJ Publishing Group.
https://doi.org/10.1136/bm;.i5210

Kelly, Y., Zilanawala, A., Sacker, A., Hiatt, R., & Viner, R. (2017). Early puberty in 11-year-
old girls: Millennium Cohort Study findings. Archives of disease in childhood,
102(3), 232-237. https://doi.org/10.1136/archdischild-2016-310475

Kershaw, K. N., Lewis, T. T., Diez Roux, A. v., Jenny, N. S., Liu, K., Penedo, F. J., &
Carnethon, M. R. (2016). Self-reported experiences of discrimination and
inflammation among men and women: The multi-ethnic study of atherosclerosis.
Health Psychology, 35(4), 343-350. https://doi.org/10.1037/hea0000331

Kershaw, K. N., Mezuk, B., Abdou, C. M., Rafferty, J. A., & Jackson, J. S. (2010).
Socioeconomic Position, Health Behaviors, and C-Reactive Protein: A Moderated-
Mediation Analysis. Health Psychology, 29(3), 307-316.
https://doi.org/10.1037/a0019286

Kessler, R. C., Berglund, P. A., Foster, C. L., Saunders, W. B., Stang, P. E., & Walters, E. E.
(1997). Social consequences of psychiatric disorders, I1: Teenage parenthood. The
American journal of psychiatry, 154(10), 1405-1411.
https://doi.org/10.1176/ajp.154.10.1405

Khera, A. v., Chaffin, M., Wade, K. H., Zahid, S., Brancale, J., Xia, R., Distefano, M., Senol-
Cosar, O., Haas, M. E., Bick, A., Aragam, K. G., Lander, E. S., Smith, G. D., Mason-
Suares, H., Fornage, M., Lebo, M., Timpson, N. J., Kaplan, L. M., & Kathiresan, S.
(2019). Polygenic Prediction of Weight and Obesity Trajectories from Birth to

Adulthood. Cell, 177(3), 587-596. €9. https://doi.org/10.1016/j.cell.2019.03.028



149

Kim, D. A., Benjamin, E. J., Fowler, J. H., & Christakis, N. A. (2016). Social connectedness
is associated with fibrinogen level in a human social network. Proceedings. Biological
sciences, 283(1837), 20160958. https://doi.org/10.1098/rspb.2016.0958

Kinnucan, J. A., Rubin, D. T., & Ali, T. (2013). Sleep and inflammatory bowel disease:
exploring the relationship between sleep disturbances and inflammation.
Gastroenterology & hepatology, 9(11), 718-727.

Knies, Gundi (2014) Understanding Society —UK Household Longitudinal Study: Wave 1-4,
2009-2014, User Manual. Colchester: University of Essex,
https://www.understandingsociety.ac.uk/documentation/mainstage.

Ko, C. H., & Takahashi, J. S. (2006). Molecular components of the mammalian circadian
clock. Human molecular genetics, 15(2), R271-R277.
https://doi.org/10.1093/hmg/ddI207

Kranjac, A. W., Kranjac, D., & Lounsbury, O. (2022). Deconstructing sex differences in C-
reactive protein trends over time. American Journal of Human Biology, 34(5).
https://doi.org/10.1002/ajhb.23705

Krieger, N., Williams, D. R., & Moss, N. E. (1997). Measuring social class in US public
health research: concepts, mSethodologies, and guidelines. Annual review of public
health, 18, 341-378. https://doi.org/10.1146/annurev.publhealth.18.1.341

Lacey, R. E., Bartley, M., Kelly-Irving, M., Bevilacqua, L., lob, E., Kelly, Y., & Howe, L. D.
(2020). Adverse childhood experiences and early life inflammation in the Avon
longitudinal study of parents and children. Psychoneuroendocrinology, 122, 104914.
https://doi.org/10.1016/j.psyneuen.2020.104914

Lago, S., Cantarero, D., Rivera, B., Pascual, M., Blazquez-Fernandez, C., Casal, B., & Reyes,

F. (2018). Socioeconomic status, health inequalities and non-communicable diseases:



150

a systematic review. Journal of Public Health, 26(1). Springer Verlag.
https://doi.org/10.1007/s10389-017-0850-z

Lallukka, T., Sares-Jaske, L., Kronholm, E., Saaksjarvi, K., Lundqvist, A., Partonen, T.,
Rahkonen, O., & Knekt, P. (2012). Sociodemographic and socioeconomic differences
in sleep duration and insomnia-related symptoms in Finnish adults. BMC public
health, 12, 565. https://doi.org/10.1186/1471-2458-12-565

Lawn, R. B., Murchland, A. R., Kim, Y., Chibnik, L. B., Tworoger, S. S., Rimm, E. B.,
Sumner, J. A., Roberts, A. L., Nishimi, K. M., Ratanatharathorn, A. D., Jha, S. C.,
Koenen, K. C., & Kubzansky, L. D. (2022). Trauma, psychological distress and
markers of systemic inflammation among US women: A longitudinal study.
Psychoneuroendocrinology, 145. https://doi.org/10.1016/j.psyneuen.2022.105915

Lazzarino, A. I., Hamer, M., Gaze, D., Collinson, P., Rumley, A., Lowe, G., & Steptoe, A.
(2015). The association between fibrinogen reactivity to mental stress and high-
sensitivity cardiac troponin T in healthy adults. Psychoneuroendocrinology, 59, 37—
48. https://doi.org/10.1016/j.psyneuen.2015.05.002

Leahey, T. (2003). A History of Psychology (6™ ed). Prentice Hall PTR.

Lee, S., Vigoureux, T. F., Hyer, K., & Small, B. J. (2022). Prevalent Insomnia Concerns and
Perceived Need for Sleep Intervention Among Direct-Care Workers in Long-Term
Care. Journal of Applied Gerontology, 41(1), 274-284.
https://doi.org/10.1177/0733464820978612

Lewis-Fernandez, R., & Kirmayer, L. J. (2019). Cultural concepts of distress and psychiatric
disorders: Understanding symptom experience and expression in context.

Transcultural Psychiatry, 56(4), 786—-803. https://doi.org/10.1177/1363461519861795



151

Libby P. (2007). Inflammatory mechanisms: the molecular basis of inflammation and disease.
Nutrition reviews, 65(12), 140-146. https://doi.org/10.1111/j.1753-
4887.2007.tb00352.x

Liberatos, P., Link, B. G., & Kelsey, J. L. (1988). The measurement of social class in
epidemiology. Epidemiologic reviews, 10, 87-121.
https://doi.org/10.1093/oxfordjournals.epirev.a036030

Linkas, J., Ahmed, L. A., Csifcsak, G., Emaus, N., Furberg, A. S., Grimnes, G., Pettersen, G.,
Rognmo, K., & Christoffersen, T. (2022). Are pro-inflammatory markers associated
with psychological distress in a cross-sectional study of healthy adolescents 15-17
years of age? The Fit Futures study. BMC Psychology, 10(1).
https://doi.org/10.1186/s40359-022-00779-8

Liu, J. J., Weli, Y. bin, Strawbridge, R., Bao, Y., Chang, S., Shi, L., Que, J., Gadad, B. S.,
Trivedi, M. H., Kelsoe, J. R., & Lu, L. (2020). Peripheral cytokine levels and
response to antidepressant treatment in depression: a systematic review and meta-
analysis. In Molecular Psychiatry, 25(2), 339-350. https://doi.org/10.1038/s41380-
019-0474-5

Lopez, R., Barateau, L., Evangelista, E. & Dauvilliers, Y. (2017). Depression and
hypersomnia: A complex association. Sleep Medicine Clinics, 12(3), 395-405.
d0i:10.1016/j.jsmc.2017.03.016

Lopresti, A. L. (2017). Cognitive behaviour therapy and inflammation: A systematic review
of its relationship and the potential implications for the treatment of depression.
Australian & New Zealand Journal of Psychiatry, 51(6), 565-582.
doi:10.1177/0004867417701996

Loucks, E. B., Sullivan, L. M., Hayes, L. J., D’Agostino, R. B., Larson, M. G., Vasan, R. S.,

Benjamin, E. J., & Berkman, L. F. (2006). Association of educational level with



152

inflammatory markers in the Framingham Offspring Study. American Journal of
Epidemiology, 163(7), 622-628. https://doi.org/10.1093/aje/kwj076

Lowrey, P. L., Shimomura, K., Antoch, M. P., Yamazaki, S., Zemenides, P. D., Ralph, M. R.,
Menaker, M., & Takahashi, J. S. (2000). Positional syntenic cloning and functional
characterization of the mammalian circadian mutation tau. Science (New York, N.Y.),
288(5465), 483-492. https://doi.org/10.1126/science.288.5465.483

Lubbock, L. A., Goh, A., Ali, S., Ritchie, J., & Whooley, M. A. (2005). Relation of low
socioeconomic status to C-reactive protein in patients with coronary heart disease
(from the Heart and Soul study). American Journal of Cardiology, 96(11), 1506—
1511. https://doi.org/10.1016/j.amjcard.2005.07.059

Lundin, A., Hallgren, M., Theobald, H., Hellgren, C., & Torgén, M. (2016). Validity of the
12-item version of the General Health Questionnaire in detecting depression in the
general population. Public Health, 136, 66—74.
https://doi.org/10.1016/j.puhe.2016.03.005

Lynch, J. W., Kaplan, G. A., & Shema, S. J. (1997). Cumulative impact of sustained
economic hardship on physical, cognitive, psychological, and social functioning. The
New England journal of medicine, 337(26), 1889-1895.
https://doi.org/10.1056/NEJM199712253372606

Lynch, J. W., Smith, G. D., Kaplan, G. A., & Houseg, J. S. (2000). Income inequality and
mortality: Importance to health of individual income, psychosocial environment, or
material conditions. British Medical Journal, 320(7243), 1200-1204.
https://doi.org/10.1136/bmj.320.7243.1200

Ma, L. L., Wang, Y. Y., Yang, Z. H., Huang, D., Weng, H., & Zeng, X. T. (2020).

Methodological quality (risk of bias) assessment tools for primary and secondary



153

medical studies: What are they and which is better? Military Medical Research, 7(1).
https://doi.org/10.1186/s40779-020-00238-8

Madigan, A., & Daly, M. (2023). Socioeconomic status and depressive symptoms and
suicidality: The role of subjective social status. Journal of Affective Disorders, 326,
36-43. https://doi.org/10.1016/j.jad.2023.01.078

Maes, M., Song, C., Lin, A, De Jongh, R., Van Gastel, A., Kenis, G., Bosmans, E., De
Meester, I., Benoy, I., Neels, H., Demedts, P., Janca, A., Scharpé, S., & Smith, R. S.
(1998). The effects of psychological stress on humans: increased production of pro-
inflammatory cytokines and a Th1-like response in stress-induced anxiety. Cytokine,
10(4), 313-318. https://doi.org/10.1006/cyt0.1997.0290

Malan, D. (2003). Individual Psychotherapy and the Science of Psychodynamics. CRC Press.

Marmot, M., & Wilkinson, R. G. (2001). Psychosocial and material pathways in the relation
between income and health: a response to Lynch et al. BMJ (Clinical research ed.),
322(7296), 1233-1236. https://doi.org/10.1136/bmj.322.7296.1233

Martins-De-Souza, D., Maccarrone, G., Ising, M., Kloiber, S., Lucae, S., Holsboer, F., &
Turck, C. W. (2014). Plasma fibrinogen: Now also an antidepressant response
marker? Translational Psychiatry, 4. https://doi.org/10.1038/tp.2013.129

Marx K. Wage labour and capital. In: Selected works. Vol 1. London: Lawrence and Wishart,
1942.

Marx, K. (2007). Economic and philosophic manuscripts of 1844 (M. Milligan, Ed. &
Trans.). Dover.

Maydych, V. (2019). The interplay between stress, inflammation, and emotional attention:
Relevance for depression. Frontiers in Neuroscience, 13.

https://doi.org/10.3389/fnins.2019.00384



154

McFall, Stephanie L., Petersen, Jakob, Kaminska, Olena, Lynn, Peter. (2014). Understanding
Society ~UK Household Longitudinal Study: Waves 2 and 3 Nurse Health
Assessment, 2010-2012, Guide to Nurse Health Assessment. Colchester: University
of Essex. https://www.understandingsociety.ac.uk/documentation/health-assessment

McMillan, K. A., Enns, M. W., Asmundson, G. J., & Sareen, J. (2010). The association
between income and distress, mental disorders, and suicidal ideation and attempts:
findings from the Collaborative Psychiatric Epidemiology Surveys. The Journal of
clinical psychiatry, 71(9), 1168-1175. https://doi.org/10.4088/JCP.08m04986gry

Meier-Ewert, H. K., Ridker, P. M., Rifai, N., Regan, M. M., Price, N. J., Dinges, D. F., &
Mullington, J. M. (2004). Effect of sleep loss on C-Reactive protein, an inflammatory
marker of cardiovascular risk. Journal of the American College of Cardiology, 43(4),
678-683. https://doi.org/10.1016/j.jacc.2003.07.050

Meng, L. L., Tang, Y. Z.,, Ni, C. L., Yang, M., Song, H. N., Wang, G., Li, Y. Z., Zhang, M.,
& Li, D. Q. (2015). Impact of inflammatory markers on the relationship between
sleep quality and incident cardiovascular events in type 2 diabetes. Journal of
diabetes and its complications, 29(7), 882—-886.
https://doi.org/10.1016/j.jdiacomp.2015.06.011

Menzel, A., Samouda, H., Dohet, F., Loap, S., Ellulu, M. S., & Bohn, T. (2021). Common
and novel markers for measuring inflammation and oxidative stress ex vivo in
research and clinical practice— which to use regarding disease outcomes?
Antioxidants, 10(3), 1-61. https://doi.org/10.3390/antiox10030414

Merriam-Webster. (n.d.). Merriam-Webster.com dictionary. Retrieved January 23, 2024,

from https://www.merriam-webster.com/



155

Milaniak, 1., & Jaffee, S. R. (2019). Childhood socioeconomic status and inflammation: A
systematic review and meta-analysis. Brain, Behavior, and Immunity, 78, 161-176.
https://doi.org/10.1016/j.bbi.2019.01.018

Miller, G. E., Chen, E., & Parker, K. J. (2011). Psychological Stress in Childhood and
Susceptibility to the Chronic Diseases of Aging: Moving Toward a Model of
Behavioral and Biological Mechanisms. Psychological Bulletin, 137(6), 959-997.
https://doi.org/10.1037/a0024768

Mirowsky, J. (2017). Education, social status, and health. Routledge.

Mohr, G. B. (2000). The changing significance of different stressors after the announcement
of bankruptcy: A longitudinal investigation with special emphasis on job insecurity.
Journal of Organizational Behavior, 21(3), 337-359.
https://doi.org/10.1002/(S1CI1)1099-1379(200005)21:3<337::AlD-JOB18>3.0.CO;2-G

Moola, S., Munn, Z., Sears, K., Sfetcu, R., Currie, M., Lisy, K., Tufanaru, C., Qureshi, R.,
Mattis, P., & Mu, P. (2015). Conducting systematic reviews of association (etiology):
The Joanna Briggs Institute's approach. International journal of evidence-based
healthcare, 13(3), 163-169. https://doi.org/10.1097/XEB.0000000000000064

Moya, M., & Fiske, S. T. (2017). The Social Psychology of the Great Recession and Social
Class Divides. Journal of Social Issues, 73(1), 8-22.
https://doi.org/10.1111/josi.12201

Muennig, P., Sohler, N., & Mabhato, B. (2007). Socioeconomic status as an independent
predictor of physiological biomarkers of cardiovascular disease: Evidence from
NHANES. Preventive Medicine, 45(1), 35-40.
https://doi.org/10.1016/j.ypmed.2007.04.005

Mukherjee, S., Patel, S. R., Kales, S. N., Ayas, N. T., Strohl, K. P., Gozal, D., & Malhotra, A.

(2015). An official American Thoracic Society statement: The importance of healthy



156

sleep: Recommendations and future priorities. American Journal of Respiratory and
Critical Care Medicine, 191(12), 1450-1458. https://doi.org/10.1164/rccm.201504-
0767ST

Miller, W., & Pollak, R. (2015). Mobility, Social. International Encyclopedia of the Social &
Behavioral Sciences: Second Edition (pp. 640-646). Elsevier Inc.
https://doi.org/10.1016/B978-0-08-097086-8.32092-X

Munn, Z., Barker, T. H., Moola, S., Tufanaru, C., Stern, C., McArthur, A., Stephenson, M., &
Aromataris, E. (2019). Methodological quality of case series studies: An introduction
to the JBI critical appraisal tool. JBI Database of Systematic Reviews and
Implementation Reports. https://doi.org/10.11124/JBISRIR-D-19-00099

Muntaner, C., Eaton, W. W., Miech, R., & O’Campo, P. (2004). Socioeconomic position and
major mental disorders. Epidemiologic Reviews, 26, 53-62.
https://doi.org/10.1093/epirev/mxh001

Muscatell, K. A., Brosso, S. N., & Humphreys, K. L. (2020). Socioeconomic status and
inflammation: a meta-analysis. Molecular Psychiatry, 25(9), 2189-2199.
https://doi.org/10.1038/s41380-018-0259-2

Mwendwa, D. T., Ali, M. K., Sims, R. C., Cole, A. P., Lipscomb, M. W., Levy, S. A.,
Callender, C. O., & Campbell, A. L. (2013). Dispositional depression and hostility are
associated with inflammatory markers of cardiovascular disease in African
Americans. Brain, Behavior, and Immunity, 28, 72-82.
https://doi.org/10.1016/j.bbi.2012.10.019

Navarro-Carrillo, G., Alonso-Ferres, M., Moya, M., & Valor-Segura, I. (2020).
Socioeconomic Status and Psychological Well-Being: Revisiting the Role of
Subjective Socioeconomic Status. Frontiers in Psychology, 11.

https://doi.org/10.3389/fpsyq.2020.01303



157

Nazmi, A., & Victora, C. G. (2007). Socioeconomic and racial/ethnic differentials of C-
reactive protein levels: A systematic review of population-based studies. BMC Public
Health, 7. https://doi.org/10.1186/1471-2458-7-212

Nehring, S. M., Goyal, A., Patel, B. C. (2023, July 10). C Reactive Protein. In StatPearls.
StatPearls Publishing. Retrieved January 24, 2024 from
https://www.ncbi.nlm.nih.gov/books/NBK441843/

O’Toole, M. S., Bovbjerg, D. H., Renna, M. E., Lekander, M., Mennin, D. S., & Zachariae,
R. (2018). Effects of psychological interventions on systemic levels of inflammatory
biomarkers in humans: A systematic review and meta-analysis. Brain, Behavior, and
Immunity, 74, 68—78. https://doi.org/10.1016/j.bbi.2018.04.005

OIff M. (1999). Stress, depression and immunity: the role of defense and coping styles.
Psychiatry research, 85(1), 7-15. https://doi.org/10.1016/s0165-1781(98)00139-5

Oster, A., Bosma, H., Penninx, B. W. J. H., Newman, A. B., Harris, T. B., Van Eijk, J. T. M,
Kempen, G. I. J. M., Simonsick, E. M., Johnson, K. C., Rooks, R. N., Ayonayon, H.
N., Rubin, S. M., & Kritchevsky, S. B. (2006). Association of inflammatory markers
with socioeconomic status. Journals of Gerontology - Series A Biological Sciences
and Medical Sciences, 61(3), 284-290. https://doi.org/10.1093/gerona/61.3.284

Owen, N., Poulton, T., Hay, F. C., Mohamed-Ali, V., & Steptoe, A. (2003). Socioeconomic
status, C-reactive protein, immune factors, and responses to acute mental stress.
Brain, Behavior, and Immunity, 17(4), 286-295. https://doi.org/10.1016/S0889-
1591(03)00058-8

Oxford Dictionaries. (2014). Condensation. In Oxford Dictionary of Academic English. (1st

ed., p. 153).



158

Park, Y. S., Konge, L., & Artino, A. R. (2020). The Positivism Paradigm of Research.
Academic Medicine, 95(5), 690-694.
https://doi.org/10.1097/ACM.0000000000003093

Patel, N. P., Grandner, M. A., Xie, D., Branas, C. C., & Gooneratne, N. (2010). "Sleep
disparity™ in the population: poor sleep quality is strongly associated with poverty and
ethnicity. BMC public health, 10, 475. https://doi.org/10.1186/1471-2458-10-475

Pearson, T. A., Mensah, G. A., Alexander, R. W., Anderson, J. L., Cannon, R. O., Criqui, M.,
Fadl, Y. Y., Fortmann, S. P., Hong, Y., Myers, G. L., Rifai, N., Smith, S. C., Taubert,
K., Tracy, R. P., & Vinicor, F. (2003). Markers of inflammation and cardiovascular
disease: Application to clinical and public health practice: A statement for healthcare
professionals from the centers for disease control and prevention and the American
Heart Association. Circulation, 107(3), 499-511). Lippincott Williams and Wilkins.
https://doi.org/10.1161/01.CIR.0000052939.59093.45

Pedron, S., Emmert-Fees, K., Laxy, M., & Schwettmann, L. (2019). The impact of diabetes
on labour market participation: a systematic review of results and methods. BMC
public health, 19(1), 25. https://doi.org/10.1186/s12889-018-6324-6

Pepys, M. B., & Hirschfield, G. M. (2003). C-reactive protein: A critical update. Journal of
Clinical Investigation, 111(12), 1805-1812. https://doi.org/10.1172/JC1200318921

Petersen, M. L., & van der Laan, M. J. (2014). Causal models and learning from data:
Integrating causal modeling and statistical estimation. Epidemiology, 25(3), 418-426.
https://doi.org/10.1097/EDE.0000000000000078

Popay, J., & Britten, N. (2006). Guidance on the Conduct of Narrative Synthesis in
Systematic Reviews Final Report.
https://www.researchgate.net/publication/235608210

Popper, K. R. (1959). The logic of scientific discovery. Basic Books.


https://www.researchgate.net/publication/235608210

159

Purnichi, T., Pirlog, M., Nakov, V., & Duica, L. (2016). Affectives disorders, stress and
neuro-inflammation-BG. https://www.researchgate.net/publication/324438206

Quan, N., & Banks, W. A. (2007). Brain-immune communication pathways. Brain, Behavior,
and Immunity, 21(6), pp. 727-735. https://doi.org/10.1016/j.bbi.2007.05.005

Rahbari, M., Rahlfs, S., Jortzik, E., Bogeski, I., & Becker, K. (2017). H202 dynamics in the
malaria parasite Plasmodium falciparum. PloS one, 12(4), e0174837.
https://doi.org/10.1371/journal.pone.0174837

Raison, C. L., Pikalov, A., Siu, C., Tsal, J., Koblan, K., & Loebel, A. (2018). C-reactive
protein and response to lurasidone in patients with bipolar depression. Brain,
Behavior, and Immunity, 73, 717-724. https://doi.org/10.1016/j.bbi.2018.08.009

Ramamoorthy, S., & Cidlowski, J. A. (2016). Corticosteroids. Mechanisms of Action in
Health and Disease. Rheumatic Disease Clinics of North America, 42(1), 15-31).
https://doi.org/10.1016/j.rdc.2015.08.002

Ranjbaran, Z., Keefer, L., Farhadi, A., Stepanski, E., Sedghi, S., & Keshavarzian, A. (2007).
Impact of sleep disturbances in inflammatory bowel disease. Journal of
Gastroenterology and Hepatology, 22(11), 1748-1753.
https://doi.org/10.1111/j.1440-1746.2006.04820.x

Ren, Q., Shi, Q., Ma, T., Wang, J., Li, Q., & Li, X. (2019). Quality of life, symptoms, and
sleep quality of elderly with end-stage renal disease receiving conservative
management: A systematic review. Health and Quality of Life Outcomes, 17(1).
https://doi.org/10.1186/s12955-019-1146-5

Richards, K. (2003). Qualitative inquiry in TESOL. New York, NY: Palgrave Macmillan.

Richardson, W. S., Wilson, M. C., Nishikawa, J., & Hayward, R. S. (1995). The well-built
clinical question: a key to evidence-based decisions. ACP journal club, 123(3), 12—

13.



160

Rohleder N. (2014). Stimulation of systemic low-grade inflammation by psychosocial stress.
Psychosomatic medicine, 76(3), 181-189.
https://doi.org/10.1097/PSY.0000000000000049

Ross, C. E., & Zhang, W. (2008). Education and psychological distress among older Chinese.
Journal of Aging and Health, 20(3), 273-289.
https://doi.org/10.1177/0898264308315428

Rothermundt, M., Arolt, V., & Bayer, T. A. (2001). Review of immunological and
immunopathological findings in schizophrenia. Brain, Behavior, and Immunity, 15(4),
319-339. https://doi.org/10.1006/brbi.2001.0648

Sale, J. E. M., Lohfeld, L. H., & Brazil, K. (2002). Revisiting the quantitative-qualitative
debate: Implications for mixed-methods research. Quality and Quantity, 36(1), 43-53.
https://doi.org/10.1023/A:1014301607592

Sarwer, D. B., & Polonsky, H. M. (2016). The Psychosocial Burden of Obesity.
Endocrinology and Metabolism Clinics of North America, 45(3), 677—688).
https://doi.org/10.1016/j.ecl.2016.04.016

Schlax, J., Jinger, C., Beutel, M. E., Miinzel, T., Pfeiffer, N., Wild, P., Blettner, M.,
Kerahrodi, J. G., Wiltink, J., & Michal, M. (2019). Income and education predict
elevated depressive symptoms in the general population: results from the Gutenberg
health study. BMC public health, 19(1), 430. https://doi.org/10.1186/5s12889-019-
6730-4

Schille, S. A., & Bolte, G. (2015). Interactive and independent associations between the
socioeconomic and objective built environment on the neighbourhood level and
individual health: A systematic review of multilevel studies. PLoS ONE, 10(4). Public

Library of Science. https://doi.org/10.1371/journal.pone.0123456



161

Schultz, W. M., Kelli, H. M., Lisko, J. C., Varghese, T., Shen, J., Sandesara, P., Quyyumi, A.
A., Taylor, H. A., Gulati, M., Harold, J. G., Mieres, J. H., Ferdinand, K. C., Mensah,
G. A, & Sperling, L. S. (2018). Socioeconomic status and cardiovascular outcomes:
Challenges and interventions. Circulation, 137(20), 2166-2178.
https://doi.org/10.1161/CIRCULATIONAHA.117.029652

Scott, A., Khan, K. M., Cook, J. L., & Duronio, V. (2004). What is "inflammation™? Are we
ready to move beyond Celsus?. British journal of sports medicine, 38(3), 248-249.
https://doi.org/10.1136/bjsm.2003.011221

Shavers V. L. (2007). Measurement of socioeconomic status in health disparities research.
Journal of the National Medical Association, 99(9), 1013-1023.

Sheffler, Z. M., Reddy, V., & Pillarisetty, L. S. (2023). Physiology, Neurotransmitters. In
StatPearls. StatPearls Publishing.

Shephard, R. J. (2003). Limits to the measurement of habitual physical activity by
questionnaires. British Journal of Sports Medicine, 37(3), 97-206.
https://doi.org/10.1136/bjsm.37.3.197

Shields, G.S., Spahr, C.M., & Slavich, G. M. (2020). Psychosocial Interventions and Immune
System Function: A Systematic Review and Meta-analysis of Randomized Clinical
Trials. JAMA Psychiatry, 77(10), 1031-1043. doi:10.1001/jamapsychiatry.2020.0431

Shields-Zeeman, L., Collin, D. F., Batra, A., & Hamad, R. (2021). How does income affect
mental health and health behaviours? A quasi-experimental study of the earned
income tax credit. Journal of Epidemiology and Community Health, 75(10), 929-935.
https://doi.org/10.1136/jech-2020-214841

Silva-Costa, A., Griep, R. H., & Rotenberg, L. (2015). Associations of a short sleep duration,
insufficient sleep, and insomnia with self-rated health among nurses. PLoS ONE,

10(5). https://doi.org/10.1371/journal.pone.0126844



162

Sin, N. L., Graham-Engeland, J. E., Ong, A. D., & Almeida, D. M. (2015). Affective
Reactivity to Daily Stressors Is Associated With Elevated Inflammation. Health
Psychology, 34(12), 1154-1165. https://doi.org/10.1037/hea0000240

Slavich, G. M. (2015). Understanding inflammation, its regulation, and relevance for health:
A top scientific and public priority. Brain, Behavior, and Immunity,45, 13-14.
Academic Press Inc. https://doi.org/10.1016/j.bbi.2014.10.012

Slavich, G. M., & Cole, S. W. (2013). The Emerging Field of Human Social Genomics.
Clinical psychological science. Association for Psychological Science, 1(3), 331-348.
https://doi.org/10.1177/2167702613478594

Smith, G. D., Hart, C., Watt, G., Hole, D., & Hawthorne, V. (1998). Individual social class,
area-based deprivation, cardiovascular disease risk factors, and mortality: the Renfrew
and Paisley Study. Journal of epidemiology and community health, 52(6), 399-405.
https://doi.org/10.1136/jech.52.6.399

Speed, E., & Taggart, D. (2019). Peer Reviewed Stigma and Mental Health: Exploring
Potential Models to Enhance Opportunities for a Parity of Participation. Journal of
Ethics in Mental Health, 1-19.
https://repository.essex.ac.uk/24527/1/JEMH%20Inclusion%20vii.pdf

Steptoe, A., Hamer, M., & Chida, Y. (2007). The effects of acute psychological stress on
circulating inflammatory factors in humans: A review and meta-analysis. Brain,
Behavior, and Immunity, 21(7), 901-912. https://doi.org/10.1016/j.bbi.2007.03.011

Steptoe, A., Kunz-Ebrecht, S., Owen, N., Feldman, P. J., Rumley, A., Lowe, G.D., &
Marmot, M. (2003). Influence of socioeconomic status and job control on plasma
fibrinogen responses to acute mental stress. Psychosomatic medicine, 65(1), 137-144.

https://doi.org/10.1097/01.psy.0000039755.23250.a7



163

Straub R. H. (2017). The brain and immune system prompt energy shortage in chronic
inflammation and ageing. Nature reviews. Rheumatology, 13(12), 743-751.
https://doi.org/10.1038/nrrheum.2017.172

Strawbridge, R., Marwood, L., King, S., Young, A. H., Pariante, C. M., Colasanti, A., &
Cleare, A. J. (2020). Inflammatory proteins and clinical response to psychological
therapy in patients with depression: An exploratory study. Journal of Clinical
Medicine, 9(12), 1-18. https://doi.org/10.3390/jcm9123918

Stringhini, S., Carmeli, C., Jokela, M., Avendafio, M., Muennig, P., Guida, F., Ricceri, F.,
D’Errico, A., Barros, H., Bochud, M., Chadeau-Hyam, M., Clavel-Chapelon, F.,
Costa, G., Delpierre, C., Fraga, S., Goldberg, M., Giles, G. G., Krogh, V., Kelly-
Irving, M., Tumino, R. (2017). Socioeconomic status and the 25 x 25 risk factors as
determinants of premature mortality: a multicohort study and meta-analysis of 1-7
million men and women. The Lancet, 389(10075), 1229-1237.
https://doi.org/10.1016/S0140-6736(16)32380-7

Subramanian, S. V., Belli, P. & Kawachi, I. (2002). The macroeconomic determinants of
health. Annual Review of Public Health, 23, 287-302.

Sun, A. R., & Houle, J. N. (2020). Trajectories of Unsecured Debt across the Life Course and
Mental Health at Midlife. Society and Mental Health, 10(1), 61-79.
https://doi.org/10.1177/2156869318816742

Sverke, M., Hellgren, J., & Naswall, K. (2002). No security: a meta-analysis and review of
job insecurity and its consequences. Journal of occupational health psychology, 7(3),
242-264.

Sweeney, S., Air, T., Zannettino, L., & Galletly, C. (2015). Psychosis, Socioeconomic

Disadvantage, and Health Service Use in South Australia: Findings from the Second



164

Australian National Survey of Psychosis. Frontiers in Public Health, 3.
https://doi.org/10.3389/fpubh.2015.00259

Talala, K. M., Huurre, T. M., Laatikainen, T. K., Martelin, T. P., Ostamo, A. |., & Préttél3, R.
S. (2011). The contribution of psychological distress to socio-economic differences in
cause-specific mortality: a population-based follow-up of 28 years. BMC public
health, 11, 138. https://doi.org/10.1186/1471-2458-11-138

Thau, L., Reddy, V., & Singh, P. (2022). Anatomy, Central Nervous System. In StatPearls.
StatPearls Publishing.

Thomas, N. E., Cooper, S. M., Williams, S. R. P., Baker, J. S., & Davies, B. (2005).
Fibrinogen, homocyst(e)ine, and C-reactive protein concentrations relative to sex and
socioeconomic status in British young people. American Journal of Human Biology,
17(6), 809-813. https://doi.org/10.1002/ajhb.20447

Thomson, R. M., Igelstrom, E., Purba, A. K., Shimonovich, M., Thomson, H., McCartney,
G., Reeves, A., Leyland, A., Pearce, A., & Katikireddi, S. V. (2022). How do income
changes impact on mental health and wellbeing for working-age adults? A systematic
review and meta-analysis. The Lancet Public Health, 7(6), 515-528.
https://doi.org/10.1016/52468-2667(22)00058-5

Thornton, L. M., Andersen, B. L., Schuler, T. A., & Carson, W. E., 3rd (2009). A
psychological intervention reduces inflammatory markers by alleviating depressive
symptoms: secondary analysis of a randomized controlled trial. Psychosomatic
medicine, 71(7), 715-724. https://doi.org/10.1097/PSY.0b013e3181b0545c¢

Trotta, A., Arseneault, L., Danese, A., Mondelli, V., Rasmussen, L. J. H., & Fisher, H. L.

(2021). Associations between childhood victimization, inflammatory biomarkers and

psychotic phenomena in adolescence: A longitudinal cohort study. Brain, Behavior, and

Immunity, 98, 74-85. https://doi.org/10.1016/j.bbi.2021.08.209



165

Tsalamandris, S., Antonopoulos, A. S., Oikonomou, E., Papamikroulis, G. A., Vogiatzi, G.,
Papaioannou, S., Deftereos, S., & Tousoulis, D. (2019). The role of inflammation in
diabetes: Current concepts and future perspectives. European Cardiology Review,
14(1), 50-59. https://doi.org/10.15420/ecr.2018.33.1

Tylee A, Gandhi P. (2005). The importance of somatic symptoms in depression in primary
care. Primary Care Companion to Journal of Clinical Psychiatry, 7(4), 167-76. doi:
10.4088/pcc.v07n0405. PMID: 16163400; PMCID: PMC1192435.

University of Essex. Institute for Social and Economic Research and National Centre for
Social Research, Understanding Society: Waves 2 and 3 Nurse Health Assessment,
2010-2012 [computer file]. Colchester, Essex: UK Data Service [distributor], April
2013. SN:7251, http://dx.doi.org/

Valkanova, V., Ebmeier, K. P., & Allan, C. L. (2013). CRP, IL-6 and depression: A
systematic review and meta-analysis of longitudinal studies. Journal of Affective
Disorders, 150(3), 736-744). https://doi.org/10.1016/j.jad.2013.06.004

van der weele, T., & Vansteelandt, S. (2013). Mediation analysis with multiple mediators.
Epidemiologic Methods, 2(1), 95-115. https://doi.org/10.1515/em-2012-0010

van der Zweerde, T., Bisdounis, L., Kyle, S. D., Lancee, J., & van Straten, A. (2019).
Cognitive behavioral therapy for insomnia: A meta-analysis of long-term effects in
controlled studies. Sleep medicine reviews, 48, 101208.
https://doi.org/10.1016/j.smrv.2019.08.002

van Kippersluis, H., O’Donnell, O., van Doorslaer, E., & van Ourti, T. (2010).
Socioeconomic differences in health over the life cycle in an Egalitarian country.
Social Science and Medicine, 70(3), 428-438.

https://doi.org/10.1016/j.socscimed.2009.10.020



166

VandenBos, G. R. (Ed.). (2007). APA Dictionary of Psychology. American Psychological
Association.

VanderWeele, T. J. (2016). Mediation Analysis: A Practitioner’s Guide. Annual Review of
Public Health, 37, 17-32. https://doi.org/10.1146/annurev-publhealth-032315-021402

Vanderweele, T. J., & Vansteelandt, S. (2009). Conceptual issues concerning mediation,
interventions and composition. Statistics and Its Interface, 2, 457-468.

Varekamp, I., van Dijk, F. J. H., & Kroll, L. E. (2013). Workers with a chronic disease and
work disability: Problems and solutions. Bundesgesundheitsblatt -
Gesundheitsforschung - Gesundheitsschutz, 56(3), 406-414.
https://doi.org/10.1007/s00103-012-1621-1

Veler H. (2023). Sleep and Inflammation: Bidirectional Relationship. Sleep medicine clinics,
18(2), 213-218. https://doi.org/10.1016/j.jsmc.2023.02.003

Vestergaard, C. L., Skogen, J. C., Hysing, M., Harvey, A. G., Vedaa, @., & Sivertsen, B.
(2024). Sleep duration and mental health in young adults. Sleep Medicine, 115, 30—
38. https://doi.org/10.1016/j.sleep.2024.01.021

Weber, M. (1922) Economy and Society. University of California Press, Berkeley.

Wen, Y., Pi, F. H., Guo, P., Dong, W. Y., Xie, Y. Q., Wang, X. Y., Xia, F. F., Pang, S. J.,
Wu, Y. C.,Wang, Y. Y., & Zhang, Q. Y. (2016). Sleep duration, daytime napping,
markers of obstructive sleep apnea and stroke in a population of southern China.
Scientific Reports, 6. https://doi.org/10.1038/srep34689

Werneke, U., Goldberg, D. P., Yalcin, 1., & Ustiin, B. T. (2000). The stability of the factor
structure of the general health questionnaire. Psychological Medicine, 30(4), 823—
829. https://doi.org/10.1017/S0033291799002287

Wickham, S., Whitehead, M., Taylor-Robinson, D., & Barr, B. (2017). The effect of a

transition into poverty on child and maternal mental health: a longitudinal analysis of



167

the UK Millennium Cohort Study. The Lancet Public Health, 2(3), e141-e148.
https://doi.org/10.1016/52468-2667(17)30011-7

Wium-Andersen, M. K., @rsted, D. D., Nielsen, S. F., & Nordestgaard, B. G. (2013).
Elevated C-reactive protein levels, psychological distress, and depression in 73, 131
individuals. JAMA psychiatry, 70(2), 176-184.
https://doi.org/10.1001/2013.jamapsychiatry.102

Won, E., & Kim, Y.-K. (2016). Send Orders for Reprints to reprints@benthamscience.ae
Stress, the Autonomic Nervous System, and the Immune-kynurenine Pathway in the
Etiology of Depression. Current Neuropharmacology, 14, 665-673.
https://doi.org/10.2174/1570159X14666151208113

Wu, T., Dorn, J. P., Donahue, R. P., Sempos, C. T., & Trevisan, M. (2002). Associations of
serum C-reactive protein with fasting insulin, glucose, and glycosylated hemoglobin:
the Third National Health and Nutrition Examination Survey, 1988-1994. American
journal of epidemiology, 155(1), 65-71. https://doi.org/10.1093/aje/155.1.65

Yuan, N., Chen, Y., Xia, Y., Dai, J., & Liu, C. (2019). Inflammation-related biomarkers in
major psychiatric disorders: a cross-disorder assessment of reproducibility and
specificity in 43 meta-analyses. Translational Psychiatry, 9(1).
https://doi.org/10.1038/s41398-019-0570-y

Zachar, P., & Kendler, K. S. (2017). The Philosophy of Nosology. Annul Review of Clinical
Psychology, 13, 49-71. https://doi.org/10.1146/annurev-clinpsy-032816

Zhang, C., Xiao, S., Lin, H., Shi, L., Zheng, X., Xue, Y., Dong, F., Zhang, J., & Xue, B.
(2022). The association between sleep quality and psychological distress among older
Chinese adults: a moderated mediation model. BMC Geriatrics, 22(1).

https://doi.org/10.1186/s12877-021-02711-y



168

Zhang, X., Shu, X.-O., Signorello, L. B., Hargreaves, M. K., Cai, Q., Linton, M. F., Fazio, S.,
Zheng, W., & Blot, W. J. (2008). Correlates of high serum C-reactive protein levels in
a socioeconomically disadvantaged population. Disease Markers (Vol. 24). 10S
Press.

Zheng, G., Qiu, P., Xia, R., Lin, H., Ye, B., Tao, J., & Chen, L. (2019). Effect of aerobic
exercise on inflammatory markers in healthy middle-aged and older adults: A
systematic review and meta-analysis of randomized controlled trials. Frontiers in

Aging Neuroscience, 11. https://doi.org/10.3389/fhagi.2019.00098



General Health Questionnaire (GHQ-12; Goldberg &Goodyear, 2005)

Appendix A

169

In terms of scoring, for negatively phrased responses the items on the scale are: 1 =
Not at all, 2 = No more than usual, 3 = Rather more than usual, 4 = Much more than usual.
For positively phrased responses the items on the scale were: 1 = More than usual, 2 = Same
as usual, 3 = Less than usual, 4 = Much less than usual.

According to the scoring method of GHQ items, responses of 3 = More than usual and
4 = Much more than usual (for negatively phrased items) and 3 = Less so than usual and 4 =
Much less than usual (for positively phrased items) indicated psychological distress, with
higher values representing higher psychological distress.

The caseness scoring was used to measure psychological distress. In accordance with
the GHQ-12, a cut off score of > 3 is used as a demarcation indicating at least moderate
psychological distress (Goldberg et al., 1997).

Short General Health Questionnaire (GHQ 12)

Have you recently?

l.
~
3.

4.
3

6.

10.

Been able to concentrate on what you're doing?

. Lost much sleep over worry?

Felt you were playing a uscful part in things?

Felt capable of making decisions about things?
Felt constantly under strain?

Felt you couldn’t overcome your difficulties?
Been able to enjoy your normal day-to-day activities?

Been able to face up to your problems?
Been feeling unhappy and depressed?

Been losing confidence in yourself?

. Been thinking of yourself as a worthless person?

. Been feeling reasonably happy, all things considered

Better than usual

Not at all

More so than usual

More so than usual
Not at all

Not at all

More so than usual

More so than usual
Not at all

Not at all

Not at all

Maore so than usual

Same as usual

No more than
usual
Same as usual

Same as usual
No more than
usual
No more than
usual
Same as usual

Same as usual

No more than

usual

No more than

usual

No more than

usual

About same as
usual

Less than usual

Rather more than
usual

Less useful than
usual

Less so than usual
Rather more than
usual

Rather more than
usual

Less so than usual

Less so than usual
Rather more than
usual

Rather more than
usual

Rather more than
ustal

Less so than usual

Much less than
usual

Much more than
usual

Much less useful

Much less capable
Much more than
usual

Much more than
usual

Much less than
usual

Much less able
Much more than
usual

Much more than
usual

Much more than
usual

Much less than
usual;
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Appendix B

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al. 1989)
Instructions: The following questions relate to your usual sleep habits during the past month
only. Your answers should indicate the most accurate reply for the majority of days and
nights in the past month. Please answer all questions. During the past month,

1. When have you usually gone to bed?

2. How long (in minutes) has it taken you to fall asleep each night?

3. When have you usually gotten up in the morning?

4. How many hours of actual sleep do you get at night? (This may be different than the

number of hours you spend in bed)

5. During the past month, how often have you Not during Less than Once or Three or had
trouble sleeping because you... the past once a twice a more times
month (0) week (1) week (2) week (3)

a. Cannot get to sleep within 30 minutes

b. Wake up in the middle of the night or early morning

c. Have to get up to use the bathroom

d. Cannot breathe comfortably

e. Cough or snore loudly

f. Feel too cold

g. Feel too hot

h. Have bad dreams

i. Have pain

J. Other reason(s), please describe, including how often you

have had trouble sleeping because of this reason(s):

6. During the past month, how often have you taken medicine



(prescribed or “over the counter”) to help you sleep?

7. During the past month, how often have you had trouble staying
awake while driving, eating meals, or engaging in social activity?
8. During the past month, how much of a problem has it been for
you to keep up enthusiasm to get things done?

Very Fairly Fairly Very

good (0) good (1) bad (2) bad (3)

9. During the past month, how would you rate your sleep

quality overall?

171



172

Appendix C

Analytical cross sectional studies Critical Appraisal Tool
Answers: Yes, No, Unclear or Not/Applicable
1. Were the criteria for inclusion in the sample clearly defined?

The authors should provide clear inclusion and exclusion criteria that they developed prior to
recruitment of the study participants. The inclusion/exclusion criteria should be specified
(e.g., risk, stage of disease progression) with sufficient detail and all the necessary
information critical to the study.

2. Were the study subjects and the setting described in detail?

The study sample should be described in sufficient detail so that other researchers can
determine if it is comparable to the population of interest to them. The authors should provide
a clear description of the population from which the study participants were selected or
recruited, including demographics, location, and time period.

3. Was the exposure measured in a valid and reliable way?

The study should clearly describe the method of measurement of exposure. Assessing validity
requires that a 'gold standard' is available to which the measure can be compared. The
validity of exposure measurement usually relates to whether a current measure is appropriate
or whether a measure of past exposure is needed.

Reliability refers to the processes included in an epidemiological study to check repeatability
of measurements of the exposures. These usually include intra-observer reliability and inter-
observer reliability.

4. Were objective, standard criteria used for measurement of the condition?

It is useful to determine if patients were included in the study based on either a specified
diagnosis or definition. This is more likely to decrease the risk of bias. Characteristics are
another useful approach to matching groups, and studies that did not use specified diagnostic
methods or definitions should provide evidence on matching by key characteristics

5. Were confounding factors identified?

Confounding has occurred where the estimated intervention exposure effect is biased by the
presence of some difference between the comparison groups (apart from the exposure
investigated/of interest). Typical confounders include baseline characteristics, prognostic
factors, or concomitant exposures (e.g. smoking). A confounder is a difference between the
comparison groups and it influences the direction of the study results. A high quality study at
the level of cohort design will identify the potential confounders and measure them (where
possible). This is difficult for studies where behavioural, attitudinal or lifestyle factors may
impact on the results.

6. Were strategies to deal with confounding factors stated?
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Strategies to deal with effects of confounding factors may be dealt within the study design or
in data analysis. By matching or stratifying sampling of participants, effects of confounding
factors can be adjusted for. When dealing with adjustment in data analysis, assess the
statistics used in the study. Most will be some form of multivariate regression analysis to
account for the confounding factors measured.

7. Were the outcomes measured in a valid and reliable way?

Read the methods section of the paper. If for e.g. lung cancer is assessed based on existing
definitions or diagnostic criteria, then the answer to this question is likely to be yes. If lung
cancer is assessed using observer reported, or self-reported scales, the risk of over- or under-
reporting is increased, and objectivity is compromised. Importantly, determine if the
measurement tools used were validated instruments as this has a significant impact on
outcome assessment validity.

Having established the objectivity of the outcome measurement (e.g. lung cancer) instrument,
it’s important to establish how the measurement was conducted. Were those involved in
collecting data trained or educated in the use of the instrument/s? (e.g. radiographers). If there
was more than one data collector, were they similar in terms of level of education, clinical or
research experience, or level of responsibility in the piece of research being appraised?

8. Was appropriate statistical analysis used?

As with any consideration of statistical analysis, consideration should be given to whether
there was a more appropriate alternate statistical method that could have been used. The
methods section should be detailed enough for reviewers to identify which analytical
techniques were used (in particular, regression or stratification) and how specific confounders
were measured.
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Effect sizes and confidence intervals from studies examining the association between
socioeconomic position and the biomarkers of inflammation.

Publication

Appleton et al. (2012)

Boylan and Ryff

(2013)

Camelo et al. (2014)

Chen et al. (2015)

Clark et al. (2012)

Davillas et al. (2017)

Dowd et al. (2007)

Gallo et al. (2012)

Hostinar et al. (2015)

Ishizaki et al. (2001)

Janicki-Deverts et al.
(2008)

Jousilahti et al. (2003)

Koster et al. (2006)

Loucks et al. (2006)

McDade et al. (2006)

Measures of
socioeconomic
position

Household income,
education
Education
Education,
household income

Household income
Household income
Education and

household income

Education

Education, household
income

Occupation

Income

Household income
and education

Education, household
income

Education, household
income

Education

Education

Markers of
inflammation

CRP
CRP
IL-6
CRP
CRP
CRP
CRP
Fibrinogen
CRP
CRP
IL-6,
CRP

Fibrinogen

CRP

CRP

CRP

CRP

CRP

ES (95% Cl)

0.12 (0.03, 0.22)
0.04 (-0.06, 0.14)
0.18 (0.07, 0.30)
0.12 (0.04, 0.23)
0.29 (0.26, 0.33)
0.05 (-0.02,0.00)
0.32 (0.18, 0.46)
0.22 (0.08, 0.36)

-0.02 (0.28, 0.34)

0.21 (0.10, 0.33)

0.04 (-0.06, 0.14)

0.12 (0.09, 0.16)

0.21 (0.10, 0.33)

0.14 (0.05, 0.24)

0.18 (0.11, 0.25)

0.11 (0.07, 0.14)

0.21 (0.06, 0.37)



Publication Measure of Markers of inflammation ES (95% CI)
socioeconomic
position
Muenning et al. (2007 NR CRP 0.05 (0.03, 0.07)
Mwendwa et al. Education, income CRP 0.12 (-0.02, 0.26)
(2013)
Owen et al. (2003) Education, income CRP 0.14 (0.08, 0.21)
Paul et al. (2008) Household income CRP 0.49 (0.35, 0.62)
Steptoe et al. (2003) Occupation Fibrinogen 0.07 (-0.15, 0.28)
Thomas et al. (2005) Free school meal CRP 0.17 (-0.06, 0.41)
eligibility, indices for
deprivation
Zhang et al. (2008) Educational CRP 0.07 (-0.02, 0.16)
attainment,

household income
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